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(54) Downhole stimulation system

(67)  The present invention relates to a system for
stimulating production. The system has first and second
inflatable packers (6) for isolating a production zone
(101), a sliding sleeve valve (17) arranged between the
two packers, and a downhole tool (20) for moving the
sleeve from the closed position to the open position, the
tool comprising an inflatable device (22) and a key for
engaging a profile in the sliding sleeve. In operation the
inflatable device (22) is set downstream of the inflation
orifice (15) of the lower packer, the well tubular (4) is
pressurised, the tool (20) is moved downstream with keys

engaged in the profile forcing the sliding sleeve from the
closed position to the open position. With the inflatable
device set in that position the interior space of the lower
packer is in fluid communication with the production zone
(101). In this way, when treatment fluid is injected into
the production zone through opening (19), the pressure
between production zone and packer is equalised there-
by preventing the packer from collapsing because of the
pressure difference bewteen production zone and packer
becoming too large.
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Description

Field of the invention

[0001] The present invention relates to a downhole
stimulation system for stimulating production of fluid from
awell. The presentinvention further relates to adownhole
stimulation method for stimulating production of fluid from
a well by using the downhole stimulation system accord-
ing to the present invention.

Background art

[0002] One of the last steps for completing a well and
bringing in it into production is to expand expandable
sleeves of annular barriers to isolate a production zone,
and then the formation in the production zone is fractured
in order to increase reservoir contact. The fracturing op-
eration is performed by opening the frac ports and eject-
ing fluid out through the ports. However, when doing so
there is a risk of the pressure in the production zone in-
creasing more than the pressure within the annular bar-
riers, and the annular barriers may therefore collapse if
the pressure difference becomes too large.

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 stimulation system de-
creasing the collapse risk of the annular barrier while
stimulating the well.

[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 stimulation system for stimulating production
of fluid from a well having a top, comprising:

- awelltubular structure having an inside and an inner
diameter,

- afirst annular barrier and a second annular barrier
for isolating a production zone, the first annular bar-
rier being arranged closest to the top of the well,
each annular barrier comprising:

- atubular metal part for mounting as part of the
welltubular structure, the tubular metal part hav-
ing an outer face,

- an expandable sleeve surrounding the tubular
metal part and having an inner face facing the
tubular metal part and an outer face facing the
wall of the borehole, each end of the expandable
sleeve being connected with the tubular metal
part, and

- an annular space between the inner face of the
expandable sleeve and the tubular metal part,
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and
- an aperture arranged in the tubular metal part
for letting fluid into the space,

- a pump adapted to provide pressurised fluid down
the well tubular structure in order to stimulate the
well,

- a sliding sleeve having at least one profile and ar-
ranged between two annular barriers and having a
closed position and an open position in which an
opening in the well tubular structure provides fluid
communication between the inside of the well tubular
structure and the production zone, the profile of the
sliding sleeve being positioned at a first distance
from the aperture of the annular space, and

- adownhole tool for bringing the sliding sleeve from
the closed position to the open position, comprising:

- atool body,

- aninflatable device adapted to be inflated in the
well tubular structure to divide the well tubular
structure into a first part and a second part, and

- at least one key engaging the profile so that
when the inflatable device has been inflated and
the first part of the well tubular structure is pres-
surised, the tool is moved downstream and the
key drags in the profile, forcing the sliding sleeve
from the closed position to the open position,

wherein the inflatable device is arranged downstream of
the aperture of the second annular barrier so that the
annular space of the second annular barrier is in fluid
communication with the first part of the well tubular struc-
ture when the inflatable device is inflated.

[0005] Also, the expandable sleeve may be a metal
sleeve.

[0006] The downhole stimulation system as described
above may further comprise a third annular barrier ar-
ranged closer to the top than the first annular barrier and
a fourth annular barrier arranged further away from the
top than the second annular barrier, the inflatable device
being inflated between the second and fourth annular
barrier.

[0007] Moreover, the tool may comprise several keys
which may be arranged at a distance from each other.

[0008] In addition, the profile may be a circumferential
groove.
[0009] Further, the sliding sleeve may be a self-closing
sleeve.
[0010] Additionally, the sliding sleeve may comprise a

spring for closing the sleeve.

[0011] Also, a valve may be arranged in the aperture
of at least one of the annular barriers.

[0012] Said valve may be a one-way valve.

[0013] A diameter of tool body may be smaller than an
inner diameter of the well tubular structure defining a fluid
passage between the tool and the well tubular structure.
[0014] Moreover, the tool may comprise an inflation
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pump for inflating the inflatable device.

[0015] Furthermore, the tool may comprise a motor for
driving the inflation pump.

[0016] In addition, the expandable sleeve may have a
fracturing device arranged on the outer face of the ex-
pandable sleeve for fracturing the formation when the
outer face is pressed against the wall of the borehole.
[0017] Also, the sliding sleeve and/or the aperture may
comprise an identification tag.

[0018] Further, the tool may comprise a detection unit
for detecting the sliding sleeve and/or the aperture.
[0019] Said detection unit may comprise a tag identi-
fication means for detecting the sliding sleeve and/or the
aperture.

[0020] Moreover, the detection unit may be adapted to
detect the profile of the sliding sleeve and the aperture
of the annular barrier in order to detect the first distance
between the profile and the aperture.

[0021] Furthermore, the tool may comprise an activa-
tion means for activating the inflation pump so that the
inflatable device is inflated, and for stopping the inflation
pump so that the inflatable device is deflated.

[0022] The key of the tool may be arranged ata second
distance from the inflatable device of the tool, the second
distance being equal to or larger than the first distance.
[0023] Also, said second distance may be adjustable.
[0024] Additionally, the tool body may comprise a tel-
escopic body arranged between the key and the inflata-
ble device, the telescopic body being adapted to adjust
the second distance in relation to the detected first dis-
tance.

[0025] The downhole stimulation system as described
above may further comprise an activation sensor adapt-
ed to cause the inflatable device to deflate when a con-
dition in the well changes.

[0026] Moreover, the tool may further comprise a de-
tection sensor for detecting a condition of the well and/or
the sleeve.

[0027] Further, the tool may comprise a communica-
tion unit for loading information from a reservoir sensor.
[0028] Also, the tool may further comprise a self-pro-
pelling means, such as a turbine or a propeller.

[0029] The well tubular structure may comprise a plu-
rality of sliding sleeves, each sliding sleeve having an
identification tag.

[0030] Furthermore, atleastone of the annular barriers
may have at least one intermediate sleeve between the
expandable sleeve and the tubular part.

[0031] In addition, the expandable sleeve may com-
prise an opening.

[0032] Moreover, the tool may be wireless and may
comprise a power supply.

[0033] Additionally, the tool may be connected and
powered through a wireline.

[0034] The present invention also relates to a down-
hole stimulation method for stimulating production of fluid
from a well by using the downhole stimulation system
according to any of the preceding claims, comprising the
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steps of:

- detecting the sliding sleeve,

- projecting the keys of the tool,

- engaging the profile of the sliding sleeve,

- inflating the inflatable device,

- pressuring the inside of the well tubular structure,

- moving the tool away from the top of the well, sliding
the sleeve from a closed position to an open position,
and

- letting pressurised fluid from the inside of the well
tubular structure in through the aperture of the sec-
ond annular barrier to equalise the pressure between
the production zone and the annular space of the
second annular barrier.

[0035] The downhole stimulation method as described
above may further comprise the step of deflating the in-
flatable device when a predetermined pressure or se-
quence of pressures is/are reached.

[0036] Moreover, downhole stimulation method as de-
scribed above may comprise the following steps:

- disengaging the profile so that the sliding sleeve
moves into the closed position,

- moving the tool further away from the top of the well,

- detecting a second sliding sleeve,

- projecting the keys of the tool,

- engaging the profile of the second sliding sleeve,

- inflating the inflatable device,

- pressuring the inside of the well tubular structure,

- moving the tool away from the top of the well, sliding
the second sliding sleeve from a closed position to
an open position, and

- letting pressurised fluid from the inside of the well
tubular structure in through the aperture of the fourth
annular barrier to equalise the pressure between the
production zone and the annular space of the fourth
annular barrier.

Brief description of the drawings

[0037] 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 a partly cross-sectional view of a dow-
hole stimulation system for stimulating production of

hydrocarbon-containing fluid from a well,

Fig. 2 shows a partly cross-sectional view of another
dowhole stimulation system,

Fig. 3 shows a tool for operating a sliding sleeve,

Fig. 4 shows a cross-sectional view of another sliding
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sleeve,

Fig. 5 shows a partly cross-sectional view of another
dowhole stimulation system,

and

Fig. 6 shows another tool for operating a sliding
sleeve.

[0038] 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

[0039] Fig. 1 shows a downhole stimulation system 1
for stimulating production of hydrocarbon-containing fluid
from a well 2. The downhole stimulation system 1 com-
prises a well tubular structure 4 and a first annular barrier
6, 6A and a second annular barrier 6, 6B for isolating a
production zone 101, the first annular barrier being ar-
ranged closest to a top of the well. Each annular barrier
comprises a tubular metal part 7 mounted as part of the
well tubular structure and an expandable sleeve 9 sur-
rounding the tubular metal part and having an inner face
10 facing the tubular metal part and an outer face 11
facing the wall of the borehole. Each end 12, 13 of the
expandable sleeve is connected with the tubular metal
part, defining an annular space 14 between theinner face
of the expandable sleeve and the tubular metal part. The
annular barrier further comprises an aperture 15 ar-
ranged in the tubular metal part for letting fluid into the
space.

[0040] The downhole stimulation system 1 comprises
apump 16 adapted to provide pressurised fluid down the
well tubular structure in order to stimulate the well and
may also be used for expanding the expandable sleeves
of the annular barriers. The downhole stimulation system
1 further comprises a sliding sleeve 17 having at least
one profile 18, and the sliding sleeve is arranged between
two annular barriers and has a closed position and an
open position. In the open position, the sliding sleeve
allows fluid communication between the inside of the well
tubular structure and the production zone through an
opening 19 in the well tubular structure. The profile of the
sliding sleeve is positioned at a first distance X, from the
aperture of the annular space,

[0041] In addition, the downhole stimulation system 1
comprises a downhole tool 20 for bringing the sliding
sleeve from the closed position to the open position. The
downhole tool 20 comprises a tool body 21, an inflatable
device 22 adapted to be inflated in the well tubular struc-
ture to divide an inside 5 of the well tubular structure 4
into a first part 5A and a second part 5B. The tool further
comprises at least one key 23 engaging the profile in the
sliding sleeve, so that when the inflatable device has
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beeninflated and the first part of the well tubular structure
is pressurised, the tool is moved downstream and the
keys of the tool drag in the profile, forcing the sliding
sleeve from the closed position to the open position. The
inflatable device is arranged downstream of the aperture
of the second annular barrier, so that the annular space
of the second annular barrier is in fluid communication
with the first part of the well tubular structure when the
inflatable device is inflated. In this way, the pressurised
fluid jetted out through the openingin the tubular structure
is also able to flow from the inside of the well tubular
structure in through the aperture of the second annular
barrier and into the annular space to equalise the pres-
sure between the production zone and the annular space
of the second annular barrier. When fracturing the for-
mation in order to gain more reservoir contact, pressu-
rised fluid is jetted out through such opening in the well
tubular structure. However, such increase in pressure in
the production zone may compromise the isolation prop-
erties of the second annular barrier if the inflatable device
is notlocated downstream of the aperture and thus further
away from the top of the well than the aperture.

[0042] In order stimulate a well, the sliding sleeve,
through which the fracturing is to occur, is detected, and
then the keys of the tool are projected to engage the
profile of the sliding sleeve. Shortly thereafter or simul-
taneously, the inflatable device is inflated, and then the
inside of the well tubular structure is pressurised, where-
by the pressurised fluid in the well tubular structure ap-
plies pressure onto the inflatable device, moving the tool
away from the top of the well, sliding the sleeve from a
closed position to an open position and letting pressu-
rised fluid from the inside of the well tubular structure in
through the aperture of the second annular barrier to
equalise the pressure between the production zone and
the annular space of the second annular barrier. Subse-
quently, the inflatable device is deflated when a prede-
termined pressure or sequence of pressures is/are
reached.

[0043] The profile of the sliding sleeve has circumfer-
ential grooves matching the profile of the keys, so that
the keys are able to get a firm grip of the sliding sleeve.
As can be seen in Fig. 1, the tool has a diameter D; of
the tool body which is smaller than an inner diameter D;
of the well tubular structure, defining a fluid passage be-
tween the tool and the well tubular structure. The expand-
able sleeve is a metal sleeve and may be expanded by
letting pressurised fluid in through the aperture of the
annular barrier.

[0044] A valve 28 may be arranged in the aperture 15
of the annular barrier as shown in Fig. 1, and the valve
may be a one-way valve so that fluid is allowed into the
annular space but unable to flow out of the space. When
having a valve in the aperture, the expandable sleeve
may be expanded by means of a compound which is
arranged in the annular space and and is decomposable
when subjegted to heat generating gas, which expands
the sleeve.
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[0045] InFig. 2, the downhole system further compris-
es a third annular barrier 6C arranged closer to the top
than the first annular barrier and a fourth annular barrier
6D arranged further away from the top than the second
annular barrier, the inflatable device being inflated be-
tween the second and fourth annular barrier. By having
two annular barriers arranged on either side of the pro-
duction zone, a double barrier is provided, so that if one
barrier fails, the other will still provide the seal.

[0046] In Fig. 3, the tool comprises an inflation pump
29 for inflating the inflatable device 22. The tool further
comprises a motor 31 for driving the inflation pump 29.
The tool of Fig. 3 is wireless and is powered by a power
supply 58, such as a rechargeable battery. The keys of
the tool are arranged at a second distance X; from the
inflatable device of the tool and as shown in Fig. 3 the
second distance X, is greater than the first distance. The
second distance may also be equal to the first distance
in another embodiment. The keys are projectable keys
23 forming a piston part 32 which is slidable in a cavity
33 and projected by hydraulic fluid from the pump through
channels 34, compressing a spring 43, which ensures
that the keys return to their retracted position when no
longer required, or if the power is cut off. The keys have
a profile 42 matching the profile in the sliding sleeve. The
pump further inflates the inflatable device 22 through
channels 35. When deflated, the fluid leaves the inflata-
ble device 22 through other channels 36. The tool further
comprises a detection unit 37 for detecting the sliding
sleeve. The detection unit 37 comprises a tag identifica-
tion means 38 for detecting the sliding sleeve. The tool
further comprises an activation means 39 for activating
the inflatable device to both inflate and deflate when e.
g. the fracturing operation has ended. The activation
means 39 comprise an activation sensor 40 adapted to
cause the inflatable device to deflate when a condition
in the well changes, such as when a predetermined pres-
sure is reached.

[0047] The tool further comprises a detection sensor
27 for detecting a condition of the well and/or the sliding
sleeve, so that the operation is terminated if the condi-
tions vary too much from the expected conditions. The
tool also comprises a communication unit 47 for loading
information from a reservoir sensor if requested.

[0048] In order to be able to propel itself up again, the
tool comprises a self-propelling means 48, such as a tur-
bine or a propeller. So when descending, a battery in the
tool is charged in order to be ready to be used when
emerging at the top of the well again. The tool further
comprises a fishing neck 49 so that the tool is easily re-
trievable from the well.

[0049] In Fig. 4, the sliding sleeve is a self-closing
sleeve comprising a spring 51 for closing the sleeve.
When the tool moves the sliding sleeve from a closed
position to an open position, the spring in a cylinder hous-
ing 52 is compressed through the piston 53. The sliding
sleeve further comprises an identification tag 54 so that
one sliding sleeve is recognisable from another. Thus,
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the well tubular structure may comprise a plurality of slid-
ing sleeves, each sliding sleeve having an identification
tag 54.

[0050] Some of the annular barriers may have at least
one intermediate sleeve 55 between the expandable
sleeve and the tubular part. When having the intermedi-
ate sleeve 55, the expandable sleeve comprises an
opening for equalising the pressure between the reser-
voir and the inside of the annular barrier, in that the in-
termediate sleeve seals between the reservoir and the
inside of the well tubular structure.

[0051] In Fig. 5, the pump pressurising the fluid for e.
g. fracturing is submerged into the well tubular structure
and powered through a wireline 56 so that only part of
the well tubular structure is pressurised. The tool may be
wireless as shown in Figs. 1-3 or be powered through a
wireline 56 as shown in Fig. 5.

[0052] In Fig. 6, the tool comprises a detection unit 37
for detecting the sliding sleeve and the aperture in order
to determine the first distance X,. Thus, the detection
unit comprises a tag identification means 38 for detecting
the profile of the sliding sleeve and the aperture unit of
the annular barrier and thus detecting the first distance
between the profile and the aperture. The keys of the tool
are arranged at a second distance from the inflatable
device of the tool, and the second distance is adjustable
due to the fact that the tool body comprises a length ad-
justable section 61 arranged between the key and the
inflatable device. The adjustable section 61 is adapted
to adjust the second distance in relation to the detected
first distance and in Fig. 6, the length adjustable section
is a telescopic section. If the first distance between the
profile of the sliding sleeve and the aperture is known
before entering the well, the length of the tool need not
to be adjustable and the length adjustable section 61 can
be dispensed with. However, if the first distance between
the profile of the sliding sleeve and the aperture is not
known before entering the well, or if the first distance
seems to be different from what appears in the comple-
tion diagram, the tool length, and thus the second dis-
tance, is adjusted so as tofit the respective sliding sleeve.
When the stimulation operation through one sliding
sleeve has ended, the tool disengages the profile, so that
the sliding sleeve moves into the closed position and the
tool moves further away from the top of the well. Then a
second sliding sleeve is detected, the keys of the tool are
projected to engage the profile of the second sliding
sleeve, and the inflatable device is inflated. Then the in-
side of the well tubular structure is pressurised, moving
the tool away from the top of the well and sliding the
second sliding sleeve from a closed position to an open
position and letting pressurised fluid from the inside of
the well tubular structure in through the aperture of the
adjacent annular barrier, e.g. a fourth annular barrier,
equalising the pressure between the productionzone and
the annular space of the fourth annular barrier.

[0053] By fluid or well fluid is meant any kind of fluid
that may be present in oil or gas wells downhole, such
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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.

[0054] By a casing is meant any kind of pipe, tubing,
tubular, liner, string etc. used downhole in relation to oil
or natural gas production.

[0055] In the event that the tool is not submergible all
the way into the casing, a downhole tractor can be used
to push the tool all the way into position in the well. The
downhole tractor may have projectable arms having
wheels, wherein the wheels contact the inner surface of
the casing for propelling the tractor and the tool forward
in the casing. A downhole tractor is any kind of driving
tool capable of pushing or pulling tools in a well downhole,
such as a Well Tractor®.

[0056] 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 stimulation system (1) for stimulating
production of fluid from a well (2) having a top (3),
comprising:

- a well tubular structure (4) having an inside (5)
and an inner diameter (D)),

- afirst annular barrier (6, 6A) and a second an-
nular barrier (6, 6B) for isolating a production
zone (101), the first annular barrier being ar-
ranged closest to the top of the well, each an-
nular barrier comprising:

- a tubular metal part (7) for mounting as
part of the well tubular structure, the tubular
metal part having an outer face (8),

- an expandable sleeve (9) surrounding the
tubular metal part and having an inner face
(10)facing the tubular metal part and an out-
er face (11) facing the wall of the borehole,
each end (12, 13) of the expandable sleeve
being connected with the tubular metal part,
and

- an annular space (14) between the inner
face of the expandable sleeve and the tu-
bular metal part, and

- an aperture (15) arranged in the tubular
metal part for letting fluid into the space,

- a pump (16) adapted to provide pressurised
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fluid down the well tubular structure in order to
stimulate the well,

- a sliding sleeve (17) having at least one profile
(18) and arranged between two annular barriers
and having a closed position and an open posi-
tion in which an opening (19) in the well tubular
structure provides fluid communication between
the inside of the well tubular structure and the
production zone, the profile of the sliding sleeve
being positioned at a first distance (X,) from the
aperture of the annular space, and

- a downhole tool (20) for bringing the sliding
sleeve from the closed position to the open po-
sition, comprising:

- a tool body (21),

- an inflatable device (22) adapted to be in-
flated in the well tubular structure to divide
the well tubular structure into a first part (5A)
and a second part (5B), and

- at least one key (23) engaging the profile
so that when the inflatable device has been
inflated and the first part of the well tubular
structure is pressurised, the tool is moved
downstream and the key drags in the profile,
forcing the sliding sleeve from the closed
position to the open position, wherein the
inflatable device is arranged downstream of
the aperture of the second annular barrier
so that the annular space of the second an-
nular barrier is in fluid communication with
the first part of the well tubular structure
when the inflatable device is inflated.

A downhole stimulation system according to claim
1, further comprising a third annular barrier (6C) ar-
ranged closer to the top than the first annular barrier
and a fourth annular barrier (6D) arranged further
away from the top than the second annular barrier,
the inflatable device being inflated between the sec-
ond and fourth annular barrier.

A downhole stimulation system according to claim 1
or 2, wherein the sliding sleeve is a self-closing
sleeve.

A downhole stimulation system according to claim
3, wherein the sliding sleeve comprises a spring for
closing the sleeve.

A downhole stimulation system according to any of
the preceding claims, wherein a valve is arranged in
the aperture of at least one of the annular barriers.

A downhole stimulation system according to any of
the preceding claims, wherein a diameter of tool
body is smaller than an inner diameter of the well
tubular structure defining a fluid passage between
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the tool and the well tubular structure.

A downhole stimulation system according to any of
the preceding claims, wherein the tool comprises an
inflation pump for inflating the inflatable device

A downhole stimulation system according to claim
7, wherein the tool comprises a motor for driving the
inflation pump.

A downhole stimulation system according to any of
the preceding claims, wherein the sliding sleeve
and/or the aperture comprises an identification tag
(54).

A downhole stimulation system according to any of
the preceding claims, wherein the tool comprises a
detection unit (37) for detecting the sliding sleeve
and/or the aperture.

A downhole stimulation system according to claim
10, wherein the detection unit comprises a tag iden-
tification means (38) for detecting the sliding sleeve
and/or the aperture.

A downhole stimulation system according to any of
the preceding claims, wherein the tool comprises an
activation means for activating the inflation pump so
that the inflatable device is inflated, and for stopping
the inflation pump so that the inflatable device is de-
flated.

A downhole stimulation system according to any of
the preceding claims, wherein at least one of the
annular barriers has at least one intermediate sleeve
(55) between the expandable sleeve and the tubular
part.

A downhole stimulation system according to any of
the preceding claims, wherein the tool is wireless
and comprises a power supply.

A downhole stimulation method for stimulating pro-
duction of fluid from a well by using the downhole
stimulation system according to any of the preceding
claims, comprising the steps of:

- detecting the sliding sleeve,

- projecting the keys of the tool,

- engaging the profile of the sliding sleeve,

- inflating the inflatable device,

- pressuring the inside of the well tubular struc-
ture,

- moving the tool away from the top of the well,
sliding the sleeve from a closed position to an
open position, and

- letting pressurised fluid from the inside of the
well tubular structure in through the aperture of
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12

the second annular barrier to equalise the pres-
sure between the production zone and the an-
nular space of the second annular barrier.
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