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(54) DOWNHOLE COMPLETION SYSTEM

(67)  The present invention relates to a downhole
completion system comprising an intermediate casing ar-
ranged in a borehole having a top, an outer production
casing arranged at least partly within the intermediate
casing defining a primary annulus therebetween, a main
barrier configured to provide a primary seal between the
intermediate casing and the outer production casing, and
an inner production casing arranged at least partly within
the outer production casing defining a secondary annulus
therebetween, wherein the outer production casing com-
prises a first outer inductive coupling arranged below the
main barrier in relation to the top, a first inner inductive
coupling is arranged on an outer face of the inner pro-
duction casing positioned substantially in the same hori-
sontal level as the first outer inductive coupling for wire-
less transfer of communication signals and/or power ther-
ebetween, the first inner inductive coupling being con-
nected to the top via afirst electrical conductor, a second
outer inductive coupling is arranged on an outer face of
the outer production casing below the first outer inductive
coupling and connected with the first outer inductive cou-
pling via a second electrical conductor, and a second
inner inductive coupling is arranged on the outer face of
the inner production casing positioned substantially in
the same horisontal level as the second outer inductive
coupling for wireless transfer of communication signals
and/or power therebetween. The present invention also
relates to a downhole communication or transferring
method in a downhole completion system according to
the present invention.
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Description

Field of the invention

[0001] The present invention relates to a downhole
completion system and to a downhole communication or
transferring method in a downhole completion system
according to the present invention.

Background art

[0002] Many cased wells are double-cased, which in-
duces the challenges of operating components down the
well by means of control lines etc. Wheninserting casings
having control lines on the outside, the control lines may
be damaged or become inoperative over the years. Fur-
thermore, such control lines may be displaced and thus
interfere with the function of the component which is to
be operated. Therefore, in recent years the wells have
been developed to be more simple since the double-
cased wells and the highly instrumented completions
have shown not to function properly over a long time
span. Furthermore, when abandoning a well, the control
lines have also shown to constitute a challenge, since
when cement is poured down the well to seal it, leakages
occur along the control lines, and therefore many at-
tempts have been made to develop methods of cutting
these lines before abandoning the well.

Summary of the invention

[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 an improved downhole system which is easy to
operate and easy to replace and abandon.

[0004] Theabove objects, together with numerous oth-
er objects, advantages and features, which will become
evident from the below description, are accomplished by
a solution in accordance with the present invention by a
downhole completion system comprising:

- anintermediate casing arranged in a borehole hav-
ing a top,

- an outer production casing arranged at least partly
within the intermediate casing defining a primary an-
nulus therebetween,

- amain barrier configured to provide a primary seal
between the intermediate casing and the outer pro-
duction casing, and

- an inner production casing arranged at least partly
within the outer production casing defining a second-
ary annulus therebetween,

wherein the outer production casing comprises a first out-
er inductive coupling arranged below the main barrier in
relation to the top, a first inner inductive coupling is ar-
ranged on an outer face of the inner production casing
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positioned substantially in the same horisontal level as
the first outer inductive coupling for wireless transfer of
communication signals and/or power therebetween, the
first inner inductive coupling being connected to the top
via a first electrical conductor, a second outer inductive
coupling is arranged on an outer face of the outer pro-
duction casing below the first outer inductive coupling
and connected with the first outer inductive coupling via
a second electrical conductor, and a second inner induc-
tive coupling is arranged on the outer face of the inner
production casing positioned substantially in the same
horisontal level as the second outer inductive coupling
for wireless transfer of communication signals and/or
power therebetween.

[0005] Due to the fact thatthe electrical conductors run
on the outside of the outer production casing below the
main barrier, the inner production casing may be easily
replaced by pulling the inner production casing, or just
the upper part of the inner production casing, out and
insert a new one or a new upper part. Furthermore, no
electrical conductors interfere with any completion com-
ponents, e.g. sliding sleeves, in the inner production cas-
ing. And furthermore, when retrieving the inner produc-
tion casing, or just the upper part of the inner production
casing, the well can easily be abandoned by plugging
and cementing it, and hence no electrical conductors are
cemented, and thus there is no risk that the well will leak
along such electrical conductors.

[0006] The second inner inductive coupling may be
wireless.
[0007] Moreover, the inner production casing may

comprise a first inner annular barrier and a second inner
annular barrier configured to provide zonal isolation of a
first inner zone in the secondary annulus, the first inner
annular barrier being arranged between the first inner
inductive coupling and the second inner inductive cou-
pling, and the second inner annular barrier being ar-
ranged below the second inner inductive coupling, so
that the second inner inductive coupling is arranged in
the first inner zone.

[0008] Also, the inner production casing may comprise
acompletion componentarranged between the firstinner
annular barrier and the second inner annular barrier.
[0009] Further, the second inner inductive coupling
may be connected with the completion component.
[0010] In addition, the completion component may be
an actuator for moving a sleeve in order to cover or un-
cover at least one inner opening in the inner production
casing.

[0011] Moreover, the outer production casing may
comprise a first outer annular barrier and a second outer
annular barrier to provide zonal isolation of a first outer
zone in the primary annulus.

[0012] Also, the outer production casing may have at
least one outer opening between the first outer annular
barrier and the second outer annular barrier.

[0013] An acid-soluble plug may be arranged in the
outer opening in the outer production casing.
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[0014] Furthermore, the second electrical conductor
may electrically connect the first outer inductive coupling
and the second outer inductive coupling, the second elec-
trical conductor extending through the first outer annular
barrier.

[0015] Additionally, a third outer annular barrier may
be arranged below the second outer annular barrier to
provide a second outer zone, and a third outer inductive
coupling may be arranged in the second outer zone and
may be connected with the second outer inductive cou-
pling by electrical conductor.

[0016] Also, an intermediate outer inductive coupling
may be is arranged on the outer face of the outer pro-
duction casing above the main barrier and positioned
substantially in the same horisontal level as the firstinner
inductive coupling for wireless transfer of communication
signals and/or power therebetween, and the intermediate
outer inductive coupling may be connected with the first
outer inductive coupling via the second electrical con-
ductor.

[0017] Further, a production packer may be arranged
between the inner production casing and the outer pro-
duction casing.

[0018] Moreover, a third inner annular barrier may be
arranged below the second inner annular barrier to pro-
vide a second inner zone opposite the second outer zone.
[0019] Also, a third inner inductive coupling may be
arranged in the second inner zone, the third inner induc-
tive coupling being wireless.

[0020] The third inner inductive coupling may be con-
nected with a second completion component.

[0021] In addition, the third outer inductive coupling
may wirelessly transfer communication signals and/or
power to the third inner inductive coupling.

[0022] Further, the inner production casing may have
an upper part separated from a lower part, the first inner
inductive coupling may be arranged on the upper part,
and the first inner annular barrier may be arranged on
the lower part.

[0023] The completion component may be a sensor.
[0024] Additionally, the sensor may be a temperature
Sensor or a pressure Sensor.

[0025] Moreover, the lower part may have a polished
bore receptacle for receiving the upper part.

[0026] The annular barrier in the downhole completion
system, as described above, may comprise:

- atubular metal part for mounting as part of the pro-
duction casing, the tubular metal part having a first
expansion opening and an outer face,

- anexpandable metal sleeve surrounding the tubular
metal partand having an inner face facing the tubular
metal part and an outer face facing a wall of the bore-
hole or an inner face of another production casing,
each end of the expandable metal sleeve being con-
nected with the tubular metal part, and

- an annular space between the inner face of the ex-
pandable metal sleeve and the tubular metal part,
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the expandable metal sleeve being configured to ex-
pand by entering pressurised fluid into the annular
space through the first expansion opening.

[0027] Each end of the expandable metal sleeve may
be connected with the tubular metal part by means of
connection parts.

[0028] Further, the inner annular barrier may be a
packer.

[0029] Also, the electrical conductor may extend
through the connection part of the annular barrier.
[0030] Said connection part may have a connection
element for connecting and sealing the electrical conduc-
tor to the connection part.

[0031] Moreover,the expansion opening may be fluidly
connected with a valve system.

[0032] The valve system may have two positions, a
first position allowing fluid communication from inside the
tubular part to enter the space, and a second position in
which the fluid communication between the space and
the inside is shut off and fluid communication between
the space and the annulus is opened.

[0033] The downhole completion system may further
comprise a control unit arranged within the inner produc-
tion casing for moving a completion component, such as
a sleeve, to open, choke or close the opening,

wherein the control unit may comprise:

- afirst part having at least one member engaging the
completion component, such as a profile of a sleeve,
and

- asecond part having:

- afixation unitfixating the sleeve controlin the casing,

- an actuator for moving the first part in relation to the
second part, and

- apower supply, such as a battery, supplying power
to the actuator.

[0034] The control unit may comprise a first communi-
cation module for receiving control signals from surface.
[0035] The present invention also relates to a down-
hole communication or transferring method in a down-
hole completion system as described above, the down-
hole communication or transferring method comprising:

- sending a signal and/or power from the top to the
firstinner inductive completion through the first elec-
trical conductor,

- wirelessly transferring the signal and/or power from
the first inner inductive coupling to the first outer in-
ductive coupling,

- sending the signal and/or power from the first outer
inductive coupling to the second outer inductive cou-
pling through a second electrical conductor, and

- wirelessly transferring the signal and/or power from
the second outer inductive coupling to the second
inner inductive coupling.
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[0036] The second inner inductive coupling may then
transfer signals and/or power to the completion compo-
nent which then performs an operation, such as sliding
or rotating the sleeve or measuring the temperature,
pressure and/or flow of fluid.

[0037] After having performed the operation, the com-
pletion component may then send a signal to the second
inner inductive coupling which transfers the signal to the
second outer inductive coupling and further through the
electrical conductor to the first outer inductive coupling
and further to the first inner inductive coupling through
the electrical conductor to surface.

[0038] The present invention also relates to a down-
hole completion method for completion a downhole com-
pletion system as described above, the downhole com-
pletion method comprising:

- first drilling the borehole,

- inserting the intermediate casing,

- cementing the casing to the wall of the borehole,

- drilling a second part of the borehole,

- inserting the outer production casing into the inter-
mediate casing, which outer production casing ex-
tends further into the borehole than the intermediate
casing,

- expanding the main barrier between the intermedi-
ate casing and the outer production casing,

- expanding the outer annular barriers to provide outer
zones,

- inserting the inner production casing into the outer
production casing, and

- expanding the inner annular barriers to provide an
inner zone between the outer production casing and
the inner production casing.

[0039] Inthe event that the outer openings in the outer
production casing comprise acid-soluble plugs, e.g.
made of aluminium, the inner openings may be uncov-
ered and acid may flow down the inner production casing
and out into the inner zones to dissolve the acid-soluble
plugs.

[0040] The present invention also relates to a down-
hole abandoning method for abandoning the downhole
system as described above, the downhole abandoning
method comprising:

- retrieving atleast part of the inner production casing,

- inserting a plug into the outer production casing, and

- filling part of the well with cement on top of the plug
and on top of the main barrier.

Brief description of the drawings

[0041] The invention and its many advantages will be
described in more detail below with reference to the ac-
companying schematic drawings, which for the purpose
of illustration show some non-limiting embodiments and
in which
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Fig. 1 shows a downhole completion system which
is a double-cased completion having an inner pro-
duction casing and an outer production casing,

Fig. 2 shows another downhole completion system,

Fig. 3 shows a cross-sectional view of an annular
barrier having a valve system,

Fig. 4 shows a cross-sectional view of part of an an-
nular barrier having an electrical conductor extend-
ing through the annular barrier,

Fig. 5 shows a cross-sectional view of another down-
hole completion system, and

Fig. 6 shows a cross-sectional view of another down-
hole completion system.

[0042] Allthe figures are highly schematic and not nec-
essarily to scale, and they show only those parts which
are necessary in order to elucidate the invention, other
parts being omitted or merely suggested.

Detailed description of the invention

[0043] Fig. 1 shows a downhole completion system
100 comprising an intermediate casing 10 arranged in a
borehole 2 having a top 3 and an outer production casing
20 arranged at least partly within the intermediate casing
defining a primary annulus 101 therebetween. The down-
hole system 100 further comprises a main barrier 4 con-
figured to provide a primary seal between the intermedi-
ate casing and the outer production casing, and the main
barrier 4 is arranged in the primary annulus. The down-
hole system 100 further comprises an inner production
casing 30 arranged at least partly within the outer pro-
duction casing defining a secondary annulus 102 there-
between. The outer production casing comprises a first
outer inductive coupling 21 arranged below the main bar-
rier in relation to the top. A first inner inductive coupling
31 is arranged on an outer face 35 of the inner production
casing positioned substantially in the same horisontal
level as the first outer inductive coupling for wireless
transfer of communication signals and/or power between
the first inner inductive coupling 31 and the first outer
inductive coupling 21. The first inner inductive coupling
is connected to the top via a first electrical conductor 5.
A second outer inductive coupling 22 is arranged on an
outer face 25 of the outer production casing below the
first outer inductive coupling and connected with the first
outer inductive coupling via a second electrical conductor
6 extending along the outer face. A second inner induc-
tive coupling 32 is arranged on the outer face of the inner
production casing positioned substantially in the same
horisontal level as the second outer inductive coupling
for wireless transfer of communication signals and/or
power between the second inner inductive coupling 32
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and the second outer inductive coupling 22. The second
inner inductive coupling is wireless and is thus not con-
nected to an electrical conductor or any one of the induc-
tion couplings.

[0044] The inner production casing further comprises
a first inner annular barrier 34, 34a and a second inner
annular barrier 34, 34b configured to provide zonal iso-
lation of a firstinner zone 36a in the secondary annulus.
The first inner annular barrier is arranged between the
firstinner inductive coupling and the second inner induc-
tive coupling, and the second inner annular barrier is ar-
ranged below the second inner inductive coupling, so
that the second inner inductive coupling is arranged in
the first inner zone.

[0045] The inner production casing comprises a com-
pletion component 37 arranged between the first inner
annular barrier and the second inner annular barrier and
receives communication signals and/or power from the
second inner inductive coupling. In Fig. 1, the completion
component is an actuator 41 for moving a sleeve 42 in
order to cover or uncover at least one inner opening 38
in the inner production casing. The outer production cas-
ing comprises a first outer annular barrier 24, 24a and a
second outer annular barrier 24, 24b to provide zonal
isolation of a first outer zone 26a in the primary annulus.
The outer production casing has at least one outer open-
ing 28 between the first outer annular barrier and the
second outer annular barrier, so that once the sleeve
uncovers the inner opening, fluid from the first outer zone
26a can flow in through the first outer opening 28 and
into the first inner zone and further through the inner
opening 38 and into the inner production casing. When
deploying the outer production casing, the outer open-
ing(s) may be plugged with an acid-soluble plug 45, so
that once acid is supplied to the first inner zone, the plug
is dissolved and flow through the outer opening 28 is
allowed.

[0046] The second electrical conductor 6 electrically
connects the first outer inductive coupling 21 and the
second outer inductive coupling 22, and the second elec-
trical conductor extends through the first outer annular
barrier 24, 24a to be connected with a second outer in-
ductive coupling 22.

[0047] The outer production casing further comprises
a third outer annular barrier 24, 24c arranged below the
second outer annular barrier to provide a second outer
zone between the second outer annular barrier and the
third outer annular barrier. A third outer inductive coupling
23 is arranged in the second outer zone 26b and is con-
nected with the second outer inductive coupling by elec-
trical conductor 6. The inner production casing further
comprises a third inner annular barrier 34, 34c arranged
below the second inner annular barrier to provide a sec-
ond inner zone 36b opposite the second outer zone. A
third inner inductive coupling 33 is arranged in the second
inner zone, and the third inner inductive coupling is wire-
less and thus not connected to an electrical conductor or
any one of the induction couplings. The third inner induc-
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tive coupling is connected with a second completion com-
ponent 37b, which is also an actuator for moving a sleeve
to cover or uncover an outer opening 28. The third outer
inductive coupling wirelessly transfers communication
signals and/or power to the third inner inductive coupling
which provides communication signals and/or power to
the second completion component 37b.

[0048] The inner production casing 30 has an upper
part 30a separated from a lower part 30b, and the first
inner inductive coupling is arranged on the upper part
and the firstinner annular barrier is arranged on the lower
part. The lower part has a polished bore receptacle 39
for receiving the upper part.

[0049] In Fig. 2, the inner production casing 30 is
mounted in one string, but the electrical conductor does
not extend past the inner annular barrier and past the
completion component 37, and the risk of interference
with the function of the completion component orthe inner
annular barrier is thus eliminated. Thus, the inner pro-
duction casing 30 of both Fig. 1 and Fig. 2 is easily re-
trievable, and the electrical conduction is provided to the
completion component without interfering with it.

[0050] InFig. 2, the completion component comprises
asensor43, and the sensor may be atemperature sensor
and/or a pressure sensor and/or a flow meter.

[0051] As shown in Fig. 3, the annular barrier 24, 34
comprises a tubular metal part 51 for mounting as part
of the production casing. The tubular metal part has a
first expansion opening 52 and an outer face 53. The
annular barrier further comprises an expandable metal
sleeve 54 surrounding the tubular metal part and having
an inner face 55 facing the tubular metal part and an
outer face 56 facing a wall 4 of the borehole or an inner
face 65 (as shown in Fig. 1) of another production casing.
Each end 57 of the expandable metal sleeve is connected
with the tubular metal part, defining an annular space 58
between the inner face of the expandable metal sleeve
and the tubular metal part. The expandable metal sleeve
is configured to expand by entering pressurised fluid into
the annular space through the first expansion opening.
Each end 57 of the expandable metal sleeve is connected
with the tubular metal part by means of connection parts
59. The expansion opening 52 is fluidly connected with
a valve system 63. The valve system has two positions,
a first position allowing fluid communication from inside
the tubular part to enter the space, and a second position
in which the fluid communication between the space and
the inside is shut off and fluid communication between
the space and the annulus is opened.

[0052] Theinnerannular barrier may be a conventional
packer and not an annular barrier shown in Fig. 3.
[0053] The electrical conductor 6 extends through a
connection part 59 of the annular barrier as shown in Fig.
4, where a connection element 62 connects and seals
the electrical conductor to the connection part.

[0054] The downhole system communicates and
transfers communication signals and/or power by send-
ing a signal and/or power from the top to the first inner
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inductive completion through the first electrical conduc-
tor, then wirelessly transferring the signal and/or power
from the first inner inductive coupling to the first outer
inductive coupling, and further sending the signal and/or
power from the first outer inductive coupling to the second
outer inductive coupling through a second electrical con-
ductor, and then wirelessly transferring the signal and/or
power from the second outer inductive coupling to the
second inner inductive coupling.

[0055] The second innerinductive coupling then trans-
fers signals and/or power to the completion component
which then performs an operation, such as sliding or ro-
tating the sleeve or measuring the temperature, pressure
and/or flow of fluid. After having performed the operation,
the completion component may then send a signal to the
second inner inductive coupling which transfers the sig-
nal to the second outer inductive coupling and further
through the electrical conductor to the first outer inductive
coupling and further to the first inner inductive coupling
through the electrical conductor to surface.

[0056] The downhole systemis completed by first drill-
ing the borehole, then inserting the intermediate casing
and cementing the casing to the wall of the borehole.
Subsequently, a second part of the borehole is drilled
and the outer production casing is inserted into the inter-
mediate casing and extends further into the borehole
than the intermediate casing. The main barrier is then
expanded between the intermediate casing and the outer
production casing, and subsequently the outer annular
barriers are expanded to provide outer zones therebe-
tween. Then the inner production casing is inserted into
the outer production casing and the inner annular barriers
are expanded to provide inner zone between the outer
production casing and the inner production casing. In the
event that the outer openings in the outer production cas-
ing comprise acid-soluble plugs, e.g. made of aluminium,
the inner openings are uncovered and acid flows down
the inner production casing and out into the inner zones
to dissolve the acid-soluble plugs.

[0057] In the event that the well needs to be aban-
doned, the inner production casing is retrieved, and a
plug is inserted into the outer production casing, and part
of the well is then filled with cement on top of the plug
and on top of the main barrier. Due to the fact that the
inner production casing is retrieved and the electrical
conductors run on the outside of the outer production
casing below the main barrier, no electrical conductors
are cemented, and thus there is no risk that the well will
leak along such electrical conductors. The inner produc-
tion casing may also be easily replaced by pulling the
inner production casing, or just the upper part of the inner
production casing, out and insert a new one or a new
upper part.

[0058] In Fig. 5, the downhole completion system fur-
ther comprises a control unit 71 arranged within the inner
production casing for moving a completion component
37, such as a sleeve 42, to open, choke or close the
opening 38. The control unit comprises a first part 72
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having at least one member 73 engaging the completion
component, in that the member 73 engages a profile of
the sleeve 42. The control unit 71 further comprises a
second part 74 having afixation unit 75 fixating the sleeve
control in the inner production casing. Furthermore, the
control unit comprises an actuator 76 for moving the first
part in relation to the second part, and a power supply
77, such as a battery, supplying power to the actuator.
The control unit receives communication signals and/or
power through the fixation unit 75 of the second part 74
to move the sleeve to open, choke or close the opening
38.

[0059] The control unit may thus comprise a commu-
nication module for receiving the signals and sending
signals to surface through the inner and outer inductive
couplings and the conductors.

[0060] In Fig. 6, the downhole completion system 100
further comprises an intermediate outer inductive cou-
pling 81 which is arranged on the outer face 25 of the
outer production casing 20 above the main barrier 4 and
positioned substantially in the same horisontal level as
the first inner inductive coupling 31 for wireless transfer
of communication signals and/or power therebetween.
The intermediate outer inductive coupling 81 is connect-
ed with the first outer inductive coupling 21 via the second
electrical conductor 6.

[0061] Data from e.g. a sensor measuring pressure
may be sent comprising only the differences in pressure
from the most recent measurement and not the actual
measurement. Actual measurements may also be sent,
and in a period between sending two actual measure-
ments, data reflecting only the difference in e.g. pressure
from the most recently measured pressure may be sent
several times during the period. The period may be varied
when required.

[0062] Furthermore,inFig.6,the downhole completion
system 100 further comprises a production packer 82,
which is arranged between the inner production casing
30 and the outer production casing 20.

[0063] 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.

[0064] By a casing is meant any kind of pipe, tubing,
tubular, liner, string etc. used downhole in relation to oil
or natural gas production.

[0065] Although the invention has been described in
the above in connection with preferred embodiments of
the invention, it will be evident for a person skilled in the
art that several modifications are conceivable without de-
parting from the invention as defined by the following
claims.
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Claims

1.

A downhole completion system (100) comprising:

- an intermediate casing (10) arranged in a bore-
hole (2) having a top (3),

- an outer production casing (20) arranged at
least partly within the intermediate casing defin-
ing a primary annulus (101) therebetween,

- a main barrier (4) configured to provide a pri-
mary seal between the intermediate casing and
the outer production casing, and

- an inner production casing (30) arranged at
least partly within the outer production casing
defining a secondary annulus (102) therebe-
tween,

wherein the outer production casing comprises afirst
outer inductive coupling (21) arranged below the
main barrier in relation to the top, a first inner induc-
tive coupling (31) is arranged on an outer face (35)
of the inner production casing positioned substan-
tially in the same horisontal level as the first outer
inductive coupling for wireless transfer of communi-
cation signals and/or power therebetween, the first
inner inductive coupling being connected to the top
via a first electrical conductor (5), a second outer
inductive coupling (22) is arranged on an outer face
(25) of the outer production casing below the first
outer inductive coupling and connected with the first
outer inductive coupling via a second electrical con-
ductor (6), and a second innerinductive coupling (32)
is arranged on the outer face of the inner production
casing positioned substantially in the same horison-
tal level as the second outer inductive coupling for
wireless transfer of communication signals and/or
power therebetween.

A downhole completion system according to claim
1, wherein the second inner inductive coupling is
wireless.

A downhole completion system according to claim 1
or 2, wherein the inner production casing comprises
a first inner annular barrier (34, 34a) and a second
inner annular barrier (34, 34b) configured to provide
zonal isolation of a first inner zone (36a) in the sec-
ondary annulus, the first inner annular barrier being
arranged between the first inner inductive coupling
andthe secondinnerinductive coupling, and the sec-
ond inner annular barrier being arranged below the
second inner inductive coupling, so that the second
inner inductive coupling is arranged in the first inner
zone.

A downhole completion system according to claim
3, wherein the inner production casing comprises a
completion component (37) arranged between the
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10.

1.

12.

13.

first inner annular barrier and the second inner an-
nular barrier.

A downhole completion system according to claim
4, wherein the second inner inductive coupling is
connected with the completion component.

A downhole completion system according to claim 4
or 5, wherein the completion component is an actu-
ator (41) for moving a sleeve (42) in order to cover
oruncover atleastone inner opening (38) in the inner
production casing.

A downhole completion system according to any of
the preceding claims, wherein the outer production
casing comprises a first outer annular barrier (24,
24a) and a second outer annular barrier (24, 24b) to
provide zonal isolation of a first outer zone (26a) in
the primary annulus.

A downhole completion system according to claim
7, wherein the outer production casing has at least
one outer opening (28) between the first outer an-
nular barrier and the second outer annular barrier.

A downhole completion system according to claim
7, wherein the second electrical conductor electri-
cally connects the first outer inductive coupling and
the second outer inductive coupling, the second
electrical conductor extending through the first outer
annular barrier.

A downhole completion system according to claims
7-9, wherein a third outer annular barrier (24, 24c)
is arranged below the second outer annular barrier
to provide a second outer zone (26b), and a third
outer inductive coupling (23) is arranged in the sec-
ond outer zone and is connected with the second
outer inductive coupling by electrical conductor.

A downhole completion system according to any of
the preceding claims, wherein an intermediate outer
inductive coupling (81) is arranged on the outer face
of the outer production casing above the main barrier
and positioned substantially in the same horisontal
level as the first inner inductive coupling for wireless
transfer of communication signals and/or power ther-
ebetween, and the intermediate outer inductive cou-
pling is connected with the first outer inductive cou-
pling via the second electrical conductor.

A downhole completion system according to claim
3, wherein a third inner annular barrier (34, 34c) is
arranged below the second inner annular barrier to
provide a second inner zone (36b) opposite the sec-
ond outer zone.

A downhole completion system according to claim
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12, wherein a third inner inductive coupling (33) is
arranged in the second inner zone, the third inner
inductive coupling being wireless.

14. A downhole completion system according to claim %
3, wherein the inner production casing has an upper
part (30a) separated from a lower part (30b), the first
inner inductive coupling is arranged on the upper
part, and the first inner annular barrier is arranged
on the lower part. 10

15. A downhole completion system according to claim
3, 7, 10 and/or 12, wherein the annular barrier (24,
34) comprises:
15
- a tubular metal part (51) for mounting as part
of the production casing, the tubular metal part
having a first expansion opening (52) and an
outer face (53),
- an expandable metal sleeve (54) surrounding 20
the tubular metal part and having an inner face
(55) facing the tubular metal part and an outer
face (56) facing a wall (4) of the borehole or an
inner face (5) of another production casing, each
end (57) of the expandable metal sleeve being 25
connected with the tubular metal part, and
- an annular space (58) between the inner face
of the expandable metal sleeve and the tubular
metal part, the expandable metal sleeve being
configured to expand by entering pressurised 30
fluid into the annular space through the first ex-
pansion opening.

16. A downhole communication or transferring method
in a downhole completion system (100) accordingto 35
any of the preceding claims, comprising:

- sending a signal and/or power from the top to

the first inner inductive completion through the

first electrical conductor, 40
- wirelessly transferring the signal and/or power
from the first inner inductive coupling to the first
outer inductive coupling,

- sending the signal and/or power from the first
outer inductive coupling to the second outer in- 45
ductive coupling through a second electrical
conductor, and

- wirelessly transferring the signal and/or power
from the second outer inductive coupling to the
second inner inductive coupling. 50

55



EP 3 309 356 A1

H
T T
’- - Y
oy P40
I-‘,"l-l' AR FEN 14
ANEIAY AN NN
M l
]
R ey
.y
Ry
]
]

6)}
AN AN TN

34a

243
34

22 f 26a
32 i f 25

41
37

24

33
23
37b

45
26b
24




EP 3 309 356 A1

100

s - -

= 1EES

cw . £ /’,”

T

101 T~ f f il
[ At 10

- [ )3 )

PR R

M

%<
-
. .
*
2 ’
- T z AT 30
[ 1 . Tt
) L o
21 & ’ s
e ¥ P
ke uj 1 f 1 T 4
s 1 ’ 1.5
o -
P q{ ’ e
o )
«
AN LA
A Stty . . AP
N o 2 - N4
e 5 A -
o -
PR ¢ aRPLIR
6 VY 1 12
PR /:’_l 5
1, =4 =1
- s ¢ [l
;
-7 ’ A v
= R, ]
Rk | 2 34a
1 £
PENERN -
[ 1 { -1y
= A s
| 24a
1 ’

22 Py { 263

3275 , 25

37 || 45 36a

6 f 34b

Y : 24b
6 f
33 : i 36b
37b ¢
4> 34c
26D : 24¢




EP 3 309 356 A1

¢ "bi4

14

.’&

16 €9

L Ly bl Lt el or el "] ‘\Q\\.

¥S GG 89 9s

LS

65

1"



v "bi4

N b

&y X

D \\\\\,\\\\\&\\\/\\\\\ §

NS 0

A




EP 3 309 356 A1

13



EP 3 309 356 A1

31 3

AY
7
| I
WL M ~"\'|~
:':iﬁ
W
o
[a}]
N

ALY N
ER

AW AN NN
]
i
W
o

NTSE s P
AN AN

AN
=T

% 20
0 =
\ 34a
24a

= Qll T g
< 5
N A .
i
1}

26a

Fig. 6

14



10

15

20

25

30

35

40

45

50

55

9

Européisches
Patentamt

European

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EP 3 309 356 A1

Patent Office EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 16 19 3459

Category

Citation of document with indication, where appropriate, Relevant

of relevant passages

to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

Y
A

US 2014/266210 Al (GODAGER @IVIND [NO])
18 September 2014 (2014-09-18)

* paragraphs [0038] - [0048]; figures 5-7
*

US 2013/087325 Al (BARTKO KIRK M [SA] ET
AL) 11 April 2013 (2013-04-11)

* paragraphs [0052] - [0066]; figures
1,2,5 *

US 2001/035288 Al (BROCKMAN MARK W [US] ET
AL) 1 November 2001 (2001-11-01)

* paragraphs [0053] - [0056]; figure 6 *
W0 20127018322 Al (FMC TECHNOLOGIES [US];
HYDRO TECHNOLOGIES INC [US]; MULHOLLAND
JOHN J) 9 February 2012 (2012-02-09)

* pages 4-8; figures 2-6 *

WO 2009/040510 A2 (QINETIQ LTD [GB];
BOWLES ADRIAN ROBERT [GB]; EATON STUART
JOHN [GB]; H) 2 April 2009 (2009-04-02)

* the whole document *

US 2010/101786 Al (LOVELL JOHN R [US] ET
AL) 29 April 2010 (2010-04-29)

* figure 3 *

The present search report has been drawn up for all claims

1-5,
11-16
6

1-5,
11-16

3-5,

12-15

1-16

1-16

INV.
E21B47/12

TECHNICAL FIELDS
SEARCHED (IPC)

E21B

Place of search Date of completion of the search

Munich 2 February 2017

Examiner

Beran, Jiri

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date

D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

document

15




EP 3 309 356 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 16 19 3459

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

02-02-2017
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014266210 Al 18-09-2014  NONE
US 2013087325 Al 11-04-2013 CA 2849825 Al 18-04-2013
CN 103857872 A 11-06-2014
EP 2758627 A2 30-07-2014
EP 2762672 A2 06-08-2014
US 2013087325 Al 11-04-2013
WO 2013055691 A2 18-04-2013
US 2001035288 Al 01-11-2001 AU 6838601 A 02-01-2002
BR 0111722 A 18-03-2003
CA 2413794 Al 27-12-2001
GB 2382089 A 21-05-2003
NO 20025927 A 10-12-2002
US 2001035288 Al 01-11-2001
US 2004094303 Al 20-05-2004
WO 0198632 Al 27-12-2001
WO 2012018322 Al 09-02-2012 BR 112013002878 A2 31-05-2016
EP 2601544 Al 12-06-2013
SG 187247 Al 28-03-2013
US 2013269945 Al 17-10-2013
US 2016341030 Al 24-11-2016
WO 2012018322 Al 09-02-2012
WO 2009040510 A2 02-04-2009 AT 545767 T 15-03-2012
EP 2191102 A2 02-06-2010
US 2011163890 Al 07-07-2011
WO 2009040510 A2 02-04-2009
US 2010101786 Al 29-04-2010  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

16




	bibliography
	abstract
	description
	claims
	drawings
	search report

