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(54) ANNULAR BARRIER AND DOWNHOLE SYSTEM

(57)  The present invention relates to an annular bar-
rier (1) to be expanded in an annulus (2) having an
annulus pressure between a well tubular metal structure
(3) and an inside wall (4) of a borehole (5) downhole for
providing zone isolation between a first zone (101) and a
second zone (102) of the borehole, comprising a tubular
metal part (7) for mounting as part of the well tubular
metal structure, the tubular metal part having a bore (37)
with a bore pressure (PB), and an expandable metal
sleeve (8) surrounding the tubular metal part (7), each
end (9) of the expandable metal sleeve being connected
with the tubular metal part, and an expandable space (10)
between the expandable metal sleeve and the tubular
metal part, wherein the annular barrier further comprises
a pressure-intensifying unit (20) having a first opening
(11) in fluid communication with the annulus or the bore

for increasing the pressure of the fluid from the annulus
before the fluid enters the expandable space, the annular
barrier further comprising a chamber (80) having a cham-
ber pressure (PC) and being fluidly connected to a sec-
ond opening (36) of the pressure-intensifying unitin order
to create a pressure difference between the annulus
pressure/the bore pressure and the chamber pressure
for activating the pressure-intensifying unit to increase
the pressure of the fluid, the chamber pressure being
substantially lower than the annulus pressure or the bore
pressure, or the chamber pressure being substantially
higher than the annulus pressure or the bore pressure.
The invention also relates to a downhole system com-
prising a well tubular metal structure and at least one
annular barrier where the tubular metal part is mounted
as part of the well tubular metal structure.
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Description

[0001] The present invention relates to an annular
barrier to be expanded in an annulus between a well
tubular metal structure and an inside wall of a borehole
downhole for providing zone isolation between a first
zone and a second zone of the borehole. The invention
also relates to downhole system comprising a well tub-
ular metal structure and at least one annular barrier
where the tubular metal part is mounted as part of the
well tubular metal structure.

[0002] Annular barriers are used downhole to isolate
around a well tubular metal structure, which means any
kind of pipe, tubing, casing, tubular, liner, string, etc.,
used downhole in relation to oil or natural gas production.
Often the well tubular metal structure is pressurised from
within to expand the annular barrier; however, when the
well tubular metal structure also comprises screens or
perforations or similar openings elsewhere, the well tub-
ular metal structure cannot be pressurised to expand the
annular barrier. A known way to expand such well tubular
metal structures is to run an intervention tool inside the
well tubular metal structure and isolate an area around
the expansion opening of the annular barrier in order to
pressurise this area and expand the annular barrier.
[0003] Itis an object of the present invention to wholly
or partly overcome the above disadvantages and draw-
backs of the prior art. More specifically, it is an object to
provide animproved annular barrier which is expandable
even though the well tubular metal structure has other
openings such as screens, perforations, etc.

[0004] The above objects, together with numerous
other objects, advantages and features, which will be-
come evident from the below description, are accom-
plished by a solution in accordance with the present
invention by an annular barrier to be expanded in an
annulus having an annulus pressure between a well
tubular metal structure and an inside wall of a borehole
downhole for providing zone isolation between a first
zone and a second zone of the borehole, comprising

- atubular metal part for mounting as part of the well
tubular metal structure, the tubular metal part having
a bore with a bore pressure,

- anexpandable metal sleeve surrounding the tubular
metal part, each end of the expandable metal sleeve
being connected with the tubular metal part, and

- an expandable space between the expandable me-
tal sleeve and the tubular metal part,

wherein the annular barrier further comprises a pressure-
intensifying unit having a first opening in fluid commu-
nication with the annulus or the bore for increasing the
pressure of the fluid from the annulus before the fluid
enters the expandable space, the annular barrier further
comprising a chamber having a chamber pressure and
being fluidly connected to a second opening of the pres-
sure-intensifying unit in order to create a pressure differ-
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ence between the annulus pressure/the bore pressure
and the chamber pressure for activating the pressure-
intensifying unit to increase the pressure of the fluid, the
chamber pressure being substantially lower than the
annulus pressure or the bore pressure, or the chamber
pressure being substantially higher than the annulus
pressure or the bore pressure.

[0005] Also, the pressure-intensifying unit may have a
firstbore and a piston unit, the firstbore having a first bore
part with a first inner diameter and having a first bore end
part and a second bore part with a second inner diameter
and having a second bore end part, the piston unit having
a first piston with a first outer diameter corresponding to
the firstinner diameter and a second piston with a second
outer diameter corresponding to the second inner dia-
meter, and the second piston being connected to the first
piston by means of a connecting rod, which connecting
rod has a smaller outer diameter than the second piston,
the first outer diameter being smaller than the second
outer diameter, the first bore part having the first opening
and the second bore part having the second opening.
[0006] Moreover, the piston unit may move between a
first position in which the first piston is closer to the first
bore end part than the second bore part and a second
position in which the first piston is closer to the second
bore part than the first bore end part.

[0007] Furthermore, the first opening may be in fluid
communication with the annulus through a first fluid
channel, a first non-return valve being arranged in the
first fluid channel allowing fluid to enter the first opening.
[0008] In addition, the first opening may be in fluid
communication with the bore through a first fluid channel,
a first non-return valve being arranged in the first fluid
channel allowing fluid to enter the first opening.

[0009] Further, the second bore part may have the
second opening closer to the first bore part than the
second bore end part.

[0010] Also, the firstbore part may have a third opening
in fluid communication with the expandable space
through a second non-return valve.

[0011] Moreover, the second bore part may have a
fourth opening for the entry of fluid in order to allow the
first piston to move in a first direction, ejecting fluid
through the third opening and into the expandable space,
and for the exit of fluid in order to allow the first piston to
move in a second direction opposite the first direction.
[0012] Further, the pressure intensifier may further
comprise a sequence piston having a first sequence
position in which the sequence piston allows fluid com-
munication between the second opening and the fourth
opening and a second sequence position in which the
sequence piston allows fluid communication between the
second opening and the fourth opening in order to move
the piston unit in the first direction.

[0013] Also, the pressure-intensifying unit may have a
firstbore and a piston unit, the firstbore having afirst bore
part with a first inner diameter and a first bore end part,
and a second bore part with a second inner diameter and
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a second bore end part, the piston unit having a first
piston with a first outer diameter corresponding to the first
inner diameter and a second piston with a second outer
diameter corresponding to the second inner diameter,
and the second piston being connected to the first piston
by means of a connecting rod, which connecting rod has
a smaller outer diameter than the second piston, the first
outer diameter being smaller than the second outer dia-
meter; the piston unit moves between a first position in
which the first piston is closer to the first bore end part
than the second bore part and a second position in which
the first piston is closer to the second bore part than the
firstbore end part, the first bore part having a first opening
in fluid communication with an expansion opening
through a first fluid channel, a first non-return valve being
arranged in the first fluid channel allowing fluid to enter
the first opening, the second bore part having the second
opening closer to the first bore part than the second bore
end part, the first bore part having a third opening in fluid
communication with the expandable space through a
second non-return valve, the second bore part having
a fourth opening for entry of fluid in order to allow the first
piston to move in a first direction, ejecting fluid through
the third opening and into the expandable space, and for
exit of fluid in order to allow the first piston to move in a
second direction opposite the first direction, and a se-
quence piston having a first sequence position in which
the sequence piston allows fluid communication between
the second opening and the fourth opening, and a second
sequence position in which the sequence piston allows
fluid communication between the second opening and
the fourth opening in order to move the piston unit in the
first direction.

[0014] Furthermore, in the first position most of the fluid
in the first bore part in front of the first piston may have
entered the expandable space, and in the second posi-
tion the first bore part may be filled with fluid in front of the
first piston.

[0015] In addition, the chamber may be filled with
pressurised nitrogen or similar gas.

[0016] Further, the chamber pressurised with nitrogen
may have a substantially higher pressure than that of the
bore pressure or the annulus pressure.

[0017] Also, the chamber pressurised with nitrogen
may have a substantially larger volume than needed to
expand the expandable metal sleeve.

[0018] Moreover, a shear element valve block may be
fluidly connecting and disconnecting the pressure-inten-
sifying unit with the expandable space.

[0019] Inaddition, the chamber may be a low-pressure
chamber.
[0020] Further, the chamber may be a high-pressure

chamber, i.e. the chamber pressure may be substantially
higher than the bore pressure or the annulus pressure.
[0021] Further, the chamber may be closed at surface
so that the chamber pressure is approximately 1 Atm,
such as 101325 Pa, or 1,01325 Bar.

[0022] Inaddition, the chamber may comprise a cham-
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ber piston dividing the chamber in a first chamber part
and a second chamber part, the first chamber part being
pressurised at surface, and the second chamber part
being in fluid communication with the bore or annulus
so that the first chamber part is further pressurised as the
annular barrier is run into the well.

[0023] Further, the second opening may be blocked by
a shear disc or a similar blocking element for closing the
chamber while the annular barrier is run in hole.

[0024] Also, the shear disc may be based on absolute
pressure.

[0025] Moreover, the fluid communication between the
second opening and the annulus or bore may be closed
by a mechanical connection, such as a sleeve or a valve
assembly having a breakable pin, the mechanical con-
nection being activated to open by means of a timer or a
tool run into the well tubular metal structure.

[0026] Moreover, the second opening may be blocked
by a mechanical connection for closing the chamber
while the annular barrier is run in hole.

[0027] In addition, the mechanical connection may be
activated to open by means of a tool run into the well
tubular metal structure.

[0028] Further, the chamber pressure may be least 5
times lower than the annulus pressure or the bore pres-
sure, preferably at least 8 times lower than the annulus
pressure or the bore pressure, and more preferably at
least 10 times lower than the annulus pressure or the
bore pressure.

[0029] Also, the chamber pressure may be at least 5
times higher than the annulus pressure or the bore pres-
sure, preferably at least 8 times higher than the annulus
pressure or the bore pressure, and more preferably at
least 10 times higher than the annulus pressure or the
bore pressure.

[0030] Moreover, the chamber may have a chamber
volume which is at least 5% higher than the expandable
space in the expanded condition of the annular barrier.
[0031] Finally, the invention also relates to a downhole
system comprising a well tubular metal structure and at
least one annular barrier, where the tubular metal part is
mounted as part of the well tubular metal structure.
[0032] The invention and its many advantages will be
described in more detail below with reference to the
accompanying schematic drawings, which for the pur-
pose of illustration show some non-limiting embodiments
and in which:

Fig. 1 shows a cross-sectional view of an annular
barrier according to the invention having a pressure-
intensifying unitand a low-pressure or high-pressure
chamber,

Fig. 2A shows a cross-sectional view of a pressure-
intensifying unit in one position,

Fig. 2B shows a cross-sectional view of a pressure-
intensifying unit of Fig. 2A in another position,
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Fig. 3 shows a cross-sectional view of another pres-
sure-intensifying unit,

Fig. 4A shows a cross-sectional view of another
pressure-intensifying unit having an accumulating
chamber,

Fig. 4B shows a cross-sectional view of a pressure-
intensifying unit of Fig. 4A in another position,

Fig. 4C shows a cross-sectional view of a pressure-
intensifying unit of Fig. 4A in yet another position,

Fig. 4D shows a cross-sectional view of a pressure-
intensifying unit of Fig. 4A in yet another position,

Fig. 4E shows a cross-sectional view of a pressure-
intensifying unit of Fig. 4A in yet another position,

Fig. 4F shows a cross-sectional view of a pressure-
intensifying unit of Fig. 4A in yet another position,

Figs. 5A-B show a cross-sectional view of a shear
element valve block in an open and closed position,
and

Fig. 6 shows a cross-sectional view of an annular
barrier according to the invention having a pressure-
intensifying unit, a shear element valve block and a
low-pressure chamber.

[0033] 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.

[0034] Fig. 1 shows an annular barrier 1 which has
been expanded in an annulus 2 having an annulus pres-
sure between a well tubular metal structure 3 and an
inside wall 4 of a borehole 5 downhole, providing zone
isolation between a first zone 101 and a second zone 102
of the borehole 5. The annular barrier 1 comprises a
tubular metal part 7 having a bore 37 which has a bore
pressure Pg and which has been mounted as part of the
well tubular metal structure 3 inserted into the borehole 5.
The annular barrier 1 comprises an expandable metal
sleeve 8 surrounding the tubular metal part 7, and each
end 9 of the expandable metal sleeve 8 is connected to
the tubular metal part 7, providing an expandable space
10 between the expandable metal sleeve 8 and the
tubular metal part 7. The annular barrier 1 further com-
prises a pressure-intensifying unit 20 through which fluid
from the annulus 2 or fluid from the bore 37 having
entered through the expansion opening 11 (shown in
Fig. 7) is pressure-intensified before entering into the
expandable space 10 to expand the expandable metal
sleeve 8. Thus, the annular barrier 1 comprises the
pressure-intensifying unit 20 for increasing the pressure
of the fluid from the bore 37 or the annulus 2 before the
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fluid enters the expandable space 10. The annular barrier
1 further comprises a chamber 80 having a chamber
pressure Pc and being fluidly connected to a second
opening 36 of the pressure-intensifying unit 20 in order
to create a pressure difference between the bore pres-
sure/annulus pressure and the chamber pressure for
activating the pressure-intensifying unit 20 to increase
the pressure of the fluid. Thus, the chamber pressure Pc
is substantially lower than the bore pressure Pg, or the
chamber pressure Pc is substantially higher than the
bore pressure Py so that a pressure difference is created
therebetween.

[0035] By having the chamber 80 with lower pressure
or higher pressure than the annulus pressure connected
to the pressure-intensifying unit 20, the annular barrier 1
can be expanded even though the well tubular metal
structure 3 has other openings such as screens, perfora-
tions, etc., and without having an opening in the tubular
metal part 7 which needs to close after the expansion.
The annular barrier 1 is thus automatically expanded,
meaning that no additional pressure force has to be
applied, which is not possible in well tubular metal struc-
tures having screens, perforations or similar openings.

[0036] By having the chamber 80 with lower pressure
or higher pressure than the bore pressure connected to
the pressure-intensifying unit 20, the annular barrier 1 is
also thus automatically expanded, meaning that no ad-
ditional pressure force has to be applied, but the annular
barrier 1 has an expansion opening in the tubular metal
part 7.

[0037] When the well tubular metal structure 3 is per-
forated or has similar openings, the bore pressure and
the annulus pressure are the same. But if the well tubular
metal structure 3 does not have such openings, the
pressure-intensifying unit 20 may be fluidly connected
to either the bore pressure or the annulus pressure,
whichever is the highest or the most appropriate in rela-
tion to the design of the pressure-intensifying unit 20 and
the annular barrier 1.

[0038] Thus, the chamber 80 may be a low-pressure
chamber. The chamber 80 is closed at surface, either
during the manufacturing of the annular barrier or during
the mounting of the annular barrier 1 on the well tubular
metal structure 3 so that the chamber pressure is ap-
proximately 1 Atm, such as 101325 Pa, or 1,01325 Bar.
The chamber pressure is at least 5 times lower than the
annulus pressure or the bore pressure, preferably at least
8 times lower than the annulus pressure or the bore
pressure, and more preferably at least 10 times lower
than the annulus pressure or the bore pressure. The
chamber 80 has a chamber volume which is at least
5% higherthatthe expandable space in the expanded
condition of the annular barrier 1.

[0039] The chamber 80 may be a high-pressure cham-
ber so that the chamber pressure is substantially higher
than the annulus pressure or the bore pressure. The
chamber 80 is pressurised at surface, either during the
manufacturing of the annular barrier 1 or during the
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mounting of the annular barrier 1 on the well tubular metal
structure 3 so thatthe chamber pressure is approximately
at least 1,000 PSI, i.e. 6.8 GPa, higher than the annulus
pressure or the bore pressure, preferably at least 2,000
PSI, i.e. 13.7 GPa, higher than the annulus pressure or
the bore pressure, and more preferably at least 3,000
PSI, i.e. 20.6 GPa, higher than the annulus pressure or
the bore pressure. The chamber 80 acting as a high-
pressure chamber is pressurised with nitrogen or similar
gas. The chamber 80 pressurised with nitrogen or similar
gas has a substantially larger volume than needed to
expand the expandable metal sleeve 8. The chamber
pressure is at least 5 times higher than the annulus
pressure or the bore pressure, preferably at least 8 times
higher than the annulus pressure or the bore pressure,
and more preferably at least 10 times higher than the
annulus pressure or the bore pressure. The chamber 80
has a chamber volume whichis atleast 5% higher that the
expandable space 10 in the expanded condition of the
annular barrier 1. The chamber 80 comprises a chamber
piston (not shown) dividing the chamber 80 in a first
chamber part and a second chamber part. The first
chamber part is pressurised at surface, and the second
chamber partis in fluid communication with the bore 37 or
the annulus 2 so that the first chamber partis pressurised
even further as the annular barrier 1 is run into the well
due to the higher pressure downhole than at surface.
[0040] After the annular barrier 1 has been runin hole,
the annular barrier 1 is filled with fluid from the annulus 2
or the bore 37, and then the pressure-intensifying unit 20
is activated so that the low pressure from the chamber 80
operates the pressure-intensifying unit 20 to increase the
pressure of the fluid before entering the expandable
space 10, and thus the expandable metal sleeve 8 of
the annular barrier 1 is expanded. The pressure-intensi-
fying unit 20 ejects a certain amount of fluid into the
expandable space 10 at a time, and once the amount
of fluid has been ejected, the chamber pressure reacti-
vates the pressure-intensifying unit 20 to be able to eject
a new amount of fluid into the expandable space 10.
When reactivating the pressure-intensifying unit 20,
the chamber 80 receives a small amount of fluid in order
for the pressure-intensifying unit 20 to be recharged.
Thus, the volume of the chamber 80 is higher than the
volume of the fluid needed to expand the expandable
metal sleeve 8 of the annular barrier 1.

[0041] In this way, an improved annular barrier is pro-
vided which is expandable without the need for pressur-
ising or intervening the well tubular metal structure. The
annular barrier 1 may comprise an expansion opening 11
in the tubular metal part 7 as shown in Fig. 6. When
having an expansion opening 11, the second opening 36
can be fluidly connected to the bore 37 and/or the annulus
2.

[0042] In Fig. 2A, the pressure-intensifying unit 20 is
shown having a first bore 21 and a piston unit 22. The first
bore 21 has a first bore part 23 with a first inner diameter
ID, and with afirst bore end part 81. The first bore 21 also
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has a second bore part 24 with a second inner diameter
ID, and with a second bore end part 82. The piston unit 22
has a first piston 25 with a first outer diameter OD,
corresponding to the first inner diameter ID, and a sec-
ond piston 26 with a second outer diameter OD, corre-
sponding to the second inner diameter ID,. The second
piston 26 is connected to the first piston 25 by means of a
connecting rod 27, which connecting rod 27 has asmaller
outer diameter than the second piston 26. The first outer
diameter OD, is smaller than the second outer diameter
OD,. The piston unit 22 moves between a first position in
which the first piston 25 is closer to the first bore end part
81 than the second bore part 24 and a second position in
which the first piston 25 is closer to the second bore part
24 than the first bore end part 81. The first bore part 23
has a first opening 31 in fluid communication with the
expansion opening 11 through afirst fluid channel 41, and
a first non-return valve 28 is arranged in the first fluid
channel 41 allowing fluid to enter the first opening 31. The
second bore part 24 has a second opening 36, and the
second opening 36 is closer to the first bore part 23 than
the second bore end part 82. The first bore part 23 has a
third opening 33 in fluid communication with the expand-
able space 10 through a second non-return valve 29. The
second bore part 24 has a fourth opening 34 for the entry
of fluid in order to allow the first piston 25 to move in a first
direction, ejecting fluid through the third opening 33 and
into the expandable space 10, and for the exit of fluid in
order to allow the first piston 25 to move in a second
direction opposite the first direction. The pressure-inten-
sifying unit 20 further comprises a sequence piston 30
having a first sequence position in which the sequence
piston 30 allows fluid communication between the sec-
ond opening 36 and the fourth opening 34 and a second
sequence position in which the sequence piston 30 al-
lows fluid communication between the second opening
36 and the fourth opening 34 in order to move the piston
unit 22 in the first direction. The first piston 25 has a front
face facing the first bore end part 81.

[0043] In the first position, as shown in Fig. 2A, most of
the fluid in the first bore part 23 in front of the first piston 25
has entered the expandable space 10, and in the second
position the first bore part 23 is filled with fluid in front of
the first piston. The low pressure in the chamber 80 is
used to retract the piston unit 22 so that the first bore part
23infrontof the first piston 25 is re-filled with fluid from the
annulus 2 orthe bore 37. As the piston unit 22 is retracted,
the chamber 80 receives the fluid on the back of the first
piston 25.

[0044] InFig. 6, the annular barrier 1 further comprises
a shear element valve block 130 which is fluidly connect-
ing and disconnecting the pressure-intensifying unit 20
with the expandable space 10. The shear element valve
block 130 is arranged for blocking the fluid communica-
tion to the expandable space after the expansion of the
annular barrier is finished.

[0045] As shown in Fig. 2A, the second opening 36 is
blocked by a shear disc 83 for closing the chamber 80
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while the annular barrier 1isrunin hole. In order to ensure
that the shear disc 83 does not break prematurely, the
shear disc 83 is based on absolute pressure.

[0046] InFig. 6, the second opening 36 is blocked by a
mechanical connection 84 for closing the chamber 80
while the annular barrier 1 is run in hole. The mechanical
connection 84 is activated to open by means of a tool run
into the well tubular metal structure 3. Thus, the fluid
communication between the second opening 36 and the
annulus 2 or the bore 37 is closed by the mechanical
connection 84, such as a sleeve or a valve assembly
having a breakable pin, and the mechanical connection
84 is activated to open by means of a timer or a tool run
into the well tubular metal structure 3.

[0047] InFig. 2A,thefirstouter diameter OD, is smaller
than the second outer diameter OD,, as a result of which
the fluid having entered through the expansion opening
11is pressure-intensified before entering the expandable
space 10 to expand the expandable metal sleeve 8 of the
annular barrier 1 to obtain a higher pressure than the
pressure of the fluid entering the expansion opening 11 in
the tubular metal part 7 due to the diameter difference
between the first piston 25 and the second piston 26. The
first bore part 23 has the first opening 31 in fluid connec-
tion with the expansion opening 11 through the first fluid
channel 41, and the first non-return valve 28 is arranged
in the first fluid channel 41, allowing fluid to enter the first
opening 31. The firstbore 21 has a sixth opening 32 fluidly
connected with a part of the first fluid channel 41 up-
stream of the first non-return valve 28. The first bore part
23 has the third opening 33 in fluid communication with
the expandable space 10 through the second non-return
valve 29. The second bore part 24 has the fourth opening
34 forthe entry of fluid in order to allow the first piston 25 to
move in a first direction, ejecting fluid through the third
opening 33 and into the expandable space 10, and for the
exit of fluid in order to allow the first piston 25 to moveina
second direction opposite the first direction. The second
bore part 24 has a fifth opening 35 in fluid communication
with the fourth opening 34 through a second fluid channel
42 for allowing fluid to pass from one side of the second
piston 26 to the other side of the second piston 26 when
the second piston 26 moves back and forth.

[0048] Thus, the first piston 25 moves between the
sixth opening 32 and the third opening 33, and the second
piston 26 moves between the fourth opening 34 and the
fifth opening 35 so that fluid flows between the fourth
opening 34 and the fifth opening 35 via the second fluid
channel 42. The second fluid channel 42 functions as a
kind of bypass channel so that the second piston 26 is
able to move as the fluid is in liquid form downhole and
thus more or less incompressible and needs to be dis-
placed elsewhere in order to be able to move the second
piston 26.

[0049] The pressure-intensifying unit 20 further com-
prises the sequence piston 30 surrounding the connect-
ing rod 27. In Fig. 2A, the sequence piston 30 has a first
sequence position in which the sequence piston 30 pre-
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vents fluid communication between the sixth opening 32
and the fifth opening 35 so that the fluid from within the
tubular metal part 7 passes through the expansion open-
ing 11 and into the first fluid channel 41 through the first
non-return valve 28 and in through the first opening 31,
and presses onto the first piston 25 to move the first piston
25in a second direction towards the second bore part 24.
In Fig. 2B, the sequence piston 30 has a second se-
quence position in which the sequence piston 30 allows
fluid communication between the sixth opening 32 and
the fifth opening 35 in order to move the piston unit 22 in
the first direction and press the fluid in the first bore part
23 in through the third opening 33 and the second non-
return valve 29, and into the expandable space 10 to
expand the expandable metal sleeve 8 of the annular
barrier 1. In the second sequence position, the sequence
piston 30 straddles the sixth opening 32 and the fifth
opening 35. In the first sequence position, the sequence
piston 30 isolates the sixth opening 32 so that all fluid
through the expansion opening 11 is forced to flow in
through the first fluid channel 41 and the first non-return
valve 28 and into the first bore part 23.

[0050] AsshowninFig.2A,the sequence piston 30 has
a first piston part 43 and a second piston part 44, and an
intermediate piston part45 connecting the first piston part
43 and the second piston part 44; the intermediate piston
part 45 has a smaller outer diameter than that of the first
piston part 43 and the second piston part 44 so as to
fluidly connect the sixth opening 32 and the fifth opening
35 when the sequence piston 30 is in the second se-
quence position, and so that the first piston part 43 is
positioned on one side of the fifth opening 35, and the
intermediate piston part 45 straddles the sixth opening 32
and the fifth opening 35, and the second piston part 44 is
arranged on the other side of the sixth opening 32. Thus,
the intermediate piston part 45 has a smaller outer dia-
meter than that of the first piston part 43 and the second
piston part44, providing an annular cavity 47 between the
first bore 21 and the sequence piston 30 to enable fluid
passage between the sixth opening 32 and the fifth
opening 35.

[0051] The sequence piston 30 has a through-bore 46
having a bore diameter ID5 being larger than the outer
diameter of the connecting rod 27 so that fluid is allowed
to pass between the connecting rod 27 and the sequence
piston 30 along the bore diameter IDg. The outer dia-
meter of the first piston part 43 and the second piston part
44 of the sequence piston 30 corresponds to the inner
diameter of the second bore part 24. However, in another
embodiment the sequence piston 30 is arranged in the
first bore part 23.

[0052] As shown in Figs. 2A and 2B, the first bore 21
comprises the second opening 36 arranged between the
fifth opening 35 and the third opening 33 and is in fluid
communication with a chamber 80. In that way, the
chamber pressure is used as an accumulator.

[0053] InFig. 3, the first piston part 43 of the sequence
piston 30 is provided with at least two sealing elements 72
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arranged at a distance between them that is larger than
the diameter of the fifth opening 35. In this way, the
second piston part 44 of the sequence piston 30 is sealing
off the fifth opening 35 until the sequence piston 30
straddles the fifth opening 35 and the second opening
36, and there is no risk of stranding opposite the fifth
opening 35, where fluid may flow from the second open-
ing 36 past the first piston part 43 and directly into the
second bore part 24 without being forced through the
second fluid channel 42, as shown in Fig. 4C.

[0054] Ascanbe seenin Fig. 2A, the outer diameter of
the connecting rod 27 is smaller than the first outer
diameter OD, and the second outer diameter OD,. In
Fig. 3, the outer diameter of the connecting rod 27 is
smaller than the first outer diameter OD, and substan-
tially equal to the second outer diameter OD,. In Fig. 3,
the sequence piston 30 has an internal key 73 movingina
groove 74 of the connecting rod 27 for bringing the
sequence piston 30 to move from the first sequence
position to the second sequence position. The movement
of the sequence piston 30 from the second sequence
position to the first sequence position is performed by the
second piston 26.

[0055] Inordertoincrease the fluid pressure of the fluid
entering the expansion opening 11 before being ejected
into the expandable space 10, the second outer diameter
OD, is more than 1.2 times larger than the first outer
diameter OD,, preferably more than 1.5 times larger than
the first outer diameter, more preferably more than 2
times larger than the first outer diameter, and even more
preferably more than 2.5 times larger than the first outer
diameter.

[0056] The pressure intensification factor of the pres-
sure-intensifying unit 20 is given by the piston area
difference between the first and the second piston 25,
26, and thus the difference between the second outer
diameter OD, and the first outer diameter OD, is
(OD,/ODy)*2.

[0057] InFigs.4A-4F, the pressure-intensifying unit 20
further comprises a second bore 51 having a first aper-
ture 52 fluidly connected with the expansion opening 11
and a second aperture 53 fluidly connected with the first
fluid channel 41. In the second bore 51, a third piston 54
and a fourth piston 55 are connected by means of a
second connecting rod 56. In a deployment position of
the annular barrier 1, i.e. when the annular barrier 1 is run
in the hole and mounted as part of the well tubular metal
structure 3, the third piston 54 and the fourth piston 55 are
arranged on either side of the second aperture 53, pre-
venting fluid from entering the first fluid channel 41 and
thus the expandable space 10. In this way, the expand-
able metal sleeve 8 of the annular barrier 1 is not ex-
panded prematurely, and the annular barrier 1 is not setin
an unintended position in the borehole 5 preventing
further movement of the well tubular metal structure 3
down the hole. The second bore 51 is arranged in parallel
to the first bore 21, but could be arranged in any angle to
the first bore 21.
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[0058] The third piston 54 and the fourth piston 55 are
prevented from moving in the deployment position by a
shear pin 59 until the expansion operation starts and a
pressure builds up inside the tubular metal part 7; when a
predetermined pressure is obtained in the well tubular
metal structure 3 acting on the third piston 54, the shear
pin 59 is sheared, and the third piston 54 and the fourth
piston 55 move, providing fluid communication between
thefirstaperture 52 and the second aperture 53 as well as
fluid communication to the first bore 21. In another em-
bodiment, the shear pin function is arranged in an addi-
tional shear pin valve block 130 (shear element valve
block 130 shown in Fig. 5) in fluid communication with the
second aperture 53 and arranged fluidly between the
expansion opening 11 and the second aperture 53.
The shear pin 59 could also be replaced by a shear disc
arranged in the fluid communication between the expan-
sion opening 11 and the second aperture 53.

[0059] Inorderto preventthe expandable metal sleeve
8 from being pressed inwards due to a higher pressure
down the well than in the expandable space 10 as the
annular barrier 1 is deployed, the second bore 51 further
comprises a third aperture 57 in fluid communication with
the annulus 2 and a fourth aperture 58 in fluid commu-
nication with the expandable space 10, as shown in Fig.
4A. In the deployment position of Fig. 4A, the third piston
54 and the fourth piston 55 are both arranged on one side
of the third aperture 57 and the fourth aperture 58,
providing fluid communication between the third and
fourth apertures 57, 58. Thus, the role of the third piston
54 and the fourth piston 55 is also to ensure that there is
no trapped pressure in the annular barrier 1, i.e. in the
expandable space 10, during deployment due to the
second non-return valve 29. The expandable space 10
underneath the expandable metal sleeve 8 will therefore
be pressure-compensated with the annulus pressure.
Thus, the third aperture 57 and the fourth aperture 58
are in fluid communication on the "backside" of the third
piston 54 and the fourth piston 55 as the second aperture
53 is arranged on the "frontside" of the third piston 54 and
the fourth piston 55, while the third piston 54 and the
fourth piston 55 are arranged on either side of the second
aperture 53.

[0060] InFigs.4A-4F, the pressure-intensifying unit 20
further comprises a first chamber 61 having a first cham-
ber opening 68 fluidly connected to the second bore part
24 for accumulating fluid from the second bore part 24.
Thus, the first chamber 61 is a kind of accumulating
chamber or accumulator. The first chamber 61 has a
second chamber opening 69 fluidly connected with the
first fluid channel 41, and the first chamber 61 comprises
a first chamber piston 62 being spring-loaded by means
of a first spring 63 so that the first chamber piston 62 is
forced towards the first chamber opening 68. The first
chamber piston 62 is allowed to move between the first
chamber opening 68 and the second chamber opening
69. By having a first chamber 61 with a spring-loaded first
chamber piston 62, the first chamber 61 is able to accu-
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mulate fluid in the second bore part 24 which cannot
bypass the second piston 26 in the second fluid channel
42 when the second piston 26 moves in the second
direction. This is primarily the situation which may occur
towards the end of the movement in the second direction
as shown in Fig. 4C, where the first piston 25 moves the
sequence piston 30, blocking the fifth opening 35 even
though the second piston 26 has not moved entirely to the
end (as shown in Fig. 4D), and the remaining fluid can
then enter the first chamber 61. In this way, no fluid/liquid
is trapped preventing the second piston 26 from moving
to the end, and the first piston 25 is not prevented from
moving the sequence piston 30 to the second sequence
position opening for fluid passage to push the piston unit
22 in the first direction. The first chamber is thus a safety
precaution to ensure that the sequence piston 30 is able
to move to the second sequence position. The first
chamber piston 62 is preloaded by the pressure in the
expansion fluid pressing through the second chamber
opening 69 and on the first chamber piston 62.

[0061] The pressure-intensifying unit 20 further com-
prises a second chamber 64 fluidly connected to the
second bore part 24 via the first chamber 61. The second
chamber 64 comprises a third chamber opening 70 in
fluid communication with the first chamber 61. The sec-
ond chamber comprises a fourth chamber opening 67
fluidly connected with the annulus 2, and the second
chamber comprises a second chamber piston 65 being
spring-loaded by means of a second spring 66 so that the
second chamber piston is forced towards the fluid con-
nection to the second bore part 24, i.e. towards the first
chamber opening 68, and forced to move between the
third chamber opening 70 and the fourth chamber open-
ing 67. By having a second chamber 64 with a spring-
loaded second chamber piston 65, the second chamber
is able to provide pressurised fluid in the second bore part
24 to press the piston unit 22 fully to the second non-
return valve 29 and push the sequence piston 30 to the
first sequence position. The second chamber piston 65
experiences annulus pressure from the fourth chamber
opening 67 and expansion pressure (pressure from the
tubular metal part 7 through the expansion opening 11)
through the third chamber opening 70, and when the
sequence piston 30 is opposite the fifth opening 35 as
shown in Fig. 4E, the fluid may be prevented from enter-
ing the second fluid channel 42 and from pressing on the
second piston 26 to move the piston unit 22 further
towards the second non-return valve 29. The sequence
piston 30 may then not be fully moved to the first se-
quence position, and then the pressure difference across
the second chamber piston 65 will force the second
chamber piston 65 to move, increasing the pressure in
the second bore part 24 in fluid communication with the
second chamber 64 through the first chamber opening
68. In this way, the movement of the sequence piston 30
from the position shown in Fig. 4E to the position shownin
Fig. 4F is completed, i.e. the first sequence position is
ensured so that the movement cycle of the pressure-
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intensifying unit 20 is completed.

[0062] Inordertoexpand the expandable metal sleeve
8 of the annular barrier 1, the piston unit 22 and thus the
first piston 25 and the second piston 26 have to move
back and forth 500-5000 times, and the seals of these
pistons are therefore preferably metal seals, ceramic
seals or similar seals able to withstand such load.
[0063] Figs.5A and 5B disclose a shear element valve
block 130 having a first block opening 116 in fluid com-
munication with the expansion opening 11 and a block
piston 121 moving in a bore 120 and having a through-
bore 122 in which a shear disc 124 is arranged. A second
block opening 117 is in fluid communication with the first
fluid channel 41 in Figs. 2A-4F so that, in the first block
position shown in Fig. 5A, fluid from the expansion open-
ing 11 is let into the pressure-intensifying unit 20, andina
second block position, as shown in Fig. 5B, the shear
element valve block 130 prevents the fluid from entering
since the fluid communication between the first block
opening 116 and the second block opening 117 is
blocked.

[0064] The annularbarrier 1 may be part of adownhole
system 100 as shown in Fig. 1, where the downhole
system comprises a well tubular metal structure 3 and
the above-mentioned annular barrier, and where the
tubular metal part 7 is mounted as part of the well tubular
metal structure 3. The downhole system 100 may have a
plurality of annular barriers even though not shown.
[0065] 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, re-
spectively.

[0066] 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.
[0067] 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, wherein the wheels contact the inner surface
ofthe 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®.

[0068] 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 de-
parting from the invention as defined by the following
claims.
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Claims

An annular barrier (1) to be expanded in an annulus
(2) having an annulus pressure between a well tub-
ular metal structure (3) and an inside wall (4) of a
borehole (5) downhole for providing zone isolation
between a first zone (101) and a second zone (102)
of the borehole, comprising

- a tubular metal part (7) for mounting as part of
the well tubular metal structure, the tubular me-
tal part having a bore (37) with a bore pressure
(Pg).

- an expandable metal sleeve (8) surrounding
the tubular metal part, each end (9) of the ex-
pandable metal sleeve being connected with the
tubular metal part, and

- an expandable space (10) between the ex-
pandable metal sleeve and the tubular metal
part,

wherein the annular barrier further comprises a pres-
sure-intensifying unit (20) having a first opening (31)
in fluid communication with the annulus or the bore
for increasing the pressure of the fluid from the
annulus before the fluid enters the expandable
space, the annular barrier further comprising a
chamber having a chamber pressure and being
fluidly connected to a second opening (36) of the
pressure-intensifying unit in order to create a pres-
sure difference between the annulus pressure/the
bore pressure and the chamber pressure for activat-
ing the pressure-intensifying unit to increase the
pressure of the fluid, the chamber pressure being
substantially lower than the annulus pressure or the
bore pressure, or the chamber pressure being sub-
stantially higher than the annulus pressure or the
bore pressure.

An annular barrier according to claim 1, wherein the
pressure-intensifying unit (20) has a first bore (21)
and a piston unit (22), the first bore having a first bore
part (23) with afirstinner diameter (ID,) and having a
first bore end part (81) and a second bore part (24)
with a second inner diameter (ID,) and having a
second bore end part (82), the piston unit having a
first piston (25) with a first outer diameter (OD;)
corresponding to the first inner diameter and a sec-
ond piston (26) with a second outer diameter (OD,)
corresponding to the second inner diameter, and the
second piston being connected to the first piston by
means of a connecting rod (27), which connecting
rod (27) has a smaller outer diameter than the sec-
ond piston, the first outer diameter being smaller
than the second outer diameter, the first bore part
having the first opening (31), and the second bore
part having the second opening (36).
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3.

10.

1.

12.

An annular barrier according to claim 1 or 2, wherein
the piston unit moves between a first position in
which the first piston (25) is closer to the first bore
end part than the second bore part (24) and a second
position in which the first piston (25) is closer to the
second bore part (24) than the first bore end part,

An annular barrier according to any of the preceding
claims, wherein the first opening (31) is in fluid com-
munication with the annulus through a first fluid
channel (41), a first non-return valve (28) being ar-
ranged in the first fluid channel allowing fluid to enter
the first opening.

An annular barrier according to any of the preceding
claims, wherein, the second bore part has the sec-
ond opening (36) closer to the first bore part than the
second bore end part.

An annular barrier according to any of the preceding
claims, wherein the first bore part has a third opening
(33) in fluid communication with the expandable
space through a second non-return valve (29).

An annular barrier according to claim 6, wherein the
second bore part has a fourth opening (34) for the
entry of fluid in order to allow the first piston to move
in a first direction, ejecting fluid through the third
opening and into the expandable space, and for
the exit of fluid in order to allow the first piston to
move in a second direction opposite the first direc-
tion.

An annular barrier according to any of the preceding
claims, wherein, the pressure intensifier further com-
prises a sequence piston (30) having a first se-
quence position in which the sequence piston allows
fluid communication between the second opening
and the fourth opening and a second sequence
position in which the sequence piston allows fluid
communication between the second opening and
the fourth opening in order to move the piston unit
in the first direction.

An annular barrier according to any of the preceding
claims, wherein the chamber is filled with pres-
surised nitrogen or similar gas.

An annular barrier according to any of the preceding
claims, wherein the chamber is a low-pressure
chamber.

An annular barrier according to any of the preceding
claims, wherein the chamber is closed at surface so
that the chamber pressure is approximately 1 Atm,
such as 101325 Pa, or 1,01325 Bar.

An annular barrier according to any of the preceding
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14.
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claims, wherein the chamber pressure is at least 5
times lower than the annulus pressure or the bore
pressure, preferably at least 8 times lower than the
annulus pressure or the bore pressure, and more
preferably at least 10 times lower than the annulus
pressure or the bore pressure.

An annular barrier according to any of the preceding
claims, wherein the chamber has a chamber volume
which is at least 5% higher that the expandable
space in the expanded condition of the annular bar-
rier.

Downhole system (100) comprising a well tubular
metal structure and at least one annular barrier
according to any of claims 1-13 where the tubular
metal partis mounted as part of the well tubular metal
structure.
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