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(54) Downhole gas/liquid separation system

(57) A downhole gas/liquid separation system (10)
arranged in a production well (1), comprising a gas/liq-
uid separator (15) having an inlet (16) in fluid communi-
cation with a production reservoir (3), which separator

(15) has an outlet (18) for gas and an outlet (19) for liq-
uid, and a pump (20) that has an inlet in fluid communi-
cation with the outlet (19) for liquid of the separator and
an outlet (21) that is in fluid communication with a re-
ceptacle (25) for liquid.
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Description

[0001] The present invention relates to a downhole
gas/liquid separation system arranged in a production
well.
[0002] In general a hydrocarbon-bearing formation
contains hydrocarbon oil, gas and water. Till now much
attention has been paid to downhole oil/water separa-
tion, whereas gas/liquid separation is done in a separa-
tion unit at surface. In the specification and in the claims
the word 'liquid' will be used to refer to oil, water or mix-
tures of oil and water.
[0003] It is an object of the present invention to pro-
vide a downhole gas/liquid separation system.
[0004] To this end the downhole gas/liquid separation
system arranged in a production well according to the
present invention comprises a gas/liquid separator hav-
ing an inlet in fluid communication with a production res-
ervoir, which separator has an outlet for liquid and an
outlet for gas, and a pump that has an inlet in fluid com-
munication with either to outlet for liquid or the outlet for
gas of the separator and an outlet that is in fluid com-
munication with a receptacle for fluid, wherein the other
outlet of the separator is in fluid communication with a
receptacle at surface.
[0005] Suitably the outlet for liquid of the separator is
in fluid communication with the inlet of the pump, and
the outlet for gas is in fluid communication with a recep-
tacle for gas at surface. In this embodiment the gas is
produced and the liquid can be disposed.
[0006] The invention will now be described in more
detail with reference to the accompanying drawings,
wherein

Figure 1 shows schematically a first embodiment of
the present invention;
Figure 2 shows schematically a second embodi-
ment of the present invention; and
Figure 3 shows schematically two further embodi-
ments of the present invention.

[0007] Reference is first made to Figure 1, showing a
partial longitudinal section of a production well 1 in an
underground formation 2 that contains a production res-
ervoir 3.
[0008] The production well 1 comprises a borehole
lined with a casing or a liner 5. At the location of the
production reservoir 3, the wall of the casing 5 is provid-
ed with perforations 6, allowing during normal operation
the reservoir fluids to enter into a separation chamber 7
defined in the production well 1 and sealed off at its up-
per end by means of a packer 8, into which the lower
end of a production tubing 9 is secured. The upper end
of the tubing 9 is connected to a receptacle at surface
(not shown).
[0009] The downhole gas/liquid separation system 10
according to the present invention is arranged in the
separation chamber 7. It comprises a gas/liquid sepa-

rator 15 having an inlet 16. The inlet 16 of the gas/liquid
separator is in fluid communication with the production
reservoir 3 via the separation chamber 7. The gas/liquid
separator has an outlet 18 for gas and an outlet 19 for
liquid. The outlet 18 for gas is in fluid communication
with the lower end of the production tubing 9.
[0010] The downhole gas/liquid separation system 10
further comprises a pump 20 for pumping liquids. The
inlet (not shown) of the pump 20 is in fluid communica-
tion with the outlet 19 for liquid of the separator 15. The
pump 20 has an outlet 21, which outlet 21 is suitably
provided with a backflow valve, which valve prevents flu-
ids from flowing backwards into the pump 20. The outlet
21 of the pump 20 is in fluid communication with a re-
ceptacle for liquid.
[0011] The pump 20 is driven by means of a motor,
for example an electric motor powered through an elec-
tric cable 25 that extends through the packer 8 to sur-
face.
[0012] In the embodiment of Figure 1 this receptacle
for liquid is the annulus 26 between the casing 5 and the
production tubing 9, to which the outlet 21 of the pump
20 is connected by means of conduit 26 extending
through the packer 8. At surface (not shown) the upper
end of the annulus 25 is in fluid communication with a
means for storing the liquid (not shown). In this embod-
iment gas and liquid are separately produced to surface.
[0013] An alternative embodiment of the invention is
shown in Figure 2, wherein the elements discussed with
reference to Figure 1 have got the same reference nu-
merals as in Figure 1.
[0014] In the embodiment of Figure 2 the receptacle
for liquid is a disposal reservoir 30 other than the pro-
duction reservoir 3. The lower end of the well 1 compris-
es a separation chamber 7 as well as a disposal cham-
ber 33, separated from the separation chamber by an
additional packer 35.
[0015] The lower end of the pump 20 extends through
the additional packer 35 so that the outlet 21 provided
with a backflow valve (not shown) debouches into the
disposal chamber 33. At the level of the reservoir 30,
the wall of the casing 5 is perforated with perforations
37, to allow liquid to enter into the disposal reservoir 30.
[0016] Reference is now made to Figure 3. In this
case the disposal reservoir 30 is above the production
reservoir 3. Therefore, above the packer 8 a disposal
chamber 43 is defined by an additional packer 45, which
additional packer 45 is provided with a passage so that
the electric cable 25 can extend through the additional
packer 45. The disposal chamber 43 is in fluid commu-
nication with the disposal reservoir 30 by means of per-
forations 47 in the wall of the casing 5.
[0017] In a further embodiment of the present inven-
tion the receptacle is the production reservoir 3, and in
order to bring the separated liquid to the production res-
ervoir 3, and additional well is provided (schematically
shown by dashed line 50) which forms a fluid commu-
nication between the disposal chamber 43 and the pro-
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duction reservoir 3. The liquid injection enables main-
taining the gas production of the production reservoir 3
at a substantial constant level.
[0018] The separator 15 can be a cyclonic separator.
The pump 20 can be any suitable pump. The motor driv-
ing the compressor can be an electric motor or a hydrau-
lic motor or turbine, in which case the electric cable is
replaced by a suitable conduit providing the fluid for driv-
ing the hydraulic motor or turbine.
[0019] The hole below the lowermost packing (8 in
Figures 1 and 3 and 35 in Figure 2) can be cased as
shown, wherein the casing is perforated, or it can be an
open hole.
[0020] Thus the present invention provides a simple
downhole gas/liquid separation system, which has the
advantage that no separation units at surface are re-
quired. A further advantage is that the liquid is disposed
downhole, and that if a surface handling system is avail-
able, the disposed liquid can be retrieved. Moreover, the
disposed liquid can be used in driving the gas out of the
production reservoir.
[0021] The invention has been described with refer-
ence to a system wherein gas is separated from liquid,
and wherein the liquid is separately produced or dis-
posed. The invention also relates to a downhole gas/
liquid separation system in which the gas is separately
produced or disposed. In that case, the outlet for gas is
connected to a pump (which is then a compressor) and
the outlet for liquid is connected to a receptacle at sur-
face.

Claims

1. A downhole gas/liquid separation system arranged
in a production well, comprising a gas/liquid sepa-
rator having an inlet in fluid communication with a
production reservoir, which separator has an outlet
for liquid and an outlet for gas, and a pump that has
an inlet in fluid communication with either to outlet
for liquid or the outlet for gas of the separator and
an outlet that is in fluid communication with a recep-
tacle for fluid, wherein the other outlet of the sepa-
rator is in fluid communication with a receptacle at
surface.

2. Downhole gas/liquid separation system according
to claim 1, wherein the outlet for liquid of the sepa-
rator is in fluid communication with the inlet of the
pump, and wherein the outlet for gas is in fluid com-
munication with a receptacle for gas at surface.

3. Downhole gas/liquid separation system according
to claim 2, wherein the outlet for gas is connected
to a tubing extending to surface, and wherein the
receptacle for liquid is an annulus extending to sur-
face.

4. Downhole gas/liquid separation system according
to claim 2 or 3, wherein the receptacle for liquid is
a part of the well that communicates with an under-
ground reservoir that can receive the liquid.
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