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(54) DOWNHOLE COMPLETION SYSTEM

(57) The present invention relates to a downhole
completion system for providing plug and abandonment
of awell having a top, comprising a first well tubularmetal
structure arranged in a borehole, a barrier arranged in-
side or around the first well tubular metal structure, iso-
lating a first volume from a second volume, the barrier
havinga top face facing the first volumeandabottom face
facing the second volume, wherein the barrier has a
temperature-activated bypass assembly comprising a
bypass channel and an obstruction part, the bypass
channel extending from the top face to the bottom face
for providing fluid communication between the first vo-
lume and the second volumewhen the obstruction part is
removed by being heated. The invention also relates to a
downhole completion method for providing plug and
abandonment of a downhole completion system.
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Description

[0001] The present invention relates to a downhole
completion system for providing plug and abandonment
of a well having a top. The invention also relates to a
downhole completion method for providing plug and
abandonment of a downhole completion system.
[0002] When a well becomes less productive, and all
attempts to improve the production of hydrocarbons from
a reservoir have failed, theunproductive part of thewell, if
not the whole well, is plugged and abandoned. Plug and
abandonment is an important part of the lifetime of awell.
It is also a costly process since the authorities have high
requirements for the plugging operations in order to en-
sure that the well does not pollute the environment.
[0003] When planning a well, costs for plug and aban-
donment have to be guaranteed so that the authorities
are not left with a large bill to pay for the plug and
abandonment of thewell, and thus awell operator always
seeks a less expensive solution for plug and abandon-
ment so that less money is to be guaranteed.
[0004] In some cased wells, the well has parts where
the casing or production tubing is surrounded by an
annulus which has not been filled with cement during
completion. Such cased wells may also have an annular
space between the intermediate casing and the produc-
tion casing in the upper part of the well. In such wells with
an annulus or annular spaces, the plug and abandon-
ment becomes complicated since when the casing is
filled up with cement to plug the well, the cement cannot
completely fill theannular spaceor theannulus, and there
is a risk of a blowout through that annulus or annular
space. In order to properly plug the well, a large rig is
shipped to thewell to pull the production casing out of the
well. Such operation is thus, in the known solution, ne-
cessary and expensive.
[0005] In order to provide access to the annular space
or annulus, the tubing canbe removedbypyrotechnics or
explosives, but this implies a risk to the remaining part of
the completion that other barriers will be damaged and
thus a too high risk that the plug and abandonment will
leak.
[0006] It is 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 completion system cap-
able of plugging also cased wells having an annulus
between the casing/production tubing and the formation
and/or having an annular space between the intermedi-
ate casing and the production casing without implying a
risk to the remaining part of the completion.
[0007] The above objects, together with numerous
other objects, advantages and features, which will be-
come evident from the below description, are accom-
plished by a solution in accordance with the present
invention by a downhole completion system for providing
plug and abandonment of a well having a top , compris-
ing:

- a first well tubular metal structure arranged in a
borehole, and

- a barrier arranged inside or around the first well
tubular metal structure, isolating a first volume from
a second volume, the barrier having a top face facing
the first volume and a bottom face facing the second
volume,

wherein the barrier has a temperature-activated bypass
assembly comprising a bypass channel and an obstruc-
tion part, the bypass channel extending from the top face
to the bottom face for providing fluid communication
between the first volume and the second volume when
the obstruction part is removed by being heated.
[0008] By having a temperature-activated bypass as-
sembly, the barrier functions as a conventional barrier
during the production time of the well, and when needing
to plug a part, if not all, of the well, the obstruction part is
heated above a predetermined temperature so that the
bypass channel is opened for fluid communication be-
tween the top face and the bottom face of the barrier,
allowing themeltedmetal from themelted part of the first
well tubular metal structure can flow down the well
through the bypass channel. In that way, it is avoided
that the heat is accumulated above the barrier, and the
risk that such heat would damage other parts of the
completion unintentionally is eliminated.
[0009] Thus, the barrier is pressure-tight during de-
ployment and normal operations, but when heat is ap-
plied above the melting point of the obstruction part, the
barrier melts, enabling a bypass between the top and the
bottom part of the assembly.
[0010] The obstruction part is removable when heated
above a predetermined temperature.
[0011] Further, the predetermined temperaturemaybe
above at least 600 °C, preferably above at least 1000 °C.
[0012] Moreover, the obstruction part may bemeltable
above at least 600 °C, preferably above at least 1000 °C.
[0013] Also, the temperature-activated bypassassem-
bly may comprise a plurality of bypass channels.
[0014] In addition, each bypass channelmay comprise
an obstruction part.
[0015] Moreover, the obstruction part may bemeltable
above at least 600 °C, preferably above at least 1000 °C.
[0016] Also, the obstruction part may be arranged in
the bypass channel or on top of the bypass channel.
[0017] Furthermore, the obstruction part may be a
meltable, moldable or fusible obstruction part.
[0018] Moreover, the obstruction part may be an inter-
nal obstruction part or a part of the bypass channel.
[0019] In addition, the barrier may be a plug arranged
inside the first well tubular metal structure so that the first
and second volumes are arranged inside the first well
tubular metal structure.
[0020] Further, the barrier may be an annular barrier
arranged around the first well tubular metal structure
between the first well tubular metal structure and a sec-
ond well tubular metal structure or the borehole so that
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the first and second volumes are annular volumes.
[0021] Also, the annular barrier may be a production
packer.
[0022] Furthermore, the barrier may be a first barrier,
and the downhole completion system may further com-
prise a second barrier, the first barrier being arranged to
surround the first well tubular metal structure, and the
second barrier being arranged inside the first well tubular
metal structure.
[0023] Moreover, the second barrier may be a plug
arranged inside the first well tubular metal structure,
isolating a third volume above the plug from a fourth
volume inside the first well tubular metal structure.
[0024] In addition, the second barrier may comprise a
temperature-activated bypass assembly comprising a
bypass channel and an obstruction part, the bypass
channel extending from the top face to the bottom face
for providing fluid communication in the bypass channel
when the obstruction part is removed by being heated.
[0025] Further, the barrier may comprise bismuth ma-
terial.
[0026] Also, the downhole completion system may
further comprise a thermite composition arranged inside
the first well tubular metal structure above the barrier.
[0027] Moreover, the downhole completion system
may further comprise an ignitor for igniting the thermite
composition.
[0028] In addition, the downhole completion system
may further comprise cement arranged on top of the first
barrier and/or the second barrier after igniting the ther-
mite composition and melting part of the first well tubular
metal structure.
[0029] Further, the annular barrier may comprise a
tubular metal part for mounting as part of the first well
tubular metal structure, the tubular metal part having an
outer face, comprising:

- an expandable metal sleeve surrounding the tubular
metal part and having an outer face facing towards
the inner face of the borehole or the second well
tubular metal structure and an inner face facing the
outer face of the tubular metal part, and each end of
the expandable metal sleeve being connected with
the tubular metal part,

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

- an expansion opening in the tubular metal part
through which fluid may enter the annular space in
order to expand the expandable metal sleeve.

[0030] Moreover, one of the ends of the expandable
metal sleeve may be connected with the tubular metal
part by means of a connection part, and the bypass
channel may extend through the connection part, provid-
ing fluid communication across the annular barrier.
[0031] In addition, the tubular metal part may have an
axial extension along the axial extension of the first well
tubular metal structure.

[0032] Furthermore, the tubular metal part may have
an inside being pressurised for expanding the expand-
able metal sleeve.
[0033] Moreover, the bypass channel may extend be-
tween theexpandablemetal sleeve and the tubularmetal
part for providing fluid communication past the annular
barrier when the obstruction part is removed by being
heated.
[0034] The invention also relates to a downhole com-
pletion method for providing plug and abandonment of a
downhole completion system according to any of the
proceeding claims, comprising:

- providing a barrier inside or around the first well
tubular metal structure having a temperature-acti-
vated bypass assembly comprising a bypass chan-
nel and an obstruction part, the bypass channel
extending from the top face to the bottom face for
providing fluid communication between the first vo-
lume and the second volume when the obstruction
part is removed by being heated,

- introducing thermite composition into the first well
tubular metal structure,

- generating heat by igniting the thermite composition
by means of an ignitor so that the thermite composi-
tion undergoes an exothermic reduction-oxidation
(redox) reaction,

- removing the obstruction part by the heat,
- melting a part of the first well tubular metal structure,
- letting the melted metal from the first well tubular

metal structure flow through the bypass channel and
into the second volume, and

- introducing cement on top of the barrier.

[0035] The invention and its many advantages will be
described in more detail below with reference to the
accompanying schematic drawings, which for the pur-
pose of illustration show somenon-limiting embodiments
and in which:

Fig. 1a shows a partly cross-sectional view of a
downhole completion system having a tempera-
ture-activated bypass assembly,

Fig. 1b shows a partly cross-sectional view of the
downhole completion systemof Fig. 1a comprising a
thermite composition,

Fig. 1c shows a partly cross-sectional view of the
downhole completion system of Fig. 1b in which the
thermite composition has melted part of the first well
tubular metal structure,

Fig. 2a shows a partly cross-sectional view of an-
other downhole completion system having a tem-
perature-activated bypass assembly,

Fig. 2b shows a partly cross-sectional view of the
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downhole completion systemof Fig. 2a comprising a
thermite composition,

Fig. 2c shows a partly cross-sectional view of the
downhole completion system of Fig. 2b in which the
thermite composition has melted part of the first well
tubular metal structure,

Fig. 3 shows a partly cross-sectional view of yet
another downhole completion system,

Fig. 4 shows a partly cross-sectional viewof a barrier
in the form of a plug having the temperature-acti-
vated bypass assembly, and

Fig. 5 shows a partly cross-sectional viewof a barrier
in the form of an annular barrier.

[0036] 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.
[0037] Fig. 1a shows a downhole completion system
100 for providing plug and abandonment of a well 2
having a top 50. The downhole completion system 100
comprises a first well tubular metal structure 1 arranged
in a borehole 3, and a barrier 4 is arranged inside the first
well tubular metal structure 1, isolating a first volume 101
from a second volume 102. The barrier 4 has a top face 5
facing the first volume 101 and a bottom face 6 facing the
second volume 102. The barrier 4 has a temperature-
activated bypass assembly 7 comprising a bypass chan-
nel 8 and an obstruction part 9. The bypass channel 8 is
shown, even though it extends inside the barrier 4, for
illustrative purpose only. The bypass channel 8 extends
from the top face 5 to the bottom face 6 for providing fluid
communication between the first volume 101 and the
second volume 102 when the obstruction part 9 is re-
moved by being heated. In Figs. 1a‑1d, the barrier 4 is a
plug 4a arranged inside the first well tubular metal struc-
ture 1 so that the first and second volumes 101, 102 are
arranged inside the first well tubular metal structure 1.
The first well tubularmetal structure 1 is arranged at least
partly insidea secondwell tubularmetal structure1b, and
a conventional production packer is arranged between
the first and second well tubular metal structures 1, 1b,
creating an annular space therebetween. The second
well tubularmetal structure1b is arranged in theborehole
3, and cement 27 is arranged therebetween.
[0038] Thus, when the temperature is increased by
heating, the obstruction part 9 of the temperature-acti-
vated bypass assembly 7 is melted and flows down the
bypass channel 8, creating fluid communication inside
the bypass channel 8 from the top face 5 to the bottom
face 6. The obstruction part 9 may also evaporate. The
obstruction part 9 is meltable above at least 600 °C,
preferably above at least 1000 °C.
[0039] When the well 2 needs to be plugged and

abandoned, a thermite composition 11 is arranged inside
the first well tubular metal structure 1 above the barrier 4
as shown in Fig. 1b, and an ignitor 12 for igniting the
thermite composition 11 is activated. As the thermite
composition 11 undergoes an exothermic reduction-oxi-
dation (redox) reaction, heat is generated, melting a part
30 of the first well tubular metal structure 1 as shown in
Fig. 1c and melting the obstruction part 9, providing fluid
communication through the bypass channel 8. The
meltedmetal 26 from the first well tubular metal structure
1 flows through the bypass channel 8 and into the second
volume 102 instead of accumulating on top of the barrier
4. As the melted metal 26 flows through the bypass
channel 8, heat is also removed from the area above
thebarrier 4, and the risk that the heat generated from the
exothermic reaction will damage the second well tubular
metal structure1bandeven thesurroundingcement27 is
eliminated. After some time, the cement 27 can be in-
troduced in the area above the barrier 4where the part 30
has been removed, as shown in Fig. 1d, and the well 2 is
sufficiently plugged. The removed part 30 of the first well
tubular metal structure 1 may be more than 100 metres,
preferablymore than200metres, and the cement plug27
provided on top of the barrier 4 as shown in Fig. 1d canbe
of equal length.
[0040] The obstruction part 9 is an internal obstruction
part arranged in a top part of the bypass channel 8, but
mayalsobearrangedon topof thebypasschannel 8.The
obstruction part 9 is a meltable, moldable or fusible
obstruction part. The obstruction part 9 may also be a
part of the bypass channel 8 so that the bypass channel 8
and the obstruction part 9 are made as one monolithic
whole.
[0041] Thebypass channel 8maybemadeasa tubeof
a temperature-resistant material such as ceramic or a
similar material withstanding temperatures above 1300
°C.
[0042] Thebypass channel 8maybemadeasa tubeof
the same material as the obstruction part 9 and melting
along with the obstruction part 9.
[0043] Fig. 2a shows another downhole completion
system 100 where the barrier 4 is arranged around the
first well tubular metal structure 1, isolating the first
volume 101 from the second volume 102, and where
the bypass channel 8 extends from the top face 5 to the
bottom face 6 for providing fluid communication between
the first volume101and the second volume102when the
obstruction part 9 is removed by being heated.
[0044] The bypass channel 8 is shown, even though it
extends inside the barrier 4, for illustrative purposes only.
The barrier 4 is thus an annular barrier 4b arranged
around the first well tubular metal structure 1 between
the first well tubularmetal structure 1 and the secondwell
tubular metal structure 1b or the borehole 3 so that the
first and second volumes 101, 102 are annular volumes.
The annular barrier 4bmay thus function as a production
packer until the bypass channel 8 is used. The barrier 4 is
a first barrier 4, and the downhole completion system100
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further comprises a second barrier 10, where the first
barrier 4 is arranged to surround the first well tubular
metal structure 1, and the second barrier 10 is arranged
inside the first well tubular metal structure 1. The second
barrier 10 is thus a plug 10a arranged inside the first well
tubular metal structure 1, isolating a third volume 103
above the plug 10a from a fourth volume 104 below the
plug inside the first well tubular metal structure 1. The
second barrier 10 also comprises a temperature-acti-
vated bypass assembly 7b comprising a bypass channel
8band theobstruction part 9b,where thebypass channel
8b extends from the top face 5 of the second barrier 10 to
the bottom face 6 of the second barrier 10 for providing
fluid communication in the bypass channel 8b of the
second barrier 10 when the obstruction part 9b is re-
moved by being heated, e.g. during the exothermic reac-
tion or in a prior heating operation. The temperature-
activated bypass assembly 7b of barriers comprises a
plurality of bypass channels 8b, and each bypass chan-
nel 8b comprises an obstruction part.
[0045] In Fig. 2b, the thermite composition 11 is ar-
ranged inside thefirstwell tubularmetal structure1above
the second barrier 10, and then the obstruction part 9b is
removed by being heated, e.g. during the exothermic
reaction or in a prior heating operation. In Fig. 2c, the
part 30 of the first well tubular metal structure 1 is melted
and flows through the bypass channels 8, 8b in both the
first and second barriers 4, 10 as illustrated.
[0046] In Fig. 2d, the downhole completion system100
further comprises the cement 27 arranged on top of the
first and second barriers 4, 10 after igniting the thermite
composition andmelting part of the firstwell tubularmetal
structure 1.
[0047] The barrier 4, 10may comprise bismuthmateri-
al or alloy, so when heated the barrier 4, 10 decreases in
volume for as long as the melted metal 26 passes the
bypass channels 8, 8b, and after some time, the barrier 4,
10 is cooled down again, the bismuth material or alloy
expands in volume, closing the bypass channel 8, 8b and
increasing the barrier 4, 10 and the P&A (Plug and
Abandonment) even further.
[0048] As shown in Fig. 3, the downhole completion
system comprises a barrier 4 having the temperature-
activated bypass assembly 7 comprising a bypass chan-
nel 8 and the obstruction part 9, where the bypass chan-
nel 8 extends from the top face 5 to the bottom face 6 for
providing fluid communication between the first volume
101 and the second volume 102 when the obstruction
part 9 is removed by being heated. The downhole com-
pletion system 100 further comprises a plug 10a, being a
conventional plug, arranged inside the first well tubular
metal structure 1, isolating a third volume 103 above the
plug 10a from a fourth volume 104 below the plug 10a
inside the first well tubular metal structure 1. Once the
thermite composition 11 has been ignited, the part 30 of
the first well tubular metal structure 1 melts, and the
melted metal 26 flows radially outwards towards the
barrier 4, 10, i.e. the annular barrier 4b, down the bypass

channels 8 therein, and away from the first volume to the
second volume 102.
[0049] The barrier in the form of a plug is illustrated in
Fig. 4,wherepart of the plug is shown ina cross-sectional
view in order to show the bypass channel 8 and the
obstruction part 9 therein.
[0050] In Fig. 5, the annular barrier 4b comprises the
tubular metal part 16 for mounting as part of the first well
tubular metal structure 1 having a longitudinal extension
24. The tubular metal part 16 has an outer face 17, and
the annular barrier 4b further comprises the expandable
metal sleeve18surrounding the tubularmetal part 16and
having an outer face 19 facing towards the inner face of
the borehole 3 or the second well tubular metal structure
1bandan inner face20 facing theouter faceof the tubular
metal part 16. Each end 31, 32 of the expandable metal
sleeve 18 is connectedwith the tubularmetal part 16, and
an annular space 21 is created between the expandable
metal sleeve18and the tubularmetal part 16.The tubular
metal part 16 has an expansion opening 22 through
which fluid may enter the annular space 21 in order to
expand the expandable metal sleeve 18. At least one of
the ends 31, 32 of the expandable metal sleeve 18 is
connected with the tubular metal part 16 by means of a
connectionpart 41,42,and thebypasschannel 8extends
through the connection part 41, 42 and through the
annular space 21 between the expandable metal sleeve
18 and the tubular metal part 16, providing fluid commu-
nication across the annular barrier 4b when the obstruc-
tion part 9 is removed by being heated. The tubular metal
part 16 has an axial extension 23 along the axial exten-
sion 24 of the first well tubular metal structure 1. The
tubular metal part 16 has an inside 25 being pressurised
for expanding the expandable metal sleeve 18.
[0051] By "fluid" or "well fluid" is meant any kind of fluid
that may be present in oil or gas wells downhole, such as
natural gas, oil, oil mud, crude oil, water, etc. By "gas" is
meant any kind of gas composition present in a well,
completion or open hole, and by "oil" is meant any kind of
oil composition, such as crude oil, an oil-containing fluid,
etc. Gas, oil and water fluids may thus all comprise other
elements or substances than gas, oil and/or water, re-
spectively.
[0052] By "casing" or "well tubular metal structure" is
meant any kind of pipe, tubing, tubular, liner, string, etc.,
used downhole in relation to oil or natural gas production.
[0053] Although the invention has been described
above in connection with preferred embodiments of the
invention, it will be evident to 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 completion system (100) for providing
plugandabandonment of awell (2) havinga top (50),
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comprising:

- a first well tubular metal structure (1) arranged
in a borehole (3), and
- a barrier (4) arranged inside or around the first
well tubular metal structure, isolating a first vo-
lume (101) from a second volume (102), the
barrier having a top face (5) facing the first
volume and a bottom face (6) facing the second
volume, wherein the barrier has a temperature-
activated bypass assembly (7) comprising a
bypass channel (8) and an obstruction part
(9), the bypass channel extending from the
top face to the bottom face for providing fluid
communicationbetween thefirst volumeand the
second volume when the obstruction part is
removed by being heated.

2. Adownhole completion systemaccording to claim 1,
wherein the obstruction part is arranged in the by-
pass channel or on top of the bypass channel.

3. A downhole completion system according to claim 1
or 2, wherein the obstruction part is a meltable,
moldable or fusible obstruction part.

4. A downhole completion system according to any of
the preceding, wherein the obstruction part is an
internal obstruction part or a part of the bypass
channel.

5. A downhole completion system according to any of
the preceding claims, wherein the barrier is a plug
(4a) arranged inside the first well tubularmetal struc-
ture so that the first and second volumes are ar-
ranged inside the first well tubular metal structure.

6. A downhole completion system according to any of
claims 1‑5, wherein the barrier is an annular barrier
(4b) arranged around the first well tubular metal
structure between the first well tubular metal struc-
ture and a second well tubular metal structure 1b or
the borehole so that the first and second volumesare
annular volumes.

7. Adownhole completion systemaccording to claim 6,
wherein the annular barrier is a production packer.

8. A downhole completion system according to any of
the preceding claims, wherein the barrier is a first
barrier (4), and the downhole completion system
further comprises a second barrier (10), the first
barrier being arranged to surround the first well
tubularmetal structure, and the second barrier being
arranged inside the first well tubular metal structure.

9. Adownhole completion systemaccording to claim 8,
wherein the second barrier (10) is a plug (10a) ar-

ranged inside the first well tubular metal structure,
isolating a third volume (103) above the plug from a
fourth volume (104) below the plug inside the first
well tubular metal structure.

10. A downhole completion system according to claim 8
or 9, wherein the second barrier comprises a tem-
perature-activated bypass assembly (7b) compris-
ing a bypass channel (8b) and an obstruction part
(9b), the bypass channel extending from the top face
to the bottom face for providing fluid communication
in the bypass channel when the obstruction part is
removed by being heated.

11. A downhole completion system according to any of
the preceding claims, wherein the barrier comprises
bismuth material.

12. A downhole completion system according to any of
the preceding claims, further comprising a thermite
composition (11) arranged inside the firstwell tubular
metal structure above the barrier.

13. A downhole completion system according to claim
12, further comprising an ignitor (12) for igniting the
thermite composition.

14. A downhole completion system according to claim
12 or 13, further comprising cement arranged on top
of the first barrier and/or the second barrier after
igniting the thermite composition and melting part
of the first well tubular metal structure.

15. A downhole completion system according to claim 6
or 7, wherein the annular barrier comprises a tubular
metal part (16) for mounting as part of the first well
tubular metal structure, the tubularmetal part having
an outer face (17), comprising

- an expandable metal sleeve (18) surrounding
the tubular metal part and having an outer face
(19) facing towards the inner face of the bore-
hole or the second well tubular metal structure
andan inner face (20) facing theouter faceof the
tubular metal part, and each end (31, 32) of the
expandable metal sleeve being connected with
the tubular metal part,
- anannular space (21) between theexpandable
metal sleeve and the tubular metal part, and
- an expansion opening (22) in the tubular metal
part through which fluid may enter the annular
space in order to expand the expandable metal
sleeve.
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