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(54) DOWNHOLE SYSTEM FOR REMEDIAL TREATMENT

(57) The present invention relates to a downhole sys-
tem for remedial treatment of a well in a hydro-carbon
reservoir having insufficient flow velocity and thereby ac-
cumulating water in the toe of the well. The downhole
system comprises a production metal casing having a
first inner diameter and a first production zone, and a
velocity metal string having a second inner diameter
smaller than the first inner diameter and being arranged
inside the production metal casing to reduce the flow area
and increase the flow velocity of the fluid flowing in the
well. The velocity metal string comprises a first annular
barrier comprising a tubular metal part for mounting as
part of the velocity metal string, the tubular metal part
having an outer face, an expandable metal sleeve sur-
rounding the tubular metal part and having an inner face
facing the tubular metal part and an outer face facing the
production metal casing, each end of the expandable
metal sleeve being connected with the tubular metal part,
and an annular space between the inner face of the ex-
pandable metal sleeve and the tubular metal part, the
expandable metal sleeve being configured to expand by
expanding the annular space. The first annular barrier is
expanded so that the expandable metal sleeve abuts the
production metal casing, dividing an annulus between
the production metal casing and the velocity metal string
into a first annulus section and a second annulus section,
the first annulus section being arranged closer to a top
of the well than the second annulus section. Furthermore,
the invention relates to a downhole gas lift method for
remedial treatment of a well in a hydro-carbon reservoir
having insufficient flow velocity.
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Description

Field of the invention

[0001] The present invention relates to a downhole
system for remedial treatment of a well in a hydro-carbon
reservoir having insufficient flow velocity, thereby accu-
mulating water in the toe of the well. Furthermore, the
invention relates to a downhole gas lift method for reme-
dial treatment of a well in a hydro-carbon reservoir having
insufficient flow velocity.

Background art

[0002] Some hydro-carbon producing wells have the
problem that the flow velocity of the produced fluid is not
high enough, which allows the fluid to undergo phase
transformation and form water droplets which are dis-
posed on the inner face of the production metal casing
and run along the inner face and accumulate in the bot-
tom or the toe of the well, slowly destroying the well until
it stops producing.

Summary of the invention

[0003] 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 system increasing the
flow velocity of the produced fluid.
[0004] The above 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 system for remedial treatment of a well in a
hydro-carbon reservoir having insufficient flow velocity,
thereby accumulating water in the toe of the well, the
downhole system comprising:

- a production metal casing having a first inner diam-
eter and a first production zone, and

- a velocity metal string having a second inner diam-
eter smaller than the first inner diameter and being
arranged inside the production metal casing to re-
duce the flow area and increase the flow velocity of
the fluid flowing in the well,
wherein the velocity metal string comprises a first
annular barrier comprising:

- a tubular metal part for mounting as part of the
velocity metal string, the tubular metal part hav-
ing an outer face,

- an expandable metal sleeve surrounding the tu-
bular metal part and having an inner face facing
the tubular metal part and an outer face facing
the production metal casing, each end of the ex-
pandable metal sleeve being connected with the
tubular metal part, and

- an annular space between the inner face of the
expandable metal sleeve and the tubular metal
part, the expandable metal sleeve being config-
ured to expand by expanding the annular space,
and

wherein the first annular barrier is expanded so that the
expandable metal sleeve abuts the production metal cas-
ing, dividing an annulus between the production metal
casing and the velocity metal string into a first annulus
section and a second annulus section, the first annulus
section being arranged closer to a top of the well than
the second annulus section.
[0005] The velocity metal string may comprise gas lift
valves arranged opposite the first annulus section or the
second annulus section.
[0006] Furthermore, the gas lift valves may be ar-
ranged above the first annular barrier.
[0007] Also, the velocity metal string may extend into
the well from the top of the well.
[0008] Moreover, the velocity metal string may be
coiled tubing.
[0009] The downhole system may further comprise an
intermediate casing arranged at the top of the well, sur-
rounding the production metal casing, and a main barrier
arranged between the intermediate casing and the pro-
duction metal casing, defining an intermediate annulus,
the velocity metal string comprising a second annular
barrier, the first annular barrier being arranged below the
main barrier and the second annular barrier being ar-
ranged above the main barrier, enclosing the first annulus
section, and the production metal casing having an ap-
erture providing fluid communication between the inter-
mediate annulus and the first annulus section.
[0010] In addition, the downhole system may further
comprise a pump device configured to suck well fluid up
through the velocity metal string.
[0011] Also, the downhole system may further com-
prise a downhole safety valve arranged in the production
metal casing above the first annular barrier
[0012] Moreover, the downhole system may further
comprise a second velocity metal string arranged above
the downhole safety valve.
[0013] The second velocity metal string may comprise
at least one annular barrier.
[0014] Furthermore, the velocity metal string may com-
prise gas lift valves arranged opposite the first annulus
section being closest to the top of well.
[0015] Additionally, the velocity metal string may have
a first end and a second end, the second end being ar-
ranged opposite the first production zone.
[0016] Also, the velocity metal string may reduce the
flow area by more than 50% of the flow area of the pro-
duction metal casing.
[0017] Moreover, the velocity metal string may be con-
figured to be temporarily positioned in the well.
[0018] Further, the velocity metal string may comprise
a plurality of annular barriers.
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[0019] In addition, the annular barrier(s) may be con-
figured to suspend the velocity metal string in the pro-
duction metal casing.
[0020] Furthermore, a first expansion opening may be
arranged in the annular barrier, providing access to the
annular space so that the expandable metal sleeve is
configured to expand when pressurised fluid is injected
into the annular space through the first expansion open-
ing.
[0021] Also, the tubular metal part may have the first
expansion opening.
[0022] Additionally, a flow line may be connected to
the first expansion opening of the annular barrier, the
flow line being arranged outside the velocity metal string.
[0023] Moreover, the flow line may extend from the top
of the well along the first annulus section to the first ex-
pansion opening.
[0024] Furthermore, the annular space may comprise
at least one thermally decomposable compound, which
compound is thermally decomposable below a temper-
ature of 400°C and is adapted to generate gas or super-
critical fluid upon decomposition.
[0025] Also, the compound may comprise nitrogen.
[0026] The compound may be selected from a group
consisting of: ammonium dichromate, ammonium nitrate,
ammonium nitrite, barium azide, sodium nitrate or a com-
bination thereof.
[0027] Further, the compound may decompose at tem-
peratures above 100°C, preferably above 180°C.
[0028] In addition, the annular space may be pre-pres-
surised to a pressure above 5 bar, preferably above 50
bar, more preferably above 100 bar, and even more pref-
erably above 250 bar.
[0029] Moreover, the compound may be present in the
form of a powder, a powder dispersed in a liquid or a
powder dissolved in a liquid.
[0030] Furthermore, the production metal casing may
comprise one or more casing annular barriers each hav-
ing an expandable metal sleeve surrounding the tubular
metal part and being mounted as part of production metal
casing and having an inner face facing the tubular metal
part and an outer face facing a wall of a borehole.
[0031] The downhole system may further comprise a
gas lift pump configured to pressurise the first annulus
section to provide gas lift.
[0032] Moreover, the well may have a liquid level.
[0033] Additionally, the second end of the velocity met-
al string may be arranged below the liquid level.
[0034] The present invention furthermore relates to a
downhole gas lift method for remedial treatment of a well
in a hydro-carbon reservoir having insufficient flow ve-
locity, thereby accumulating water in the toe of the well,
the method comprising:

- inserting a velocity metal string of the downhole sys-
tem according to any of the proceeding claims, and

- expanding the annular barrier so that the expandable
metal sleeve abuts the production metal casing, di-

viding an annulus between the production metal cas-
ing and the velocity metal string into a first annulus
section and a second annulus section, the first an-
nulus section being arranged closer to the top of the
well than the second annulus section.

[0035] The method may further comprise the step of
pressurising the first annulus section with gas.
[0036] Finally, the method may further comprise the
step of allowing the gas to flow into the velocity metal
string through the gas lift valves.

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 partially cross-sectional view of a
downhole system in a well accumulating water,

Fig. 2 shows a partially cross-sectional view of an-
other downhole system having gas lift valves,

Fig. 3 shows a partially cross-sectional view of an-
other downhole system having a velocity metal string
with two annular barriers,

Fig. 4 shows a partially cross-sectional view of yet
another downhole system using gas lift, and

Fig. 5 shows a partially cross-sectional view of yet
another downhole system having two velocity metal
strings.

[0038] All the 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 system 100 for reme-
dial treatment of a well 2 having insufficient flow velocity
and thereby accumulating water, illustrated by a liquid
level 47, in a toe or bottom of the well 2 in a hydro-carbon
reservoir 200. The downhole system 100 comprises a
production metal casing 3 having a first inner diameter
ID1 and a first production zone 101. The downhole sys-
tem 100 further comprises a velocity metal string 4 having
a second inner diameter ID2 smaller than the first inner
diameter and arranged inside the production metal cas-
ing 3 to reduce the flow area FA from the flow area FA1
of the production metal casing 3 having no velocity metal
string to the flow area FA2 of the well 2 having the velocity
metal string 4 inside the production metal casing 3.
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Thereby, the velocity metal string 4 increases the flow
velocity of the fluid flowing in the well 2, which prevents
the fluid from undergoing phase transformation, meaning
that water droplets are no longer able to generate and
deposit on the inner face of the production metal casing
3 and accumulate in the bottom or toe of the well 2.
[0040] The velocity metal string 4 comprises a first an-
nular barrier 10 having a tubular metal part 11 mounted
as part of the velocity metal string. The first annular bar-
rier 10 comprises an expandable metal sleeve 12 sur-
rounding the tubular metal part 11 and having an inner
face 14 facing the tubular metal part and an outer face
15 facing a wall 16 of the production metal casing 3. Each
end 17 of the expandable metal sleeve 12 is connected
with the tubular metal part 11, defining an annular space
19 between the inner face 14 of the expandable metal
sleeve and the tubular metal part. The expandable metal
sleeve 12 is expanded to abut the production metal cas-
ing 3, dividing an annulus 20 between the production
metal casing and the velocity metal string 4 into a first
annulus section 21 and a second annulus section 22.
The first annulus section 21 is arranged closer to a top
30 of the well 2 than the second annulus section 22. As
the flow velocity of the fluid increases, the water accu-
mulated at the bottom will to some extent be mixed with
well fluid and water droplets will be carried with the high
flow fluid, meaning that some of the accumulated water
will be removed from the bottom of the well.
[0041] The velocity metal string 4 extends into the well
2 from the top 30 of the well, and the velocity metal string
is in Fig. 1 shown as coiled tubing around which the first
annular barrier 10, 10a is provided. The velocity metal
string 4 is mounted from a plurality of tubing sections to
form the string and is suspended from the production
metal casing 3 by means of the first annular barrier 10
so that the velocity metal string 4 does not have to be
hung-off in larger equipment at the top 30 of the well 2.
[0042] In Fig. 2, the velocity metal string 4 comprises
gas lift valves 23, 23a-h arranged opposite the first an-
nulus section 21 above the annular barrier 10. The first
annulus section 21 may then be pressurised with gas
flowing first in through a first gas lift valve 23a, then a
second gas lift valve 23b, and subsequently, the first gas
lift valve 23a closes. The pressurisation continues and
the gas also flows into a third gas lift valve 23c, and as
the gas continues downwards and displaces the fluid in
the first annulus section 21, the second gas lift valve 23b
closes. The pressurisation continues until gas in turn has
also entered a fourth gas lift valve 23d, a fifth gas lift valve
23e, a sixth gas lift valve 23f, a seventh gas lift valve 23g
and an eighth gas lift valve 23h, thereby lifting the column
of well fluid in the velocity metal string 4 and increasing
the flow velocity even further. As can be seen, the velocity
metal string 4 has a first end 41 and a second end 42,
and the second end is arranged opposite the first pro-
duction zone 101.
[0043] In Fig. 3, the velocity metal string 4 comprises
the first annular barrier 10, 10a and a second annular

barrier 10, 10b which together enclose the first annulus
section 21. The second annular barrier 10, 10b thus di-
vides the annulus 20 into the second annulus section 22
and a third annulus section 33. The velocity metal string
comprises gas lift valves 23 arranged opposite the first
annulus section 21 which, when pressurised with gas,
flow into the fluid in the velocity metal string 4 and in-
crease the flow velocity of the fluid.
[0044] In Fig. 4, the downhole system 100 further com-
prises an intermediate casing 24 arranged at the top of
the well and surrounding the production metal casing 3.
The downhole system 100 further comprises a main bar-
rier 25 arranged between the intermediate casing 24 and
the production metal casing 3, defining an intermediate
annulus 26. The velocity metal string 4 comprises a sec-
ond annular barrier 10, 10b, and the first annular barrier
10, 10a is arranged above the main barrier 25 when seen
along the longitudinal axis 27 of the production metal
casing 3, and the second annular barrier is arranged be-
low the main barrier 25, enclosing the first annulus sec-
tion 21. The production metal casing 3 has an aperture
28 providing fluid communication between the interme-
diate annulus 26 and the first annulus section 21. The
velocity metal string 4 comprises gas lift valves 23, 23a-
g arranged opposite the first annulus section 21 which,
when pressurised with gas, flow into the fluid in the ve-
locity metal string 4 and increase the flow velocity of the
fluid. In this way, the gas lift is provided further down the
well 2 than just by the gas lift valves 23, 23a-g shown in
Fig. 3, and the flow velocity of the fluid is further increased
when needed.
[0045] As shown in Fig. 5, the downhole system 100
further comprises a downhole safety valve 29 arranged
in the production metal casing 3 above the first annular
barrier 10a. A downhole safety valve 29 can only be re-
moved by pulling the production metal casing 3 out of
the well 2, which is not desired as such an operation is
very expensive, and furthermore, the production metal
casing without the valve needs to be inserted again be-
fore the velocity metal string 4 is inserted. Therefore, the
downhole system 100 comprises a second velocity metal
string 4b arranged above the downhole safety valve 29.
The second velocity metal string 4b comprises an annular
barrier 10c for connecting the second velocity metal
string 4b to the production metal casing 3.
[0046] Furthermore, the downhole system 100 com-
prises a pump device configured to suck well fluid up
through the velocity metal string.
[0047] Also, the velocity metal string reduces the flow
area by more than 50% of the flow area of the production
metal casing.
[0048] A first expansion opening 51 of the annular bar-
rier 10 shown in Fig. 2 provides access to the annular
space 19 so that the expandable metal sleeve is config-
ured to expand when pressurised fluid is injected into the
annular space through the first expansion opening. The
fluid for expanding the annular barrier 10 is provided by
means of a flow line 52 from surface which is arranged
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outside the velocity metal string 4. In another embodi-
ment, the tubular metal part 11 of the annular barrier 10
comprises the first expansion opening 51 so that the ve-
locity metal string 4 is pressurised to expand the expand-
able metal sleeve 12. Another way of expanding the ex-
pandable metal sleeve is by way of a compound arranged
in the annular space 19, which compound is thermally
decomposable below a temperature of 400°C and is
adapted to generate gas or super-critical fluid upon de-
composition and thereby expand the expandable metal
sleeve 12. The compound comprises nitrogen and is se-
lected from a group consisting of: ammonium dichro-
mate, ammonium nitrate, ammonium nitrite, barium
azide, sodium nitrate or a combination thereof. The com-
pound is present in the form of a powder, a powder dis-
persed in a liquid or a powder dissolved in a liquid, and
the compound decomposes at temperatures above
100°C, preferably above 180°C. The annular barriers 10
may also be expanded by inserting a tool isolating a zone
opposite the expansion opening and pressurising the iso-
lated zone and expanding the expandable metal sleeve
12.
[0049] In order to expand the expandable metal sleeve
12, the annular space 19 is pre-pressurised to a pressure
above 5 bar, preferably above 50 bar, more preferably
above 100 bar, and even more preferably above 250 bar.
[0050] In Fig. 5, the production metal casing 3 com-
prises two casing annular barriers 40, each having an
expandable metal sleeve 12 surrounding the tubular met-
al part 42 being mounted as part of production metal cas-
ing 3 and having an inner face 43 facing the tubular metal
part and an outer face 44 facing a wall 45 of the borehole
34. The downhole system 100 further comprises a gas
lift pump 46 configured to pressurise the first annulus
section 21 to provide gas lift.
[0051] Downhole gas lift is provided for remedial treat-
ment of a well 2 in a hydro-carbon reservoir 200 having
insufficient flow velocity and thereby accumulating water
in the toe of the well. The gas lift is provided by inserting
a velocity metal string 4 of the downhole system 100 and
then expanding the annular barrier 10 so that the expand-
able metal sleeve 12 abuts the production metal casing
3, dividing an annulus 20 between the production metal
casing and the velocity metal string into a first annulus
section 21 and a second annulus section 22, the first
annulus section being arranged closer to the top 30 of
the well 2 than the second annulus section. Subsequent-
ly, gas can be provided down the first annulus section
21, allowing the gas to flow into the velocity metal string
4 through gas lift valves 23, 23a-h, as shown in Fig. 2.
[0052] 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.
[0053] By a casing or production metal casing is meant
any kind of pipe, tubing, tubular, liner, string etc. used
downhole in relation to oil or natural gas production.
[0054] 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®.
[0055] 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 system (100) for remedial treatment of
a well (2) in a hydro-carbon reservoir (200) having
insufficient flow velocity and thereby accumulating
water in the toe of the well, the downhole system
comprising:

- a production metal casing (3) having a first in-
ner diameter (ID1) and a first production zone
(101), and
- a velocity metal string (4) having a second inner
diameter (ID2) smaller than the first inner diam-
eter and being arranged inside the production
metal casing to reduce the flow area (FA) and
increase the flow velocity of the fluid flowing in
the well,
wherein the velocity metal string comprises a
first annular barrier (10, 10a) comprising:

- a tubular metal part (11) for mounting as
part of the velocity metal string,
- an expandable metal sleeve (12) sur-
rounding the tubular metal part and having
an inner face (14) facing the tubular metal
part and an outer face (15) facing the pro-
duction metal casing, each end of the ex-
pandable metal sleeve being connected
with the tubular metal part, and
- an annular space (19) between the inner
face of the expandable metal sleeve and
the tubular metal part, the expandable metal
sleeve being configured to expand by ex-
panding the annular space, and

wherein the first annular barrier is expanded so that
the expandable metal sleeve abuts the production
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metal casing, dividing an annulus (20) between the
production metal casing and the velocity metal string
into a first annulus section (21) and a second annulus
section (22), the first annulus section being arranged
closer to a top (30) of the well than the second an-
nulus section.

2. A downhole system according to claim 1, wherein
the velocity metal string comprises gas lift valves (23,
23a-h) arranged opposite the first annulus section.

3. A downhole system according to any of the preced-
ing claims, wherein the velocity metal string is coiled
tubing.

4. A downhole system according to any of the preced-
ing claims, further comprising an intermediate casing
(24) arranged at the top of the well, surrounding the
production metal casing, and a main barrier (25) ar-
ranged between the intermediate casing and the pro-
duction metal casing, defining an intermediate an-
nulus (26), the velocity metal string comprising a sec-
ond annular barrier (10, 10b), the first annular barrier
being arranged below the main barrier and the sec-
ond annular barrier being arranged above the main
barrier, enclosing the first annulus section, and the
production metal casing having an aperture (28) pro-
viding fluid communication between the intermediate
annulus and the first annulus section.

5. A downhole system according to any of the preced-
ing claims, further comprising a downhole safety
valve (29) arranged in the production metal casing
above the first annular barrier

6. A downhole system according to claim 5, further
comprising a second velocity metal string (4b) ar-
ranged above the downhole safety valve.

7. A downhole system according to claim 6, wherein
the second velocity metal string comprises at least
one annular barrier.

8. A downhole system according to any of the preced-
ing claims, wherein the velocity metal string has a
first end (41) and a second end (42), the second end
being arranged opposite the first production zone.

9. A downhole system according to any of the preced-
ing claims, wherein the velocity metal string reduces
the flow area by more than 50% of the flow area of
the production metal casing.

10. A downhole system according to any of the preced-
ing claims, wherein the annular barrier(s) is/are con-
figured to suspend the velocity metal string in the
production metal casing.

11. A downhole system according to any of the preced-
ing claims, wherein a first expansion opening (51) is
arranged in the annular barrier, providing access to
the annular space so that the expandable metal
sleeve is configured to expand when pressurised flu-
id is injected into the annular space through the first
expansion opening.

12. A downhole system according to claim 11, wherein
a flow line (52) is connected to the first expansion
opening of the annular barrier, the flow line being
arranged outside the velocity metal string.

13. A downhole system according to any of the preced-
ing claims, wherein the production metal casing com-
prises one or more casing annular barriers (40) each
having an expandable metal sleeve surrounding the
tubular metal part and being mounted as part of pro-
duction metal casing and having an inner face (43)
facing the tubular metal part and an outer face (44)
facing a wall (45) of a borehole (34).

14. A downhole system according to any of the preced-
ing claims, further comprising a gas lift pump (46)
configured to pressurise the first annulus section to
provide gas lift.

15. A downhole gas lift method for remedial treatment
of a well in a hydro-carbon reservoir having insuffi-
cient flow velocity, thereby accumulating water in the
toe of the well, the method comprising:

- inserting a velocity metal string of the downhole
system according to any of the proceeding
claims, and
- expanding the annular barrier so that the ex-
pandable metal sleeve abuts the production
metal casing, dividing an annulus between the
production metal casing and the velocity metal
string into a first annulus section and a second
annulus section, the first annulus section being
arranged closer to the top of the well than the
second annulus section.
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