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DESCRIPTION

Description

[0001] The present invention relates to an annular barrier system for completing a well with a
well tubular metal structure having a first annular barrier and a second annular barrier.

[0002] When completing a well using any kind of isolation, it is desired to test whether the
isolation is sufficient. For many years, cement has been used for isolation, and subsequently
the casing and the surrounding cement have been perforated to gain reservoir access.
However, cement logging has proven to be very difficult and not very reliable. Another kind of
isolation is to use packers, e.g. metal packers or swellable packers.

[0003] WO 2013/079574 discloses an annular barrier system comprising a first annular barrier
and a second annular barrier, each barrier comprising a tubular part made of metal extending
in a longitudinal direction for mounting as part of the second metal casing, an expandable
metal sleeve surrounding and being connected with the tubular part and defining an annular
barrier space, and a first fluid passage in the tubular part for letting fluid into the annular barrier
space to expand the sleeve.

[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 system in which the barrier provided by two adjacent annular barriers
can be verified.

[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 an annular barrier system for completing a well with a
well tubular metal structure, comprising:

the well tubular metal structure and a first annular barrier and a second annular barrier, each
annular barrier comprising:

= a tubular metal part having a bore and mounted as part of the well tubular metal
structure,

» an expandable metal sleeve surrounding the tubular metal part, each end of the
expandable metal sleeve being connected with the tubular metal part, and

e an annular space between the expandable metal sleeve and the tubular metal part,

each annular barrier being introduced and set in the well to abut a wall of the well, providing a
confined space having a confined pressure between the wall, part of the well tubular metal
structure, the first annular barrier and the second annular barrier, so that the first annular
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barrier isolates the confined space from a first annulus having a first pressure, and the second
annular barrier isolates the confined space from a second annulus having a second pressure,

wherein the annular barrier system comprises a valve system having a first position in which
the bore is in fluid communication with the annular space of at least one of the first annular
barrier and the second annular barrier in order to expand the expandable metal sleeve, and a
second position in which the bore is in fluid communication with the confined space in order to
perform barrier verification by pressurising the confined space.

[0006] By having two annular barriers and a valve assembly having a second position
providing fluid communication to the confined space after the annular barriers have been set,
the barrier provided by the first and second annular barriers can be verified since the confined
space provided between the two annular barriers can be pressurised as part of the barrier
setting procedure.

[0007] By "each annular barrier being introduced and set in the well to abut a wall of the well"
is meant that each annular barrier is being introduced and expanded in the well to abut a wall
of the well.

[0008] In addition, in the first position the bore may be in fluid communication with both the first
annular barrier and the second annular barrier in order to expand both expandable metal
sleeves simultaneously.

[0009] Moreover, the first and second annular barriers may be fluidly connected by means of a
fluid channel.

[0010] Also, the valve assembly may comprise a third position in which fluid communication
with the bore is closed.

[0011] Furthermore, in the second position the bore may be in fluid communication with the
annular space of at least one of the annular barriers.

[0012] Additionally, in the first position the bore may be fluidly disconnected from the confined
space.

[0013] Moreover, the annular barrier system may comprise a pressure-equalising unit having a
first aperture in fluid communication with the first annulus, a second aperture in fluid
communication with the second annulus and a third aperture in fluid communication with the
valve assembly, the pressure-equalising unit having a first unit position in which the first
aperture is in fluid communication with the third aperture and a second position in which the
second aperture is in fluid communication with the third aperture.

[0014] Further, in the first position of the valve assembly, the third aperture may be in fluid
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communication with the confined space via the valve assembly, preventing pressure from
being trapped in the confined space during expansion of the expandable metal sleeves.

[0015] In addition, in the second position the confined space may be fluidly disconnected from
the third aperture.

[0016] Furthermore, in the first position the bore may be fluidly connected to at least one of the
annular barriers without using the pressure-equalising unit.

[0017] Also, in the third position of the valve assembly, the third aperture may be in fluid
communication with the annular space.

[0018] Furthermore, in the third position of the valve assembly, the third aperture may be in
fluid communication with the confined space.

[0019] Additionally, in the third position of the valve assembly, the annular space may be in
fluid communication with the confined space.

[0020] Moreover, in the first unit position the first annulus may be in fluid communication with
the confined space via the valve assembly, and in the second unit position the second annulus
may be in fluid communication with the confined space via the valve assembly, the first
pressure being higher than the second pressure in the first unit position, and the second
pressure being higher than the first pressure in the second unit position.

[0021] In addition, the pressure-equalising unit may comprise an element movable at least
between the first unit position and the second unit position, the pressure-equalising unit having
the first aperture which is in fluid communication with the first annulus, the second aperture
which is in fluid communication with the second annulus and the third aperture which is in fluid
communication with the confined space via the valve assembly; and in the first unit position the
first aperture is in fluid communication with the third aperture equalising the first pressure with
the confined pressure via the valve assembly; and in the second unit position the second
aperture is in fluid communication with the third aperture, equalising the second pressure with
the confined pressure via the valve assembly; and in the first unit position the first pressure is
higher than the second pressure, and in the second unit position the second pressure is higher
than the first pressure.

[0022] In that way, it is obtained that the confined space is also pressure-equalised to have the
highest pressure, thus providing the same pressure condition as when each of the first and
second annular barrier is tested. Thus, the first annular barrier will only experience a
differential pressure where the highest pressure is in the confined space compared to that of
the first annulus, which is the same pressure situation as when the first annular barrier is
tested during the setting procedure, and likewise the second annular barrier will also only
experience a differential pressure across the barrier where the highest pressure is in the
confined space compared to that of the second annulus.
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[0023] Further, the pressure-equalising unit may have a first unit position in which the first
annulus is in fluid communication with the confined space and a second unit position in which
the second annulus is in fluid communication with the confined space; in the first unit position
the second pressure is higher than the first pressure, and in the second unit position the first
pressure is higher than the second pressure.

[0024] Also, a first fluid channel may be fluidly connecting the first aperture with the first
annulus, a second fluid channel fluidly connecting the second aperture with the second
annulus.

[0025] Additionally, the first fluid channel may be arranged between the expandable metal
sleeve and the tubular metal part of the first annular barrier.

[0026] Furthermore, the second fluid channel may be arranged between the expandable metal
sleeve and the tubular metal part of the second annular barrier.

[0027] Moreover, the valve assembly may have a first piston moving a first bore, the first
piston having a first piston part and a second piston part; in the first position the first piston part
divides the first bore into a first bore part and a second bore part; and in the first position the
first bore part has a first opening in fluid communication with the bore and a second opening in
fluid communication with the annular space of at least one of the first annular barrier and the
second annular barrier; and in the first position the second bore part has a third opening in
fluid communication with the first annulus or the second annulus.

[0028] Further, in the first position the second bore part of the first bore may have a third
opening in fluid communication with the pressure-equalising unit.

[0029] In addition, the first piston part and the second piston part of the first piston may be
connected by an intermediate part.

[0030] Moreover, the first piston part may have a smaller cross-sectional area than the second
piston part.

[0031] Additionally, the first piston part may have a first area.
[0032] Furthermore, the second piston part may have a second area.

[0033] Also, the intermediate part may have an outer diameter that is smaller than the first
outer diameter of the first piston part and the second outer diameter of the second piston part.

[0034] In addition, the intermediate part may have a smaller cross-sectional area than the first
piston part and the second piston part.
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[0035] Further, the second piston part may separate the second bore part from a third bore
part.

[0036] Moreover, the first piston may have a through-bore providing fluid communication
between the first bore part and the third bore part.

[0037] Additionally, in the third position fluid may be allowed to flow between the third opening
and the second opening on the outside of the intermediate part.

[0038] Furthermore, the first piston may have a fastening means preventing the first piston
from returning to the first position.

[0039] In addition, the fastening means may be at least one element moving radially inwards.

[0040] Also, the fastening means may be at least one element moving radially inwards in the
third bore part behind the second piston part.

[0041] Further, the fastening means may be several elements in the form of collets.
[0042] Moreover, the elements may be forced radially inwards by a flexible ring.

[0043] Additionally, the second opening in the second position may be in fluid communication
with the confined space.

[0044] Furthermore, the second opening may be in fluid communication with a fluid channel.

[0045] Also, the fluid channel may connect the second opening to the annular space and the
confined space.

[0046] In addition, the second opening may be in fluid communication with a fluid channel
being blocked by a shear disc so that fluid communication to the confined space is allowed
when the pressure exceeds a certain threshold, thus breaking the disc.

[0047] Moreover, the valve assembly may change to the third position as the first piston moves
in the first bore, the first piston blocking fluid communication with the bore in the third position.

[0048] Additionally, the valve assembly may have a second piston moving a second bore, the
second piston having a first piston part and a second piston part; in the first position the
second piston divides the second bore into a first bore part and a second bore part, and in the
first position the second bore part has a fourth opening in fluid communication with the second
opening, and the first bore part has a fifth opening in fluid communication with the confined
space.

[0049] Further, the second piston part of the second piston may separate the second bore part
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from a third bore part.

[0050] Also, the first bore part of the second bore of the valve assembly may have a sixth
opening in fluid communication with the first or second annulus.

[0051] In addition, the first bore part of the second bore of the valve assembly may have a
sixth opening in fluid communication with the pressure-equalising unit.

[0052] Moreover, the first piston part and the second piston part of the second piston may be
connected by an intermediate part.

[0053] Furthermore, the first piston part of the second piston may have a smaller cross-
sectional area than the second piston part.

[0054] Additionally, the first piston part of the second piston may have a first area.

[0055] Further, the second piston part of the second piston may have a second area.

[0056] In addition, the intermediate part of the second piston may have an outer diameter that
is smaller than the first outer diameter of the first piston part and the second outer diameter of

the second piston part.

[0057] Moreover, the intermediate part of the second piston may have a smaller cross-
sectional area than the first piston part and the second piston part.

[0058] Furthermore, the intermediate part of the second piston may have a central opening
into a central bore fluidly connecting the second bore part and the third bore part of the second
bore.

[0059] Additionally, the central bore may not be a through-bore.

[0060] Also, the first piston part may be solid.

[0061] Further, the second piston may have fastening means prohibiting the second piston
from returning to the first position.

[0062] Moreover, the fastening means may be at least one element moving radially inwards.

[0063] In addition, the fastening means may be at least one element moving radially inwards in
the third bore part behind the second piston part.

[0064] Furthermore, the fastening means may be several elements in the form of collets.

[0065] Additionally, the elements may be forced radially inwards by a flexible ring.
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[0066] Moreover, the piston may have sealing means.

[0067] The valve assembly may further comprise a first shear pin engaging the first piston so
as to prevent the first piston from moving before the expandable metal sleeves of the annular
barriers are expanded.

[0068] In addition, the valve assembly may further comprise a second shear pin engaging the
second piston so as to prevent the second piston from moving before the expandable metal
sleeves of the annular barriers are expanded, the first shear pin being designed to break after
the second shear pin.

[0069] Also, the first piston in the first bore and the second piston in the second bore may be
arranged in the same valve block.

[0070] Furthermore, the annular barrier system may comprise a third annular barrier so that
the expanded first and second annular barriers enclose the confined space, and the expanded
second and third annular barriers enclose another confined space. The two confined spaces
are fluidly connected by a fluid channel, and the annular barriers are fluidly connected via other
fluid channels.

[0071] 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 system where annular barriers of a
well tubular metal structure are set within another well tubular metal structure, forming a
confined space which is pressure-tested to perform barrier verification,

Fig. 2 shows a partly cross-sectional view of an annular barrier system having a valve
assembly,

Fig. 3A shows a cross-sectional view of a valve assembly in its initial position,
Fig. 3B shows a cross-sectional view of the valve assembly of Fig. 3A in its end position,

Fig. 4A shows a cross-sectional view of a valve assembly in a first position where at least one
of the annular barriers is expanded,

Fig. 4B shows a cross-sectional view of a valve assembly in a second position in which the
confined space is pressure-tested,

Fig. 4C shows a cross-sectional view of a valve assembly in a third position in which fluid
communication to the bore of the well tubular metal structure is closed,

Fig. 5 shows a cross-sectional view of a pressure-equalising unit in a neutral position before
being changed to provide fluid communication to the higher of the first and the second
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annulus,

Fig. 6A shows a cross-sectional view of another pressure-equalising unit in a first unit position,
Fig. 6B shows the pressure-equalising unit of Fig. 6A in a second unit position,

Fig. 7 shows a cross-sectional view of another valve assembly in the first position, and

Fig. 8 shows a partly cross-sectional view of an annular barrier system having three annular
barriers and a valve assembly.

[0072] 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.

[0073] Fig. 1 shows an annular barrier system 100 for completing a well 2 with a well tubular
metal structure 3. The annular barrier system 100 comprises the well tubular metal structure
and a first annular barrier 1, 1A and a second annular barrier 1, 1B. Each annular barrier
comprises a tubular metal part 7 having a bore 9 (shown in Fig. 2) which is also the bore of the
well tubular metal structure as the tubular metal part is mounted as part of the well tubular
metal structure. Each annular barrier further comprises an expandable metal sleeve 8
surrounding the tubular metal part. Each end 12 (shown in Fig. 2) of the expandable metal
sleeve is connected with the tubular metal part, providing an annular space 15 between the
expandable metal sleeve and the tubular metal part. The annular barriers are introduced and
set in the well to abut a wall 4 of the well, providing a confined space 10 having a confined
pressure Pc between the wall, part of a well tubular metal structure 3A, the first annular barrier
and the second annular barrier so that the first annular barrier isolates the confined space from
a first annulus 101 having a first pressure P4, the second annular barrier isolating the confined

space from a second annulus 102 having a second pressure P». The annular barrier system

further comprises a valve assembly 5 having a first position in which the bore is in fluid
communication with the annular space of at least one of the first annular barrier and the
second annular barrier in order to expand at least one of the expandable metal sleeves, and a
second position in which the bore is in fluid communication with the confined space in order to
perform barrier verification by pressurising the confined space. If the pressure can be
maintained at a constant, the first annular barrier and the second annular barrier provide a
barrier, and this barrier is verified by the pressure test of the confined space. The first annular
barrier is tested to withstand a higher pressure in the confined space than in the first annulus
on the other side of the first annular barrier, and the second annular barrier is tested to
withstand a higher pressure in the confined space than in the second annulus on the other side
of the second annular barrier. In Fig. 1, the first annular barrier is the top annular barrier, and
the second annular barrier is the lower annular barrier, and when pressure-testing the confined
space by applying a higher pressure in the confined space than in the first annulus and the
second annulus, the first annular barrier is pressure-tested from below, and the second
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annular barrier is pressure-tested from above. In that way, the collapse resistance of the
annular barriers is tested.

[0074] The valve assembly has a first position called expansion mode in which at least one of
the annular barriers is expanded, a second position called barrier testing mode in which the
barrier, i.e. the barrier provided by the first and second annular barriers, is tested, and an
optional third position in which fluid communication to the bore is blocked.

[0075] In Fig. 2, the valve assembly 5 is in fluid communication with both the first annular
barrier and the second annular barrier so that in the first position of the valve assembly the
bore 9 is in fluid communication with both the first annular barrier and the second annular
barrier through the valve assembly in order to expand both expandable metal sleeves
simultaneously. In Fig. 1, the first and second annular barriers are fluidly connected by means
of a fluid channel 18, and in Fig. 2 the valve assembly fluidly connects the first annular barrier
and the second annular barrier.

[0076] As shown in Fig. 7, the second opening is in fluid communication with a fluid channel 58
being blocked by a shear disc 59 so that fluid communication to the confined space is allowed
when the pressure exceeds a certain threshold, breaking the disc, and the valve assembly
changes to the second position. The disc thus prevents the valve assembly from changing to
the second position before the annular barriers have been expanded. In the second position,
the fluid pressure is increased, thereby pressurising the confined space to verify the barrier.

[0077] In Fig. 3A, the valve assembly 5 is disclosed in the first position, and the bore is fluidly
disconnected from the confined space. In the second position, the disc is broken so that the
bore is fluidly connected to the confined space. In Fig. 3B, the valve assembly 5 is in a third
position in which fluid communication with the bore is closed, and fluid communication between
the annular barriers, the confined space and at least one of the first and second annulus is
provided. The pressure-equalising unit 11 has a first unit position in which the first annulus 101
is in fluid communication with the confined space 10 via the second opening and a second unit
position in which the second annulus 102 is in fluid communication with the confined space 10;
in the first unit position the second pressure P is higher than the first pressure P4, and in the

second position the first pressure P4 is higher than the second pressure Pz.

[0078] The valve assembly 5 has a first piston 23 moving a first bore 24. The first piston has a
first piston part 25 having a first outer diameter OD¢ and a second piston part 26 having a

second outer diameter OD, which is larger than the first outer diameter. In the first position, the

first piston part divides the first bore into a first bore part 27 and a second bore part 28. The
first bore part has a first opening 51 in fluid communication with the bore and a second
opening 52 in fluid communication with the annular space of at least one of the first annular
barrier and the second annular barrier, and if the second opening is connected with a
pressure-equalising unit 11, the second opening is connected with the annular space of both
annular barriers. In the first position, the second bore part has a third opening 53 in fluid
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communication with the first annulus or the second annulus. The first piston part 25 has an
outer diameter matching the inner diameter ID4 of the first bore part, and the second piston

part 26 has an outer diameter matching the inner diameter ID, of the second bore part. The

first piston part 25 and the second piston part 26 of the first piston are connected by an
intermediate part 29. The first piston part has a smaller cross-sectional area than the second
piston part. The first piston part has a first area A1 upon which fluid can press, and the second
piston part has a second area A2 upon which fluid can press. The intermediate part 29 has an
outer diameter OD, that is smaller than the first outer diameter OD, of the first piston part and

the second outer diameter OD, of the second piston part. Thus, the intermediate part has a

smaller cross-sectional area than the first piston part and the second piston part. The second
piston part 26 separates the second bore part from a third bore part 30. The first piston 23 has
a through-bore 57 providing fluid communication between the first bore part 27 and the third
bore part 30 so that the fluid pressure in the first bore part 27 is equalised with the fluid
pressure in the third bore part 30. The area difference between the first piston part and the
second piston part will cause the piston to move from the first position to the third position, and
therefore a shear pin 91 is arranged to engage the second piston part so that the first piston
moves after the expandable metal sleeves have been expanded, and the pressure builds up.
In the third position, fluid is allowed to flow between the third opening 53 and the second
opening 52 on the outside of the intermediate part 29 as shown in Fig. 3B. The valve assembly
further comprises a fastening means 61 preventing the first piston from returning to the first
position. The fastening means may be at least one element 62 moving radially inwards in the
third bore part behind the second piston part as shown in Fig. 3B. The fastening means are
several elements in the form of collets 63, and the collets are forced radially inwards by a
flexible ring 64.

[0079] The annular barrier system may further comprise a pressure-equalising unit 11 as
shown in Fig. 5. The valve assembly 5 of Fig. 3B may be connected to either the first or the
second annulus via the pressure-equalising unit 11 of Fig. 5, so that the higher of the first and
the second pressure is equalised with the pressure of the confined space. The third opening
53 of the valve assembly 5 is connected to the pressure-equalising unit 11 so that in a third
position the higher of the first and the second pressure is equalised with the pressure of the
confined space and may also be equalised with the annular space of the annular barrier.

[0080] By "position" is meant change of a position of e.g. a piston and also a condition or state
so that one position may be the closed condition of a shear disc and another position may be
the broken and open condition of the shear disc. In this way, the shear disc has changed
position, and the valve assembly comprising the shear disc has likewise changed position.

[0081] The pressure-equalising unit 11 of Fig. 5 has a first aperture 31 in fluid communication
with the first annulus, a second aperture 32 in fluid communication with the second annulus
and a third aperture 33 in fluid communication with the valve assembly 5; the pressure-
equalising unit has a first unit position in which the first aperture is in fluid communication with
the third aperture and a second unit position in which the second aperture is in fluid
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communication with the third aperture.

[0082] In Figs. 4A-4C, the valve assembly 5 has a second piston 70 moving in a second bore
71. The second piston 70 has a first piston part 72 having a first outer diameter ODp¢ and a

second piston part 73 having a second outer diameter ODp, that is larger than the first outer

diameter. In the first position, the second piston divides the second bore 71 into a first bore
part 74 and a second bore part 75. In the first position, the second bore part has a fourth
opening 54 in fluid communication with the second opening, and the first bore part has a fifth
opening 55 in fluid communication with the confined space. The second piston part 73 of the
second piston 70 separates the second bore part 75 from a third bore part 79. The first bore
part 74 of the second bore of the valve assembly has a sixth opening 56 in fluid communication
with the first or second annulus, or both (not at the same time) if the sixth opening is connected
with the pressure-equalising unit. The first piston part 72 and the second piston part 73 of the
second piston are connected by an intermediate part 76. The first piston part 72 of the second
piston has a smaller cross-sectional area than the second piston part. The first piston part 72
of the second piston has a first area A1, and the second piston part 73 of the second piston 70
has a second area A2. The intermediate part 76 of the second piston has an outer diameter
that is smaller than the first outer diameter ODp1 of the first piston part and the second outer

diameter ODp» of the second piston part 73 in order to ease the flow passage, but the outer

diameter of the intermediate part 76 may also be the same as that of the first piston part in
another embodiment. The first outer diameter ODp{ matches the inner diameter ID4g of the

first bore part 74, and the second outer diameter ODp5, matches the inner diameter |Dyg of the

first bore part 74. The intermediate part 76 of the second piston 70 has a smaller cross-
sectional area than the first piston part 72 and the second piston part 73. The intermediate part
76 of the second piston 70 has a central opening 77 into a central bore 78 fluidly connecting
the second bore part 75 and the third bore part 79 of the second bore. The central bore is not
a through-bore as the first piston part is solid. In that way, the fluid pressure in the second bore
part is the same as in the third bore part, and due to the area difference between the first
piston part 72 and the second piston part 73, the pressure will force the piston to move, and in
order to prevent that from occurring before the annular space is expanded, a second shear pin
92 engages the second piston part. The second shear pin 92 in the second piston has a lower
shear rating than that of the first shear pin 91 in the first piston. Thus, the first shear pin 91 is
designed to break after the second shear pin 92. The second piston has fastening means 61
prohibiting the second piston from returning to the first position. The fastening means 61 may
be at least one element 62 moving radially inwards in the third bore part behind the second
piston part. The fastening means are several elements in the form of collets 63. The elements
are forced radially inwards by a flexible ring 64. The pistons 23, 70 have sealing means 88.

[0083] In Fig. 4A, the valve assembly is in its first position, also called expansion mode, where
the pressurised fluid from the bore having a first predetermined pressure is allowed to flow into
the first opening 51 past the first bore part 27 to the second opening 52 and into the fluid
channel 58 to the annular barriers and the fourth opening 54. In the first position, the fourth
opening is not fluidly connected to the fifth or sixth opening - only to the second bore part 75
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and the third bore part 79. The second shear pin holds the second piston in place during
expansion of the annular barriers, and the first shear pin 91 holds the first piston in place
during expansion of the expandable metal sleeves of the annular barriers. In the first position,
the fifth and sixth openings 55, 56 are in fluid communication as a result of which, during
expansion, the confined space is in fluid communication with the third aperture of the pressure-
equalising unit 11 so that no pressure is trapped in the confined space 10. After expansion of
the annular barriers, the pressure builds up to a second predetermined pressure high enough
to shear the second shear pin 92 so that the second piston moves to the second position of the
valve assembly 5, as shown in Fig. 4B, and a small pressure drop will occur, which verifies that
the valve assembly is now in test mode, i.e. the second position. In the second position, the
pressure is further increased, building up to a third predetermined pressure in the confined
space and in the annular space of both the first and second annular barriers. The third
predetermined pressure is maintained for a predetermined period to verify if the confined
space is leaking. If the pressure can be maintained, the barrier, i.e. the first and second
annular barriers, is verified, and if the pressure cannot be maintained, one of the first and
second annular barriers is not sealing sufficiently against the wall. The third predetermined
pressure is lower than what is needed to break the first shear pin 91. The pressure is then
increased to a fourth predetermined pressure, and the shear pin 91 breaks, allowing the first
piston to move, and the valve assembly changes position to the third position, as shown in Fig.
4C. In the third position, the fluid communication to the bore is closed, and fluid communication
is provided between the second opening and the third opening connected to the third aperture
of the pressure-equalising unit, thereby enabling fluid communication between the pressure-
equalising unit, the annular barriers and the confined space. Thus, in the third position the
pressure in the first or second annulus (depending on the unit position of the pressure-
equalising unit) is equalised with the pressure in the annular spaces and the confined space.
As shown in Figs. 4A-4C, the first and second bores may be provided in the same valve block
93, which is indicated by a dotted line, or in two blocks fluidly connected with hydraulic lines
creating fluid channels.

[0084] In Fig. 5, the pressure-equalising unit 11 has a first unit position providing fluid
communication between the first annulus and the confined space via the valve assembly if the
first pressure is higher than the second pressure, and a second unit position providing fluid
communication between the second annulus and the confined space via the valve assembly if
the second pressure is higher than the first pressure. Thus, the third aperture of the pressure-
equalising unit 11 is connected to the sixth opening to prevent pressure from being trapped in
the confined space during expansion when the valve assembly is in its first position, providing
fluid communication between the fifth and the sixth opening. The third aperture of the
pressure-equalising unit 11 is also connected to the third opening so that in the third position
the highest pressure in the first and second annuli is equalised with the pressure in the
confined space and the annular spaces of the first and second annular barriers. The third
aperture is not fluidly connected to the sixth opening and the third opening at the same time.
By having the third opening fluidly connected to the pressure-equalising unit in the third
position, it is ensured that the highest pressure of the first and second pressure is always
equalised with the pressure in the confined space and the annular barriers. In this way, it is
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ensured that the first annular barrier either experiences no pressure difference across the
barrier (if the first pressure in the first annulus is higher than the second pressure in the
second annulus), or that the pressure in the confined space is higher than the first pressure in
the first annulus. The absence of any pressure difference across the barrier is not a problem to
the collapse resistance of the annular barrier. The first annular barrier is thus only exposed to
the same pressure difference as when the first annular barrier is tested during the
pressurisation of the confined space where the valve assembly is in the second position.
Likewise, it is ensured that the second annular barrier either experiences no pressure
difference across the barrier (if the second pressure in the second annulus is higher than the
first pressure in the first annulus), or that the pressure in the confined space is higher than the
second pressure in the second annulus. The second annular barrier is thus only exposed to
the same pressure difference as when it is tested during the pressurisation of the confined
space where the valve assembily is in the second position.

[0085] In Fig. 5, the pressure-equalising unit 11 comprises an element 20 movable at least
between the first unit position and the second unit position. The pressure-equalising unit has
the first aperture 31 which is in fluid communication with the first annulus, the second aperture
32 which is in fluid communication with the second annulus and the third aperture 33 which is
in fluid communication with the confined space 10 via the valve assembly 5. In the first unit
position, the first aperture is in fluid communication with the third aperture, equalising the first
pressure P4 with the confined pressure Pc via the valve assembly, and in the second unit

position the second aperture 32 is in fluid communication with the third aperture 33, equalising
the second pressure P5 with the confined pressure Pc via the valve assembly 5. In the first unit

position, the first pressure P4 is higher than the second pressure Pz, and in the second unit

position the second pressure P, is higher than the first pressure Py.

[0086] As shown in Fig. 4B, the confined space is fluidly disconnected from the third aperture
and the sixth opening in the second position and thus disconnected from the first annulus and
the second annulus.

[0087] As can be seen in Fig. 2, the annular barrier system comprises both the valve assembly
5 and the pressure-equalising unit 11. A first fluid channel 21 of a first line is fluidly connecting
the first aperture of the pressure-equalising unit 11 with the first annulus on the other side of
the first annular barrier 1A, and a second fluid channel 22 of a second line is fluidly connecting
the second aperture of the pressure-equalising unit 11 with the second annulus on the other
side of the second annular barrier 1B. The first fluid channel 21 is thus arranged between the
expandable metal sleeve 8 and the tubular metal part 7 of the first annular barrier 1, 1A, and
the second fluid channel 22 is arranged between the expandable metal sleeve 8 and the
tubular metal part 7 of the second annular barrier 1, 1B.

[0088] As can be seen in Figs. 6A and 6B, the pressure-equalising unit 11 has a piston 37
moving between the first position, shown in Fig. 6A, and the second position, shown in Fig. 6B.
The pressure-equalising unit 11 has a first aperture 31 in fluid communication with the first
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annulus 101, a second aperture 32 in fluid communication with the second annulus 102 and a
third aperture 33 in fluid communication with the confined space 10. The pressure-equalising
unit 11 has a bore 34 in which the piston 37 slides, dividing the bore into a first chamber 35
and a second chamber 36. The bore has a bore face 39, and the piston has a first indentation
44 providing a first cavity 41 with the bore face 39 and a second indentation 45 providing a
second cavity 42 with the bore face 39. In the first position, the first cavity 41 provides fluid
communication between the first aperture 31 and the third aperture 33, and in the second
position the second cavity 42 provides fluid communication between the second aperture 32
and the third aperture 33. The piston comprises a first fluid channel 46 fluidly connecting the
first chamber 35 with the second cavity 42, and a second fluid channel 47 fluidly connecting the
second chamber 36 with the first cavity 41. The higher pressure of the first and the second
annulus thereby pushes the piston so that if the highest pressure is in the first annulus, the
piston is moved to the second position, as a result of which the lower pressure in the second
annulus is equalised with the pressure in the confined space. The piston is thus moved
between the first and the second position, and in the first position the second aperture 32 is
disconnected from the third aperture and the confined space, and in the second position the
first aperture 31 is disconnected from the third aperture and the confined space. The pressure-
equalising unit 11 thereby ensures that pressure is not trapped in the confined space; however,
the first annular barrier and the second annular barrier are exposed to a different differential
pressure than when the barrier is tested and verified. However, the barrier is still verified during
the testing step in the second position.

[0089] As shown in Fig. 2, the expandable metal sleeve may be connected to the tubular metal
part by means of connection parts 64B.

[0090] In Fig. 5, the pressure-equalising unit 11 comprises an element 20 movable between a
first unit position (moving to end 36B in Fig. 5) and a second unit position (moving to end 36A
in Fig. 5), compressing compliant material. The pressure-equalising unit 11 has a first aperture
31 which is in fluid communication with the first annulus 101 and a second aperture 32 which is
in fluid communication with the second annulus 102, and the pressure-equalising unit 11 has a
third aperture 33 which is in fluid communication with the annular space 15 and the confined
space through the valve assembly when being in the third position so that the first piston blocks
the first opening 51. The first aperture 31 is in fluid communication with the third aperture 33
for equalising the first pressure of the first annulus 101 with the pressure of the annular space
and the confined space in the first unit position and when the valve assembly is in the third
position; and in the second unit position the second aperture 32 is in fluid communication with
the third aperture 33 for equalising the second pressure of the second annulus with the
pressure of the annular space and the confined space in the first unit position and when the
valve assembily is in the third position.

[0091] The bore 9 may be pressurised from above/the surface, or a zone in the bore may be
pressurised by means of a tool isolating a zone opposite the annular barriers.

[0092] In Fig. 8, the annular barrier system comprises three annular barriers 1, 1A, 1B, 1C.
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The expanded first and second annular barriers 1A, 1B enclose a confined space 10, and the
expanded second and third annular barriers 1B, 1C enclose another confined space 10. The
two confined spaces 10 are fluidly connected by a fluid channel (not shown), and the annular
barriers 1 are fluidly connected via other fluid channels 18. In this way, all the annular barriers
can be fully energised with the highest differential pressure of either the first annulus 101 or
the second annulus 102. If the annular barrier system comprises more than three annular
barriers, they would be fluidly connected in a similar manner to fluidly connect the confined
spaces and, separately, fluidly connect the annular barriers. Sometimes, there may be
uncertainty as to where exactly the annular barriers are to be positioned, and therefore the
operator would want to use three or more annular barriers. Also, when a very high axial load is
required over a weak rock to prevent damage, the operator may also want to use three or
more annular barriers.

[0093] When using three or more annular barriers, the pressure-equalising unit 11 is arranged
in the same manner as when having two annular barriers, and the first aperture 31 is in fluid
communication with the first annulus, the second aperture 32 is in fluid communication with the
second annulus, and the third aperture 33 is in fluid communication with the valve assembly 5.
In order to prevent pressure from being trapped in one of the confined spaces, as such
trapped pressure may result in the shearing of the shear pin requiring a higher pressure, the
third aperture 33 is fluidly connected to the third opening of the valve assembly so that the
shear pin 91 experiences the bore pressure on one side and the highest pressure of the first or
second annulus and thus shear on the same conditions as when using two annular barriers.

[0094] 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, a completion or an 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.

[0095] By "casing" or "well tubular metal structure" is meant any kind of pipe, tubing, tubular,
liner, string, etc., used downhole in relation to oil or natural gas production.

[0096] In the event that the tool is not submergible all the way into the casing, a downhole
tractor can be used to push the tool all the way into position in the well. The downhole tractor
may have projectable arms having wheels, which wheels contact the inner surface of the
casing for propelling the tractor and the tool forward in the casing. A downhole tractor is any
kind of driving tool capable of pushing or pulling tools in a well downhole, such as a Well

Tractor®.

[0097] Although the invention has been described above in connection with preferred
embodiments of the invention, it will be evident to 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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Patentkrav

1. Ringformet barrieresystem (100) til komplettering af en brgnd (2) med en
rgrformet metalbrgndkonstruktion (3), hvilket system omfatter:

- den rgrformede metalbrgndkonstruktion og en fgrste ringformet barriere (1, 1A)
og en anden ringformet barriere (1, 1B), idet hver ringformet barriere omfatter:

- en rgrformet metaldel (7), der har en udboring (9) og er monteret som en del af
den rgrformede metalbrendkonstruktion,

- et ekspanderbart metalrgrstykke (8), der omgiver den rgrformede metaldel, idet
hver ende (12) af det ekspanderbare metalrgrstykke er forbundet med den rgr-
formede metaldel, og

- et ringformet volumen (15) mellem det ekspanderbare metalrgrstykke og den
rgrformede metaldel,

idet hver ringformet barriere er indfgrt og placeret i brenden med henblik pa at
ligge an mod en vag (4) af brgnden, hvorved der tilvejebringes et lukket
volumen (10), der har et lukket tryk (Pc) mellem veeggen, en del af den rgrformede
metalbrgndkonstruktion (3A), den fgrste ringformede barriere og den anden
ringformede barriere, sdledes at den fgrste ringformede barriere isolerer det
lukkede volumen fra et fgrste ringvolumen (101), der har et fgrste tryk (P1), og
den anden ringformede barriere isolerer det lukkede volumen fra et andet
ringvolumen (102), der har et andet tryk (P:), kendetegnet ved, at:

det ringformede barrieresystem omfatter en ventilsamling (5), der har en fgrste
position, i hvilken udboringen er i fluidforbindelse med i det mindste én af den
fgrste ringformede barriere og den anden ringformede barrieres ringformede
volumen med henblik pd at ekspandere det ekspanderbare metalrgrstykke, og en
anden position, i hvilken udboringen er i fluidforbindelse med det lukkede
volumen (10) med henblik pd at udfgre barriereverifikation ved hjeelp af

trykseetning af det lukkede volumen (10).

2. Ringformet barrieresystem ifglge krav 1, hvor naevnte ventilsamling (5) end-
videre omfatter en tredje position, i hvilken fluidforbindelse med udboringen (9) er
lukket.
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3. Ringformet barrieresystem ifglge krav 1 eller 2, hvor udboringen i den anden
position er i fluidforbindelse med i det mindste én af de ringformede barrierers

ringformede volumen (15).

4. Ringformet barrieresystem ifglge et hvilket som helst af de foregdende krav,
hvor udboringen i den fgrste position ikke er i fluid forbindelse med det lukkede

volumen (10).

5. Ringformet barrieresystem ifglge et hvilket som helst af de foregdende krav,
der endvidere omfatter en trykudligningsenhed (11), som har en fgrste
abning (31), der er i fluidforbindelse med det fgrste ringvolumen, en anden
&bning (32), der er i fluidforbindelse med det andet ringvolumen, og en tredje
abning (33), der er i fluidforbindelse med ventilsamlingen (5), hvilken
trykudligningsenhed har en fgrste enhedsposition, i hvilken den fgrste 8bning er i
fluidforbindelse med den tredje abning, og en anden position, i hvilken den anden

abning er i fluidforbindelse med den tredje &bning.

6. Ringformet barrieresystem ifglge krav 5, hvor den tredje abning (33) i ventil-
samlingens (5) fgrste position er i fluidforbindelse med det lukkede volumen (10)
via ventilsamlingen, hvilket forhindrer tryk i at blive fanget i det lukkede

volumen under ekspansion af de ekspanderbare metalrgrstykker.

7. Ringformet barrieresystem ifalge krav 5 eller 6, hvor den tredje abning (33)
i ventilsamlingens (5) tredje position er i fluidforbindelse med det ringformede

volumen (15).

8. Ringformet barrieresystem ifglge et hvilket som helst af krav 5-7, hvor det
tredje dbning (33) i ventilsamlingens tredje position er i fluidforbindelse med det

lukkede volumen (10).

9. Ringformet barrieresystem ifglge et hvilket som helst af krav 5-8, hvor det
fgrste ringvolumen i den fgrste enhedsposition er i fluidforbindelse med det lukkede
volumen (10) via ventilsamlingen, og det andet ringvolumen i den anden
enhedsposition er i fluidforbindelse med det Iukkede volumen via
ventilsamlingen (5); i den fgrste enhedsposition er det fgrste tryk hgjere end det

andet tryk, og i den anden position er det andet tryk hgjere end det fgrste tryk.



10

15

20

25

30

35

DK/EP 4028634 T3

23

10. Ringformet barrieresystem ifglge et hvilket som helst af krav 5-9, hvor
ventilsamlingen har et fgrste stempel (23), der bevaeger en fgrste udboring (24),
hvilket fgrste stempel har en fgrste stempeldel (25) og en anden stempeldel (26);
i den fgrste position opdeler den fgrste stempeldel den fgrste udboring i en fgrste
udboringsdel (27) og en anden udboringsdel (28); og i den fgrste position har den
farste udboringsdel en farste abning (51) i fluidforbindelse med udboringen og en
anden abning (52) i fluidforbindelse med i det mindste én af den fgrste ringformede
barriere og den anden ringformede barrieres ringformede volumen; og i den fgrste
position har den anden udboringsdel en tredje a8bning (53) i fluidforbindelse med

det fgrste ringvolumen eller det andet ringvolumen.

11. Ringformet barrieresystem ifglge krav 10, hvor den anden abning i den anden

position er i fluidforbindelse med det lukkede volumen (10).

12. Ringformet barrieresystem ifglge krav 10, hvor ventilsamlingen skifter til den
tredje position, nar det farste stempel (23) beveeger sig i den farste udboring (24),
og i den tredje position blokerer det fgrste stempel for fluidforbindelse med

udboringen (9).

13. Ringformet barrieresystem ifglge et hvilket som helst af krav 5-12, hvor
ventilsamlingen har et andet stempel (70), der beveeger en anden udboring (71),
hvilket andet stempel har en fgrste stempeldel (72) og en anden stempeldel (73);
i den fgrste position opdeler det andet stempel den anden udboring i en fgrste
udboringsdel (74) og en anden udboringsdel (75), og i den fgrste position har den
anden udboringsdel en fjerde dbning (54) i fluidforbindelse med den anden abning,
og den fgrste udboringsdel har en femte abning (55) i fluidforbindelse med det

lukkede volumen.

14. Ringformet barrieresystem ifglge et hvilket som helst af de foregdende krav,
hvor ventilsamlingen endvidere omfatter en farste brudstift (91), der gar i indgreb
med det fagrste stempel for saledes at forhindre det fgrste stempel i at bevaege sig,

fgr de ringformede barrierers ekspanderbare metalrgrstykker er ekspanderet.

15. Ringformet barrieresystem ifglge krav 14, hvor ventilsamlingen endvidere
omfatter en anden brudstift (92), der gar i indgreb med det andet stempel for

saledes at forhindre det andet stempel i at bevaege sig, for de ringformede
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barrierers ekspanderbare metalrgrstykker er ekspanderet, idet den fgrste brudstift

er konstrueret til at brydes efter den anden brudstift.
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