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wellbore comprises a wellhead, a production zone, a production tubing, and a
velocity string installed inside the production tubing. The method comprises al -
lowing gas to flow from the production zone through the velocity string, said
gas forming a primary gas stream, and controlling the flow of gas from the annu-
lus between the outer wall of the velocity string and the inner wall of the pro-
duction tubing to the primary gas stream by means of the control valve wherein
a controlled mass flow of said gas is combined with the primary gas stream.



WO 20137120837 A1 |IIWAT 00T AV A 0 O

(84) Designated States (unless otherwise indicated, for every Declarations under Rule 4.17:
gnMd, oI/(’ ];,eng?{r?aIi ir%a;o&gfﬁf?l}i{v :%%1,)(;]23;% ("l}"}ZI: — ZS theilip(zzglz:zsle%zjement to apply for and be granted
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, P '
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, Published:
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2013/120837 PCT/EP2013/052756

METHOD FOR PRODUCING HYDROCARBON GAS FROM A WELLBORE AND
VALVE ASSEMBLY

The invention relates to a method for producing
hydrocarbon gas from a hydrocarbon reservoir via a
wellbore. The wellbore is for instance a hydrocarbon
production wellbore.

At a first stage of hydrocarbon gas production, also
referred to as primary recovery, also called natural
depletion, the reservoir pressure is considerably higher
than the bottomhole pressure inside the wellbore. This
high pressure differential drives hydrocarbon gas toward
the wellbore and up to surface. Herein, the gas rate is
sufficient to carry associated condensate and water up
the wellbore to surface in a stable manner. The primary
recovery stage reaches its limit when the reservoir
pressure has decreased to a level at which the production
rates are no longer economical. For gas reservoirs, the
percentage of the initial hydrocarbon gas produced during
natural depletion varies, depending on the reservoir,
well and surface details. Said percentage may be between
10% and 90%, for instance between 10 to 30%.

Stable production stops when the gas rate declines as
the gas velocity becomes insufficient to 1lift all liquids
from the wellbore. These ligquids will accumulate downhole
and impair production. This process 1s referred to as
liquid loading.

A second stage of hydrocarbon gas production is
referred to as secondary recovery, during which an
external fluid such as water or gas may be injected into
the gas reservoir through one or more injection wells

which are in fluid communication with the production
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well. To extend stable production to lower flow rates
reduce the bottomhole pressure or increase the pressure
differential to increase hydrocarbon gas production, an
artificial 1lift system may be used. Thus, the reservoir
pressure can be maintained at a higher level for a longer
period and the hydrocarbon gas, including associated
liquids, can be displaced towards surface. The secondary
recovery stage reaches its limit when the injected fluid
is produced in considerable amounts from the production
well and/or the production is no longer economical. The
successive use of primary recovery and secondary recovery
in a gas reservoir may produce for instance about 30 to
40% of the hydrocarbons in the reservoir.

Enhanced Gas Recovery refers to technigues for
increasing the amount of hydrocarbon gas which can be
extracted from the gas reservoir. Enhanced Gas Recovery
is sometimes referred to as tertiary recovery as it is
typically carried out after secondary recovery, but it
can be initiated at any time during the production life
of the hydrocarbon reservoir. As many hydrocarbon gas
production wellbores are nowadays near the end of their
secondary recovery production life or have already passed
the secondary recovery stage, Enhanced Gas Recovery is
becoming increasingly important to maintain the gas
production capacity and extend the production life of the
gas well.

Thus, at the stage of secondary recovery and/or
Enhanced Gas Recovery the hydrocarbon gas from subsurface
earth formations can no longer be produced by the
inherent formation pressure of the gas in the formation.
Water vapour in the gas stream may condense on the way to
surface. As the reservoir pressure in a gas well
depletes, there may be insufficient velocity to lift all

liquids from the wellbore. In time these liquids
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accumulate and impair production. Water droplets
coalesce, run down tubulars, and collect at the bottom of
the wellbore. Eventually, the fluid level rises above the
level of the well perforations. This is referred to as
liquid loading and restricts gas production.

A possible technique for gas well deliquification
includes installing a velocity string. A velocity string
is a relatively small-diameter tubing string run inside
the production tubing of a well as a remedial treatment
to resolve liquid-loading problems. Installing a velocity
string reduces the flow area and increases the flow
velocity to enable ligquids to be carried to surface via
the wellbore. Velocity strings are commonly run using
coiled tubing as a velocity string conduit and provide a
cost effective solution to liquid loading in gas wells.

However, while the velocity string increases the flow
velocity inside the velocity string and consequently
lifts liguids to surface, the smaller tubing size also
increases the frictional pressure drop across the
velocity string which leads to a loss of production
capacity.

An object of the invention to provide an improved
method for producing hydrocarbon gas from a wellbore.

This object is achieved by a method for producing
hydrocarbon gas from a wellbore, the wellbore comprising:

- a wellhead,

- a production zone,

- a production tubing having an inner diameter, the
production tubing extending inside the wellbore from the
wellhead to the production zone,

- a velocity string having an outer diameter smaller
than the inner diameter of the production tubing, the
velocity string being installed inside the production

tubing so that an annulus is formed between the outer
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wall of the velocity string and the inner wall of the
production tubing, said annulus being in fluid
communication with the production zone, the velocity
string extending at least over a part of the production
tubing,

the method comprising:

- allowing gas to flow from the production zone
through the velocity string, said gas forming a primary
gas stream,

- controlling the flow of gas from the annulus
between the outer wall of the velocity string and the
inner wall of the production tubing to the primary gas
stream by means of a control valve in such a manner that
a controlled mass flow of said gas is combined with the
primary gas stream.

The velocity string runs upwards from the production
zone. The velocity string comprises tubing, for example
sections of standard tubing which are connected together
by threads. The velocity string has a predetermined inner
diameter, which is designed to increase the flow rate of
the primary gas stream so as to enable liquids to be
entrained with the primary gas stream to surface. The
inner diameter of the velocity string is designed so that
it can be used during a predetermined period of time. As
the reservoir pressure in the gas well continues to
decrease over time, the inner diameter of the velocity
string is thus designed so that the velocity string is
still able to 1lift the liquids to surface until the end
of said period of time. Consequently, when the velocity
string i1is initially installed, the inner diameter of the
velocity string is smaller than necessary for lifting the
liquids to surface. As a result, at this stage, the flow

capacity of the velocity string could be significantly
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lower than the capacity of the original production
tubing. This leads to a loss of production capacity.

According to the invention, the loss of production
capacity is compensated by combining the gas being
accumulated from the production zone in the annulus
between the velocity string and the production tube in a
controlled manner with the primary gas stream inside the
velocity string. The control wvalve controls the mixing of
the gas from said annulus with the primary gas stream
inside the velocity string in such a manner that the flow
rate inside the velocity string is sufficient to 1lift
liquids to surface while the flow rate in the annulus
will be choked to avoid the velocity string to enter the
liquid loading regime. Herein, the bottomhole pressure
inside the wellbore decreases and the pressure gradient
between the formation pressure of the gas in the
formation and the bottomhole pressure inside the wellbore
increases. At the same time, the mass flow of the gas
from said annulus to the primary gas stream is controlled
by means of the control valve such that the velocity
string is still able to entrain the liquids upwards
through the velocity string with the primary gas stream.
In other words, as long as the reduction of the flow area
by the velocity string is overdimensioned, the loss of
production capacity is compensated for by supplying the
controlled mass flow of the gas from the annulus to the
primary gas stream inside the velocity string.

It is possible that the flow of gas from the annulus
between the outer wall of the velocity string and the
inner wall of the production tubing to the primary gas
stream is controlled by means of the control valve in
such a manner that the controlled mass flow of said gas
that is combined with the primary gas stream is such that

the flow rate of the primary gas stream inside the
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velocity string is adjusted to at least a minimal flow
rate at which ligquids can be lifted from the production
zone through the velocity string or to a flow rate which
exceeds said minimal flow rate, for example up to 10% or
20% greater than said minimal flow rate.

In this case, the flow rate inside the velocity
string is not higher than necessary or scarcely higher
than necessary. As a result, it is guaranteed that the
liquids can be lifted from the production zone through
the whole length of the velocity string while the
production capacity of the wellbore is optimized.

It is possible that the wellbore comprises a valve
assembly which is installed in the production tubing,
wherein the valve assembly comprises a downhole safety
valve and the control valve, wherein the control valve 1is
installed below the downhole safety valve, and wherein
the velocity string extends below the control valve.

The control valve may be integrated with the downhole
safety valve. For example, the control valve is connected
to the downhole safety valve using an adapter. In this
case, the valve assembly comprises the downhole safety
valve, the adapter and the control valve.

The downhole safety valve may be a surface controlled
sub-surface safety valve (SC-SSSV). A surface-controlled
subsurface safety valve (SC-SSSV) is generally installed
at a depth of at least 50 m, for example at approximately
100 m below the wellhead.

The downhole safety valve provides emergency closure
of the production tubing in the event of an emergency.
The downhole safety valve is designed to be fail-safe,
i.e. the wellbore is isolated in the event of failure or
damage to the surface production control equipment.

The velocity string may extend downwards within the

production tubing below the control valve to the
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production zone, 1i.e. the velocity string may extend from
the control valve to the production zone or from a
position below the control valve to the production zone.
For example, the velocity string is hung from the control
valve using a hanger.

The gas from the annulus between the outer wall of
the velocity string and the inner wall of the production
tubing flows into the production gas stream inside the
velocity string by means of the integrated control valve
of the valve assembly. Thus, the annulus gas is mixed
with the production gas stream at the location of the
control valve below the downhole safety valve of the
valve assembly. Then, the production gas stream including
the mixed annulus gas i1s transported upwards through the
valve assembly, 1.e. via the downhole safety valve, and
through the production tubing to the wellhead.

It is possible that the downhole safety valve can be
controlled between a closed position and an open
position, wherein the downhole safety valve is biased to
the closed position by means of a spring member, and
wherein the downhole safety valve is controlled to the
open position, against the bias of the spring member, by
means of a piston member that is subjected to fluid
pressure by means of a control line extending from the
wellhead to the downhole safety valve.

In this case, the downhole safety valve is surface-
controlled. The downhole safety valve is typically
controlled by varying fluid pressure in the control line
which extends from the wellhead to the downhole safety
valve, for example through an annular space between the
outer wall of the production tubing and the wellbore. The
control line may be a steel conduit having an outer
diameter which is less than a centimetre. Under normal

operating conditions, the fluid pressure in the control
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line is controlled such that the piston member actuates
the downhole safety valve to the open position, contrary
to the bias of the spring member. In the case of an
emergency, the fluid pressure is released from the
control line, so that the downhole safety wvalve is closed
off by means of the spring member.

It is possible that the control line comprises a
first branch that is connected to the downhole safety
valve and a second branch that is connected to the
control valve for controlling the mass flow of the gas
from the annulus between the outer wall of the velocity
string and the inner wall of the production tubing that
is combined with the production gas stream.

The valve assembly may have a first fluid inlet to
which the control line is connected. The first branch of
the control line runs from said first fluid inlet to a
second fluid inlet that is arranged in the downhole
safety valve. For example, the first branch is formed by
an internal conduit of the valve assembly. The second
fluid inlet of the downhole safety valve is connected to
a chamber that houses the piston member. The second
branch of the control line runs from said first fluid
inlet in the valve assembly to a third fluid inlet that
is arranged in the control valve. The fluid pressure in
the control line can be controlled above the safety valve
opening pressure so as to meter the gas from the annulus
between the outer wall of the velocity string and the
inner wall of the production tubing that is combined with
the production gas stream.

It is possible that the downhole safety valve is
urged to the open position, against the bias of the
spring member, when the fluid pressure in the first
branch is greater than an operating fluid pressure, and

wherein the control valve is configured to be controlled

PCT/EP2013/052756
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between a closed position and an open position by varying
the fluid pressure in the second branch within a range
between a lower fluid pressure and a higher fluid
pressure, wherein the lower fluid pressure of said range
is greater than the operating fluid pressure.

In this case, the fluid pressure in the control line
is controlled such that the fluid pressure in the second
branch is within said range between the lower fluid
pressure and the higher fluid pressure so that the
control valve is controlled between the closed position
and the open position. At the same time, when the control
valve 1is operated at the lowest fluid pressure of said
varying fluid pressure range for controlling the control
valve, the fluid pressure in the first branch remains
greater than the operating fluid pressure, i.e. the
control valve can be controlled so as to meter the mass
flow of annulus gas to the primary gas stream while the
downhole safety valve remains open under normal operating
conditions.

It is possible that the control valve may be
controlled to at least one partially open position
between the closed position and the open position. Thus,
the control valve defines a passageway having an
adjustable flow area. For example, the control valve can
be adjusted between the closed position and the open
position in an incremental or continuously variable
manner.

It is possible that the valve assembly comprises an
adapter that is interposed between the downhole safety
valve and the control valve. The adapter is situated
between the downhole safety valve and the control valve.
The adapter is used to install the downhole safety valve
and the integrated control valve in the production

tubing.
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It is possible that the valve assembly can be removed
out of the production tubing In this case, the valve
assembly is wireline retrievable. In the event of
failure, malfunction or breakdown of the valve assembly,
it can be retrieved to surface. The valve assembly can be
repaired and re-—-arranged in the production tubing or a
replacing valve assembly can be installed in the
production tubing to continue gas production.

Also, 1t is possible that the production tubing is
pre-existing in the wellbore, wherein the valve assembly
is retrofitted in the pre-existing production tubing.
Thus, the method according to the invention can be used
with existing gas production wellbores. When the velocity
string is installed in a pre-existing wellbore to solve
liquid loading problems, the control valve can be
arranged at the same time to minimize production capacity
losses.

It is possible that the flow of gas from the annulus
between the outer wall of the velocity string and the
inner wall of the production tubing is directed to the
wellhead separate from the primary gas stream, wherein
the controlled mass flow of said gas is combined by means
of the control valve with the primary gas stream
downstream of the wellhead. In this case, the downhole
safety valve may be provided with two passageways - a
first passageway for the primary gas stream and a second
passageway for allowing the gas from the annulus between
the outer wall of the velocity string and the inner wall
of the production tubing to flow through the downhole
safety valve. Said annulus gas flows to surface while
being separated from the primary gas stream flowing
inside the production tubing. The annulus gas is combined

with the primary gas stream downstream of the wellhead by
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means of the control valve. This leads to the same
advantages as described above.

The invention also relates to a wellbore for
producing hydrocarbon gas, comprising:

- a wellhead,

- a production zone,

- a production tubing having an inner diameter, the
production tubing extending inside the wellbore from the
wellhead to the production zone,

- a velocity string having an outer diameter smaller
than the inner diameter of the production tubing, the
velocity string being installed inside the production
tubing so that an annulus is formed between the outer
wall of the velocity string and the inner wall of the
production tubing, said annulus being in fluid
communication with the production zone allowing gas to
flow from the production zone through the velocity
string, said gas forming a primary gas stream, the
velocity string extending at least over a part of the
production tubing,

- a control valve for controlling the flow of gas
from the annulus between the outer wall of the velocity
string and the inner wall of the production tubing to the
primary gas stream in such a manner that a controlled
mass flow of said gas is combined with the primary gas
stream.

The wellbore according to the invention may comprise
any of the features described in the claims and the
description above, either individually or in any
combination of features. The same or similar operation,
technical effects and advantages apply to the wellbore as
described above in respect of the method for producing

hydrocarbon gas from a wellbore.
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In an embodiment, the control valve is configured to
control the flow of gas from the annulus between the
outer wall of the velocity string and the inner wall of
the production tubing to the primary gas stream in such a
manner that the controlled mass flow of said gas that is
combined with the primary gas stream is such that the
flow rate of the primary gas stream inside the velocity
string is adjusted to the minimal flow rate at which
liquids can be lifted from the production zone through
the velocity string or to a flow rate that is slightly
larger than said minimal flow rate.

The wellbore may be provided with a sensor for
measuring the flow rate of the primary gas stream inside
the velocity string. Said sensor is connected to a
control unit so as to send a measuring signal
representative for said flow rate to the control unit.
The control unit is connected to the control valve so as
to send a control signal to the control valve based on
salid measuring signal such that the desired controlled
mass flow of said annulus gas 1is combined with the
primary gas stream.

The inventions also relates to a valve assembly for
use in a production tubing of a wellbore for producing
hydrocarbon gas, the valve assembly comprising:

- a downhole safety valve, wherein the downhole
safety valve defines a first interior passageway, and
wherein the downhole safety valve can be controlled
between a closed position and an open position, and
wherein the downhole safety valve is biased to the closed
position by means of a spring member, and wherein the
downhole safety valve can be controlled to the open
position, against the bias of the spring member, by means
of a piston member that can be actuated by fluid

pressure,
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- a control valve, wherein the control valve defines
a second interior passageway that is in fluid
communication with the first interior passageway of the
downhole safety valve, and wherein the control wvalve is
configured to control the mass flow of a gas flowing from
outside of the control valve into the second interior
passageway of the control valve.

The valve assembly according to the invention may
comprise one or more of the features described in the
claims and the description above, either individually or
in any combination of features. In particular, as
described above, the valve assembly is a retrofit
assembly, i.e. the valve assembly can be retrofitted to a
pre—-existing production tubing of a gas production
wellbore. The same or similar operation, technical
effects and advantages apply to the valve assembly as
described above in respect of the method for producing
hydrocarbon gas from a wellbore.

The invention furthermore relates to a method for
producing hydrocarbon gas from a wellbore, the wellbore
comprising:

- a wellhead,

- a production zone,

- a production tubing having an inner diameter, the
production tubing extending inside the wellbore from the
wellhead to the production zone,

- a velocity string having an outer diameter smaller
than the inner diameter of the production tubing, the
velocity string being installed inside the production
tubing so that an annulus is formed between the outer
wall of the velocity string and the inner wall of the
production tubing, said annulus being in fluid
communication with the production zone, said annulus

having a flow area which is larger than the flow area of

PCT/EP2013/052756
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the interior of the velocity string, the velocity string
extending at least over a part of the production tubing,
the method comprising:

- blocking gas flow from the production zone through
the velocity string, and allowing gas to flow from the
production zone through the annulus between the outer
wall of the velocity string and the inner wall of the
production tubing,

- controlling the flow of gas from the annulus
between the outer wall of the velocity string and the
inner wall of the production tubing to the wellhead by
means of a control valve in such a manner that a
controlled mass flow of said gas flows up to the
wellhead.

In this case, the gas from the production zone is
allowed to flow upwards through the annulus instead of
through the velocity string proper. For example, a plug
is set inside the velocity string while the control valve
is installed at the top of the velocity string. When the
annular flow area of the annulus is larger than the flow
area of the velocity string, the gas flow rate reduction
can be mitigated for some period of time. At a later
stage however, when the formation pressure has been
reduced further, the gas from the production zone is
allowed to flow through the velocity string to reap
maximum benefit. Then, the method for producing
hydrocarbon gas from a wellbore as described above and
claimed in claims 1-11 can be used.

It is possible according to this method that a valve
assembly 1is installed in the production tubing, wherein
the valve assembly comprises a downhole safety valve and
the control valve, wherein the control valve is installed
below the downhole safety wvalve, and wherein the velocity

string extends below the control valve, and wherein the

PCT/EP2013/052756
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control valve controls the flow of gas from the annulus
between the outer wall of the velocity string and the
inner wall of the production tubing to the interior of
the production tubing extending from the valve assembly
up to the wellhead.

The invention will now be explained, merely by way of
example, with reference to the accompanying drawings.

Figure 1 shows a schematic cross-sectional view of an
exemplary embodiment of a hydrocarbon gas production well
in accordance with the present invention.

Figure 2 shows a cross—-sectional view of the valve
assembly according to II in figure 1.

Figure 3a shows a cross-—-sectional view of detail IIIA
in figure 2, in particular illustrating the downhole
safety valve of the valve assembly.

Figure 3b shows a cross-sectional view of detail IIIB
in figure 2, wherein the downhole safety valve has been
omitted.

Figure 4 shows a cross-sectional view of detail IV in
figure 2, in particular illustrating the control wvalve of
the valve assembly.

Figure 5 shows a cross-sectional view according to V-
V in figure 4.

Figure 6 shows an alternative embodiment of a
hydrocarbon gas production well in accordance with the
present invention.

Figure 1 schematically shows a hydrocarbon gas
production well 1 according to the invention. The well 1
comprises a wellbore or borehole 4 which has been drilled
from a wellhead 2 at the surface 3 through a number of
earth formations 5, 6, 7, 8 up to a production formation
9. The production formation 9 comprises hydrocarbon gas.
The wellbore 4 is lined with casings 12 and a liner 15

which is suspended from the lowermost casing 12 by means
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of a liner hanger 13. The liner 15 extends from the
lowermost casing 12 to the production formation 9 and
comprises perforations 11 for allowing fluid
communication from the production formation 9 to a
production zone 10 of the hydrocarbon gas production well
1. The production zone 10 may be situated at a depth of
at least 1 km below the wellhead 2.

A production tubing 14 is disposed within the casings
12 and the liner 15 of the wellbore 4. The production
tubing 14 may be constructed in various ways. For
example, the production tubing 14 comprises sections of
standard production tubing which are connected together
by threads. The production tubing 14 extends from the
wellhead 2 of the hydrocarbon production well 1 to the
production zone 10. Hydrocarbon gas may be conveyed from
the production zone 10 to the wellhead 2 at the surface 3
through the interior of the production tubing 14. A
Christmas tree 16 is installed on the wellhead 2 so as to
control fluid flow in and out of the wellbore 4.

A valve assembly 17 is installed within the
production tubing 14. The valve assembly 17 comprises a
downhole safety valve 21, an adapter 22 and an integrated
control valve 23, as will be explained in more detail
below. An annular space 19 is defined between the outer
wall of the production tubing 14 and the casings 12. The
annular space 19 is referred to as the A-annulus, i.e.
the A-annulus 1is the void between the production tubing
14 and the smallest casing string 12. A hydraulic control
line 18 extends from the surface 3 within the annular
space 19 to a first fluid inlet 35 of the valve assembly
17 so as to control the downhole safety valve 21 and the
integrated control valve 23.

In this exemplary embodiment, the downhole safety

valve 21 of the valve assembly 17 is constructed as a
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surface-controlled subsurface safety valve (SC-SSSV). The
downhole safety valve 21 may be situated at a depth
greater than 50 m, for example at approximately 100 m.
The downhole safety valve 21 provides emergency closure
of the production tubing 14 in the event of an emergency.
The downhole safety valve 21 is designed to be fail-safe,
i.e. the wellbore 4 is isolated in the event of failure
or damage to the surface production control equipment.

A packer member 24 is arranged between the production
tubing 14 and the liner 15 so as to secure in place a
lower portion of the production tubing 14 and to
substantially isolate the A-annulus 19 from the interior
of the production tubing 14. For example, the packer
member 24 comprises a means for securing the packer
member 24 against the wall of the liner 15, such as a
slip arrangement, and a means for establishing a reliable
hydraulic seal to isolate the A-annulus 19, typically by
means of an expandable elastomeric element. The portion
of the production tubing 14 below the packer member 24 is
generally referred to as the tail.

The hydrocarbon production well 1 according to the
invention comprises a velocity string 20. For example,
the velocity string 20 comprises sections of standard
tubing which are connected together by threads. The
velocity string 20 has an outer diameter that is smaller
than the inner diameter of the production tubing 14. The
velocity string 20 is installed inside the production
tubing 14 so that an annulus 25 is formed between the
outer wall of the velocity string 20 and the inner wall
of the production tubing 14.

In this exemplary embodiment, the velocity string 20
extends from the valve assembly 17 to the production zone
10. Hydrocarbon gas may be conveyed from the production

zone 10 via the interior of the velocity string 20,
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through the valve assembly 17 and via the production
tubing 14 above the valve assembly 17 to the wellhead 2
at the surface 3. The gas that flows up to surface
through the velocity string is referred to as the
production gas stream. The annulus 25 between the outer
wall of the velocity string 20 and the inner wall of the
production tubing 14 is in fluid communication with the
production zone 10.

The valve assembly 17 is shown in more detail in
figures 2, 3a, 3b 4 and 5. In this exemplary embodiment,
the valve assembly 17 is installed in the production
tubing 14 in a wireline retrievable manner using a
landing nipple 26 (see figure 3a). The landing nipple 26
comprises a locking profile 27 that is formed by a
circumferential groove. A lock mandrel 28 is run within
the landing nipple 26. The lock mandrel 28 comprises
locking keys 29 that can be, for example, displaced
between an locked inner position, a spring-loaded outer
position and a locked outer position. The lower end of
the lock mandrel 29 is provided with thread for
connecting the valve assembly 17. Thus, the valve
assembly 17 can be retrofitted to a pre-existing
production tubing 14 and can also be removed out of the
production tubing 14.

The adapter 22 of the valve assembly 17 is shown in
more detail in figure 3B. The adapter 22 is situated
between the downhole safety valve 21 and the integrated
control valve 23. The adapter 22 is used to connect the
downhole safety valve 21 and the integrated control valve
23 together as valve assembly 17 in the production tubing
14. The first fluid inlet 35 of the valve assembly 17, to
which the control line 18 is connected, is provided in

the adapter 22.
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Figure 3a shows the downhole safety valve 21 of the
valve assembly 17. The downhole safety valve 21 comprises
an internal passageway that can be closed by a flapper
body 40. The flapper body 40 is pivotable about a pivot
axis 41 - figure 3a shows the open position of the
downhole safety valve. The flapper body 40 can be opened
by a sleeve member 38 that is connected to a rod piston
37. The rod piston 37 is received in a fluid chamber 36
such that it can be displaced in the vertical direction
together with the sleeve member 38. In figure 3a, the
sleeve member 38 has moved to a lower position thereby
pushing the flapper body 40 open. The downhole safety
valve 21 is biased to the closed position by means of a
spring member 39.

In exemplary embodiment, the downhole safety valve 21
is surface-controlled by fluid pressure in the control
line 18. The control line 18 comprises a first branch
that extends from the first fluid inlet 35 of the valve
assembly 17 via the fluid conduits 32, 33, 34 to a second
fluid inlet 31 that is provided in the downhole safety
valve 21. The second fluid inlet 35 is in fluid
communication with the fluid chamber 36.

Under normal operating conditions, the rod piston 37
is subjected to an operating fluid pressure by means of
the control line 18 so that the rod piston 37 urges the
sleeve member 38 down, contrary to the bias of the spring
member 39, so that the sleeve member 38 pushes the
flapper body 40 to the open position. In the case of an
emergency, the fluid pressure in the control line 18 is
released so that the rod piston 37 and the sleeve member
38 are moved upward under the influence of the spring
member 39. As a result, the flapper body 40 closes off

the internal passageway of the downhole safety wvalve 21.
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Thus, the downhole safety valve 21 can be controlled
between the open and closed positions.

The control line 18 comprises a second branch that
extends from the first fluid inlet 35 of the valve
assembly 17 to a third fluid inlet 44 that is provided in
the control valve 23. As shown in figure 2, the velocity
string 20 is connected by means of a connector body to
the lower end of the control valve 23. The control valve
23 1s shown in more detail in figures 4 and 5.

In this exemplary embodiment, the control valve 23
comprises a plurality of mix ports 43. The control wvalve
23 comprises a sleeve piston 42 that can be displaced
between an upper closed position (see figure 5) and a
lower open position (not shown). In the upper closed
position, the control valve 23 closes off the mix ports
43. The sleeve piston 42 is biased to the upper closed
position by means of a spring member 46.

The sleeve piston 42 can be moved downwards by
controlling the fluid pressure in the control line 18
thereby opening the mix ports 43 in a continuous variable
manner. The mix ports 43 provide an adjustable flow area.
When the sleeve piston 42 is moved downwards from the
upper closed position, the mix ports 43 provide a fluid
communication between the annulus 25 between the outer
wall of the velocity string 20 and the inner wall of the
production tubing 14.

The pretension provided by the spring member 46 of
the control wvalve 23 is such that the sleeve piston 42
can be controlled between the upper closed position and
the lower open position by varying the fluid pressure in
the control line 18 within a range that is greater than
the operating fluid pressure for the downhole safety
valve 21. In other words, the control range for the

control valve 23 is between a lower fluid pressure and a

PCT/EP2013/052756
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higher fluid pressure, wherein the lower fluid pressure
of said range is greater than the operating fluid
pressure for the downhole safety valve 23.

As a result, the fluid pressure in the control line
18 is controlled such that the sleeve piston 42 of the
control valve 23 can be displaced between the upper
closed position and the lower open position, contrary to
the bias of the spring member 46. At the same time, when
the fluid pressure in the control line 18 results in the
lowest fluid pressure of the control range for the
control valve 23, the fluid pressure in the fluid chamber
36 of the downhole safety valve 21 remains greater than
the operating fluid pressure. Thus, the control valve 23
can be controlled so as to meter the mass flow of annulus
gas to the primary gas stream while the downhole safety
valve 21 remains closed under normal operating
conditions.

The operation of the wvalve assembly according to the
invention is as follows.

The inner diameter of the velocity string 20 is
designed to increase the flow rate of the primary gas
sStream so as to enable ligquids to be entrained with the
primary gas stream to surface. The inner diameter of the
velocity string 20 is designed so that it can be used
during a predetermined period of time. As the reservoir
pressure in the gas well 1 continues to decrease over
time, the inner diameter of the velocity string 20 is
thus designed so that the velocity string 20 is still
able to 1lift the liguids to surface until the end of said
period of time. Consequently, when the velocity string 20
is initially installed, the inner diameter of the
velocity string 20 is smaller than necessary for lifting
the ligquids to surface. As a result, at this stage, the

pressure gradient between the pressure of the gas in the
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production formation 9 and the pressure in the production
zone 10 of the wellbore 4 is decreased in a superfluous
manner.

The production capacity is optimized by combining gas
that flows from the production zone 10 into the annulus
25 between the velocity string 20 and the production tube
14 in a controlled manner, using the control valve 23,
with the primary gas stream inside the velocity string
20. The control valve 23 controls the mixing of the gas
from said annulus 25 with the primary gas stream inside
the velocity string 20 in such a manner that the pressure
gradient between the formation pressure of the gas in the
production formation 9 and the bottomhole pressure in the
production zone 10 of the wellbore 4 increases. At the
same time, the mass flow of the gas from said annulus to
the primary gas stream is controlled by means of the
control valve 23 such that the velocity string 20 is
still able to entrain the ligquids upwards through the
velocity string 20 with the primary gas stream. In other
words, as long as the reduction of the flow area by the
velocity string 20 is overdimensioned, a controlled mass
flow of the gas from the annulus is combined with the
primary gas stream inside the velocity string 20.

Optionally, the flow of gas from the annulus 25
between the outer wall of the velocity string 20 and the
inner wall of the production tubing 14 to the primary gas
stream is controlled by means of the control valve 23 in
such a manner that the flow rate of the primary gas
stream inside the velocity string 20 is adjusted to the
minimal flow rate at which liquids can be lifted from the
production zone 10 through the velocity string 20 or to a
flow rate that is slightly greater than said minimal flow
rate, for example, not more than 10% or 20% greater than

sald minimal flow rate.
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In this case, the flow rate inside the velocity
string 20 is not higher than necessary or scarcely higher
than necessary. As a result, it is guaranteed that the
liquids can be lifted from the production zone 10 through
the whole length of the velocity string 20 and up to
surface 3 while the production capacity of the wellbore 4
is optimized.

Before the control valve 23 is operated as described
above, it may be possible at the stage immediately after
the installation of the velocity string in the wellbore
to block gas flow from the production zone through the
velocity string, for example by means of a plug in the
velocity string (not shown), whereas the gas is allowed
to flow from the production zone through the annulus
between the outer wall of the velocity string and the
inner wall of the production tubing.

When said annulus has a flow area which is larger
than the flow area inside the velocity string, the gas
flow rate is reduced with respect to the gas flow rate
when the gas were transported through the velocity
string. Thus, the gas flow rate is increased using the
velocity string, but to a lesser degree than when the gas
were directed through the interior of the velocity string
immediately after its installation. The gas from the
annulus between the outer wall of the velocity string and
the inner wall of the production tubing is allowed to
flow to the interior of the production tubing above the
valve assembly by means of the control valve in such a
manner that a controlled mass flow of said gas flows into
the production tubing above the valve assembly.

After some time, the formation pressure in the
production formation 9 has decreased to such an extent
that the gas flow rate in the annulus between the outer

wall of the velocity string and the inner wall of the
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production tubing becomes too low to 1lift liquids up to
surface. At this stage, the plug is removed out of the
interior of the velocity string so that the method as
described earlier above can be used.

Figure 6 schematically illustrates a further
embodiment of the invention. In this case, the wvalve
assembly 17 comprises at least two passages 48, 49. The
first passage 48 allows gas from the annulus 25 between
the outer wall of the velocity string 20 and the inner
wall of the production tubing 14 to flow from below the
valve assembly 17 via the first passage 48 into a tubing
47 that extends to the wellhead 2. The tubing 47 is
installed in the interior of the production tubing 14
above the valve assembly 17.

The gas being transported through the interior of the
velocity string 20 forms the primary gas stream. Said gas
flows through the second passage 49 of the valve assembly
17. The second passage 49 opens into the production
tubing 14 above the valve assembly 17, i.e. said gas
flows up to the wellhead 2 through the interior of the
production tubing 14 while it remains separated from the
annulus gas inside the tubing 47.

Downstream of the wellhead 2, the annulus gas
transported by the tubing 47 and the primary gas stream
within the production tubing 14 are combined together by
means of a control valve (not shown). The control wvalve
is configured to combine a controlled mass flow of said
annulus gas with the primary gas stream. As a result, the
gas flow rate within the velocity string can also be
adjusted to a desired level, i.e. to safeguard the
lifting of ligquids while not affecting the production
capacity more than necessary.

The description above describes exemplary embodiments

of the present invention for the purpose of illustration
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and explanation only. It will be apparent to the skilled
person that many modifications and changes to the
exemplary embodiments are possible without departing from
the scope of the invention. It is noted that the features
described above may also be combined, each individually
or in any combination of features, with one or more of

the features of the claims.
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CLATIMS

1. A method for producing hydrocarbon gas from a
wellbore (4), the wellbore (4) comprising:

- a wellhead (2),

- a production zone (10),

- a production tubing (14) having an inner diameter,
the production tubing (14) extending inside the wellbore
(4) from the wellhead (2) to the production zone (10),

- a velocity string (20) having an outer diameter
smaller than the inner diameter of the production tubing
(14), the velocity string (20) being installed inside the
production tubing (14) so that an annulus (25) is formed
between the outer wall of the velocity string (20) and
the inner wall of the production tubing (14), said
annulus (25) being in fluid communication with the
production zone (10), the velocity string (20) extending
at least over a part of the production tubing (14),
the method comprising:

- allowing gas to flow from the production zone (10)
through the velocity string (20), said gas forming a
primary gas stream,

- controlling the flow of gas from the annulus (25)

between the outer wall of the velocity string (20) and
the inner wall of the production tubing (14) to the
primary gas stream by means of a control valve (23)
wherein a controlled mass flow of said gas is combined
with the primary gas stream.
2. The method of claim 1, the wellbore (4) comprising a
valve assembly (17) which is installed in the production
tubing (14), wherein the valve assembly (17) comprises a
downhole safety valve (21) and the control valve (23),

the control valve (23) being installed below the downhole
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safety valve (21), and wherein the velocity string (20)
extends below the control valve (23).

3. The method of claim 1 or 2, wherein a control line
(18) comprises a first branch (32, 33, 34) that is
connected to the downhole safety valve (21) and a second
branch that is connected to the control valve (23) for
controlling the mass flow of the gas from the annulus
(25) between the outer wall of the velocity string (20)
and the inner wall of the production tubing (14) that is
combined with the production gas stream.

4. The method of claim 3, wherein the downhole safety
valve (21) can be controlled between a closed position
and an open position, wherein the downhole safety valve
(21) is biased to the closed position by means of a
spring member (39), and wherein the downhole safety valve
(21) is controlled to the open position, against the bias
of the spring member (39), by means of a piston member
(37) that is subjected to fluid pressure by means of the
control line (18) extending from the wellhead (2) to the
downhole safety valve (21).

5. The method of claim 3 or 4, wherein the downhole
safety valve (21) is urged to the open position, against
the bias of the spring member (39), when the fluid
pressure in the first branch (32, 33, 34) is greater than
an operating fluid pressure, and wherein the control
valve (23) 1is configured to be controlled between a
closed position and an open position by varying the fluid
pressure in the second branch within a range between a
lower fluid pressure and a higher fluid pressure, wherein
the lower fluid pressure of said range is greater than
the operating fluid pressure.

6. The method of one of the preceding claims, wherein

the control valve (23) is controllable to at least one
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partially open position between the closed position and
the open position.

7. The method of claim 1, wherein the flow of gas from
the annulus (25) between the outer wall of the velocity
string (20) and the inner wall of the production tubing
(14) to the primary gas stream is controlled by means of
the control valve (23) in such a manner that the
controlled mass flow of said gas that is combined with
the primary gas stream is such that the flow rate of the
primary gas stream inside the velocity string (20) is
adjusted to the minimal flow rate at which ligquids can be
lifted from the production zone (10) through the wvelocity
string (20) or to a flow rate that is slightly larger
than said minimal flow rate.

8. The method of one of claims 2-7, wherein the valve
assembly (17) comprises an adapter (22) interposed
between the downhole safety wvalve (21) and the control
valve (23).

9. The method of one of claims 2-8, wherein the valve
assembly (17) is removable out of the production tubing
(14) .

10. The method of one of claims 2-9, wherein the
production tubing (14) is pre-—-existing in the wellbore
(4), and wherein the valve assembly (17) is retrofitted
in the pre-existing production tubing (14).

11. The method of one of the preceding claims, wherein
the flow of gas from the annulus (25) between the outer
wall of the velocity string (20) and the inner wall of
the production tubing (14) is directed to the wellhead
(2) separate from the primary gas stream, and wherein the
controlled mass flow of said gas is combined by means of
the control valve with the primary gas stream downstream
of the wellhead (2).

12. A wellbore for producing hydrocarbon gas, comprising:
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- a wellhead (2),

- a production zone (10),

- a production tubing (14) having an inner diameter,
the production tubing (14) extending inside the wellbore
(4) from the wellhead (2) to the production zone (10),

- a velocity string (20) having an outer diameter
smaller than the inner diameter of the production tubing
(14), the velocity string (20) being installed inside the
production tubing (14) so that an annulus (25) is formed
between the outer wall of the velocity string (20) and
the inner wall of the production tubing (14), said
annulus (25) being in fluid communication with the
production zone (10) allowing gas to flow from the
production zone (10) through the velocity string (20),
said gas forming a primary gas stream, the velocity
string (20) extending at least over a part of the
production tubing (14),

- a control valve (23) for controlling the flow of
gas from the annulus (25) between the outer wall of the
velocity string (20) and the inner wall of the production
tubing (14) to the primary gas stream in such a manner
that a controlled mass flow of said gas is combined with
the primary gas stream.

13. A wellbore as claimed in claim 12, wherein the
control wvalve (23) is configured to control the flow of
gas from the annulus (25) between the outer wall of the
velocity string (20) and the inner wall of the production
tubing (14) to the primary gas stream in such a manner
that the controlled mass flow of said gas that is
combined with the primary gas stream is such that the
flow rate of the primary gas stream inside the velocity
string (20) is adjusted to the minimal flow rate at which

liguids can be lifted from the production zone (14)
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through the velocity string (20) or to a flow rate that
is slightly larger than said minimal flow rate.

14. A valve assembly for use in a production tubing (14)
of a wellbore (4) for producing hydrocarbon gas, the
valve assembly (17) comprising:

- a downhole safety wvalve (21), wherein the downhole
safety valve (21) defines a first interior passageway,
and wherein the downhole safety valve (21) can be
controlled between a closed position and an open
position; and

- a control valve (23), wherein the control valve
(23) defines a second interior passageway that is in
fluid communication with the first interior passageway of
the downhole safety valve (21), and wherein the control
valve (23) 1is configured to control the mass flow of a
gas flowing from outside the control valve (23) into the
second interior passageway of the control valve (23).

15. The valve assembly of claim 14, wherein the downhole
safety valve (21) is biased to the closed position by
means of a spring member (39), and wherein the downhole
safety valve (21) can be controlled to the open position,
against the bias of the spring member (39), by means of a
piston member (37) that can be actuated by fluid
pressure.

16. The valve assembly of claim 14 or 15, being provided
with a control line (18) comprising a first branch (32,
33, 34) that is connected to the downhole safety wvalve
(21) and a second branch that is connected to the control
valve (23) for controlling the mass flow of the gas.

17. The valve assembly of claim 16, wherein the control
line is a hydraulic control line.

18. A method for producing hydrocarbon gas from a
wellbore (4), the wellbore (4) comprising:

- a wellhead (2),
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- a production zone (10),

- a production tubing (14) having an inner diameter,
the production tubing (14) extending inside the wellbore
(4) from the wellhead (2) to the production zone (10),

- a velocity string (20) having an outer diameter
smaller than the inner diameter of the production tubing
(14), the velocity string (20) being installed inside the
production tubing (14) so that an annulus (25) is formed
between the outer wall of the velocity string (20) and
the inner wall of the production tubing (14), said
annulus (25) being in fluid communication with the
production zone (10), said annulus (25) having a flow
area which is larger than the flow area of the interior
of the velocity string (20), the velocity string (20)
extending at least over a part of the production tubing
(14),

the method comprising the steps of:

- blocking gas flow from the production zone (10)
through the velocity string (20), and allowing gas to
flow from the production zone (10) through the annulus
(25) between the outer wall of the velocity string (20)
and the inner wall of the production tubing (14),

- controlling the flow of gas from the annulus (25)
between the outer wall of the velocity string (20) and
the inner wall of the production tubing (14) to the
wellhead (2) by means of a control valve wherein a
controlled mass flow of said gas flows up to the wellhead

(2).
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