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(54) DOWNHOLE SYSTEM FOR UNLOADING LIQUID

(57) The present invention relates to a downhole sys-
tem for unloading a liquid of a well in an annulus between
an intermediate casing and a production tubular metal
structure. The downhole system comprises the interme-
diate casing; a pump at a top of the well, configured to
pressurise the annulus to displace the liquid in the annu-
lus; the production tubular metal structure having a first
inner diameter, arranged partly in the intermediate cas-
ing, thereby defining the annulus; a production packer
arranged between the intermediate casing and the pro-
duction tubular metal structure, and a first liquid unload-
ing assembly and a second liquid unloading assembly,
each comprising a tubular part having a wall having a
second inner diameter, an outer face and an aperture,
the tubular part being configured to be mounted as part
of the production tubular metal structure; and a check
valve connected with the outer face, the check valve hav-
ing an inlet in fluid communication with the annulus and
an outlet in fluid communication with the aperture. The
downhole system further comprises a sliding sleeve ar-
ranged to slide along an inner face of the tubular part
between an open position and closed position to open or
close the aperture. Furthermore, the present invention
relates to a liquid unloading method for unloading liquid
of a well in an annulus between an intermediate casing
and a production tubular metal structure.
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Description

Field of the invention

[0001] The present invention relates to a downhole
system for unloading a liquid of a well in an annulus be-
tween an intermediate casing and a production tubular
metal structure. Furthermore, the present invention re-
lates to a liquid unloading method for unloading liquid of
a well in an annulus between an intermediate casing and
a production tubular metal structure.

Background art

[0002] During completion of a well, the well is filled with
liquid, e.g. brine, in the annulus between the intermediate
casing and the production casing and must be unloaded
before production can begin. For this purpose, a pump
at a top of the well pressurises the annulus with gas from
the top to displace the liquid in the annulus through gas
lift valves.
[0003] Known conventional gas lift valves (GLV) are
designed in such a way that the GLV nearest the top
opens at one pressure and the next at another pressure.
The first GLV then closes at a registered pressure drop.
Each GLV is thus designed to be self-operating and de-
signed from the dimensions of the intermediate casing,
the production casing and the pressure available at the
top. If the GLVs are not designed correctly, the liquid un-
loading procedure fails, e.g. if one GLV does not open
or another does not close in a certain order. The GLVs
are often designed to close dependent on a pressure
drop, which may fail if the GLV does not detect the pres-
sure drop. The failing GLV can then be replaced from
within the production casing by intervening the well with
a kick-over tool, but the valve needs to be set in either
an open or a closed position, depending on the situation,
in order for the unloading procedure to be re-established.
If the GLV is not in the right position, the unloading pro-
cedure cannot be initiated.

Summary of the invention

[0004] 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 liquid-unloading system which does
not fail and/or is more cost efficient.
[0005] 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 unloading a liquid of a well in an
annulus between an intermediate casing and a produc-
tion tubular metal structure, comprising:

- the intermediate casing,
- a pump at a top of the well, configured to pressurise

the annulus to displace the liquid in the annulus,
- the production tubular metal structure having a first

inner diameter, arranged partly in the intermediate
casing, thereby defining the annulus,

- a production packer arranged between the interme-
diate casing and the production tubular metal struc-
ture, and

- a first liquid unloading assembly and a second liquid
unloading assembly, each comprising:

- a tubular part having a wall having a second inner
diameter, an outer face and an aperture, the tubular
part being configured to be mounted as part of the
production tubular metal structure, and

- a check valve connected with the outer face, the
check valve having an inlet in fluid communication
with the annulus and an outlet in fluid communication
with the aperture,

wherein the downhole system further comprises a sliding
sleeve arranged to slide along an inner face of the tubular
part between an open position and closed position to
open or close the aperture.
[0006] The downhole system may further comprise a
downhole tool for operating the sliding sleeve between
the open and the closed position of the sliding sleeve.
[0007] In an embodiment, each liquid unloading as-
sembly may have an outer diameter which is less than
20% larger than the outer diameter of the production tu-
bular metal structure.
[0008] Furthermore, each liquid unloading assembly
may comprise a plurality of check valves.
[0009] Moreover, each liquid unloading assembly may
comprise a plurality of assembly inlets, each assembly
inlet being fluidly connected with the inlet of one of the
check valves.
[0010] Also, the first inner diameter of the production
tubular metal structure may be substantially equal to the
second inner diameter of the tubular part of the liquid
unloading assembly.
[0011] In addition, the sliding sleeve may be arranged
in a recess of the tubular part.
[0012] Further, the sliding sleeve may have a third in-
ner diameter which is substantially equal to the first inner
diameter of the production tubular metal structure.
[0013] In an embodiment, the downhole system may
further comprise a liner hanger casing and a second pro-
duction packer, the liner hanger casing being arranged
between the first production packer and the second pro-
duction packer, which second production packer may be
arranged between the liner hanger casing and the pro-
duction tubular metal structure.
[0014] Additionally, at least some of the check valve
assemblies may be arranged below the first production
packer.
[0015] Also, the tool may comprise a detection unit
configured to detect the presence of gas in the production
tubular metal structure.
[0016] Furthermore, the tool may comprise a driving
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unit, such as a downhole tractor.
[0017] The present invention furthermore relates to a
liquid unloading method for unloading liquid of a well in
an annulus between an intermediate casing and a pro-
duction tubular metal structure, comprising the steps of:

- pressurising the annulus with gas to displace the liq-
uid from the top pf the well in through the check
valves in the downhole system described above,

- letting gas through the first check valve into the pro-
duction tubular metal structure,

- detecting gas in the production tubular metal struc-
ture,

- closing the first check valve by means of the tool,
- displacing the liquid by letting the liquid in through

the second check valve,
- letting gas through the second check valve into the

production tubular metal structure, and
- detecting a gas in the production tubular metal struc-

ture.

[0018] In an embodiment, the step of detecting a gas
may be performed at the top of the well or by means of
the tool.
[0019] Furthermore, the liquid unloading method may
further comprise the step of closing the second check
valve.
[0020] Finally, the liquid unloading method may further
comprise the step of producing hydrocarbon-containing
fluid.

Brief description of the drawings

[0021] 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 cross-sectional view of a downhole
system,

Fig. 2 shows a cross-sectional view of another down-
hole system,

Fig. 3 shows a cross-sectional view of a liquid-un-
loading assembly mounted as part of the production
tubular metal structure,

Fig. 4 shows a cross-sectional view of a check valve
of the liquid-unloading assembly,

Fig. 5 shows the liquid-unloading assembly in per-
spective,

Fig. 6 shows a cross-sectional view of another down-
hole system, and

Fig. 7 shows a cross-sectional view of yet another
downhole system.

[0022] 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

[0023] Fig. 1 shows a downhole system 1 for unloading
a liquid 2 of a well 3 in an annulus 4 between an inter-
mediate casing 5 and a production tubular metal structure
6. The production tubular metal structure 6 has a first
inner diameter ID1 which is not substantially decreased
from top to bottom, and the production tubular metal
structure is partly arranged in the intermediate casing 5,
thereby defining the annulus, and extends below the in-
termediate casing. A production packer 9, also called a
main packer, is arranged between the intermediate cas-
ing 5 and production tubular metal structure 6 to enclose
part of the annulus 4. During completion of a well, the
well 3 is filled with liquid in the annulus 4, and the liquid
must be unloaded before production can begin. For this
purpose, the downhole system 1 comprises a pump 7 at
a top 8 of the well 3, configured to pressurise the annulus
4 with gas 20 from the top to displace the liquid in the
annulus through a first liquid unloading assembly 10A,
10 and a second liquid unloading assembly 10B, 10. The
first liquid unloading assembly is arranged closer to the
top 8 than the second liquid unloading assembly so that
the gas enters the first liquid unloading assembly first
and then flows into an inside 30 of the production tubular
metal structure 6.
[0024] When gas is detected on the inside 30 of the
production tubular metal structure 6, the first liquid un-
loading assembly 10A is closed by means of a tool 40,
as shown in Fig. 2, so that the gas is forced to displace
the liquid vertically in the annulus below the first liquid
unloading assembly and then enter the second liquid un-
loading assembly. The tool 40 comprises engagement
means 41, such as keys, for engaging a profile 42 in a
sliding sleeve 18 of the liquid unloading assembly 10.
[0025] As shown in Fig. 3, each liquid unloading as-
sembly 10 comprises a tubular part 11 having a wall 12
and a check valve 16 connected with an outer face 14 of
the wall. The tubular part 11 is mounted as part of the
production tubular metal structure 6, and the wall of the
tubular part 11 has a second inner diameter ID2 which
is at least equal to the first inner diameter ID1 of the pro-
duction tubular metal structure 6. The wall 12 has an
aperture 15, and the check valve 16 has an outlet 17 in
fluid communication with the aperture through a fluid
channel 22. Each liquid unloading assembly 10 compris-
es a sliding sleeve 18 arranged to slide along an inner
face 19 of the tubular part 11 between an open position
and a closed position to open or close the aperture 15.
Due to the fact that the sliding sleeve 18 slides in the
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recess, the liquid unloading assembly 10 has almost the
same inner diameter as the production tubular metal
structure 6. Thus, the sliding sleeve 18 has a third inner
diameter ID3 which is substantially equal to the first inner
diameter ID1 of the production tubular metal structure 6.
[0026] The check valve 16 has an inlet 17 in fluid com-
munication with the annulus 4 for letting gas into the in-
side of the production tubular metal structure 6. The
check valve 16 has an outlet 23 in fluid communication
with the aperture 15 of the tubular part 11. The check
valve 16 comprises a spring element 36 which is com-
pressible when a ball 37 is moved in the axial extension
of the liquid unloading assembly 10 by gas entering
through the inlet 17. A filtering element 38 is arranged in
the inlet to prevent particles in the gas from entering
through the check valve 16. Thus, the check valve 16 is
a conventional non-return valve or one-way valve allow-
ing fluid (liquid or gas) to flow through it in only one di-
rection from the annulus to the inside of the production
tubular metal structure 6.
[0027] By having a simple conventional check valve
instead of a larger and more complicated gas lift valve,
the liquid-unloading procedure is very simple and does
not rely on the gas lift valve to be open and close at certain
predetermined pressures. The known conventional gas
lift valves (GLV) are designed so that one GLV opens at
one pressure and the next at another pressure. Each
GLV is thus designed to be self-operating and designed
from the dimensions of the intermediate casing, the pro-
duction casing and the pressure available at the top. If
the GLVs are not designed correctly, the liquid un-loading
procedure fails, e.g. if one GLV does not open or another
does not close in a certain order. The GLVs are often
designed to close dependent on a pressure drop, which
may fail. The failing GLV can then be replaced from within
the production casing and the unloading procedure re-
established. By having a downhole system of the present
invention having small, simple check valves and a sliding
sleeve operated by a tool for opening and closing the
valve assembly, the system has a much simpler design
which is less expensive, and the risk of failure is also
substantially reduced.
[0028] As shown in Fig. 3, the open and closed posi-
tions of the check valve 16 are controlled by the tool slid-
ing a sliding sleeve 18 to uncover the aperture 15 of the
tubular part 11 and thus allow gas to flow into the pro-
duction tubular metal structure 6. In Fig. 3, the sliding
sleeve 18 is shown in its closed position covering the
aperture 15 and thus preventing gas from flowing into
the production tubular metal structure 6 through that
check valve 16. The function of the check valve 16 is only
to let fluid into the production tubular metal structure 6
and prevent fluid from the inside of the production tubular
metal structure from flowing into the annulus. The check
valve 16 can thus have a simple design, and every check
valve positioned along the production tubular metal struc-
ture 6 can have the same simple design with the risk of
not matching the dimensions of the well to open and close

dependent on pressure and/or pressure difference. The
check valve 16 can be arranged outside the production
tubular metal structure 6 and therefore does not limit the
inner diameter of the production tubular metal structure
or increase the outer diameter of the production tubular
metal structure.
[0029] In Fig. 5, the liquid unloading assembly 10 com-
prises a plurality of assembly inlets 24, and each liquid
unloading assembly comprises a plurality of check valves
so that each assembly inlet 24 is fluidly connected with
an inlet of one of the check valves. The liquid unloading
assembly 10 may have two assembly inlets 24 fluidly
connected with one check valve.
[0030] As shown in Fig. 3, each liquid unloading as-
sembly 10 has an outer diameter OD2 which is less than
20% larger than the outer diameter OD1 of the production
tubular metal structure 6. In Fig. 6, the downhole system
1 further comprises a liner hanger casing 26 and a second
production packer 9B. The liner hanger casing 26 is ar-
ranged between the first production packer 9A and the
second production packer 9B. The second production
packer 9B is arranged between the liner hanger casing
26 and the production tubular metal structure 6. Thus,
the annulus 4 is defined by the production tubular metal
structure 6, the intermediate casing 5, the liner hanger
casing 26 and the first and second production packers
9, 9A, 9B. Due to the fact that each liquid unloading as-
sembly 10 has an outer diameter OD2 (shown in Fig. 3)
which is less than 20% larger than the outer diameter
OD1 (shown in Fig. 3) of the production tubular metal
structure 6, the liquid unloading assembly 10 can be ar-
ranged substantially further down the well 3 opposite the
liner hanger casing without increasing the outer diameter
of the intermediate casing 5. When using conventional
gas lift valves for unloading liquid, the gas lift valves in-
crease the outer diameter of the production casing by at
least 50%, and therefore, the gas lift valves cannot be
arranged as deep in the well as the check valves of Fig.
6. Thus, by using conventional gas lift valves, the liquid
unloading is not as efficient as the downhole system of
the present invention, and by being able to arrange the
liquid un-loading assemblies deeper in the well, the liq-
uid-unloading has a much high success rate. Further-
more, when using the check valves for gas lifting subse-
quently, check valves positioned much further down the
well provide gas lift deeper in the well, thereby lifting a
higher/longer liquid column and thus providing a more
efficient gas lift if needed. Thus, as shown in Fig. 7, some
of the check valve assemblies 10 are arranged below the
first production packer 9A but are still in fluid communi-
cation with the A-annulus, and some of the check valves
are arranged above the first production packer. In Fig. 7,
the downhole system comprises ten check valve assem-
blies 10, 10A-10J. The first check valve assembly 10A
is arranged closest to the top of the well, and the next
check valve assembly 10 is the second check valve as-
sembly 10B, and so on all the way down to the tenth
check valve assembly 10J through which the gas flows
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when the gas has entered all nine of the check valve
assemblies 10A-10I arranged above. Each check valve
assembly 10A-J is closed by the tool in succession of
each other, and the first check valve assembly 10A is
closed first, the second check valve assembly 10B closed
secondly, and so forth.
[0031] One way of detecting gas entering the first
check valve 16 may be to detect if the fluid flowing out
of the well at the top of the well contains gas. Another
way is if the downhole tool 40 comprises a detection unit
44 which is configured to detect the presence of gas in
the production tubular metal structure 6, as shown in Fig.
2. The detection unit 44 may comprise an ultrasonic or
acoustic sensor, a capacitance sensor or a similar sensor
for detecting a change in the flow and the fluid content.
The downhole tool may also comprise a driving unit 45,
such as a downhole tractor.
[0032] First, the annulus 4 is pressurised with gas to
displace the liquid from the top of the well 3 in through
the first check valve 16 arranged outside the wall of the
tubular part and the production tubular metal structure 6.
Once gas has been detected in the production tubular
metal structure 6, e.g. by the tool or at the top of the well,
the first check valve is closed by means of the tool to
force the gas further down the well, displacing liquid to-
wards the second check valve in through the second
check valve. If the first check valve stayed open, the liquid
displacement would not be as efficient or could complete-
ly stop. As the gas displaces the liquid, the gas is aligned
with the second check valve and is let through the second
check valve into the production tubular metal structure
6. Subsequently, when gas is detected in the production
tubular metal structure 6, e.g. from the top of the well or
by the tool, gas has reached the level of the second check
valve, and then, this second check valve is closed so that
the gas further displaces the liquid downwards in through
the next check valve deeper in the well 3. The procedure
is continued until almost all the liquid has been displaced
and the annulus 4 has been sufficiently emptied of liquid.
Then, the production of hydrocarbon-containing fluid
through openings/perforations 61 in the production tubu-
lar metal structure 6 opposite at the production zone 101
is initiated, as shown in Fig. 6. As can be seen, the pro-
duction tubular metal structure 6 may also comprise an
annular barrier 50 having a tubular metal part mounted
as part of the production tubular metal structure. The an-
nular barrier 50 comprises an expandable sleeve 51 ex-
panded by letting pressurised fluid in through an expan-
sion opening 52.
[0033] 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.

[0034] By a casing, production tubular metal structure,
production casing, intermediate casing, or liner hanger
casing is meant any kind of pipe, tubing, tubular, liner,
string etc. used downhole in relation to oil or natural gas
production.
[0035] In the event that the tool is not submergible all
the way into the casing, a downhole tractor 45 can be
used to push the tool all the way into position in the well,
as shown in Fig. 2. The downhole tractor may have pro-
jectable 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®.
[0036] 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 (1) for unloading a liquid (2) of
a well (3) in an annulus (4) between an intermediate
casing (5) and a production tubular metal structure
(6), comprising:

- the intermediate casing,
- a pump (7) at a top (8) of the well, configured
to pressurise the annulus to displace the liquid
in the annulus,
- the production tubular metal structure having
a first inner diameter (ID1), arranged partly in
the intermediate casing, thereby defining the an-
nulus,
- a production packer (9) arranged between the
intermediate casing and the production tubular
metal structure, and
- a first liquid unloading assembly (10A, 10) and
a second liquid unloading assembly (10B, 10),
each comprising:
- a tubular part (11) having a wall (12) having a
second inner diameter (ID2), an outer face (14)
and an aperture (15), the tubular part being con-
figured to be mounted as part of the production
tubular metal structure, and
- a check valve (16) connected with the outer
face, the check valve having an inlet (17) in fluid
communication with the annulus and an outlet
(23) in fluid communication with the aperture,
wherein the downhole system further comprises
a sliding sleeve (18) arranged to slide along an
inner face (19) of the tubular part between an
open position and a closed position to open or
close the aperture.
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2. A downhole system according to claim 1, further
comprising a downhole tool (40) for operating the
sliding sleeve between the open and the closed po-
sition of the sliding sleeve.

3. A downhole system according to claim 1 or 2, where-
in each liquid unloading assembly has an outer di-
ameter (OD2) which is less than 20% larger than the
outer diameter (OD1) of the production tubular metal
structure.

4. A downhole system according to any of the preced-
ing claims, wherein each liquid unloading assembly
comprises a plurality of check valves.

5. A downhole system according to claim 4, wherein
each liquid unloading assembly comprises a plurality
of assembly inlets (24), each assembly inlet being
fluidly connected with the inlet of one of the check
valves.

6. A downhole system according to any of the preced-
ing claims, wherein the first inner diameter of the
production tubular metal structure is substantially
equal to the second inner diameter of the tubular part
of the liquid unloading assembly.

7. A downhole system according to any of the preced-
ing claims, wherein the sliding sleeve is arranged in
a recess (29) of the tubular part.

8. A downhole system according to any of the preced-
ing claims, wherein the sliding sleeve has a third in-
ner diameter (ID3) which is substantially equal to the
first inner diameter of the production tubular metal
structure.

9. A downhole system according to any of the preced-
ing claims, further comprising a liner hanger casing
(26) and a second production packer (9B), the liner
hanger casing being arranged between the first pro-
duction packer and the second production packer,
which second production packer is arranged be-
tween the liner hanger casing and the production
tubular metal structure.

10. A downhole system according to claim 9, wherein at
least some of the check valve assemblies are ar-
ranged below the first production packer.

11. A downhole system according to any of the preced-
ing claims, wherein the tool comprises a detection
unit (44) configured to detect the presence of gas in
the production tubular metal structure.

12. A liquid unloading method for unloading liquid of a
well in an annulus between an intermediate casing
and a production tubular metal structure, comprising

the steps of:

- pressurising the annulus with gas to displace
the liquid from the top pf the well in through the
check valves in the downhole system according
to any of the claims 1-11,
- letting gas through the first check valve into the
production tubular metal structure,
- detecting gas in the production tubular metal
structure,
- closing the first check valve by means of the
tool,
- displacing the liquid by letting the liquid in
through the second check valve,
- letting gas through the second check valve into
the production tubular metal structure, and
- detecting a gas in the production tubular metal
structure.

13. A liquid unloading method according to claim 12,
wherein the step of detecting a gas is performed at
the top of the well or by means of the tool.

14. A liquid unloading method according to claim 12 or
13, further comprising the step of closing the second
check valve.

15. A liquid unloading method according to any of claims
12-14, further comprising the step of producing hy-
drocarbon-containing fluid.
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