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Description

Field of the invention

[0001] The prasentinventionrelates to an annular bar-
rier to be expanded in an annulus between a well tubular
structure and an inside wall of a borehole downhole. Fur-
thermore, the invention relates to a downhole system
comprising a piurality of annular barriers according to the
invention and to a methad for expanding an annular bar-
rier.

Background art

[0002] In wellbores, annular barriers are used for dif-
ferent purposes, such as for providing a barrier to flow
between an inner tubular structure and the inner wall of
the borehole. The annular barriers are mounted as part
of the well tubular structure. An annular barrier has an
inner wall surrounded by an annular expandable sleeve.
The expandable sleeve is typically made of a metallic
material but may also be made of elastomeric material.
The sleeve is fastened at its ends to the inner wall of the
annuiar barrier.

[0003] [norderiosealoffazone betweenawelltubular
structure and the barehole, a second annular barrier is
used. The first annular barrier is expanded at one side
ofthe zone to be sealed off and the second annular barrier
is expanded at the cther side of that zone. Thus, the zone
is sealed off.

[0004] The pressure envelope of a well is governed by
the burst rating of the tubular and the well hardware etc.
used within the well construction. In some circumstances,
the expandable sleeve of an annular barrier is expanded
by increasing the pressure within the tubular structure of
the well, which is the most cost-efficientway of expanding
the sleeve.

[6005] When expanding the expandable sieeve of an
annuler barrier by pressurising the tubular structure from
within, several annular barriers are expanded simultane-
ously. The force, i.e. pressure, required o expand the
annular barriers depends on many variables, such as the
size of the borehole in relation to the size of the inner
tubular structure, the strength of the expansion sieeve,
etc. As the size of the borehole may vary along the length
of the well, the distance between the inner tubular struc-
ture and the inner wall of the borehole is not constantin
the well. Conseguently, different annular barriers require
different pressure ievels to be expanded into a contact
position. However, if an annular barrier, after having been
expanded into a contact position, is subjectto anincreas-
ing pressure level in the well, undesirable damage of the
surrounding formation or other adverse effects may be
the result. An undesirable increase in the pressure in the
expandable sleeve may result in a too high contact pres-
sure between the expandable sleeve and the inner wall
of the barehole, whereby the surrounding formation may
crack and thereby compromise the seal effect of the an-
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nular barrier. Also, the expandable sieeve may crack or
burst due to the increased pressure, thereby adversely
affecting the effect of the annular barrier.

Summary of the invention

[0008] itis an object of the present invention to wholly
or partly overcome the above disadvantages and draw-
backs of the prior art, like US 5353637 which is consid-
ered the closest prior art. More specifically, it is an object
to provide an improved annular barrier, wherein the pres-
sure inside the expandable sleeve and/or the contact
pressure between the expandable sleeve and the inner
wall of the borehole are/is controliable.

[0807] The above objects, together with numerous oth-
er objects, advaniages, and features, which will become
evident from the below description, are accomplished by
a solution in accordance with the present invention by an
annular barrier to be expanded in an annuius between a
well tubular structure and an inside wall of a borehole
downhole, comprising:

- atubular part for mounting as part of the well tubular
structure, said tubular part having a longitudinal axis,

- an expandable sleeve surrcunding the tubular part
and having an outer face, each end of the expand-
able sleeve being fastened to the tubular part by
means of a connection pari, where one of the con-
nection paris is a sliding connection part sliding in
relation to the tubular part when the expandable
sleeve is expanded,

- an annular barrier space between the tubular part
and the expandable sleeve,

- anaperture in the tubular part for letting fluid into the
annular barrier space to expand the sleeve, and

- an activatable shut-off valve having an epen and a
closed position and arranged in the aperture,

whereinthe annular barrier further comprises a detection
device for detecting when the expandable sleeve has
been expanded into contact with the borehele and a con-
tact force is within a predetermined value, and wherein
the detection device is adapted to provide a signal to
activate the shui-off valve to bring the shut-off valve from
the open to the closed position when detecting that the
expandable sleeve is in the contact position.

[0008] By detecting when the expandable sleeve has
been expanded into a contact position, being the position
in which the expandable sleeve has been expanded into
contact with the borehocle and a contact force is within a
predetermined value, the shut-off vaive may be activated
to control the pressure inside the expandable sleeve.
Hereby, it may be avoided that all annular barriers are
equally expanded, and therisk of damaging the formation
opposite one annular barrier not having to be expanded
as much as another annular barrier may also be reduced
substantially.

[0009] Thus, an improved annular barrier is achieved,



DK/EP 2607614 T3

3 EP 2 607 614 B1 4

wherein the pressure inside the expandable sleeve
and/or the contact pressure between the expandable
sieeve and the inner wall of the borehole are/is control-
lable, and information recorded during expansion can be
recorded and made available at surface. Hereby, it is
obtained that the annular barrier is capable of operating
autenhomously.

[0010] The annular barrier may also comprise devices
to confirm that a seal between the expandable sleeve
and the borehole has been achieved, as described be-
low, which also provides the ability for data to be recorded
and made available at surface for interpretation.

[0011] In one embodiment, the detection device may
comprise a movement sensor for detecting movement of
the sliding connection part, and the detection device may
be adapied tc provide a signal to activate the shut-off
valve to bring the shut-off valve from the cpen to the
closed position when the movement sensor detacts that
the sliding connection part has stopped.

[0012] Bydetecting whetherthe sliding connection part
first moves and then stops and thus whether material
expansion of the expandable sleeve is taking piace, it
may be possible to determine if the expandable sleeve
has been expanded into a contact position in order to
close the shut-off valve to control the pressure inside the
expandable sleeve.

{0013] In another embodiment, the movement sensor
may comprise a linear potentiometer for detecting a
change in the position of the sliding connection part.
[0014] Also, the linear potentiometer may be a linear
membrane potentiometer,

[0015] In yet anather embadiment, the detection de-
vice may comprise an expansion sensor for detecting a
material expansion of the expandable sleeve, wherein
the deteclion device may be adapted to provide a signal
to activate the shut-off valve o bring the shut-off vaive
from the open to the closed position when the expansion
sensor detects that the material expansion of the expand-
able sleeve has stopped.

[6018] Moreover, the expansion sensor may comprise
a strain gauge for detecting expansion of the material of
the expandable sleeve.

[0017] Furthermore, the sensor may be an accelerom-
eter or an infrared sensor for detecting fiuid 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 the seal against the borehole
wall.

[0018] Saidsensors may be arranged entheouter face
of the expandable sieeve.

[0019] In one embodiment, the activatable shut-off
valve may be a solenoid vaive adapied to block the flow
of fluid into the annular barrier space when power tc the
soleniod valve is discontinued.

[0020] [n another embodiment, the detection device
may comprise a contact pressure sensor provided at the
outer surface of the expandable sleeve, the pressure
sensor being adapted lo measure a contact force be-
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tween the outer surface of the expandable sleeve and
an inner wall of the borehole.

[0021] Said detection device may comprise a fluid
pressure sensor for measuring the fluid pressure inside
the annular barrier space.

[0022] The detection device may further comprise a
distance sensor for measuring a change in @ maximum
inner diameter of the expandable sleeve.

[0023] Furthermore, the shut-off valve may be activat-
ed when the contact pressure between the outer surface
of the expandable sleeve and the inner wall of the bore-
hole is within a predetermined range, e.g. between 6,89
MPa - 13,78 MPa (1000 psi - 2000 psi.)

[0024] Moreover, the detection device may comprise
atimerfor closing the shut-off valve after a predetermined
period of time subsequent to the detection of the expand-
able sleeve being in the contact position.

[0025] Said shut-off valve may be activated when the
contact pressure between the outer surface of the ex-
pandable sleeve and the inner wall of the borehole is in
the range of 6,89 MPa- 13,78 MPa (1000 psi- 2000 psi).
[0026] Furthermore, the movement sensor may be a
magnet sensor, an accelercmeter, an infrared sensor, a
variable reluctance sensors or an inductive magnetic
sensor for detecting movement of the detecting move-
ment of the sliding connection part.

[00271 Said magnetsensororinductive magnet sensor
may sense a plurality of magnets incorporated in the out-
er surface of the tubular part.

[0028] Moreover, the movement sensor may comprise
atracking wheeldriving on the outer surface of the tubular
part, thereby detecting movement of the sliding connec-
tion part.

[0029] Further, the expandable sleeve may be made
of metal.
[0030] Theinventionalsorelatesioadownhole system

comprising a plurality of annular barriers according to the
invention.

[0031] Finally, the present invention relates to a meth-
od for expanding an annular barrier according to the in-
vention, comprising the steps of:

- positioning the annular barrier downhole as part of
a well tubutar struciure,

- pressurising the tubular structure from within to ex-
pand the expandable slegve of the annular barrier,
and

- detecting when the expandable sleeve has been ex-
panded into a contact position.

[0632] Inoneembodiment, the movementofthe sliding
connection part may be detected tc determine when the
expandable sleeve has been expanded into a contact
position.

[00633] Inanother embodiment, the material expansion
of the expandable sleeve may be detected to determine
when the expandable sleeve has been expanded intc a
contact position.
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[0034] Inyetanctherembodiment, achangeinaninner
diameter of the expandable sieeve may be detected to
determine when the expandable slesve has been ex-
panded into a contact position.

[0035] Furthermore, the method as described above
may comprise the step of activating the shut-off valve to
block the flow of fluid into the annular barrier space when
the expandable sleeve has been expanded into a contact
position.

[0038] Insaid method, a contact pressure between the
outer surface of the expandable sleeve and the inner wall
of the borehole may be measured to detect when the
expandable sleeve has been expanded into a contact
position,

[0037] Moreover, the shut-off valve may be activaied
when the contact pressure between the outer surface of
the expandabie sleeve and the inner wall of the borehole
is in the range of 6,89 MPa - 13,78 MPa (1000 psi - 2000
psi).

Brief description of the drawings

[0038] 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 iflustration show some non-limiting embediments and
in which

Fig. 1 shows an annular barrier being part of a well
tubular structure in an expanded condition of the an-
nular barrier,

Fig. 2 shows the annular barrier of Fig. 1 in an un-
expanded condition,

Figs. 3a-3d illustrate different annular barriers com-
prising a detection device for detecting when the ex-
pandable sieeve has been expanded into a contact
pasition, and

Fig. 4 shows a downhole system having a plurality
of annular barriers.

[0039] Alithe figures are highly schematic and not nec-
essarily to scale, and they show only those parts which
are necessary in crder to elucidate the invention, other
parts being omitted or merely suggested.

Detailed description of the invention

[0040] Fig. 1 shows an annular barrier 1 expanded in
an annulus 2 between a well ubular structure 3 and an
inside wall 4 of a borehcle 5 downhole. The annular bar-
rier 1 comprises a tubular part 6 which has been mounted
as part of the well tubular structure 3 by means of a
threaded connection 19. The annular barrier 1 comprises
an expandable sleeve 7 surrounding the tubular part 6
and having an outer face 8 which, in an expanded con-
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dition of the annular barrier 1, abuts the inside waii 4 of
the borehole 5. Each end 9, 10 of the expandable sleeve
7 is fastened to the tubular part 6 by means of a connec-
tion part 12. The expandable sleeve 7 surrounds the tu-
bular part 8 forming an annular barrier space 13 there
between. An aperture 11 is arranged in the tubular part
6 through which fluid is let into the space 13 to expand
the sleeve 7. When expanding the expandable sieeve 7,
the weli tubular structure 3 is pressurised with fluid from
the top of the well, and the pressurised fluid is thus forced
into the space to expand the expandable sleeve 7.
{00411 One or both connection parts 12 may be sliding
in refation to the tubular part 6, and the other fixedly con-
nected with the tubular part 6. The sliding connection part
12 has sealing elements 60. Annular barriers 1 may also
be arranged to provide a seal between two tubular struc-
tures 3, such as an intermediate casing 18 and a produc-
tion casing 3 instead of another kind of packer 40.
[0042] The annular barrier 1 further comprises a shut-
off valve 14 arranged in the aperture 11. The shut-off
valve has an open and a closed position and when in the
open position, fluid is let into the space 13, and when in
the closed position the fluid can no longer pass through
the valve 14 into the space 13. By having a shut-off vaive
14, the aperture 11 cof the tubular part 6 of the annular
barrier 1 can be closed when the expandable sleeve 7
has been expanded intc a contact position, as shown in
Fig. 1.

[0043] InFig. 2, the annular barrier 1 is shown before
being expanded. To expand one or more annular barri-
ers, the tubular structure 3 is pressurised by injection of
afluid. To be capable of detecting when the expandable
sleeve 7 has been expanded into a contact position, as
shown in Fig. 1, the annular barrier 1 comprises a detec-
tion device 20 monitoring the expansion process. The
detection device 20 is adapted to aclivate 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 contact
position.

[0044] Thus, the detection device comprises a move-
ment sensor 21 for detection of the movement of the slid-
ing sleeve or the movement of the expandable sieeve 7.
The movement sensor 21 detects a movement of the
sleeve 7 or the sliding connection part 12 which initiates
the detection of a stop of the movement again and the
contact position, in which contact between the cuter face
8 of the expandable sleeve 7 and the inner wall 4 of the
borehole has been reached. In the contact position, the
expandable sleeve 7 is prevented from further radial ex-
pansionandthus, the movement ofthe sliding connection
part 12 and the sleeve 7 siops.

[0045] In one embodimeni, the detection device 20
comprises a movement sensor 21 for detecting move-
ment of one or both of the connection paris 12 being
slidable in relation to the tubular part 6.

[0046] As shown in Fig. 3a, the movement sensor 21
is a linear potentiometer 34 measuring the position of the
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sliding connection part 12 in the longitudinal direction
along thetubular part 6. The linear potentiometer 34 com-
prises a resistive element 22 and a wiper device 23 dis-
placeable in the longitudinal direction of the resistive el-
ement22. The linear potentiometer may be alinear mem-
brana potentiometer of the kind available from the com-
pany Spectra Symbols. As shown in Fig. 3a, the wiper
device 23 is arranged on one of the connecticn parts 12
being slidable in reiation to the tubular part 6. The wiper
device 23 abuts the resistive element 22 and by meas-
uring the electrical output, e.g. voltage, from the resistive
element 22, it is possible to determine the exact position
of the wiper device 23 along the resistive element 22.
[6047] As shown in Fig. 3b, the maovement 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 @ 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 moves.

[0048] As shown in Fig. 3¢, the movement sensor 21
may alsc 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 of the tubular part. To detect
movement of the slidable connection part, the freguency
of detecticn of the magnetic element may be monitored.
Alternatively, the number of magnetic elements may be
detecled to determine the position of the connection el-
ement.

[0049] The movemenisensor 21 may alsc comprise a
tracking wheel arranged con the slidable connection part
and driving on the outer surface of the tubular part. By
detecting rotation of the tracking wheel, it is possible to
determine whether the slidable connection part moves.
The number of revolutions may also be used to determine
the position of the slidable connection part 12.

[0050] The movement sensor 21 continuously detects
whether the slidable connection part is moving and pos-
sibly also recording the position in the longitudinal direc-
tion to determine the total displacement of the slidable
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 sen-
sor 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.
[0051] [nanctherembodiment, the detection device 20
comprises an expansion sensor 29 for detecting a ma-
terial expansion of the expandable sleeve 7. The expan-
sion sensor 22 may comprise a strain gauge 30, or any
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other means suitable for measuring material expansion,
provided at an outer face 8 of the expandable sleeve 7.
[0052] In a further embodiment, the detection device
comprises both a movement sensor 21 and an expansion
sensor 29 according to the abaove described.

[0053] Embodiments of the detection device may also
incarporate various other sensors capable of determining
when the expandable sleeve 7 has been expanded into
a contact position. As shown in Fig. 3¢, 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 when the annular
barrier is expanded downhole, as shown in Fig. 1. The
detection device 20 may also comprise a distance sensor
28 to measure an inner diameter 36 of the expanded
sieeve. Further, a fluid pressure sensor 35 may be pro-
vided to measure the pressure inside the space 13.
[0054] The detection device 20 may rely on one or
more detected parameters, such as the movementof the
siidable connection part, the material expansion of the
expandabie sleeve, the inner diameter 36 of the expand-
ed sleeve 7 and/or the contact pressure or the pressure
inside the expandable sleeve tc determine when the ex-
pandable sleeve has been expanded into a contact po-
sition.

[0055] When one or more expandable sleeves 7 is/are
to be expanded by pressurising the tubular structure 3
from within, the detection device 20 detects when the
sliding connection part stops, i.e when the contact posi-
tion is reached and/or when the material of the expand-
able sleeve is no longer expanding when the contact po-
sition is reached. When the sliding connection part 12
has stopped and/or when the material of the expandable
sleeve does no longer expand, the detection device 20
may determine that the expandable sleeve 7 has been
sufficiently expanded to provide a sufficient contact be-
tween the outer face 8 of the expandable sleeve 7 and
the inner wall 4 of the borehole and thus into the contact
position. The detection device 20 may also detect the
pressure in the space 13 and await a cartain increase in
the pressure before determining that the expandable
sleeve has been sufficiently expanded.

[0056] When the detection device 20 determines that
the expandable sleeve 7 has been sufficiently expanded,
meaning that the contact position has thus beenreached,
the detection device 20 causes 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 requiring a higher expansion
pressure. In one embodiment, the shut-off valve 14 is a
solenoid valve that is closed by discontinuing the power
required to keep the valve open. Thus, when the expand-
able 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. o
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equalise the pressure between the borehole 5 and the
space 13 inside the expanded sleeve, this may be done
by resuming the supply of power to the solencid valve.
Equalisation of the pressure may be required in connec-
tion with injection, stimulation or fracture operations.
[0057] The detection device 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
closing of the valve may occur at a certain delay in order
to make sure that the sleeve 7 is fully expanded and so
that the valve 14 is not closed too early.

[0058] The detection device 20 may further comprise
a seismic sensor or another kind of acoustic sensor for
detection of the sound at the aperture 11 inordertodatect
any sound changes during expansion. Fiuid flowing into
the space 13 makes a cartain 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.

[0058] The inventionfurtherrelates to a downhole sys-
tem 100 comprising a plurality of annular barriers 1 ac-
cording to the above described, and as shown in Fig. 6.
The system 100 comprises a well tubular structure 3 hav-
ing a valve section 50 arranged beatween two annular
barriers for letting hydrocarbon-containing fluid into the
well tubular structure 3 and up through the production
casing 3. The valve sectiocn 50 has inflow control valves
51 and a fracturing opening or a fracturing valve 52. A
screen 54 may be arranged opposite the valves in a re-
cess on the cuter face of the well tubular structure 3.
Opposite the valve 14, a plurality of sliding or rotational
sleeves 53 are arranged to close cff the valve while the
well tubular structure 3 is being pressurised.

[6080] By contact position is meant the position of the
expanded sleave in which a contact between the outer
face 8 of the expandable sleeve 7 and the inner wall 4
of the borehole is reached so that the annular barrier has
provided an isolation of one part of the annulus from an-
other part of the annulus.

[0061] 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, ofl 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 fiuids may thus all comprise other
elements or substances than gas, oil, and/or water, re-
spectively.

[0062] By a casing is meant any kind of pipe, tubing,
tubular, liner, string etc. used downhacle in relation to oil
or natural gas production.

[0063] In the svent that the tools are not submergible
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all the way into the casing, a downhole fractor can be
used to push the focls ali 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®.

[0064] 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 conceivabie without de-
parting from the invention as defined by the fallowing
claims.
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Patentkrav

1. Ringformet barriere (GB: "annular barrier”) (1) beregnet til at blive
ekspanderet i et ringvolumen (2) mellem en rgrformet brgndstruktur (3) og en
indvendig veeg (4) af et borehul (5) nede i en brgnd, hvilken ringformet barriere
omfatter:

- en rgrformet del (6) til montering som del af den r@grformede brgndstruktur (3),
hvilken rgrformet del har en longitudinal akse,

- et ekspanderbart rgrstykke (7) der omgiver den rgrformede del og har en ydre
flade (8), hvor hver ende (9, 10) af det ekspanderbare rgrstykke er fastgjort til
den rgrformede del ved hjeelp af en forbindelsesdel (12),

- et ringformet barriererum (13) mellem den rgrformede del og det
ekspanderbare rgrstykke,

- en dbning (11) i den rgrformede del til at muligggre, at vaeske lukkes ind i det
ringformede barriererum for at ekspandere rgrstykket, og

- en aktiverbar lukkeventil (14) der har en 8ben og en lukket position, hvor den
ringformede barriere endvidere omfatter en detekteringsindretning (20) til at
detektere, hvornar det ekspanderbare rgrstykke er blevet ekspanderet til en
kontaktposition, kendetegnet ved at detekteringsindretningen er tilpasset til at
tilvejebringe et signal til aktivering af lukkeventilen placeret i abningen for at
bringe lukkeventilen fra den abne til den lukkede position, ndr det detekteres, at
det ekspanderbare rgrstykke er i kontaktpositionen, og én af forbindelsesdelene
er en glidende forbindelsesdel, som glider i forhold til den rgrformede del, ndr det

ekspanderbare rgrstykke ekspanderes.

2. Ringformet barriere ifglge krav 1, hvor detekteringsindretningen omfatter
en beveaegelsessensor (21) til detektering af beveegelse af den glidende
forbindelsesdel, og hvor detekteringsindretningen er indrettet til at tilvejebringe
et signal til aktivering af lukkeventilen for at bringe lukkeventilen fra den abne til
den lukkede position, ndr bevaegelsessensoren detekterer, at den glidende

forbindelsesdel er stoppet.
3. Ringformet barriere ifglge krav 2, hvor beveaegelsessensoren omfatter et

linezert potentiometer (34) til detektering af en andring i positionen af den

glidende forbindelsesdel.

P1386DKEP
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4, Ringformet barriere ifglge et hvilket som helst af de foregadende krav, hvor
detekteringsindretningen omfatter en ekspansionssensor (29) til detektering af
en materialeekspansion af det ekspanderbare rgrstykke, hvor
detekteringsindretningen er tilpasset til at tilvejebringe et signal til aktivering af
lukkeventilen for at bringe lukkeventilen fra den abne til den lukkede position,
ndr ekspansionssensoren detekterer, at materialeekspansionen af det

ekspanderbare rgrstykke er stoppet.

5. Ringformet barriere ifglge krav 4, hvor ekspansionssensoren omfatter en
streekfgler (GB: “strain gauge”) (30) til detektering af materialeekspansionen af

det ekspanderbare rgrstykke.

6. Ringformet barriere ifglge et hvilket som helst af kravene 2-3, hvor
bevaegelsessensoren er en magnetsensor, et accelerometer, en infrargd sensor,
en variabel reluktans-sensor eller en induktiv magnetisk sensor (26) til

detektering af bevaegelse af den glidende forbindelsesdel.

7. Ringformet barriere ifglge et hvilket som helst af de foregdende krav, hvor
den aktiverbare lukkeventil er en solenoideventil, der er tilpasset til at blokere
strammen af vaeske ind i det ringformede barriererum, nar tilfarslen af strgm til

solenoideventilen afbrydes.

8. Ringformet barriere ifglge et hvilket som helst af de foregdende krav, hvor
detekteringsindretningen omfatter en kontakttryksensor (27) tilvejebragt ved den
ydre overflade af det ekspanderbare rgrstykke, hvilken tryksensor er tilpasset til
at mdle en kontaktkraft mellem den ydre overflade af det ekspanderbare

rgrstykke og en indvendig vaeg (4) af borehullet.

9. Ringformet barriere ifglge et hvilket som helst af de foregdende krav, hvor
detekteringsindretningen omfatter en vaesketryksensor (35) til m3|ing af

vaesketrykket inden i det ringformede barriererum.
10. Ringformet barriere ifglge et hvilket som helst af de foregdende krav, hvor

detekteringsindretningen endvidere omfatter en afstandssensor (28) til maling af

en andring af en maksimal indre diameter (36) af det ekspanderbare rgrstykke.
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11. Brgndsystem (GB: "downhole system”) (100) omfattende en flerhed af

ringformede barrierer ifglge et hvilket som helst af kravene 1-10.

12. Fremgangsmade til ekspansion af en ringformet barriere ifslge et hvilket
som helst af kravene 1-10, hvilken fremgangsmade omfatter fglgende trin:

- positionering af den ringformede barriere nede i en brgnd som del af en
rgrformet brgndstruktur (3),

- tryksaetning af den rgrformede struktur indefra for at ekspandere det
ekspanderbare rgrstykke af den ringformede barriere, og

- detektering af hvorndr det ekspanderbare rgrstykke er blevet ekspanderet til en

kontaktposition.

13. Fremgangsmade ifglge krav 12, hvilken fremgangsmade endvidere omfatter
trinnet til aktivering af lukkeventilen for at blokere strgmmen af vaeske ind i det
ringformede barriererum, nar det ekspanderbare rgrstykke er blevet ekspanderet

til en kontaktposition.

14. Fremgangsmade ifglge krav 12 eller 13, hvor et kontakttryk mellem den
ydre overflade af det ekspanderbare rgrstykke og den indvendige vaeg af
borehullet males for at detektere, hvornar det ekspanderbare rgrstykke er blevet

ekspanderet til en kontaktposition.
15. Fremgangsmade ifslge krav 14, hvor lukkeventilen aktiveres, nar

kontakttrykket mellem den ydre overflade af det ekspanderbare rgrstykke og den
indvendige vaeg af borehullet ligger i omrédet 1000 psi - 2000 psi.
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