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(54) Downhole detection system

(67)  The presentinvention relates to a downhole de-
tection system for monitoring the expansion of one or
more annular barriers. The downhole detection system
(100) comprises a plurality of detection devices (20)
adapted to be provided in connection with one or more
annular barriers (1) for detecting a condition of expansion
of the annular barrier in an annulus (2) between a well
tubular structure (3) and an inside wall (4) of a borehole
(5), and for generating signals or data representative
thereof. The detection device(s) is/are connected via wir-
ing (66) to an electrical connection means (65) adapted
to be arranged in a side pocket (32) provided in the well
tubular structure. Furthermore, the downhole detection
system comprises a data collection unit (60) adapted to
be left in the side pocket and to be connected to the plu-
rality of downhole detection devices viathe electrical con-
nection means whereby signals from the plurality of de-
tection devices are recorded by the data collection unit.
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Description

Field of the invention

[0001] The presentinvention relates to a downhole de-
tection system for monitoring the expansion of one or
more annular barriers.

Background art

[0002] To complete a well for production of hydro car-
bons, notably oil and gas, a number of casings of varying
functionality are generally lowered into the borehole and
held in place by injecting cement into an annular space
between the casing and the borehole wall. The well is
provided with a wellhead through which a production cas-
ing is lowered down to the underground zone or reservoir.
[0003] Communicating between surface installations
and downhole devices such as sensors, transmitters, re-
ceivers, tools, etc. downhole is a cumbersome task which
is often accomplished by means of one or several trans-
mission cables or wiring. The cables or wiring run from
the downhole devices up to the surface on the outside
of the casing and may be embedded in the cement used
to complete the well. This kind of linkage with wiring has
drawbacks. The wiring has to be run through the well-
head, which may require installation of a wellhead pro-
vided with special connectors with sealed terminals or
possibly modification of an existing wellhead. Further-
more, cementing of the casing may be difficult. In fact,
the casing may sometimes have to be moved or rotated
around its own axis so as to better distribute the cement
injected. This may result in the wiring being damaged
and communication with some of the downhole devices
installed in the well being defective. Furthermore, the
presence of wiring or cables in the annulus may reduce
the sealing integrity of the primary barrier of the well and
lead to aleaking well with e.g. oil or gas effluents escaping
from the well into the surrounding sea. The primary bar-
rier of the well may comprise a combination of packers
or annular barriers and casing cemented in place to pro-
vide the necessary sealing between the casing and the
formation.

Summary of the invention

[0004] 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 a downhole detection system for monitoring the
expansion of one or more annular barriers downhole.
[0005] 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 detection system for monitoring the expansion
of one or more annular barriers, comprising:
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- aplurality of detection devices adapted to be provid-
ed in connection with one or more annular barriers
for detecting a condition of expansion of the annular
barrier in an annulus between awell tubular structure
and an inside wall of a borehole, and for generating
signals or data representative thereof,

- the detection device(s) being connected via wiring
to an electrical connection means adapted to be ar-
ranged in a side pocket provided in the well tubular
structure, and

- a data collection unit adapted to be left in the side
pocket and to be connected to the plurality of down-
hole detection devices via the electrical connection
means whereby signals from the plurality of detec-
tion devices are recorded by the data collection unit.

[0006] By using a common data collection unit for re-
cording signals from the plurality of detection devices
monitoring the condition of the one or more annular bar-
riers, e.g. if the expandable sleeve has been expanded
sufficiently for creating an annular barrier in the well, data
from multiple detection devices may be retrieved at a
single location in the well. When the well has been com-
pleted and the annular barriers activated, the data col-
lection unit may be retrieved to the surface to establish
the condition of the annular barriers. The downhole sys-
tem may thus e.g. be used for verifying that the annular
barriers have been sufficiently inflated and/or for provid-
ing a seal between the well tubular structure and the in-
side wall of a borehole or another tubular structure. As
the downhole detection system does not require wiring
extending to the surface, the system avoids the draw-
backs associated with wiring extending through the well-
head, wiring extending in the annulus outside the casing
or the risk of cables being damaged during completion
of the well.

[0007] In an embodiment, the data collection unit may
be adapted to be leftin the side pocket and subsequently
retrieved if necessary.

[0008] Furthermore, the detection device may detect
the condition of an expandable part of the annular barrier.
[0009] Moreover,the detection device may be adapted
to detect when the expandable part has been expanded
into a contact position.

[0010] In addition, the data collection unit may be re-
trievable from the side pocket.

[0011] By having a retrievable data collection unit, the
downhole detection system may operate autonomously
while the well is completed and the annular barriers ac-
tivated by supplying fluid through the well tubular struc-
ture and pressurising the tubular structure. Subsequent-
ly, when the condition of the well, especially the sealing
integrity of the annular barriers, needs to be verified, the
data collection unit may be retrieved from the well. The
downhole detection system thus does not require neither
a permanent nor a temporary data cabled or wireless
communication linkage to the surface.

[0012] Inan embodiment of the invention, the multiple
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detection devices of multiple annular barriers may be
connected to one common data collection unit.

[0013] Furthermore, the wiring may extend along an
outer surface of the well tubular structure and/or the tu-
bular part.

[0014] Moreover, the wiring may extend through anan-
nular barrier space between the tubular part and the ex-
pandable part.

[0015] Additionally, the wiring may extend through an
inner space of the well tubular structure and/or the tubular
part.

[0016] In an embodiment, the data collection unit may
be adapted to be arranged in a side pocket provided in
an upper section of the well tubular structure overlapping
with an intermediate casing, but below a barrier arranged
between the well tubular structure and the surrounding
intermediate structure.

[0017] Moreover, the data collection unit may be ar-
ranged in a side pocket provided in an upper part of the
well tubular structure or production casing below an an-
nular barrier adapted to be expanded in an annulus be-
tween the well tubular structure or production casing and
the inside wall of the intermediate casing.

[0018] In addition, the data collection unit may be
adapted to be arranged in a side pocket provided above
the one or more annular barriers to be expanded.
[0019] Furthermore, the data collection unit may com-
prise a storage means for storing the information re-
ceived from the detection devices.

[0020] Additionally, the data collection unit may com-
prise control electronics for controlling the downhole de-
tection system.

[0021] The data collection unit may further comprise a
power module for powering the collection unit.

[0022] The power module may be a battery.

[0023] In an embodiment, the detection device may
comprise a movement sensor for detecting movement of
a sliding connection part and when the sliding connection
part has stopped.

[0024] Furthermore, the movement sensor may be a
magnet sensor, an accelerometer, an infrared sensor, a
variable reluctance sensor or an inductive magnetic sen-
sor for detecting movement of the sliding connection part.
[0025] The magnetsensor orinductive magnet sensor
may sense a plurality of magnets incorporated in the out-
er surface of the tubular part.

[0026] Moreover,the movementsensor may comprise
atracking wheel driving on the outer surface of the tubular
part, thereby detecting movement of the sliding connec-
tion part.

[0027] In one embodiment of the invention, the detec-
tion device may comprise an expansion sensor for de-
tecting a material expansion of the expandable part and
when the material expansion of the expandable part has
stopped.

[0028] Moreover, the expansion sensor may comprise
a strain gauge for detecting expansion of the material of
the expandable part.
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[0029] Additionally, the detection device may compris-
es a contact pressure sensor provided at the outer sur-
face of the expandable part, the pressure sensor being
adapted to measure a contact force between the outer
surface of the expandable part and an inner wall of the
borehole.

[0030] Furthermore, the detection device may com-
prise afluid pressure sensor for measuring the fluid pres-
sure inside the annular barrier.

[0031] In addition, the detection device further com-
prises a distance sensor for measuring a change in a
maximum inner diameter of the expandable part.
[0032] Furthermore, the sensor may be an accelerom-
eter or an infrared sensor for detecting fluid movement
between the outer face of the expandable sleeve and the
formation. The purpose of this is to confirm that the an-
nular barrier has created a seal against the borehole wall.
[0033] The sensors may be arranged on the outer face
of the expandable sleeve.

[0034] Inanembodiment, each end of the expandable
sleeve is fastened to the tubular part by means of a con-
nection part, where one of the connection partsis asliding
connection part sliding in relation to the tubular part when
the expandable part, such as a sleeve, is expanded.
[0035] The invention furthermore relates to a comple-
tion method for detecting sufficient expansion of annular
barriers when completing a well, comprising the steps of:

- mounting a data collection unitin a well tubular struc-
ture,

- connecting detecting devices connected with atleast
one unexpanded annular barrier of the well tubular
structure with the data collection unit through wiring
on the outside of the well tubular structure,

- installing the well tubular structure in a well,

- pressurising the well tubular structure from within
and expanding the annular barrier,

- detecting at least one condition of an expandable
part of the annular barrier, and

- collecting data regarding the condition of the at least
one expandable part of the annular barrierin the data
collection unit.

[0036] Further, the step of mounting the data collection
unitin the well tubular structure is performed by mounting
the data collection unit in a side pocket of a well tubular
structure.

[0037] The completion method further comprises the
step of determining whether the annular barrier is prop-
erly expanded in a processor.

[0038] In addition, the completion method comprises
the step of retrieving the data collection unit.

[0039] Moreover, the completion method comprises
the step of transferring data from the data collection unit
to a submergible tool.

[0040] Additionally, data is transferred wirelessly from
the data collection unit to the tool lowered into the well.
[0041] Inoneembodiment,the dataistransmitted wire-
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lessly from the data collection unit to the tool lowered into
the well by acoustic link, utilising the borehole or produc-
tion fluid as the transmission medium.

[0042] Furthermore, the completion method compris-
es the step of recharging the data collection unit while
being in the side pocket.

[0043] Additionally, the completion method comprises
the step of replacing the data collection unit by means of
a kickover tool.

[0044] Furthermore, the completion method compris-
es the step of removing the connection means from an
opening in the side pocket.

[0045] Finally, the completion method comprises the
step of inserting a gas lift valve in the opening of the side
pocket.

[0046] The invention moreover relates to a downhole
system for monitoring the expansion of one or more an-
nular barriers, comprising:

- awelltubular structure comprising a side pocket, and

- one or more annular barriers for mounting as part of
the well tubular structure, the annular barrier(s) being
adapted to be expanded in an annulus between the
well tubular structure and an inside wall of a borehole
and comprising:

- atubular part having a longitudinal extension, and

- an expandable part surrounding the tubular part,

wherein the downhole system further comprises:

- adownhole detection system, comprising:

- one or more detection devices provided in connec-
tion with the annular barrier(s) for detecting a condi-
tion of the expandable part and generating signals
representative thereof, the detection device(s) being
connected via wiring to an electrical connection
means arranged in the side pocket, and

- a data collection unit for being connected to the
downhole detection system viathe electrical connec-
tion means is provided in the side pocket whereby
signals from the detection devices may be recorded
by the data collection unit.

[0047] Inanembodiment, the expandable part may be
an expandable sleeve surrounding a tubular part of the
annular barrier.

[0048] Furthermore, the data collection unit may be
adapted to be left in the side pocket.

[0049] Additionally, the data collection unit may be ar-
ranged in a side pocket provided in an upper section of
the well tubular structure overlapping with the intermedi-
ate casing.

[0050] The downhole system further comprises the
well tubular structure having the side pocket and at least
one annular barrier.

[0051] Finally, the downhole system further comprises
an intermediate casing and a primary barrier arranged
between the intermediate casing and the well tubular
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structure.

Brief description of the drawings

[0052] 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

Fig. 1 shows alayout of a well comprising a downhole
system for detecting the expansion of annular barri-
ers,

Fig. 2 shows an annular barrier comprising a data
collection unit,

Fig. 3a shows a kickover tool for setting and retriev-
ing the data collection unit,

Fig. 3b shows another configuration of a downhole
detection system,

Fig. 4 shows an annular barrier being part of the well
tubular structure in an unexpanded condition,

Fig. 5 shows the annular barrier of Fig. 4 in an ex-
panded condition,

Figs. 6a-6d illustrate different annular barriers com-
prising detection devices for detecting when the ex-
pandable sleeve has been expanded into a contact
position, and

Fig. 7 shows a valve section for letting hydrocarbon-
containing fluid into the well tubular structure.

[0053] 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

[0054] Fig. 1 shows a layout of a well completion com-
prising a downhole detection system 100 for monitoring
the expansion of one or more annular barriers 1 and thus
for verifying that the annular barriers have been expand-
ed sufficiently to provide a substantially tight barrier. The
specific layout is shown for exemplary purposes and
serves only to explain the concept of the invention. The
downhole detection system 100 may thus be used in any
other type of well completion having a different layout,
such as more or fewer annular barriers, etc.

[0055] The shown well completion comprises, starting
from the top, an intermediate casing 70 provided with two
annular barriers 71 for ensuring the pressure integrity of
the well and forming part of the primary barrier of the well.
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These annular barriers 71 are expanded in an annulus
2 between the intermediate casing 70 and an inside wall
4 of a borehole 5.

[0056] Insidetheintermediate casing 70, an upper sec-
tion of a well tubular structure 3 is provided, and another
annular barrier 80 provides a sealing relationship be-
tween the intermediate casing 70 and the well tubular
structure 3. The well tubular structure 3 extends from the
intermediate casing 70 down into the well. The well tu-
bular structure 3 comprises a plurality of annular barriers
1 adapted to be expanded in the annulus 2 between the
well tubular structure 3 and the inside wall 4 of the bore-
hole 5. As shown in Fig. 4, each of the annular barriers
1 comprises a tubular part 6 which has been mounted
as part of the well tubular structure 3, e.g. by means of
a threaded connection 19. The annular barrier 1 com-
prises an expandable part 7, such as an expandable
sleeve, surrounding the tubular part 6, having an outer
face 8 which, in an expanded condition of the annular
barrier 1, abuts the inside wall 4 of the borehole 5. The
expandable sleeve is preferably made of metal. Each
end 9, 10 of the expandable sleeve 7 is fastened to the
tubular part 6 by means of a connection part 12. The
expandable sleeve 7 surrounds the tubular part 6, form-
ing an annular barrier space 13 therebetween (Fig. 5).
An aperture 11 is arranged in the tubular part 6 through
which fluid is let into the space 13 to expand the sleeve
7. As shown in Fig. 7, the well tubular structure 3 further
comprises a plurality of valve sections 50 for letting hy-
drocarbon-containing fluid into an inner space 31 of the
well tubular structure 3. The valve section 50 contains
inflow control valves 51 and a fracturing opening or frac-
turing valve 52. A screen 54 may be arranged opposite
the valves in arecess on the outer face of the well tubular
structure 3. Opposite the valve 14, a plurality of sliding
or rotational sleeves 53 is arranged to close off the valve
while the well tubular structure 3 is being pressurised.
The well tubular structure 3 may be a production casing
or injection casing and/or comprise a multitude of other
functional elements such as sliding sleeves, screens,
gravel packs, etc.

[0057] Returning to Fig. 1, in the upper section of the
well tubular structure 3, a lateral cavity in the form of a
side pocket 32 is provided. The side pocket 32 is provided
in a side pocket mandrel 33 mounted as part of the well
tubular structure 3, but may alternatively be integrated in
the well tubular structure.

[0058] The downhole detection system 100 comprises
one or more detection devices 20, also shown in Figs. 2
and 6a-d, arranged in connection with the annular barri-
ers 1, such as in the annular barrier 1 or on the outer face
of the annular barrier. The detection devices 20 detect a
condition of the expandable sleeve 7 and generate a sig-
nal and/or data representative thereof which is sent via
wiring 66 to a data collection unit 60 provided in the side
pocket 32 (Fig. 2). The data collection unit 60 is releas-
ably connected to the wiring 66, and thus the detection
devices 20, via an electrical connection means 65 pro-
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vided in the side pocket 32. Hereby, signals from multiple
detection devices 20 may be transmitted via wiring 66 to
the same data collection unit 60 and recorded. The wiring
66 extends in the annulus 2 along the outer surface of
the well tubular structure 3. Wiring connected to the de-
tection devices 20 arranged at positions below the up-
permost annular barrier 1 extends through the annular
barrier space 13 of the annular barriers 1 provided be-
tween the respective detection devices and the data col-
lection unit 60. The wiring 66 thus extends through the
connection part 12 and/or the expandable sleeve 7.
Some type of connector may be provided in the connec-
tion part 12 or the expandable sleeve 7, whereby wiring
connected to opposite sides of the connection part or
expandable sleeve is electrically connected. In an alter-
native configuration, the wiring 66 may extend inside the
well tubular structure 3, or it may be embedded in the
wall of the well tubular structure or in grooves in the outer
face of the well tubular structure.

[0059] By recording the signals from the detection de-
vices 20 on the data collection unit 60, the downhole de-
tection system 100 does not require wiring extending to
the surface or the wellhead for connecting the downhole
detection system to a recording means. The downhole
detection system 100 may thus be operated as a down-
hole detection system provided in the well without contact
to the surface. To acces the recorded data, the data col-
lection unit 60 is either retrieved from the side pocket 32
and brought to the surface for data retrieval, or data is
retrieved from the data collection unit 60 downhole while
being arranged in the side pocket 32, as will be further
described below.

[0060] As shown in Fig. 2, the data collection unit 60
comprises a storage means 61 for storing the information
received from the detection devices 20, a power module
62 for providing power to the data collection unit, and
control electronics 63 for controlling the recording of data,
such as a processor for processing the signals or data
received. The processor may process the signal and data
before recording it or transferring it to another unit. Alter-
natively, the power module 62 and/or control electronics
63 may be comprised in the stationary part of the down-
hole detection system 100 which is not retrievable from
the well.

[0061] Oneend ofthe datacollection unit60is provided
with aninterface adapted to be connected to the electrical
connection means 65. The opposite end comprises a
fishing neck 64 for latching onto a tool for retrieving the
data collection unit 60 in the side pocket 32. Such a tool
is known to the skilled person and may be a kickover tool,
as shown in Fig. 3a. The kickover tool 90 may be con-
nected to a downhole tractor 95 or stroker for displacing
the kickover tool in the well during setting or retrieval of
the data collection unit 60. The kickover tool 90 comprises
a latching arm 92 controlled by a kickover mechanism
91. To retrieve the data collection unit 60, the latching
arm 92 is extended from the tool body and into the side
pocket 32 by a kickover mechanism 91. At a distal end
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93, the latching arm 92 comprises a mechanism known
to the skilled person for latching onto the fishing neck 64.
When the data collection unit 60 is to be retrieved to the
surface, a downhole tool comprising a kickover tool 90
or any other suitable tool is lowered into the well. When
the kickover tool 90 latches onto the data collection unit
60, the unit is retrieved from the side pocket 32. In the
same operation, the data collection unit 60 may be re-
placed with another similar data collection unit or alter-
natively a plug (not shown) to seal off the electrical con-
nection means 65. In an alternative configuration, signals
and/or data from the detection devices 20 may be record-
ed by a stationary data collection unit permanently con-
nected to the wiring 66 and the detection devices 20. In
this configuration, data is retrieved from the downhole
detection system 100 by transferring the data downhole
directly to a tool lowered into the well. The transferring
may take place by using an electrical connection means
65 for connecting the tool and the data collection unit 60,
such as a plug and socket, by wireless data transmission,
by an inductive coupling or by any other means known
to the skilled person. Data may be transmitted wirelessly
from the data collection unit 60 to the tool lowered into
the well by an acoustic link, utilising the borehole or pro-
duction fluid as the transmission medium. The data trans-
fer may be bi-directional using frequencies dependent
on the amount of data to be transferred. To transfer data
from the data collection unit 60, data stored in the storage
means 61 may be provided to a transceiver for modula-
tion to a radio frequency signal, whereupon the signal is
transmitted via an antenna in the data collection unit to
an antenna and a transceiver of the tool lowered into the
well. Various modulation formats known to the skilled per-
sonmay be utilised, and known communication protocols
may be implemented. For example, the modulation for-
matand protocols may be similar to, or a modified version
of, the IEEE 802.11 standard. Alternatively, data may be
transmitted wirelessly using Bluetooth technology or an
electromagnetic short-hop link. In a configuration using
a stationary data collection unit, the downhole detection
system 100 may require periodic recharging. Recharging
may be done by the tool for transferring data or by another
tool, e.g. by connecting the tool to the data collection unit
60 using electrical connection means 65 or by means of
an inductive coupling. When the retrievable data collec-
tion unit 60 is used, the power module 62 may be suffi-
cient to power the system, and the data collection unit
60 may be replaced to recharge the system.

[0062] The data collection unit 60 collects data when
the annular barriers 1 are expanded during completion
of the well, and the data collection unit therefore only
requires a small battery. However, some of the annular
barriers 1 may not have been expanded upon completing
of the well, but may remain unexpanded and ready for
use when a production zone needs to be sealed off and
a new production zone established elsewhere. In this
event, the data collection unit 60 requires alonger lasting
battery or needs to be recharged immediately before ex-
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panding some of the remaining unexpanded annular bar-
riers 1.

[0063] As shown in Fig. 3b, the detection system 100
is easily fitted into existing qualified designs of known
side pockets as the data collecting unit is easily retrofitted
into side pockets already commercially available in the
market. And when used for expanding the annular bar-
riers 1, the side pocket 32 can be reused for inserting a
gas lift valve later on when gas lift is required. In this
configuration, the electrical connection means 65, is ar-
ranged in an opening in the side pocket 32 communicat-
ing with the annulus 2. The gas lift valve thus communi-
cates with the annulus 2 through the same opening. Fur-
thermore, as illustrated in Fig. 2, the side pocket 32 may
alternatively be integrated in the tubular part 6 of the an-
nular barrier 1. Individual data collection units 60 may
thus be assigned to each of the annular barriers, or the
same data collection unit may be used to record data
from a group of multiple annular barriers.

[0064] Moreover, the downhole detection system may
be comprised in a downhole system for monitoring the
expansion of one or more annular barriers. The downhole
system comprises a well tubular structure 3 extending
from the intermediate casing 70 down into the well. The
well tubular structure 3 comprises a lateral cavity in the
form of a side pocket 32 and a plurality of annular barriers
adapted to be expanded in the annulus 2 between the
well tubular structure 3 and the inside wall 4 of the bore-
hole 5. The well tubular structure may further comprise
a plurality of valve sections 50, a screen 54, a plurality
of sliding or rotational sleeves 53 and other functional
elements as described above. In one configuration, the
side pocket 32 is provided in the well tubular structure 3
below the primary barrier of the well. The data collection
unit of the downhole detection system is arranged in the
side pocket and the detection decises may be arranged
in association with the annular barriers or in other posi-
tions along the well tubular structure.

[0065] Fig. 4 shows an annular barrier 1 with the ex-
pandable sleeve 7 in an unexpanded position. When ex-
panding the expandable sleeve 7, the well tubular struc-
ture 3 is pressurised from the top of the well, and pres-
surised fluid is forced into the annular barrier space 13,
seen in Fig. 5, to expand the expandable sleeve 7. One
or both connection parts 12 may be sliding in relation to
the tubular part 6, and the other may be fixedly connected
with the tubular part 6. In some annular barriers, both
connection parts are fixedly connected to the tubular part.
The sliding connection part 12 is provided with sealing
elements 121 creating a seal between the connection
part and the tubular structure 3. The annular barrier 1
comprises a valve, such as a shut-off valve 14, arranged
in the aperture 11. The shut-off valve has an open and
a closed position. When in the open position, fluid is let
into the annular barrier space 13, shown in Fig. 5, and
when in the closed position, the fluid can no longer pass
through the valve 14 into the annular barrier space 13.
By having a shut-off valve 14, the aperture 11 of the tu-
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bular part 6 of the annular barrier 1 can be closed when
the expandable sleeve 7 has been expanded into a con-
tact position, as shown in Fig. 5.

[0066] In Fig. 5, the annular barrier 1 is shown in an
activated state with the expandable sleeve 7 in an ex-
panded position. To be able to monitor the expansion
process and detect when the expandable sleeve 7 has
been expanded into a contact position, as shown in Fig.
5, the annular barrier 1 comprises a detection device 20
(not shown in Fig. 5) monitoring the expansion process.
The detection device 20 may be adapted to activate the
shut-off valve 14 to bring the shut-off valve 14 from the
open position to the closed position when detecting that
the expandable sleeve 7 has been expanded into a con-
tact position.

[0067] Many configurations of the detection device 20
may be envisaged without departing from the scope of
the invention. As shown in Fig. 6a, the detection device
20 may comprise a movement sensor 21 for detecting
the movement of the sliding connection part 12 or the
movement of the expandable sleeve 7. The movement
sensor 21 detects a movement of the sliding connection
part 12 which initiates the detection of a subsequent stop
of the movement of the sleeve 7. A subsequent stop may
indicate that a contact position is reached, in which con-
tact between the outer face 8 of the expandable sleeve
7 and the inner wall 4 of the borehole has been estab-
lished. In the contact position, the expandable sleeve 7
is prevented from expanding further radially, and thus,
the movement of the sliding connection part 12 and the
sleeve 7 stops.

[0068] As shown in Fig. 6a, the movement sensor 21
may be a linear potentiometer 34 measuring the position
of the sliding connection part 12 in the longitudinal direc-
tion along the tubular part 6. The linear potentiometer 34
comprises a resistive element 22 and a wiper device 23
displaceable in the longitudinal direction of the resistive
element 22. The linear potentiometer 34 may be a linear
membrane potentiometer of the kind available from the
company Spectra Symbols. The wiper device 23 is pro-
vided on the slidable connection parts 12 being slidable
in relation to the tubular part 6. The wiper device 23 abuts
the resistive element 22, and by measuring the electrical
output, e.g. voltage, from the resistive element 22, it is
possible to determine the exact position of the wiper de-
vice 23 along the resistive element 22.

[0069] As shown in Fig. 6b, the movement sensor 21
may alternatively be a distance sensor 24 measuring the
distance between the slidable connection part 12 and a
predetermined position 33 along the tubular part 6. The
distance sensor 24 may incorporate a laser or any other
means known to the skilled person suitable for measuring
the distance between the slidable connection part 12 and
the predetermined position 33. By continuously measur-
ing the distance, it is possible to determine the position
of the slidable connection part and to determine whether
the connection part 12 is moving.

[0070] As shown in Fig. 6¢, the movement sensor 21
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may also be a variable reluctance sensor, such as an
inductive magnetic sensor 26, for measuring the position
of the slidable connection part 12 in the longitudinal di-
rection along the tubular part 6. The inductive magnetic
sensor detects a plurality of magnetic elements 25 incor-
porated in the outer surface 81 of the tubular part 6. To
detect movement of the slidable connection part 12, the
frequency of detection of the magnetic element may be
monitored. Alternatively, the number of magnetic ele-
ments may be detected to determine the position of the
connection element.

[0071] The movement sensor 21 may also comprise a
tracking wheel arranged on the slidable connection part
12 and driving on the outer surface 81 of the tubular part
6. By detecting rotation of the tracking wheel, itis possible
to determine whether the slidable connection part 12 is
moving. The number of revolutions may also be used to
determine the position of the slidable connection part 12.
[0072] The movement sensor 21 continuously detects
whether the slidable connection part 12 is moving, and
it possibly also records the position in the longitudinal
direction to determine the total displacement of the slid-
able connection part 12. Thus, the movement sensor 21
may be used to determine when the slidable connection
part 12 has stopped moving. Output from the movement
sensor 21 is used by the detection device 20 to determine
when the expandable sleeve 7 has been expanded into
a contact position and the shut-off valve 14 should be
activated to block the flow of fluid into the space 13.
[0073] In another configuration, the detection device
20 comprises an expansion sensor 29 for detecting a
material expansion of the expandable sleeve 7. The ex-
pansion sensor 29 may comprise a strain gauge 30, as
shown in Figs. 6a-c, or any other means suitable for
measuring material expansion, provided at an outer face
8 of the expandable sleeve 7. The expansion sensor 29,
such as the strain gauge 30, may be wirely connected
with the data collection unit 60 where the wires extend
on the outside of the annular barrier.

[0074] In a further configuration, the detection device
20 comprises both a movement sensor 21 and an ex-
pansion sensor 29 according to the above.

[0075] Various other sensors capable of determining
when the expandable sleeve 7 has been expanded into
a contact position may also be incorporated into the de-
tection device 20. As shown in Fig. 6¢, the annular barrier
1 comprises one or more contact pressure sensors 27
arranged at the outer face 8 of the expandable sleeve 7.
The pressure sensors 27 measure the contact pressure
between the outer surface 8 of the expandable sleeve 7
and the inner wall 4 of the borehole 5 when the annular
barrier 1 is expanded downhole, as shown in Figs. 1 and
5. The detection device 20 may also comprise a distance
sensor 28 to measure an inner diameter 36 of the ex-
panded sleeve 7. Furthermore, a fluid pressure sensor
35 may be provided to measure the pressure inside the
space 13.

[0076] The detection device 20 may rely on one or
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more detected parameters, such as the movement of the
slidable connection part 12, the material expansion of
the expandable sleeve 7, the inner diameter 36 of the
expanded sleeve 7 and/or the contact pressure or pres-
sure inside the expandable sleeve to determine when
the expandable sleeve has been expanded into a contact
position.

[0077] The detection device may also comprise sen-
sors 37 for detecting conditions in the annulus 2 outside
the annular barrier space 13. The sensors 37 may detect
flow conditions, temperature, pressure, etc. to determine
whether the annular barrier 1 provides the necessary
sealing effect between the well tubular structure 3 and
the formation.

[0078] When the expandable sleeves 7 are to be ex-
panded by pressurising the tubular structure 3 from with-
in, the detection device 20 detects when the sliding con-
nection part stops, i.e. when the contact position is
reached and/or when the material of the expandable
sleeve 7 is no longer expanding because a contact po-
sition has been reached. When the sliding connection
part 12 has stopped and/or when the material of the ex-
pandable sleeve 7 is no longer expanding, the detection
device 20 may determine that the expandable sleeve 7
has been sufficiently expanded to provide a sufficient
contact between the outer face 8 of the expandable
sleeve 7 and the inner wall 4 of the borehole 5, and thus
into the contact position. The detection device 20 may
also detect the pressure in the annular barrier space 13
and await a certain increase in the pressure before de-
termining that the expandable sleeve 7 has been suffi-
ciently expanded.

[0079] When the detection device 20 determines that
the expandable sleeve 7 has been sufficiently expanded,
meaning that the contact position has been reached, the
detection device 20 may cause the shut-off valve 14 to
close to prevent further pressure being built up inside the
space 13 as the pressure in the well is increased to ex-
pand other annular barriers 1 requiring a higher expan-
sion pressure. In one embodiment, the shut-off valve 14
is a solenoid valve which is closed by discontinuing the
power required to keep the valve open. Thus, when the
expandable sleeve 7 has been sufficiently expanded,
power to the solenoid valve is discontinued, whereby the
valve 14 closes and the space 13 is sealed. If, for some
reason, it is required that the shut-off valve is reopened,
e.g.toequalise the pressure between the borehole 5 and
the space 13 inside the expanded sleeve 7, this may be
done by resuming the supply of power to the solenoid
valve. Equalisation of the pressure may be required in
connection with injection, stimulation or fracture opera-
tions.

[0080] The detection device 20 may further comprise
a timer for closing the shut-off valve 14 after a predeter-
mined period of time subsequent to the detection of the
expandable sleeve 7 being in the contact position in
which the sleeve and the sliding connection part are pre-
vented from further movement. By having a timer, the
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closing of the valve may take place at a certain delay in
order to ensure that the sleeve 7 is fully expanded and
that the valve 14 is not closed too early.

[0081] The detection device 20 may further comprise
a seismic sensor or another kind of acoustic sensor for
detection of the sound atthe aperture 11in order to detect
any sound changes during expansion. Fluid flowing into
the space 13 makes a certain sound, and when the con-
tact position is reached and the expansion process
makes an intermediate stop before continuing and crack-
ing the formation undesirably, the fluid is no longer flow-
ing into the space 13, and the sound is therefore de-
creased accordingly, indicating that the contact position
is reached. During activation of the annular barriers 1,
the detection devices 20 detecting a condition of an ex-
pandable sleeve generate signals or data representative
of the condition, e.g. a signal indicative of whether the
expandable sleeve has been expanded into a contact
position or whether the annular barrier 1 provides a fluid-
tight seal between the well tubular structure 3 and the
inside wall 4 of the borehole 5. The signal or data is sent
via the wiring 66 to the data collection unit 60 provided
in the side pocket 32. As previously stated, in one con-
figuration, the data collection unit 60 receives data from
a multitude of detection devices 20 monitoring the con-
dition of several annular barriers 1, and data from multiple
detection devices may thus be retrieved at a single loca-
tion in the well. When the well has been completed and
the annular barriers activated, the data collection unit 60
may be retrieved to the surface to establish the condition
of the annular barriers 1.

[0082] Inthefollowing, a method for detecting sufficient
expansion of annular barriers 1 upon completion of awell
will be described. The downhole detection system de-
scribed above may be used in a method comprising the
steps of mounting a data collection unit in a side pocket
of a well tubular structure, e.g. by using a kickover tool
as described above. When the data collection device is
arranged in the side pocket 32 and connected to the elec-
trical connection means 65, electrical communication is
established between the detecting devices arranged in
one or more unexpanded annular barriers and the data
collection unit 60 through wiring 66 on the outside of the
well tubular structure 3. The data collection unit 60 may
be arranged in the side pocket 32 before or after the well
tubular structure 3 is installed in the well. Subsequently,
the well tubular structure 3 is pressurised from within to
expand the annular barriers 1. During expansion, the
condition of the expandable part of the annular barrier 1
is detected, and data of the condition is collected in the
data collection unit 60. The collected data may subse-
quently be retrieved in a number of different ways, as
described above. The data collection unit 60 may also
be retrieved from the well and/or be replaced. If neces-
sary, the data collection unit 60 and the downhole detec-
tion system 100 may be recharged as described above.
Based on the collected data, itis determined whether the
annular barrier 1 has been expanded properly. This may
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be done by comparing measurements to predetermined
threshold values, previously recorded data, statistical
models, etc.

[0083] By contact position is meant the position of the
expanded sleeve in which a contact between the outer
face 8 of the expandable sleeve 7 and the inner wall 4
of the borehole or another surrounding casing is reached
so that the annular barrier provides an isolation of one
part of the annulus from another part of the annulus.
[0084] 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.

[0085] By a casing is meant any kind of pipe, tubing,
tubular, liner, string etc. used downhole in relation to oil
or natural gas production.

[0086] In the event that the tools are not submergible
all the way into the casing, a downhole tractor can be
used to push the tools all the way into position in the well.
A downhole tractor is any kind of driving tool capable of
pushing or pulling tools in a well downhole, such as a
Well Tractor®.

[0087] 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.

Claims

1. A downhole detection system (100) for monitoring
the expansion of one or more annular barriers, com-
prising:

- a plurality of detection devices (20) adapted to
be provided in connection with one or more an-
nular barriers (1) for detecting a condition of ex-
pansion of the annular barrier in an annulus (2)
between a well tubular structure (3) and an in-
side wall (4) of a borehole (5), and for generating
signals or data representative thereof,

- the detection device(s) being connected via
wiring (66) to an electrical connection means
(65) adapted to be arranged in a side pocket
(32) provided in the well tubular structure, and

- a data collection unit adapted to be left in the
side pocket and to be connected to the plurality
of downhole detection devices via the electrical
connection means whereby signals from the plu-
rality of detection devices are recorded by the
data collection unit.
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2,

10.

1.

12.

A downhole system according to claim 1, wherein
the detection device (20) is adapted to detect when
the expandable part has been expanded into a con-
tact position.

A downhole system according to claim 1 or 2, where-
in the data collection unit is retrievable from the side
pocket.

A downhole system according to any of the preced-
ing claims, wherein the multiple detection devices of
multiple annular barriers are connected to one com-
mon data collection unit.

A downhole system according to any of the preced-
ing claims, wherein the wiring extends along an outer
surface (81) of the well tubular structure and/or the
tubular part.

A downhole system according to any of the preced-
ing claims, wherein the data collection unitis adapted
to be arranged in a side pocket provided in an upper
section of the well tubular structure overlapping with
an intermediate casing (70), but below a barrier ar-
ranged between the well tubular structure and the
surrounding intermediate structure.

A downhole system according to any of the preced-
ing claims, wherein the data collection unitis adapted
to be arranged in a side pocket provided above the
one or more annular barriers to be expanded.

A downhole system according to any of the preced-
ing claims, wherein the data collection unit compris-
es a storage means (61) for storing the information
received from the detection devices.

A downhole system according to any of the preced-
ing claims, wherein the data collection unit further
comprises a power module (62) for powering the col-
lection unit.

A downhole system according to any of the preced-
ing claims, wherein the detection device comprises
a movement sensor (21) for detecting movement of
a sliding connection part (12) and when the sliding
connection part has stopped.

A downhole system according to claim 10, wherein
the movement sensor is a magnet sensor, an accel-
erometer, an infrared sensor, a variable reluctance
sensor or an inductive magnetic sensor (26) for de-
tecting movement of the sliding connection part.

A downhole system according to any of the preced-
ing claims, wherein the detection device comprises
an expansion sensor (29) for detecting a material
expansion of the expandable part and when the ma-



13.

14.

15.

16.

17 EP 2 642 066 A1

terial expansion of the expandable part has stopped.

A downhole system according to any of the preced-
ing claims, wherein the detection device comprises
a contact pressure sensor (27) provided at the outer
surface of the expandable part, the pressure sensor
being adapted to measure a contact force between
the outer surface of the expandable part and aninner
wall (4) of the borehole.

A downhole system according to any of the preced-
ing claims, wherein the detection device comprises
a fluid pressure sensor (35) for measuring the fluid
pressure inside the annular barrier.

A downhole system according to any of the preced-
ing claims, wherein the detection device further com-
prises adistance sensor (28) for measuring a change
in a maximum inner diameter (36) of the expandable
part.

A completion method for detecting sufficient expan-
sion of annular barriers when completing a well, com-
prising the steps of:

- mounting a data collection unit according to
any of the claims 1-15 in a well tubular structure,
- connecting detecting devices connected with
at least one unexpanded annular barrier of the
well tubular structure with the data collection unit
through wiring on the outside of the well tubular
structure,

- installing the well tubular structure in a well,

- pressurising the well tubular structure from
within and expanding the annular barrier,

- detecting at least one condition of an expand-
able part of the annular barrier, and

- collecting data regarding the condition of the
at least one expandable part of the annular bar-
rier in the data collection unit.
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