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VALVE

(57) A method for injecting a treating fluid into a hy-
drocarbon fluid production well via an injection conduit
(15) which is at least partially formed by an annular space
(13) between inner (12) and outer walls (11) of a dou-
ble-walled tubular string (10) suspended within the well;
as well as a system for injecting a treating fluid into a

METHOD AND SYSTEM FORINJECTING A TREATING FLUID INTO AWELL BELOW A SAFETY

hydrocarbon fluid production well, the system comprising
a flapper valve (3) in fluid connection with an injection
conduit (15) which is at least partially formed by an an-
nular space (13) between inner (12) and outer walls (11)
of a double-walled tubular string (10) suspended within
the well.
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Description
BACKGROUND OF THE INVENTION

[0001] The invention relates to a method and system
for injecting a treating fluid into a well, in particular a well
producing hydrocarbon fluid.

[0002] The treating fluid may serve to dissolve solid
and/or liquid deposits and/or generate a foam that is eas-
ily lifted to surface.

[0003] Currently for wet gas production wells which
suffer from liquid loading there are a couple of solu-
tions/techniques to increase the Ultimate Recovery of
the well. The options include installation of Velocity
Strings, Capillary Strings and/or pumps.

[0004] A Velocity String can be installed in a gas well
in order to narrow the cross-sectional area of the produc-
tion tubing and therefore increase the wet gas velocity
such thatany solids and/or condensed water and/or other
condensates are lifted to the earth surface and do not
accumulate at the bottom of the wells.

[0005] A Capillary String is a small diameter flexible
injection tube through which a foam generating agent,
which typically contains a surfactant, is injected to the
bottom of the well, so that it will generate a foam upon
contact with water and/or other condensates, which foam
has low density than the liquids so that liquids can be
easier lifted to surface.

[0006] Nowadays all these techniques are separated
from each other. Soitis possible to install a velocity string
for increasing the flow velocity, and also a separate cap-
illary string for foam generation. As these are separated
installations, that increases the complexity and difficulty
to the operation.

[0007] A known downhole foam generation method
and system for wet gas well deliquification are disclosed
in US patent 7,198,099.

[0008] In the known system a foam generating agent
is injected into a lower part of a wet gas production well
via a small diameter foam generating agentinjection tube
thatis suspended in the production tubing below a flapper
type Surface Controlled Sub-Surface Safety Valve (SC-
SSSV) that is actuated via a hydraulic line through which
the foam generating agentis injected atan elevated pres-
sure to keep the SCSSSV open.

[0009] A disadvantage of the known method and sys-
tem is that the small diameter foam generating agent
injection conduit is a fragile piece of equipment that may
vibrate and be damaged by produced sand or rock par-
ticles in the produced wet gas stream and that the dam-
aged conduit may break and obstruct the SCSSSV.
[0010] There is a need for an improved method and
system that overcome these and other drawbacks of the
known method and system.

SUMMARY OF THE INVENTION

[0011] In accordance with the invention there is pro-
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vided a method for injecting a treating fluid into a hydro-
carbon fluid production well via an injection conduit,
which is at least partially formed by an annular space
between inner and outer walls of a double-walled tubular
string suspended within the well.

[0012] The invention moreover provides a system for
injecting a treating fluid into a hydrocarbon fluid produc-
tion well, the system comprising a flapper valve and an
injection conduit in fluid connection which is at least par-
tially formed by an annular space between inner and out-
er walls of a double-walled tubular string suspended with-
in the well.

[0013] Insome embodiments, the double-walled tubu-
lar string is connected to a downhole side of a flapper
valve that is mounted within a production tubing inside
the well. The double-walled tubular string can be sus-
pended from the flapper valve.

[0014] In some embodiments, a hydraulic control line
for the flapper valve and a transfer conduit for treating
fluid from the hydraulic control line to the annular space
are provided, and the treating fluid is passed via the hy-
draulic control line and the transfer conduit to the annular
space for injection into the hydrocarbon fluid production
well.

[0015] Insomeembodimentsthe transfer conduit com-
prises a back pressure valve. The back pressure valve
can serve to hold open the flapper valve and/or inject the
treating fluid into the annular space.

[0016] Insome embodiments, the inner wall of the dou-
ble walled tubular string comprises at least one sleeve
valve. In particular, the treating fluid can be injected from
the annular space into the interior of the double-walled
tubular string through such sleeve valve. Suitably such
injection sleeve valve can be provided at a lower part or
lower end of the double-walled tubular conduit. Alterna-
tively or in addition, a sleeve valve can be provided as
part of the transfer conduit for treating fluid from the hy-
draulic control line to the annular space. Suitably such
sleeve valve is provided at an upper part or upper end
of the double-walled tubular conduit. Suitable sleeve
valves can for example be a Side Sliding Door (SSD)
valve.

[0017] In some embodiments the well is a wet natural
gas production well and the treating fluid comprises a
foam generating agent. Suitably the foam generating
agent can be injected into a lower section of the well to
generate a low density foam upon contact with con-
densed water and/or other condensates that is lifted by
the wet gas production stream to production facilities at
the earth surface.

[0018] In some embodiments, especially for use in a
gas producing well, the double-walled tubular string is a
double-walled velocity string.

[0019] Insome embodiments, the double walled tubu-
lar string is connected to a downhole side of the flapper
valve, e.g. suspended from the downhole side of the flap-
per valve.

[0020] Insome embodiments, the system further com-
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prises a hydraulic control line for the flapper valve, and
a transfer conduit for treating fluid from the hydraulic con-
trol line to the annular space. The transfer conduit can
further comprise a back pressure valve.

[0021] Insome embodimentsthe flappervalveis a sub-
surface safety valve surface, such as a surface retriev-
able sub-surface safety valve, and can in particular be a
so-called Tubing Retrievable (TRSSSV).

[0022] Itwill be understood thatthe method and system
according to one aspect of the invention facilitate easy
and safe integration of the functions of a conventional
Capillary String and a conventional Velocity String. It
does not require a Bottom Hole Assembly of Capillary,
therefore increases the reliability of the installation and
mitigates a need to run capillary coil into the well. After
installing the velocity string it is possible to install the
capillary installation with slickline equipment.

[0023] These and other features, embodiments and
advantages of the method and system according to the
invention are described in the accompanying claims, ab-
stract and the following detailed description of a non-
limiting embodiment depicted in the accompanying draw-
ing, in which description reference numerals are used
which refer to corresponding reference numerals that are
depicted in the drawings.

[0024] Objects and otherfeatures depicted in the figure
and/or described in this specification, abstract and/or
claims may be combined in different ways by a person
skilled in the art.

BRIEF DESCRIPTION OF THE DRAWING

[0025] Figure 1 is a schematic longitudinal sectional
view of a well into which a treating fluid is injected via a
double-walled tubular string in accordance with the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Figure 1 shows a system 1 for injecting a treat-
ing fluid into a hydrocarbon fluid production well in ac-
cordance with the invention. The system 1 is arranged
in a surrounding wellbore in an earth formation (not
shown) as part of a hydrocarbon fluid production well.

[0027] Thesystem 1inthe embodimentas showncom-
prises a production tubing 2 in which a Tubing Retrievable
Sub-Surface Safety Valve (TRSSSV) or other flapper
valve 3 is suspended. In this embodiment the flapper
valve 3 is suspended by means of two pairs of seals 4
and 5, such that an annular region 6 is formed between
the seals 4, 5, the outer surface of the valve 3 and the
inner surface of the production tubing 2. A hydraulic con-
trol 7 line for the flapper valve is connected to a fluid port
8 through which a treating fluid 9, such as a foam gen-
erating agent, can be passed into the annular region 6.
[0028] An injection conduit in the form of a double-
walled tubular string, in this embodiment a velocity string
10, is suspended from the flapper valve 3 and comprises
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an outer wall 11 and an inner wall 12 between which an
annular space 13 is formed. A transfer conduit 14 is pro-
vided which comprises a receiving conduit part 15 in di-
rect fluid communication with the control line 7, a back
pressure valve 16 (in this embodiment concentric with
the tubular string 10), and a distribution conduit part 17
providing fluid communication from the back pressure
valve 16 to the annular space 13, in this embodiment via
a sleeve valve. In this embodiment the sleeve valve 18
is a Side Sliding Door (SSD) valve in an upper part of the
inner wall 12 of the double-walled velocity string 10.
[0029] Optionally the distribution conduit 17 is ar-
ranged within the double-walled velocity string 10 by
means of a cross-over assembly in an upper part of the
double-walled velocity string 10. This cross-over assem-
bly as shown contains seals 19,20 extending below and
above; and therebetween the distribution part 17 of the
transfer conduit 14 is arranged. The seals 19,20 are suit-
ably inline with the Inner Diameter(ID) of the velocity
string 10 to reduce any risk resulting from erosion.
[0030] A further sleeve valve, SSD valve 21, is ar-
ranged near a lower end of the inner wall 12. The lower
sleeve valve, which can also be referred to as a lower
cross-over, allows selective opening or closing the bot-
tom part of the double-walled tubular string, such as to
enable injection near perforations. The double walled tu-
bular string can extend for a short or long distance into
the well underneath the flapper valve, in some embodi-
ments it can be 10 m or more, 100 m or more, 500 m or
more, such as 1 km or more long.

[0031] Now anexample of the operation of the method
of the invention with the system 1 as shown will be dis-
cussed, wherein the hydrocarbon fluid production well is
a wet gas production well. It can be desired during pro-
duction operation to generate foam at the downhole end
of the velocity string 10, e.g. when the flow velocity in-
crease caused by the velocity string is not anymore suf-
ficient to remove the liquid components from the bottom
of the wet gas well. To this end, a foam generating agent,
e.g. asurfactant or afoaming agent of a type as generally
known in the art, can be passed down the control line for
the flapper valve and into the annular space 13. The
sleeve valves 18 and 21 are operated using e.g. a ma-
nipulation tool such as a positioning tool or lock-open tool
via slickline or wireline. Via the receiving part 15 of the
transfer conduit 14 the foaming agent flows to the back
pressure valve 16, which is operated so as to keep the
flapper valve open while passing the foam generating
agent via distribution conduit 15 and sleeve valve 18 into
the annulus 13 of the double-walled velocity string 10,
from where itis injected via sleeve valve 21 into the lower
part of the velocity string 10 in the hydrocarbon fluid pro-
ducing well. When the foam generating agent gets into
contact with condensed water and/or other condensates
inthe wet gas stream 21, alower density foam is created,
such that the foam is easily lifted by the wet gas stream
21 to production facilities at the earth surface (not shown).
[0032] The method and system according to the inven-
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tion provide the possibility to install a Velocity string and
afterwards operate for inject foam generating agent (sim-
ilar to a capillary string), but without the need of installing
a separate Capillary installation. A conventional capillary
string installation has several disadvantages. One of
them is that the small inner diameter it can relatively eas-
ily block which will result in failure of the capillary instal-
lation. This solution is heavily reduced in components,
minimizing the risk of failures. This will maximize Ultimate
Recovery of a wet gas production well.

[0033] Furthermore the method and system according
to the invention increase the reliability because a con-
ventional capillary string installation for fluid injection
would include a complex Bottom Hole Assembly includ-
ing valves, which would he arranged in the part of the
wellbore filled with liquid, and which is prone to blockag-
es. Another benefit is significantly reduces the cost of
because no separate Capillary coil running equipment is
needed.

[0034] The embodiment discussed hereinabove re-
lates to a gas production well, but the invention can also
be beneficial in a hydrocarbon fluid production well
wherein the fluid comprises oil, such as an oil well or a
well producing oil and gas. In all cases there can be a
water or brine component in the produced fluid. For ex-
ample, into oil wells surfactants or other chemical agents
can be injected as treating fluids, such as to enhance
production and/or dissolve liquid and/or solid compo-
nents.

[0035] Therefore,the method, system and/orany prod-
ucts according to present invention are well adapted to
attain the ends and advantages mentioned as well as
those that are inherent therein.

[0036] The particular embodiments disclosed above
are illustrative only, as the present invention may be mod-
ified, combined and/or practiced in different but equiva-
lent manners apparent to those skilled in the art having
the benefit of the teachings herein.

[0037] Furthermore, no limitations are intended to the
details of construction or design herein shown, other than
as described in the claims below.

[0038] Itis therefore evident that the particular illustra-
tive embodiments disclosed above may be altered, com-
bined and/or modified and all such variations are consid-
ered within the scope of the present invention as defined
in the accompanying claims.

[0039] While any methods, systems and/or products
embodying the invention are described in terms of "com-
prising," "containing," or "including" various described
features and/or steps, they can also "consist essentially
of" or "consist of" the various described features and
steps.

[0040] All numbers and ranges disclosed above may
vary by some amount. Whenever a numerical range with
a lower limit and an upper limit is disclosed, any number
and any included range falling within the range is specif-
ically disclosed. In particular, every range of values (of
the form, "from about a to aboutb," or, equivalently, "from
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approximately a to b," or, equivalently, "from approxi-
mately a-b") disclosed herein is to be understood to set
forth every number and range encompassed within the
broader range of values.

[0041] Also, the terms in the claims have their plain,
ordinary meaning unless otherwise explicitly and clearly
defined by the patentee.

[0042] Moreover, the indefinite articles "a" or "an", as
used in the claims, are defined herein to mean one or
more than one of the element that it introduces.

[0043] If there is any conflict in the usages of a word
or term in this specification and one or more patent or
other documents that may be cited herein by reference,
the definitions that are consistent with this specification
should be adopted.

Claims

1. A method for injecting a treating fluid into a hydro-
carbon fluid production well via an injection conduit
which is at least partially formed by an annular space
between inner and outer walls of a double-walled
tubular string suspended within the well.

2. The method of claim 1, wherein the double-walled
tubular string is connected to a downhole side of a
flapper valve that is mounted within a production tub-
ing inside the well.

3. The method of claim 2, wherein a hydraulic control
line for the flapper valve and a transfer conduit for
treating fluid from the hydraulic control line to the
annular space are provided, and wherein the treating
fluid is passed via the hydraulic control line and the
transfer conduit to the annular space for injection
into the hydrocarbon fluid production well.

4. The method of claim 3, wherein the transfer conduit
comprises a back pressure valve.

5. The method of any one of claims 1-4, wherein the
inner wall of the double walled tubular string com-
prises at least one sleeve.

6. The method of any one of claims 1-5, wherein the
wellis a wet natural gas production well and the treat-
ing fluid comprises a foam generating agent.

7. A system for injecting a treating fluid into a hydro-
carbon fluid production well, the system comprising
a flapper valve and an injection conduit in fluid con-
nection which is at least partially formed by an an-
nular space between inner and outer walls of a dou-
ble-walled tubular string suspended within the well.

8. The system of claim 7, wherein the double-walled
tubular string is a double-walled velocity string.
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The system of claim 7 or 8, wherein the double walled
tubular string is connected to a downhole side of the
flapper valve.

The system of any one of claims 7-9, further com-
prising a hydraulic control line for the flapper valve,
and a transfer conduit for treating fluid from the hy-
draulic control line to the annular space.

The system of claim 10, wherein the transfer conduit
further comprises a back pressure valve.

The system of claim any one of claims 7-11, wherein
the double walled tubular string comprises at least
one sleeve valve.
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