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(57) Abrege/Abstract:
The present invention relates to a completion assembly for running into a borehole in a formation through a well head or blowout

preventer, comprising a casing string having a first end and a second end, and a drill pipe having a first end and a second end and
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(57) Abrege(suite)/Abstract(continued):

extending through the well head or the blowout preventer and being releasably connected at the first end with the casing string.
Furthermore, the Invention relates to a completion method for completing a casing string. Moreover, the invention relates to a
completion kit for making a completion assembly according to the present invention.
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Abstract

The present invention relates to a completion assembly for running into a
borehole in a formation through a well head or blowout preventer, comprising a
casing string having a first end and a second end, and a drill pipe having a first
end and a second end and extending through the well head or the blowout
preventer and being releasably connected at the first end with the casing string.
Furthermore, the invention relates to a completion method for completing a
casing string. Moreover, the invention relates to a completion kit for making a

completion assembly according to the present invention.
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WELL COMPLETION

Field of the invention

The present invention relates to a completion assembly for running into a
borehole in a formation through a well head or blowout preventer, comprising a
casing string and a drill pipe. Furthermore, the invention relates to a completion
method for completing a casing string. Moreover, the invention relates to a
completion kit for making a completion assembly according to the present

invention.

Background art

Operations such as well completion are very cost-intensive due the material
costs, the labour costs, the safety requirements and the rental costs for renting a
drilling rig. Drilling rigs are very expensive to rent per day, and in the past there
have been several attempts to develop an improved completion element to make
the completion easier and thus faster to implement. Also, attempts to improve
the completion equipment have been made in order to make implementation of

the existing completion elements faster.

Despite the known improvements, there is a continued focus on reducing costs

and especially on reducing the number of days during which the drilling rig is

required.

Summary of the invention

It is an object of the present invention to wholly or partly overcome the above
disadvantages and drawbacks of the prior art. More specifically, it is an object to
provide an improved completion assembly for running into a borehole, which is

faster to complete than the known completions, while still complying with the

safety requirements.

The above objects, together with numerous other 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 completion assembly
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for running into a borehole in a formation through or from a well head or blowout
preventer, comprising:

- a casing string having a first end, and

- a drill pipe having a first end and a second end and extending through the well
head or the blowout preventer and being releasably connected at the first end
with the casing string and thereby holding the casing string when running the
casing string into the borehole,

wherein the casing string comprises:

- a plurality of tubular sections, at least two sections being annular barrier
sections each comprising at least one annular barrier, the annular barriers
being arranged at a predetermined mutual distance, each annular barrier
comprising an expandable sleeve surrounding a tubular part and the
expandable sleeve is connected with the tubular part, the tubular part
forming part of the casing string and having an opening for entry of
pressurised fluid to expand the sleeve, and

- a second end which is closed,

wherein the completion assembly further comprises a pressure creating device
fluidly connected with the second end of the drill pipe generating a fluid pressure
within the drill pipe and within the casing string which is substantially greater
than a formation fluid pressure for expanding the expandable sleeve of the at

least two annular barrier sections.

By being able to expand the annular barrier during operation and by expanding
the expandable sleeves of the barriers substantially simultaneously, the

completion operation can occur much quicker than in the known completion

assemblies. It is thus obtained that the expensive drilling rig can be disconnected
from the completion site, and a less expensive rig can replace the drill rig. By
cutting the number of days during which the expensive drilling rig is required, the
cost of making a well is substantially reduced. A drilling rig is rented by the day,
and the present invention reduces the number of days during which the

expensive drilling rig is required by at least 10-15.

In one embodiment, the completion assembly for running Into a borehole in a
formation through a well head or blowout preventer may comprise:

- a casing string having a first end, and
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- a running tool extending through the well head or the blowout preventer and
being releasably connected with the first end of the casing string and thereby
holding the casing string when running the casing string into the borehole,
wherein the casing string comprises:

- a plurality of tubular sections, at least two sections being annular barrier
sections each comprising at least one annular barrier, the annular barriers
being arranged at a predetermined mutual distance, each annular barrier
comprising an expandable sleeve surrounding a tubular part and the
expandable sleeve is connected with the tubular part, the tubular part
forming part of the casing string and having an opening for entry of
pressurised fluid to expand the sleeve, and

- a second end which is closed,

wherein the completion assembly further comprises a pressure creating device
fluidly connected with the running tool generating a fluid pressure within the
casing string which is substantially greater than a formation fluid pressure for

expanding the expandable sleeve of the at least two annular barrier sections.

By using a running tool, the casing may be a surface casing and the expansion of
the expandable sleeves of the barriers substantially simultaneously is still

possible, so that the completion operation can occur much quicker than in the

known completion assemblies.

The expandable sleeves may be expanded substantially simultaneously when

pressurising the casing string from within.

Moreover, the drill pipe may be releasably connected with the casing string by

means of a running tool.

Further, the drill pipe may have an overall outer diameter which is smaller than

that of the casing string.

In one embodiment, one of the tubular sections may be an inflow control section

having a tubular part.

Also, one of the inflow control sections may be a valve section having inflow

control valves.
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Furthermore, the inflow control section may be arranged between the annular

barrier sections.

In addition, the inflow control section may comprise a fracturing valve.

Moreover, the inflow control section may comprise an inflow control valve

arranged in the tubular part.

In addition, a sleeve may be arranged to slide or rotate between an open position

opposite a fracturing opening of the fracturing valve and a closed position or a

choked position.

In another embodiment, the completion assembly may further comprise a sleeve

slidable axially of the casing string opposite the inflow control section to seal off

the inflow control section when the expandable sleeves are expanded.

Moreover, the completion assembly as described above may comprise a sleeve

slidable axially of the casing string or rotationally within the casing string

opposite the inflow control section.

By having sliding sleeves capable of closing the inflow control section, and thus
preventing the pressurised fluid within the casing string from flowing out through
the inflow control valve or opening, the expandable sleeves can be expanded
during operation even though the casing string comprises inflow control valves or

openings in the inflow control section.

Furthermore, the tubular part may have an inner face and the sleeve may have
an outer face facing the inner face of the tubular part, and the sleeve may

comprise sealing elements arranged in grooves in the outer face of the sleeve.

Moreover, the inflow control section may have an inflow section with at least one
opening having a width w, in the axial extension, and the sealing element may

have a width w. which is larger than a width w, of the opening.

The sealing elements may be O-rings, Chevron seals, or similar seals.

P1264PCO0O0
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Also, one of the tubular sections may be a section containing only the tubular

part.

One of the tubular sections may comprise a fixation device for anchoring the

casing string to the formation.

The fixation device may comprise a tubular part and a fixation unit projecting

from the tubular part towards the formation when activated by a fluid pressure

from within the casing string.

Said fixation device may comprise a tubular part and a fixation unit projecting
from the tubular part towards the formation when activated by an electrical

motor, a force generator, an operational tool or similar means from within the

casing string.

Further, the fixation device may be an annular barrier comprising a fixation
element projecting from the expandable sleeve towards the formation when

activated by a fluid pressure from within the casing string.

Moreover, the annular barrier may comprise a valve arranged in the opening, and

the casing string may comprise means for closing the second end.

Additionally, the means for closing the second end may be a ball dropped into a

seat in the second end of the casing string.

The present invention further relates to a completion method for completing a
casing string as described above, comprising the steps of:

- mounting at a rig or vessel tubular sections into a first part of a casing string,

- lowering the first part of the casing string towards the borehole,

- mounting tubular sections into a second part of the casing string,

- connecting the second part of the casing string with the first part,

- lowering the second part of the casing along with the first part,

- connecting a drill pipe to the casing string and thus holding the casing string
when lowering the casing string into the borehole, wherein the casing string
comprises at least two annular barrier sections,

- lowering the drill pipe into the borehole until the casing string Is arranged in a

predetermined position,
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- pressurising the drill pipe and the casing string, and
- substantially simultaneously expanding an expandable sleeve of an annular

barrier of each of the annular barrier sections.

The completion method may further comprise disconnecting the drill pipe.

It is hereby obtained that the expensive drill rig can be disconnected from the

completion site and a less expensive rig can replace the drill rig.

In addition, the completion method may further comprise the step of lowering a

production casing into the borehole.

Moreover, the completion method may further comprise the step of fastening the

production casing to the casing string.

The fastening of the production casing may be performed by inflating a packer

around the production casing.

Further, the completion method may comprise the step of connecting an inflow

control section to the casing string.

Also, the completion method may further comprise the steps of connecting a
fixation device to the casing string and activating the fixation unit of the fixation
device in the borehole, wherein the step of activating the fixation unit may take
place substantially simultaneously with the step of expanding the expandable

sleeve.

And the completion method may further comprise the steps of opening a

fracturing valve, and fracturing the formation by means of a pressurised fluid

from within the casing string in order to make fractures in the formation.

Moreover, the completion method may further comprise the step of closing the

fracturing sleeve.

Additionally, the completion method may further comprise the step of sliding a

sliding sleeve in an axial direction, hence activating the inflow control section.

P1264PCO0
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The completion method as described above may further comprise the steps of
producing hydrocarbon containing fluid from the formation through the inflow

valves of the valve or inflow control section.

Furthermore, the completion method may further comprise the step of

hydrocarbon containing fluid flowing through the casing string.

The parts of a casing string may each comprise at least three tubular sections.

Moreover, the present invention relates to a completion kit for making a
completion assembly as described above, comprising a container comprising:
- a plurality of tubular sections in the form of annular barrier sections, and

- a plurality of tubular sections in the form of inflow control sections.

The container may comprise at least one fixation device.

Further, the container may comprise a plurality of tubular sections containing

only a tubular part.

Brief description of the drawings

The invention and its many advantages will be described in more detail below
with reference to the accompanying schematic drawings, which for the purpose of

illustration show some non-limiting embodiments and in which

Fig. 1 shows a drill rig after drilling a borehole with the BOP in place, and when

mounting a first part of the casing string from tubular sections,

Fig. 2 shows the first part of the casing string arranged in the tower before it is

lowered into the borehole while mounting a second part of the casing string,

Fig. 3 shows the second part of the casing string being connected to the first

part, while a third part of the casing string is mounted,

Fig. 4 shows the parts of the casing string being lowered into the borehole,
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Fig. 5 shows the casing string when the annular barriers have expanded and rock

anchor has been activated,

Fig. 6 shows the casing string in the borehole and the drill pipe disconnected,

Fig. 7 shows a completed well with the casing string and a conductor casing,

Fig. 8 shows a horizontal completion,

Fig. 9 shows a sectional view of a completion assembly,

Fig. 10 shows a sectional view of an inflow control section,

Fig. 11 shows a sliding sleeve in its closed position,

Fig. 12 shows a fixation device,

Figs. 12a and 12b show another fixation device,

Fig. 13 shows a completion kit, and

Figs. 13A and 13B show two longitudinal cross-sectional views of an inflow

control section 120.

All the figures are highly schematic and not necessarily to scale, and they show

only those parts which are necessary in order to elucidate the invention, other

parts being omitted or merely suggested.

Detailed description of the invention

Fig. 1 shows a drill rig 50 after drilling a borehole 6 in a formation 7 and after
insertion of a Blow Out Preventer (BOP) 51 or a well head 51. On the rig, three
tubular sections 101 have been assembled into one casing part in a first crane
107. When three tubular sections 101 have been mounted into a first part of a
casing string 104, the first crane 10/ moves the first part into the derrick 106,
while three other tubular sections 101 are mounted into a second part of the

casing string 104 in a second crane 108, as shown in Fig. 2.
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Subsequently, the second crane 108 moves the second part of the casing string
104 into the derrick 106, and the second part of the casing string 104 Is
assembled with the first part of the casing string 104. While assembling the first
part with the second part, a third part is mounted from three tubular sections
101 as shown in Fig. 3. This process is repeated until the casing string 104

comprises the tubular sections 101 as planned.

In Fig. 4, the casing string 104 is mounted with all its tubular sections 101. The
casing is connected in its first end 105 with the first end 103 of a drill pipe 102
holding the casing string in order to submerge the casing string 104 into the well
109 thus forming a completion assembly 100. When the completion assembly
100 is arranged in a predetermined position in the borehole 6, the drill pipe 102
is pressurised from the rig in order to fasten the casing string 104 in the borehole

6. In another embodiment, the rig could be a vessel.

The casing string 104 comprises a plurality of tubular sections 101, at least two
sections being annular barrier sections 110 each comprising at least one annular
barrier. The annular barriers are arranged at a predetermined mutual distance,
and each annular barrier comprises an expandable sleeve 116 surrounding a
tubular part 4, the tubular part 4 forming part of the casing string 104 and
having an opening 118 for the entry of pressurised fluid to expand the sleeve.
The casing string 104 is closed at its second end 111. For pressurising the drill
pipe 102, the completion assembly 100 comprises a pressure creating device 119
connected with a second end 112 of the drill pipe 102, generating a casing fluid
pressure within the drill pipe 102 and within the casing string 104. The pressure
creating device 119 is thus arranged above the well head, preferably at the rig or
vessel. In order to expand the expandable sleeve 116 of the annular barriers, the
casing fluid pressure Pc within the drill pipe 102 is substantially greater than a
formation fluid pressure Pf. In this way, the expandable sleeves 116 are
expanded in one operation and substantially simultaneously. The second end 111
of the casing string 104 may be closed by dropping a ball down the drill pipe 102

so that the ball drops down and is fastened to a seat in the second end 111 of

the casing string 104.

By being able to expand the annular barrier during operation and by expanding
the expandable sleeves 116 of the barriers substantially simultaneously, the

completion operation can occur much quicker than in the known completion
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assemblies. It is thus obtained that the expensive drilling rig can be disconnected
from the completion site, and a less expensive rig can replace the drill rig. By
cutting the number of days during which the expensive drilling rig is required, the
cost of making a well is substantially reduced. A drilling rig is rented by the day,
and the present invention reduces the number of days during which the

expensive drilling rig is required by at least 10-15.

As can be seen from Fig. 5, the drill pipe has a smaller overall outer diameter
than an overall outer diameter of the casing string, and the drill pipe is releasably

connected with the casing string, preferably by means of a running tool 33.

The completion assembly 100 further comprises tubular sections 101 having a
fixation device 113 for anchoring the casing string 104 to the formation 7. In Fig.
5, the drill pipe 102 and the casing string 104 have been pressurised and the
annular barrier and the fixation devices 113 have been expanded. The
expandable sleeve 116 of the annular barrier is expanded until it presses against
the inner surface of the borehole 6 in order to isolate a production zone. The
fixation devices 113 or rock anchors are expanded until they are firmly anchored
into the formation 7 and this is carried out in the same operation as the
expansion of the sleeve of the annular barriers and substantially simultaneously
with the expansion of the sleeves. The fixation device 113 comprises a tubular
part 4 and a fixation unit 20 projecting from the tubular part t owards the
formation 7 when activated by a fluid pressure from within the casing string 104.
The purpose of the rock anchors is to fixate the casing string 104 in its axial
direction so that the isolation properties of the annular barriers are not destroyed

during the expansion of the annular barriers and/or during the production of

hydrocarbons.

When the annular barriers and the rock anchors have been expanded, the drill
pipe 102 is disconnected from the casing string 104 and leaves the casing string
104 in the borehole 6 as shown in Fig. 6. A packer 115 is set between the

production casing 114 and the casing string 104 In order to make a second

barrier as shown in Fig. 7.

In Figs. 1-7, the completion assembly 100 is described running into a vertical
well, and in Fig. 8, the completion assembly 100 Is shown in a horizontal well in

which the casing string 104 comprises several annular barrier sections 110. The
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casing string 104 is subsequently connected with a production casing 114 by
means of a packer 115 or chevron seals. The casing string 104 is inserted Into
the borehole 6 by means of a drill string, and when arranged in the
predetermined position, the drill pipe 102 and the casing string 104 is
pressurised from within by means of the pressure creating device 119 arranged
at the second end 112 of the drill pipe 102. Hereby, the annular barriers are

expanded in one operation and substantially simultaneously.

One of the tubular sections 101 of the completion assembly 100 may be an inflow
control section 120 or a valve section 120 having valves 121 as shown in Figs. 8-
11. The inflow control section 120 has a tubular part 4 in which an opening 5 is
arranged so that fluid can flow from the formation 7 through the opening 5 and
into the casing string 104 when producing hydrocarbons. While the casing 104 is
pressurised from within, the opening of the inflow control section 120 Is sealed
off by means of a sliding or rotational sleeve 26. The tubular sleeve 26 has an
outer face 8 and is slidable in the axial extension 28 or rotatable circumferentially
along the inner face 3. In Figs. 10 and 11, the sleeve 26 is shown as a sliding
sleeve in its second position wherein the fluid is prevented from flowing through
the opening. The inflow control section 120 is arranged between the annular
barrier sections 110 so that the annular barriers isolate the production zone, and
oil from the formation 7 can flow in through the inflow control section 120. In the
following description, for the purpose of simplicity, the sleeve is described as a

sliding sleeve, but the sliding sleeve may easily be replaced by a rotational

sleeve.

By having sliding sleeves 26 capable of closing the valve or inflow control section
120, and thus preventing the pressurised fluid within the casing string 104 from
flowing out through the valve or inflow control valve 121 or opening, the
expandable sleeves 116 can be expanded during operation even though the

casing string 104 comprises inflow control valves 121 or openings in the valve or

inflow control section 120.

The sliding sleeve 26 further comprises a sealing element 9 arranged in
connection with the sleeve in circumferential grooves 10 at the outer face 8. As
can been seen from Fig. 11, the opening 5 have a width in the axial extension 28

of the tubular part 4 and the sealing element 9 has a width being larger than the

width of the opening 5. The sealing element width being larger than the width of
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the opening causes the sealing element 9 not to get stuck when the sliding sleeve

26 passes the opening 5.

The sliding sleeve 26 has an inner face and indentations in the inner face in order
that the sleeve can be moved in the recess 27 by a key tool extending into the
indentations, forcing the sleeve to slide axially along the inner face of the recess
27. The sealing elements 9 are arranged at a mutual axial distance which is
larger than the width of the opening so that the seal in the second position Is
arranged on opposite sides of the opening, thereby sealing the opening. The

sealing element is a chevron seal.

The sliding sleeve 26 is shown in its closed position preventing the flow of fluid
from an inflow control valve 121 in the opening from flowing into the casing, but °
also preventing the fluid in the casing from escaping through the inflow control
valve 121. The sliding sleeves 26 are arranged opposite the valves and slidable
from an open position to a closed position so that the sleeves slide back and forth

in recesses 27 in the wall of the casing and form part of the wall thickness.

When having a slidable sleeve 26 opposite the valve or opening as part of the
casing wall, the sliding sleeve 26 can be closed when pressurising the casing 4
from within in order to perform an operation requiring high pressurised fluid,
such as when expanding annular barriers. When the operation requiring high
pressure is finalised, the sliding sleeve 26 can be opened, and fluid from the

annulus can flow into the casing through the valve.

As shown in Fig. 10, the valve section 120 comprises an inflow control valve 121
arranged in the opening 5 of the tubular part 4. The inflow control valve 121 may
be any kind of flow restriction, such as a throttle, a constant flow valve, variable
choke, steam or fraction valve. In Fig. 10, the inflow control valve 121 is a
constant flow valve having a diaphragm 12A, 12B acting towards seat 35 and the

membrane 31 in order to control the flow through a screen 29 and out into the

casing string 104 if the flow is not prevented by the sliding sleeve 26.

One sliding sleeve may seal off several openings and/or inflow control devices.

The openings may be arranged along both the circumferential direction and the

axial direction of the casing string.
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In Fig. 9, a casing string part is shown having three tubular sections 101. A valve
or inflow contro! section 120 is also arranged between two barrier sections so
that the annular barriers isolate a production zone and the well fluid is let into the
casing string 104 through the valve or inflow control section 120. The valve or
inflow control section 120 has a fracturing valve 122 which is opened or in a
choked position by sliding the sliding sleeve 26 when the casing string 104 has
been pressurised from within and the formation 7 is fractured by the pressurised
fluid. Subsequently, the sliding sleeve 122 may be closed again, and another

sleeve 26 is moved to open an inflow control valve 121.

Fig. 12 shows a tubular section 101 comprising a fixation device 113 and shows
the fixation device 113 in an activated position. The fixation device 113
comprises a tubular part 4 having a hollow interior. The tubular part 4 extends in
an axial direction and has an exterior surface defining a periphery of the fixation
device 113. The fixation device 113 further comprises a fixation unit 20 which is
activated, whereby the fixation unit 20 projects in a radial direction In relation to
the tubular part 4. When the fixation unit 20 is projected, the fixation device 113
can hold the load of the casing string 104.

The fixation unit 20 comprises a first end and a second end which can be moved
in relation to one another. During activation of the fixation device 113, the
fixation unit 20 is projected by moving the first end a distance “d” towards the

second end which is fixed relative to the tubular part 4.

In Fig. 12, the fixation unit 20 is shown comprising a slotted liner 126

surrounding the tubular part 4. The slotted liner 126 has a first end and a second
end. The slotted liner 126 comprises a plurality of slots 25 forming members 23

connecting the first and second ends. The protrusion 127 adjacent to the first end

of the fixation unit 20 has a hollow interior into which the end of the fixation unit
20 extends. The first end of the slotted liner 126 is arranged inside the interior of
the protrusion 127 and is formed as a piston. The second end is secured in a
recess 27 formed by an edge in the other protrusion 127. Alternatively, the
second end may be fixed to the tubular part 4 by welding or in any other way
deemed suitable by a person skilled in the art. The interior of the protrusion 127/,
wherein the first end of the fixation unit 20 or slotted liner 126 Is arranged,
constitutes a fluid passage between the hollow interior of the tubular part 4 and

the end of the slotted liner 126. When the fixation device 113 is activated by
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pressurising a fluid in the interior of the tubular part 4, the fluid is pushed
through the fluid passage, thereby exerting a force on a surface of the first end

of the slotted liner 126. This force is directed into the members 23, whereby the

members 23 project and the fixation unit 20 enters into the set position.

In Fig. 12a, a cross-sectional view of another fixation device 113 is shown in its
activated position. In Fig. 12a, the fixation device 113 comprises an annular
barrier 3 having t hree f ixation elements 40 projecting from the expandable
sleeve 116 towards the formation 7 when activated by a fluid pressure entering
an opening 118 from within the casing string. The expandable sleeve is, at its
ends, fastened to the tubular part 4, 117 by means of connection elements 41.
As can be seen from Fig. 12b, the fixation elements 40 enter the formation 7 and

in this way fasten the casing string in the axial direction of the casing string.

In Figs. 13A and 13B, the inflow control section 120 in the form of a multi-
function sleeve is shown having two inflow parts 70, 71 in a first tubular part 4.
In between the inflow parts, a second tubular 78 in the form of a rotational
sleeve is arranged controlling the inflow from both inflow parts 70, 71. The inflow
control section 120 comprises a first tubular 4 having twelve inlets 5 and a first
wall 76 having twelve first axial channels 77 extending in the first wall 76 from
the inlets 5. By axial channels is meant that the channels extend in an axial
direction in relation to the inflow control section 120. The second tubular 78 has
a first end 79 and a second end 80 and twelve outlets 81 - only six are shown In
Fig. 13A. The second tubular 78 is rotatable within the first tubular 4 and has a

second wall 82 with twelve second axial channels 83 (only two are shown)

extending in the second wall 82 from the first end 79 to the outlet 81. Thus, each

outlet has its own second axial channel.

The second tubular 78 is rotatable in relation to the first tubular 4 at least
between a first position, in which the first channel 77 and second channel are in
alignment for allowing fluid to flow from the reservoir Into the casing via the first
end 79 of the second tubular 78 and a second position in which the first channel

27 and second channel are out of alignment so that fluid is prevented from

flowing into the casing.

The inflow control section 120 also comprises a first packer 14 which is arranged

between the first tubular 4 and the first end 79 of the second tubular 78. The
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packer 14 extends around the inner circumferential recess. The packer 14 has
the same number of through-going packer channels 15 as there are first axial

channels, i.e. in this embodiment twelve, the packer channels 15 being aligned

with the first axial channels 77.

The packer 14 is preferably made of ceramics, whereby it is possible to make the
contact surfaces of the packer 14 smooth, which enhances the sealing properties
of the packer 14, since the smooth contact surface may be pressed closer to the
opposite surface, for instance the first end 79 of the second tubular 78. However,
in other embodiments, the packer may be made of metal, composites, polymers,
or the like. Spring elements 17 are arranged between the packer 14 and the
tubular 4 to press the packer towards the second tubular or rotational sleeve /8.
The packer channels 15 are positioned in the same manner as the two groups of
inlets as described. The spring element 17 is positioned between the wall 76 of
the first tubular 4 and the packer 14. The spring element 17 is placed in the
same inner circumferential recess 13 as the packer 14 and the second tubular.
The spring element 17 is bellows-shaped and is preferably made of metal. The
bellows-shaped spring element 17 comprises axial grooves, in which the fluid
flow can force the spring element 17 against the packer 14, whereby the fluid
flow and pressure exert an axial force on the packer 14 so that the packer is

pressed against the second tubular, providing enhanced sealing properties.

Furthermore, the second tubular 8 comprises at least one recess 18 accessible
from within, the recess 18 being adapted to receive a key tool (not shown) for

rotating the second tubular 8 in relation to the first tubular 4.

In Figs. 13A and 13B, flow restrictors 19 are arranged in the inlets 5 for
restricting or throttle the inflow of fluid into the first channels 77. The flow

restrictors 19 may be any kind of suitable valves, such as a constant flow valve

88 shown at the right inflow part /1.

Furthermore, a screen 84 is arranged around the inlets 5 for protecting the inlets

5, as well as the flow restrictors and valves arranged in the inlets, when the

inflow assembly is not in operation.
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In addition to these features, the inflow control section also comprises a third
tubular, which is rotatable within the first tubular 4. The third tubular 38 which is

rotatable may for instance be a fracturing port or a rotational fracturing sleeve.

In the shown valve or inflow contro! section 120, in which the packers 14 and the
spring elements 17 are arranged on both sides of the second tubular 78, the fluid
flowing in the axial channels on both sides of the second tubular will exert axial
forces on both sides of the second tubular 78, i.e. on the spring elements 17 and
thereby on the packers 14. Hereby, enhanced sealing properties are provided on
both sides of the second tubular 78. Even when the second tubular 78 is In a
closed position (as shown in Figs. 13A and 13B) at one end or both ends, the
fluid flowing in through the inlets will still exert axial forces via the spring
elements and the packers towards the second tubular 78. Thus, when the axial
channels arranged at each end of the second tubular 78 are all in non-alignment
with the axial channels of the first tubular, the fluid is at least stopped from
flowing into the casing at these points. However, since the fluid at both ends of
the second tubular still has a flow pressure which is almost equal to the formation
pressure, the fluid pressure will exert axial force at both ends of the second
tubular, and will consequently force the packers towards the ends of the second
tubular 78, whereby the inflow control section has an enhanced sealing around

the second tubular 78, even when the flow of fluid has been stopped.

One or more of the tubular sections 101 may also be a tubular section/tubular
sections containing only a tubular part without any annular barriers, fixation

devices or inflow control valves or openings.

The annular barrier comprises a valve arranged in the opening 5 of the tubular

part 4.

The completion assembly 100 may comprise closing means for closing the second

end 111 of the casing string 104. The closing means may be a ball dropped into a

seat in the second end 111 of the casing string 104.

As shown in Fig. 13, the invention also relates to a completion kit 200 for
completing a casing string 104 of the aforementioned completion assembly 100.

The completion kit 200 comprises a container 201 comprising a plurality of

tubular sections 101 in the form of annular barrier sections 110, and a plurality of
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tubular sections 101 in the form of inflow control sections 120. Furthermore, the
container comprises at least one fixation device 113 and a plurality of tubular
sections 101 containing only a tubular part 4. All the tubular sections 101 are
sorted in the container in the order needed when mounting the tubular sections
101 into one casing string 104. The container 201 is thus arranged to comprise
all the tubular sections 101 needed to make the entire casing string 104 to be
connected to the drill pipe 102 and submerged into the borehole 6. The container
201 has a conventional size and can be carried to the drilling rig by means of a
vessel so that the drilling rig can be transported directly to the site where a well
is to be completed. Thus, time and money are saved because the drilling rig does
not have to be transported to a harbour to get the tubular sections 101 on board.

Instead it can be transported directly to the next site at which a well is to be

made.

The tubular sections of the kit are designed in length to fit a standard container
and to fit a standard mounting arrangement on the rig, so that the tubular
sections can be transported by any suitable means for transporting a container
and so that the tubular sections can be assembled into one casing string In a

conventiona! mounting equipment on board a rig or vessel.

By casing pressure is meant the pressure of the fluid which is present in the
casing when the casing string 104 is pressurised by means of the pressure
creating device 119. By formation fluid pressure is meant the fluid pressure
which is present in the formation 7 outside the casing string 104 in the annulus

surrounding the string in the borehole 6.

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, €tc. 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, respectively.

By a casing is meant any kind of pipe, tubing, tubular, liner, string etc. used

downhole in relation to oil or natural gas production. By casing string is thus also

meant a liner string.
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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®.
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Claims

1. A completion assembly for running into a borehole in a formation,

comprising:

- @ casing string having a first end and a second end, and

- a pipe connected at a first end with the casing string at the first end of the
casing string,

wherein the casing string comprises:

a plurality of tubular sections, at least two sections being annular barrier sections

each comprising at least one annular batrier, the annular barriers being arranged
at a predetermined mutual distance, each annular barrier comprising an
expandable sleeve surrounding a tubular part, the tubular part forming part of
the casing string and having an opening for entry of pressurised fluid to expand

the sleeve, and

the second end being closed, and
the assembly comprising a pressure creating device connected with a second end

of the pipe, generating a casing fluid pressure within the pipe and within the

casing string, which fluid pressure is substantially greater than a formation fluid

pressure for expanding the expandable sleeve,
wherein one of the tubular sections is a fraction valve or an inflow control section

comprising a fracturing sleeve.

2. A completion assembly according to claim 1, wherein the inflow control

section has a tubular part.

3. A completion assembly according to claim 2, wherein the inflow control

section is arranged between the annular barrier sections.

4. A completion assembly according to claim 2 or 3, wherein the inflow control

section comprises an inflow control valve arranged in the tubular part.

5. A completion assembly according to any of claims 2-4, wherein the
fracturing sleeve is slidable between an open position opposite a fracturing

opening and a closed position,

6. A completion assembly according to any of claims 2-5, further comprising a

sliding sleeve slidable axially to the casing string opposite the inflow control
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section to seal off the inflow control section when the expandable sleeves are

expanded.

7. A completion assembly according to claim 6, wherein the tubular part has
an inner face and the sliding sleeve has an outer face facing the inner face of the
tubular part, and the sliding sleeve comprises sealing elements arranged in

grooves in the outer face of the sliding sleeve.

8. A completion assembly according to any of claims 1-7, wherein one of the

tubular sections is a section containing only the tubular part.

Q. A completion assembly according to any of claims 1-8, wherein one of the

tubular sections comprises a fixation device for anchoring the casing string to the

formation.

10. A completion assembly according to claim 9, wherein the fixation device
comprises a tubular part and a fixation unit, the fixation unit projecting from the

tubular part towards the formation when activated by a fluid pressure from within

the casing string.

11. A completion method for completing a casing string according to any of
claims 1-10, comprising the steps of: |

- mounting tubular sections into a first part of a casing string,

- lowering the first part of the casing string,

- mounting tubular sections into a second part of the casing string,

- connecting the second part of the casing string with the first part,

- lowering the second part of the casing along with the first part,

- connecting a pipe to the casing string, the casing string comprising at least two

annular barrier sections,
- lowering the pipe into the borehole until the casing string is arranged in a

predetermined position,
- pressurising the pipe and the casing string,
- simultaneously expanding an expandable sieeve of an annular barrier of each of

the annular barrier sections, and
- fracturing the formation by means of a pressurised fluid from within the casing

string in order to make fractures in the formation.
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12. A completion method according to claim 11, further comprising the step of

disconnecting the pipe.

13. A completion method according to any of claims 11-12, further comprising
the steps of connecting a fixation device to the casing string and activating the
fixation unit of the fixation device substantially simultaneously with the step of

expanding the expandable sleeve.

14. A completion method according to any of claims 11-13, further comprising

the step of opening a fracturing sleeve.

15. A completion method according to any of claims 11-13, further comprising
the step of closing the second end of the casing by dropping a ball down the pipe

so that the ball drops down and is fastened to a seat in the second end of the

casing string.
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