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DESCRIPTION

Field of the Invention

[0001] The present invention relates generally to a wellhead assembly for an oil and gas well.
More particularly, the present invention relates to a wellhead assembly or hanger for a coiled
tubing string which has annular communication.

Description of the Related Art

[0002] It is often desirable in the oilfield industry to insert a string of coiled tubing into the
production tubing of a completed oil and gas well. The coiled tubing may be used for a number
of purposes such as chemical injection, gas injection, cross sectional area reduction, or for
carrying downhole equipment such as sensors, gauges, and pumps. Traditional coiled tubing is
a continuous length of spoolable pipe, ranging in size from 19mm to 76mm (%" to 3") OD.
Smaller diameters, such as 6.2mm or 9.5mm (2" or 3%") OD, are sometimes referred to as a
capillary string or an injection tubing string. As used hereinafter, such tubing will be referred to
as an injection tubing string, although such use is not intended to limit the scope of the
invention or exclude other comparable tubing strings.

[0003] It is also desirable to leave the injection tubing string in the wellbore for extended
periods of time. This allows an operator, for example, to inject chemicals into the wellbore, on a
continual basis, to enhance production or to inhibit corrosion, scale, hydrate or paraffin buildup
in the well bore. U.S. Patent 6,851,478 discloses a Y-body Christmas tree for use with an
injection tubing string, thereby allowing for the essentially permanent installation of the injection
tubing string. The Y-body Christmas tree provides convenient access for injecting coiled tubing
into a tubing string without necessarily adding height to the wellhead or tree. The Y-body
Christmas tree includes a vertical fluid flow bore for passage and containment of the
production of oil and gas from the wellbore. The tree includes upper and lower master valves
for controlling the passage of well flow through the tree and to an adjoining flow line. The
Christmas tree also includes an independent angular coiled tubing bore that intersects the
vertical flow bore of the tree between the upper and lower master valves, allowing the upper
master valve to be cycled without being obstructed by a coil string.

[0004] The Y-body Christmas tree has at least two drawbacks. First, the tree is more
expensive than a conventional Christmas tree. Furthermore, when the injection tubing string is
installed in the production tubing, the lower master valve cannot be closed without severing the
injection tubing string and requiring an expensive fishing job to remove the severed tubing
string. In the event that the upper master valve begins to leak and needs to be repaired or
replaced, an operator cannot obtain a double barrier required in many locations throughout the
world by closing the lower master valve or installing a back pressure valve in the production
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tubing. As a result, an operator would have to mobilize a workover rig and/or lift boat so that
the injection tubing string can be removed from the production tubing to allow the lower master
valve to be closed and/or a back pressure valve to be installed. This is obviously a time
consuming and expensive proposition.

[0005] Thus, there is a need for an alternative method for suspending an injection tubing string
in production tubing that addresses the problems discussed above.

[0006] Patent Specification W0O9904137 discloses a method and apparatus for enabling
simultaneous injection of treated water into an aquifer and production of petroleum from a
reservoir, the apparatus comprising a Xmas tree supporting two tubular strings.

[0007] US Patent Specification 5203409 discloses a geothermal well eccentric hanger spool
comprising an internal flow passage and an eccentrically positioned landing pocket supporting
a tubing string.

[0008] European Patent Specification 0637675 discloses an electrical connection across a
peripheral surface through a sealed enclosure in a radial plane between a tubing hanger and a
surrounding support member.

[0009] US Patent Specification 20020000315 discloses apparatus for controlling the flow of oil
or gas from a subsea well and comprising a tubing annulus communicated to a tubing hanger
through an annulus passageway, a workover passageway and an annulus bore.

[0010] GB Patent Specification 2377954 discloses a wellhead assembly comprising a
production tree with a bore into which lands a tubing hanger sealed by hanger seals so that the
hanger above the seals is exposed to the ambient pressure existing outside the tree.

[0011] US Patent Specification 20040262010 discloses a horizontal spool tree assembly for
controlling fluid flow through a production tubing string within a subsea well, the assembly
comprising a spool body defining a central bore, a tree cap within the central bore, and first
and second closure members.

SUMMARY OF THE INVENTION

[0012] According to a first aspect of the present invention a wellhead assembly for an injection
tubing string comprises a flange adapted to be connected to a wellhead, the flange having a
longitudinal bore therethrough and an injection port, the injection port extending through the
flange and communicating with the longitudinal bore of the flange; a mandrel adapted to be
inserted into the longitudinal bore of the flange, the mandrel comprising a longitudinal bore
therethrough and a port, the port extending through the mandrel and communicating with the
injection port of the flange; and a hanger connected to an injection tubing string, the hanger
being adapted to land in the longitudinal bore of the mandrel, the hanger comprising a
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communication passageway which facilitates fluid communication between the port of the
mandrel and the injection tubing string, the assembly being characterized in that the hanger
further comprises a longitudinal flow area therethrough for the production of fluids from a
wellbore and up past the hanger.

According to a second aspect of the present invention a method for allowing fluid
communication in a wellhead assembly is characterized by the steps of:

1. (a) mounting a wellhead assembly to a wellhead, the wellhead assembly comprising a
flange adapted to be connected to the wellhead, the flange having a longitudinal bore
therethrough and an injection port, the injection port extending through the flange and
communicating with the longitudinal bore of the flange; a mandrel adapted to be inserted
into the longitudinal bore of the flange, the mandrel comprising a longitudinal bore
therethrough and a port, the port extending through the mandrel and communicating
with the injection port of the flange; and a hanger connected to an injection tubing string,
the hanger being adapted to land in the longitudinal bore of the mandrel, the hanger
comprising a communication passageway which facilitates fluid communication between
the port of the mandrel and the injection tubing string;

2. (b) injecting fluid through the port of the flange;

3. (c) injecting the fluid through the port of the mandrel;

4. (d) injecting the fluid through the communications passageway of the hanger; and

5. (e) injecting the fluid through the injection tubing string.

[0013] According to embodiments of the present invention, a wellhead assembly and method
for an injection tubing string is provided herein. An exemplary embodiment of a wellhead
assembly comprises a flange adapted to be connected to a wellhead, the flange having a
longitudinal bore therethrough and an injection port extending radially through the flange and
communicating with the longitudinal bore. The assembly includes a mandrel adapted to be
inserted into the longitudinal bore of the flange, the mandrel having a longitudinal bore
therethrough and a port for communicating with the injection port of the flange. The assembly
further includes a hanger adapted to be connected to the upper end of an injection string, the
hanger being further adapted to land in the longitudinal bore of the mandrel wherein the
hanger includes a communication passageway for facilitating fluid communication between the
port of the mandrel and the injection tubing string.

[0014] According to one embodiment, at least a portion of the mandrel's longitudinal bore
serves as a polished bore receptacle. At least a portion of the flange's longitudinal bore also
serves as a polished bore receptacle. The mandrel preferably includes seals for sealing the
annular area between the flange's polished bore and the outer diameter of the mandrel. The
seals seal the annular space above and below the injection port in the flange and the port
extending through the mandrel. The injection tubing string hanger preferably includes seals for
sealing the annular space between the mandrel's polished bore and the outer diameter of the
hanger. The seals seal the annular space above and below the fluid passageway extending
laterally through the hanger and the port extending through the mandrel.
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[0015] In a preferred embodiment, the flange is inserted between the top of the production
tubing head spool and the bottom of the Christmas tree. More particularly, the flange is
connected beneath the lower master valve of the Christmas tree.

[0016] According to one embodiment, the injection tubing string is connected to the hanger by
a ferrule fitting. A live swivel is preferably installed between the ferrule fitting and the injection
string to allow rotation of the hanger without imparting rotation to the injection tubing string.

[0017] According to one embodiment, external threads are provided proximate to the lower
end of the mandrel for connecting the mandrel to the back pressure valve thread profile in the
production tubing hanger. The mandrel may also include an external seal for sealing the
annular space between the mandrel and the production tubing hanger. The mandrel may
include internal threads for receiving a back pressure valve in the longitudinal bore of the
mandrel above the injection tubing string hanger. The hanger is preferably threadedly attached
to the internal diameter of the mandrel to lock the hanger in place. Alternatively, the hanger
may have a keyed connector which may be locked in place with minimal turning of the hanger
relative to the mandrel. When locked in place, the hanger provides a straddled seal across the
communication port with the mandrel. The hanger further provides a profile for connecting to a
running tool. Once installed, chemicals for treating the wellbore may be injected through the
injection port of the flange, through the port in the mandrel, through the communication
passageway of the hanger and into the injection tubing string.

[0018] Injected fluids may include gas, foamers, acids, surfactants, miscellar solutions,
corrosion inhibitors, scale inhibitors, hydrate inhibitors, paraffin inhibitors, or any other
chemicals that may increase the quality and/or quantity of production fluids flowing to the
surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Figure 1 is a cross-sectional view of an exemplary embodiment of the injection string wellhead
assembly;

Figures 2A-C are sectional views of an exemplary embodiment of a flange of the injection
string wellhead assembly;

Figure 3 is a cross-sectional view of an exemplary embodiment of a mandrel of the injection
string wellhead assembly;

Figures 4A-C are sectional views of an exemplary embodiment of an injection string hanger for
the injection string wellhead assembly;
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Figure 5 is a side view of an exemplary embodiment of the flange positioned between a
conventional dual master valve Christmas tree and a conventional tubing head;

Figure 6 is a cross-sectional view of an exemplary embodiment of the injection string wellhead
assembly;

Figure 7 is a sectional top-side view of an exemplary embodiment of a flange of the injection
string wellhead assembly;

Figure 8 is a cross-sectional view of an exemplary embodiment of the injection string wellhead
assembly;

Figure 9A is a cross-sectional view of an exemplary embodiment of the injection wellhead
assembly having multiple strings hung from the hanger; and

Figure 9B is a sectional top-side view of the exemplary embodiment of Figure 9A.

DETAILED DESCRIPTION OF THE INVENION

[0020] lllustrative embodiments of the invention and related methods are described below as
they might be employed in the use of a wellhead assembly for an injection tubing string that
extends into a production tubing string. In the interest of clarity, not all features of an actual
implementation or related method are described in this specification. It will of course be
appreciated that in the development of any such actual embodiment or method, numerous
implementation-specific decisions must be made to achieve the developers' specific goals,
such as compliance with system-related and business-related constraints, which will vary from
one implementation to another. Moreover, it will be appreciated that such a development effort
might be complex and time-consuming, but would nevertheless be a routine undertaking for
those of ordinary skill in the art having the benefit of this disclosure.

[0021] Referring to Figure 1, one embodiment of a wellhead assembly 10 for an injection
tubing string is illustrated. The injection tubing string wellhead assembly 10 includes flange 15,
mandrel 20 and tubing hanger 25. Flange 15, as more clearly illustrated in Figures 2A-2C,
includes a longitudinal bore 17 extending through the center of the flange. Injection port 18
extends radially through the flange and into longitudinal bore 17. As will be understood by one
of skill in the art, chemicals for treating a wellbore may be injected via a surface injection line
(not shown) through injection port 18. Flange 15 is preferably inserted between the existing
wellhead and the tubing head adapter for a given well. More particularly, the flange is adapted
to be inserted between and connected to the upper flange of the production tubing head
adapter spool and the lowermost flange of the lower master valve of the Christmas tree. One
of skill in the art will appreciate that flange 15 may be inserted at the time that the injection
tubing string is to be installed, or it may be installed with the initial Christmas tree installation. In
the latter case, the remaining components of assembly 10 could then be installed at a
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subsequent time when chemical injection is required.

[0022] A plurality of bolt holes 24 are included about the outer circumference of the flange
which will align with corresponding holes in the flanges of the production tubing spool (or tubing
spool adapter if the latter is required) and lower master valve flange. By way of example,
flange 15 includes 8 bolt holes for receiving bolts (not shown) to securely connect flange 15
between the production tubing head spool and the bottom of the lower master valve. Flange 15
includes an upper annular groove 22 and a lower annular groove 23 for receiving ring gasket
seals (not shown), to seal the flange to the lower master valve and production tubing head
spool.

[0023] Preferably, longitudinal bore 17 extending through the flange has the same diameter as
the internal bore of the Christmas tree. For example, with 89mm (3% inch) production tubing,
the Christmas tree will have a 77.5mm (3 1/16 inch), inch internal bore extending therethrough
and flange 15 will have a similar 77.5mm (3 1/16 inch) inner diameter, or slightly less to
accommodate easier insertion of the mandrel. At least a portion of internal bore 17 will serve
as a polished bore receptacle to provide a sealing surface for mandrel 20.

[0024] Referring to Figures 1 and 3, the injection tubing string wellhead assembly includes
mandrel 20. Mandrel 20 has a generally cylindrical shape with a longitudinal bore 30 extending
therethrough. Mandrel 20 includes external threads 32 on its lowermost end which are adapted
to mate with a threaded profile on the internal diameter of the production tubing hanger in a set
of threads known as "back pressure threads" (not shown). Threads 32 mate with the threaded
profile in the tubing hanger that is conventionally used to receive a back pressure valve for the
production tubing. One of skill in the art will appreciate that the back pressure valve thread
profile in the production tubing hanger may differ depending on the supplier of the hanger. The
profile for threads 32 on the mandrel will be selected to match the thread profile of the back
pressure valve threads. Threads 32 provide a downward anchoring and compression means to
compress an elastomer seal 48 when mandrel 20 is properly made up into the threaded profile
or back pressure threads of the tubing hanger. When properly made up, threads 32 lock
mandrel 20 to the tubing hanger. Mandrel 20 may also include an annular groove 34 for
receiving a seal ring 48 which also seals the annular space between the lower end of mandrel
20 and the production tubing hanger.

[0025] Mandrel 20 includes a flow port 40 for communicating with injection port 18. Mandrel 20
also includes upper annular recess 38 and lower annular recess 36 for receiving seal rings 52
and 54, respectively. Ring seals 52 and 54 seal the annular area between mandrel 20 and
bore 17 of flange 15. Seals 52 and 54 keep injection chemicals from leaking between mandrel
20 and flange 15.

[0026] Bore 30 of the mandrel includes a threaded profile 42 for receiving the mating threads
on injection tubing string hanger 25. One of skill in the art will appreciate that various types of
thread profiles 42 may be used to attach and lock hanger 25 to mandrel 20. The mandrel may
include an upper profile 44 for receiving a conventional back pressure valve (not shown).
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Mandrel 20 includes a polished bore section 55 that provides a sealing surface for tubing
hanger 25.

[0027] Referring to Figures 1 and 4A-4C, one embodiment of the tubing hanger 25 of the
present invention is shown in more detail. Hanger 25 includes an internal communications
passageway 60 for communicating with mandrel flow port 40, injection port 18 and the injection
tubing string. In a preferred embodiment, passageway 60 extends radially from its opening on
the outer periphery of hanger 25 to the center of the hanger, where a portion of passageway
60 extends axially into the profile 62, thereby allowing communication with the top of the
injection tubing string (not shown). In a preferred embodiment, hanger 25 includes an annular
channel 75 which extends about the opening to passageway 60 to facilitate communications
with flow port 40. Channel 75 allows communication between passageway 60 and flow port 40
even though passageway 60 is not radially aligned with port 40. In a similar manner, an
annular channel (not shown) between mandrel 20 and flange 15 may be used to facilitate
communications between injection port 18 and flow port 40. This annular channel may, for
example, extend about bore 17 of the flange and/or the outer diameter of mandrel 20
(between recesses 36 and 38).

[0028] Hanger 25 includes annular grooves 72 and 74 for receiving seal rings 76 and 78
respectively to seal the annular space between hanger 25 and mandrel 20 above and below
flow port 40, flow channel 75 and passageway 60. Thus, injected chemicals can be injected
through injection port 18, through flow port 40 and into channel 75 where the chemicals will
flow until it reaches passageway 60, whereafter the chemicals can pass into the injection
tubing string connected to hanger 25.

[0029] The injection tubing string (not shown) is preferably attached to hanger 25 with a ferrule
connector, which fits inside profile 62 of hanger 25. Hanger 25 also includes an enlarged
profile 65 for receiving a live tubing swivel which allows hanger 25 to be rotated relative to
mandrel 20 without imparting rotation to the tubing string. During installation, hanger 25 will
preferably be rotated into locking engagement with mandrel 20. Live tubing swivels (not
shown) are well known and are not described herein. Seals 76 and 78 on the hanger
preferably seal inside polish bore 55 of mandrel 20.

[0030] Figure 4B illustrates a top view of hanger 25, which provides a C-shaped flow area 80
for the production of oil and gas and other wellbore fluids up through the production tubing,
past hanger 25, into the Christmas tree and out through surface production lines for the well.
Hanger 25 also includes an internal profile 68 on its upper end for receiving a running tool.

[0031] To install the injection tubing string wellhead assembly on an existing well, the
Christmas tree is disconnected from the production tubing head spool. Flange 15 is then
inserted on top of the production tubing head spool (or tubing head adapter if present) and the
tree is re-installed. Once the tree is re-installed, flange 15 will be connected to the bottom
flange of the lower master valve. The mandrel is sized so that it can be run through the bore of
the Christmas tree.
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[0032] Hanger 25 and the injection tubing string suspended therefrom is run into the well after
the Christmas tree has been nippled up to flange 15 and the tubing head spool. In one
embodiment of the invention, the injection tubing string wellhead assembly is used with BJ
Services' InjectSafe™ System which includes upper and lower injection strings, the lower
injection string extends from a wireline retrievable surface controlled subsurface safety valve.
The subsurface safety valve may be either a tubing retrievable safety valve or be a wireline
insert safety valve installed, for example, inside a production subsurface safety valve. The
upper injection string will sting into the InjectSafe™ downhole safety valve and will
communicate with the lower injection string through a bypass which bypasses the valve
mechanism of the safety valve. In a preferred embodiment, hanger 25 is run with the upper
portion of the injection string. Once the downhole safety valve and lower injection string have
been set in the well, the upper string is spaced-out and cut and connected to hanger 25 via a
ferrule connector. A live tubing swivel may extend between the ferrule connector and the
injection tubing string. A running tool is connected to profile 68 of hanger 25 and the injection
string and hanger are lowered into the well through the Christmas tree until the hanger lands in
profile 42 of mandrel 20. After the mandrel is connected to profile 42 of the mandrel, the
running tool is disconnected from the hanger and removed from the wellbore.

[0033] Figure 5 illustrates one embodiment of the present invention used with a conventional
dual master valve Christmas tree. As shown in Figure 5, flange 15 is installed beneath lower
master gate valve 115. Flange 15 is installed on top of tubing head adapter 110, which is
connected to the top of tubing head 105. Upper master gate valve 120 is connected to the
upper end of lower master gate valve 115. Studded cross 125 is mounted to the top of upper
master gate valve 120. Top connector 140 is connected to the top of studded cross 125. Flow
line gate valve 130 and Kkill line gate valve 135 are attached on opposite sides of studded cross
125. As can be seen from Figure 5, flange 15 is located beneath both master valves of the
Christmas tree.

[0034] The height of mandrel 20 is selected such that it will extend into the lower bore of the
lower master valve but will not interfere with the operation (i.e., closing) of the lower master
valve. Thus, both master valves remain functional after installation of injection wellhead
assembly 10, thereby allowing the master valves to be closed without cutting or damaging the
injection tubing string suspended from hanger 25.

[0035] Referring to Figures 6 and 7, an alternative exemplary embodiment of wellhead
assembly 10 is illustrated. The wellhead assembly 10A includes flange 15A, mandrel 20A and
tubing hanger 25A. Flange 15A includes longitudinal bore 17A extending through the center of
flange 15A. Injection port 18A extends radially through flange 15A into longitudinal bore. In
general, each component works are previously discussed with some added features which will
be outlined below.

[0036] In the exemplary embodiments of Figures 6 and 7, flange 15A operates the same as
discussed in relation to previous embodiments. However, in this embodiment, an integral



DK/EP 2102446 T3

needle valve 19, well known in the art, also extends radially through flange 15A and into port
18A, thereby regulating fluid communication through port 18A. A grease fitting 21 may also be
used to seal port 18A when desired. As will be understood by one of skill in the art, chemicals
for treating a wellbore may be injected via a surface injection line (not shown) through injection
port 18A.

[0037] Further referring to the exemplary embodiment of Figure 6, flange 15A is mounted
between lower master valve 115, which is above flange 15A, and tubing head adapter 110,
which is below flange 15A. One of skill in the art will appreciate that flange 15A may be
mounted at the time the injection tubing string is installed or it may be mounted with the initial
Christmas tree installation. In the latter case, the remaining components of assembly 10A
could then be installed at a subsequent time when chemical injection is required. Flange 15A
also includes seals 27 in order to seal flange 15A to lower master valve 115 and tubing head
adapter 110. Seals 27 may be, for example, ring gaskets seals.

[0038] A test port 26, as known in the art, extends radially through flange 15A in order to test
the integrity of seals 27, 28 (uppermost seal) and 48. A plurality of bolt holes (not shown) are
spaced about the other circumference of flange 15A which align with corresponding holes in
the flanges of the lower master valve 115 and tubing head adapter 110. Any number of bolt
holes may be included as desired.

[0039] As discussed in relation to previous embodiments, preferably, longitudinal bore 17A has
the same diameter as the internal bore of the Christmas tree. However, flange 15A may have a
slightly smaller diameter than that of the Christmas tree bore in order to accommodate easier
insertion of the mandrel 20A. At least a portion of bore 17A will serve as a polished bore
receptacle to provide a sealing surface for mandrel 20A.

[0040] Further referring to the exemplary embodiment of Figure 6 and as previously discussed
in other embodiments, mandrel 20A has a generally cylindrical shape with a longitudinal bore
extending therethrough. Mandrel 20A includes external threads 32A on its lowermost end
which are adapted to mate with a threaded profile on the internal diameter of the production
tubing hanger 29 in a set of threads known as "back pressure threads" (not shown). Threads
32A mate with the threaded profile in the tubing hanger that is conventionally used to receive a
back pressure valve for the production tubing. One of skill in the art will appreciate that the
back pressure valve thread profile in the production tubing hanger 29 may differ depending on
the supplier of the hanger. The profile for threads 32A will be selected to match the thread
profile of the back pressure valve threads. Threads 32A provide a downward anchoring and
compression means to compress elastomer seals 48 which also seal the annular space
between the lower end of mandrel 20A and production tubing hanger 29. Seals 28 are used to
seal the annular space between tubing hanger 29 and tubing head adapter 110.

[0041] As also discussed in previous embodiments, mandrel 20A includes flow port 40A for
communicating with injection port 18A. Mandrel 20A includes annular seals 52A and 54A (and
their corresponding recesses) for sealing the annular space between mandrel 20A and bore
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17A of flange 15A. Seals 52A and 54A keep injection chemicals from leaking between mandrel
20A and flange 15A. Mandrel 20A may also include upper threaded profile 44A for receiving a
conventional back pressure valve (not shown). Mandrel 20A also includes a polished bore
section 55A that provides a sealing surface for tubing hanger 25A.

[0042] In general, hanger 25A operates the same as discussed in relation to the previous
embodiments. Therefore, chemicals can be injected through injection port 18A, through flow
port 40A and into channel 75A (not shown in Figure 6) where the chemicals will flow until it
reaches passageway 60A, whereafter the chemicals can pass into the injection tubing capillary
string 31 connected to hanger 25A. Injection tubing string 31 is preferably attached to hanger
25A with a connector 33, such as for example, a ferrule or swivel connector, which fits inside
hanger 25A.

[0043] In the exemplary embodiment of Figure 3, the longitudinal bore of mandrel 20 included
a threaded profile 42 for receiving mating threads on hanger 25. However, one of skill in the art
will appreciate that various types of connectors, such as for example, snap rings, may be used
to attach and lock hanger 25 to mandrel 20. For example, in the alternative exemplary
embodiment of Figure 6, hanger 25A includes annular recess 35 on its upper end for receiving
a C-ring 41, such as, for example, a snap ring or spring-loaded dog. C-ring 41 is used to lock
hanger 25A into place within mandrel 20A and prevents hanger 25A from moving uphole
during operation. Once installed, C-ring 41 will mate with corresponding annular profiles within
the longitudinal bore of mandrel 20A, thereby locking hanger 25A into position for fluid
communication. Although disclosed as a C-ring at the upper end of hanger 25A, those of skill in
the art will realize that any variety of locking mechanisms, as well as placements along hanger
25A, may be utilized to secure hanger 25A in place. An internal threaded profile 45 is located
at the upper end of hanger 25A for receiving a running tool 47. However, those of skill in the
art will understand that any variety of connectors could be used for this purpose.

[0044] Referring to Figure 8, an alternative embodiment of flange 15B is illustrated. Here,
flange 15B operates as discussed in the previous embodiments; however, in this embodiment,
flange 15B has a taller vertical profile, thereby preventing the need to replace the stud bolts of
the tubing head adapter. As shown, flange 15B has an upper portion 90 and lower portion 92.
Upper portion 90 is taller than lower portion 92, with lower portion 92 being a height which
allows the existing stud bolts 96 of tubing head adapter 110 to be used to connect flange 15B
to adapter 110.

[0045] An annular groove 94 is located around flange 15B in between upper portion 90 and
lower portion 92. Lower portion 92 has bolt holes (not shown) for receiving bolts 96 of tubing
head adapter 110. Since lower portion 92 is short enough to receive existing bolts 96, there is
no need to replace bolts 96 with longer bolts. As such, flange 15B can be readily applied to
existing tubing head adapters. Integral needle valve 19 is located within upper portion 90, while
test port 26 is located within lower portion 92. The design and operation of these components
are identical to those embodiments previously discussed. Please note, however, that one
ordinarily skilled in the art will appreciate that other flange profiles may be utilized depending
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on the bolt length and/or design of the head adapter.

[0046] The present invention may also be used with multi-completion wellbores (e.g., dual
completions having two or more production tubing strings). For a multi-completion well, the
flange would include two or more internal bores with each bore adapted to receive a mandrel
and injection tubing hanger within the mandrel. The plurality of internal production bores
through the flange may be of different diameters to correspond to different size production
tubing (e.g., a 3%2 x 2% inch dual completion).

[0047] Referring to the exemplary embodiment of Figures 9A and 9B, the present invention
may also comprise multiple injection tubing strings hung from the hanger. In this embodiment,
each tubing string has its own individual fluid flow path as discussed in previous embodiments
and may encompass any combination of those features. Those skilled in the art will appreciate
that the present disclosure encompasses such alternative embodiments. There are, however,
a few modifications which will be discussed below in relation to Figures 9A and 9B.

[0048] Referring to Figure 9A, the wellhead assembly of this exemplary embodiment includes
two capillary strings 31, each having respective fluid communication pathways as described in
previous embodiments. Flange 15C includes two injection ports 18C (although only one is
shown) and their corresponding needle valves 19, which also operate as discussed in previous
embodiments. Here, one injection port 18C is located above the other lower injection port 18C.
However, those skilled in the art will appreciate that the exact location of the ports and their
corresponding flow paths could be varied as desired.

[0049] Mandrel 20C includes two flow ports 40C; each port 40C communicating with its
respective injection port 18C. In addition to seal rings 52 and 54 used to seal the annular
space above and below single flow port 40 of previous embodiments, the present embodiment
utilizes one additional seal ring 56C. Seal ring 56C is used to seal the annular space below the
lower flow port 40C, while seal ring 54C is used to seal the annular space above lower port 40.
Ring seals 52C, 54C and 56C keep injection chemicals from leaking between mandrel 20C and
flange 15C as previously discussed.

[0050] Hanger 25C also operates as previous discussed in relation to other embodiments. In
this embodiment, however, in addition to seal rings 76 and 78 used to seal the annular space
between hanger 25C and mandrel 20C above flow port 40C, two additional seal rings 86, 88
are used to seal the annular space above and below the lower flow port 40C, respectively.
Therefore, chemicals can be injected through each injection port 18C, through each
corresponding flow port 40C and into each corresponding channel 75 (FIG. 4A) where the
chemicals will flow until they reach each corresponding passageway 60 (FIG. 4A), whereafter
the chemicals can pass into the respective tubing string 31.

[0051] The injection tubing strings 31 of Figure 9A are each attached to hanger 25C with a
connector 33, which operates as discussed in relation to previous embodiments. Here, of
course, instead of a single profile including profiles 62 and 65 (discussed in relation to Figure
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4A), hanger 25C will comprise dual profiles 99 (each comprising profile 62, 65 and their
corresponding communication passageways 60 and channels 75) for allowing fluid
communication to tubing strings 31. The exemplary embodiment of Figure 9B illustrates a top
view of hanger 25C also having C-shaped flow area 80 as discussed in previous embodiments.
Here, however, hanger 25C includes dual tubing strings 31.

[0052] Although various embodiments have been shown and described, the invention is not so
limited and will be understood to include all such modifications and variations as would be
apparent to one skilled in the art, as well as related methods. For example, a wellhead
assembly having three or more tubing strings and their respective flow paths can be
envisioned within the scope of the present disclosure. Accordingly, the invention is not to be
restricted except in light of the attached claims and their equivalents.
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PATENTKRAV

1. Breandhovedarrangement for en injektionsrarstreng, hvilket brendhovedarrangement

omfatter:

en flange (15), som er indrettet til at blive forbundet med et brgndhoved, hvilken
flange har en langsgaende boring (17) igennem denne og en injektionsabning (18),
hvilken injektionsabning (18) streekker sig igennem flangen og star i forbindelse
med den langsgaende boring i flangen;

en dorn (20), som er indrettet til at blive indsat i den langsgaende boring i flangen,
hvilken dorn omfatter en langsgaende boring (30) igennem denne og en &bning
(40), hvilken abning (40) streekker sig igennem dornen og stéar i forbindelse med
injektionsabningen i flangen; og

en hanger (25), som er forbundet med en injektionsrgrstreng (31), hvilken hanger
er indrettet til at lande i den langsgaende boring i dornen, hvilken haenger omfatter
en forbindelsespassage, som muligger fluid forbindelse imellem abningen i dornen
og injektionsrgrstrengen, og kendetegnet ved, at haengeren yderligere omfatter et
langsgaende streamningsareal (80) igennem denne, for produktionen af fluider fra et

borehul og op forbi haengeren.

2. Brendhovedarrangement ifalge krav 1, hvor haengeren yderligere omfatter en dreje-
forbindelse, som forbinder haengeren med injektionsrarstrengen, hvilken drejeforbin-
delse muligger drejning af haengeren uden at tilvejebringe drejning af injektionsrar-

strengen.

3. Brendhovedarrangement ifalge krav 1 eller krav 2, hvor dornen yderligere omfatter et
forbindelseselement (32) i tilstadning til en nedre ende af dornen, hvilket forbindelses-
element muligger at dornen forbindes med et modtryksventilprofil i en produktions-

rerstrengshanger.

4. Bregndhovedarrangement ifglge ethvert af kravene 1 til 3, hvor dornen yderligere om-
fatter et forbindelseselement (44) til at modtage en modtryksventil i den langsgaende

boring i dornen oven over haengeren.

5. Brendhovedarrangement ifalge ethvert af de forgaende krav, hvor haengeren yder-

ligere omfatter et forbindelseselement (68) til at forbinde et Igbeveerktgj.
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6. Brendhovedarrangement ifalge ethvert af de foregaende krav, hvor heengeren yder-
ligere omfatter en ringformet kanal (75), som streekker sig omkring en udvendig over-
flade af haengeren, hvilken ringformet kanal i haengeren skeerer forbindelsespassagen i
haengeren, for derved at tillade fluid forbindelse, nar abningen i dornen og forbindelses-

passagen i haengeren ikke er radialt oprettede.

7. Breandhovedarrangement ifglge ethvert af de foregaende krav, hvor dornen yderligere
omfatter en ringformet kanal, som straekker sig omkring den udvendige overflade péa
dornen, hvilken ringformet kanal i dornen skaerer abningen i dornen, for derved at tillade
fluid forbindelse, nar abningen i dornen og injektionsdbningen i flangen ikke er radialt

oprettede.

8. Brandhovedarrangement ifglge ethvert af de foregaende krav, hvor flangen er mon-
teret under en hovedskydeventil og over et rerhoved, idet dornen har en sadan hgjde,
at dornen straekker sig ind i en nedre boring i hovedskydeventilen, men ikke forstyrrer

en funktion af hovedskydeventilen.

9. Fremgangsmade til at tillade fluid forbindelse i et brandhovedarrangement, hvilken

fremgangsmade er kendetegnet ved fglgende trin:

(a) montering af et breandhovedarrangement pa et brendhoved, hvilket brgnd-

hovedarrangement omfatter:

en flange (15), som er indrettet til at blive forbundet med et brgndhoved, hvilken
flange har en langsgaende boring (17) igennem denne og en injektionsabning
(18), hvilken injektionsabning (18) streekker sig igennem flangen og star i
forbindelse med den langsgaende boring i flangen;

en dorn (20), som er indrettet til at blive indsat i den langsgaende boring i
flangen, hvilken dorn omfatter en langsgaende boring (30) igennem denne og
en abning (40), hvilken abning (40) streekker sig igennem dornen og star i
forbindelse med injektionsabningen i flangen; og

en haenger (25), som er forbundet med en injektionsragrstreng (31), hvilken
haenger er indrettet til at lande i den langsgaende boring i dornen, hvilken
hanger omfatter en forbindelsespassage, som muligger fluid forbindelse imel-

lem &bningen i dornen og injektionsrgrstrengen, og hvilken haenger yderligere
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omfatter et langsgaende stremningsareal (80) igennem denne, for produk-

tionen af fluider fra et borehul og op forbi haengeren;

(b) injektion af fluid igennem abningen i flangen;

(c) injektion af fluidet igennem &bningen i dornen;
(d
(

e

injektion af fluidet igennem forbindelsespassagen i haengeren; og

~— ~— ~ ~~—

injicering af fluidet igennem injektionsrgrstrengen.

10. Fremgangsmade ifglge krav 9, hvilken fremgangsmade yderligere omfatter trinnet

med rotation af heengeren uden at tilvejebringe rotation af injektionsrarstrengen.

11. Fremgangsmade ifglge krav 9 eller krav 10, hvor trin (a) yderligere omfatter monte-

ring af breandhovedarrangementet under en hovedskydeventil.

12. Fremgangsmade ifglge krav 11, hvilken fremgangsmade yderligere omfatter trinnet

med at lukke hovedskydeventilen uden at beskadige injektionsrgrstrengen.

13. Fremgangsmade ifglge krav 9, hvilken fremgangsmade yderligere omfatter falgende

trin:

(a) montering af et brandhovedarrangement pa et brandhoved, hvilket brandhoved-
arrangement omfatter en injektionsrarstreng (31), som straekker sig ind i en brend,

idet trinnet med montering af brandhovedarrangementet omfatter falgende trin:

montering af en flange (15) med en langsgaende boring (17) igennem denne og
en fluid injektionsabning (18);

montering af en dorn (20) indvendigt i den langsgaende boring i flangen, hvilken
dorn har en langsgaende boring (30) og en abning (40); og montering af en
haenger (25) indvendigt i den langsgaende boring i dornen, hvilken haenger har
en abning, som muligger fluid forbindelse imellem abningen i dornen og en

position under brandhovedarrangementet;

(b) montering af en hovedventil over brandhovedarrangementet; og
(c) injicering af fluider ned i injektionsstrengen under forbikobling af hovedventilen,

ved anvendelse af brendhovedarrangementet.
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14. Fremgangsmade ifglge krav 13, hvilken fremgangsmade yderligere omfatter trinnet

med at lukke hovedventilen (120, 115) uden at beskadige en injektionsrarstreng.
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