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DESCRIPTION

[0001] Present invention regards a device for injection and stimulation of fluids in a well bore,
the device being typically installed in Christmas trees, surface wellheads or subsea wellheads,
where the device will actively be opened by applying hydraulic pressure or actively closed by
an elastic element, when no hydraulic force is present. In the closed position the device will be
acting as a fail safe closed barrier, even if the external lines should be damaged.

[0002] Gas lift valves installed inside the production tubing have been used for many years to
allow for gas injection of compressed gas into oil and gas wells to assist in the production of
wells fluids to the surface. These gas lift valves that are incorporated into the production tubing
string are used to flow high pressure natural gas from the annulus to the interior of the
production tubing. The gas that is injected is lighter than well bore fluid and it provides a lift to
the column of fluid within the production tubing to assist the flow of fluid from the well.

[0003] These gas lift valves must reliably provide for one-way fluid flow only, from the annulus
to the interior of the tubing, in order to prevent the undesirable leakage of production fluids into
the annulus when the well is producing or closed for maintenance or repair. Unfortunately,
many conventional gas lift designs are prone to wear and damage during operation that can
lead to seal failure and leakage over time. One problem that is well-known is erosion of the
sealing surfaces of the gas lift valve which result in leakage across the valve seat and reduced
performance and a reduced lifetime for the valve devices. This creates a problem for operation
of the well with increased down time, maintenance time and an increased safety hazard due to
the annular volume not being isolated from the well flow

[0004] Another problem is that the present annular volume of gas is exorbitant and it is
therefore a desire to protect the platform from this annular volume should a damage to surface
lines occur.

[0005] US 4.784.225 discloses a well valve assembly used to control the flow of fluids through
the annulus and the tubing throughbore of the well. The well valve assembly comprises a
housing which forms a portion of the well and a valve insert moveable through the tubing
throughbore to a position adjacent the housing.

[0006] GB 2.377.954 discloses a wellhead assembly that comprises a production tree with a
bore onto which a tubing hanger land and is sealed by hanger seals, the hanger above the
seals being exposed to the ambient pressure that exists outside of the tree. The hanger has a
lateral conduit for production fluids that connects with a corresponding conduit in the tree, and
a passage extending upwards from the tubing annulus to an exterior port. A second passage
connects the port to the bore of the tree above the hanger seals and it has two closure
members (valves or plugs) to ensure safety.

[0007] EP 1.278.934 discloses a tubing hanger which comprises an annulus bore extending
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generally vertically therethrough and a remotely-operable closure member for controlling fluid
flow through the annulus bore.

[0008] From a safety aspect there is a preference and a requirement for a double barrier
philosophy in a well design where the present invention will be regarded as the second barrier
installed in the Christmas tree or wellhead at surface or subsea, where the present and new
invention will be a part of the barrier envelope to protect the platform or the surroundings from
backflow of fluids should an undesired event take place.

[0009] Therefore one aim of the present invention will be to minimize and possibly alleviate
these problems.

[0010] A further aim is to provide a device with a mtm (metal-to-metal) sealing of the device.
There is a further aim to provide a device with minimal flow restrictions and disturbances in the
injection flow, giving reduced pressure losses across the device.

[0011] Still an aim is to provide a device that will remain in a closed position, this providing an
intact wellhead, even if supply lines and/or the hydraulic device is exposed to external forces
and due to these device arrangements is partly or complete damaged. Yet an another aim is to
provide a device that is divided in operative sections where the part that is mounted internally
inside a wellhead will remain in closed position inside the wellhead even if the other part that is
outside the wellhead is damaged or broken off.

[0012] These aims are achieved by a device according to the following claims and alternative
embodiments are given in the description.

[0013] The present invention regards a device designed for injection and stimulation of fluids
in oil and gas wells. The device may also be used for chemical injection. This device, which is
used to create a one-way seal within a Christmas tree or a wellhead flange outlet, is comprised
of three separable sections where the section that is mounted inside the Christmas tree or the
wellhead (surface / subsea) - referred to as a second section, will remain in a closed position
even if the other sections due to a external force (impact, blow, stroke, hit etc.) is displaced,
broken off or in other ways partly or completely damaged. The second section, that is mounted
inside the Christmas tree or wellhead, is spring operated (fail safe closed) and the other
sections is hydraulic operated fail safe closed spring assisted, where these sections are
referred to as a first section and a hydraulic flange. The device according to the present
invention is typically installed in connection with Christmas trees, wellheads (surface/subsea),
where the device will actively be opened by applying hydraulic pressure or passively closed
when no hydraulic force is present. In the closed position the device will be acting as a fail safe
closed barrier, even if the external lines, injection or hydraulic supply lines will be damaged.

[0014] The device comprises two separable sections being connected with each other through
a suitable device, for instance a connection piece. The first section, which is arranged and
mounted outside a Christmas tree or a wellhead, within a specially built hydraulic flange,
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comprises an outer hollow housing with an internal body. The internal body is movable in the
longitudinal direction of the housing, where movement of the internal body may be operated by
pressure differential across the internal body. This pressure differential may be a fluid pressure
operating on surfaces of the internal body, which surfaces may be exposed to different fluids.
These fluids may be well fluids acting on one or more surfaces in order to operate the de -
vice, or injection fluid on one surface of the internal body and well fluid on another surface.
According to an aspect of the present invention the pressure differential across the internal
body may be assisted by at least one predetermined pressure balanced elastic element to
open and close the device.

[0015] The internal body arranged within the hollow housing of the first section is provided
with a thorough bore, and in one embodiment of the present invention the internal body may
be designed as a full bore sleeve.

[0016] When the device is to be installed subsea, a tool is used to first fasten the specially
built hydraulic flange on a Christmas tree or a wellhead. Then the second section of the device
is mounted and secured within the Christmas tree or the wellhead in a known matter, where
after the first section is inserted and installed within the hydraulic flange and is secured from
being pushed out of the hydraulic flange by a stop arrangement. This stop arrangement may
be a prepositioned gripper and expandable locking system. This stop arrangement may be
designed in many ways and a skilled person will know how this can be done. The hydraulic
flange is further arranged to be connected to the Christmas tree/wellhead through connection
means, and is also provided with connection point for supply lines etc. A second section of the
device is mounted within a Christmas tree or a wellhead (surface/subsea), and this section also
comprises an outer hollow housing, whereby the hollow housings of the two sections can be
connected together by a connection piece. Within the hollow housing is arranged an internal
body that is movable in the longitudinal direction of the second section. According to the
invention the internal body of the second section comprises an internal bore, which bore in a
first closed position is closed with a metal to metal seal system between the outer housing and
the internal body. Also the internal movable body of the second section may be operated by
pressure differential across the internal body. This pressure differential may be a fluid pressure
operating on surfaces of the internal body, which surfaces may be exposed to different fluids.
These fluids may be well fluids on one or more surfaces for operating the device or injections
fluid on one surface and well fluid on another surface or combinations. According to an aspect
the pressure differential across the internal body may be assisted by at least one
predetermined pressure balanced elastic element to close the device.

[0017] According to an aspect of the invention the two sections of the device are connected
together by a connection piece, where the piece is in form of a sleeve that is interphasing the
two sections, in such a way that the sleeve is covering a part of both of the sections.
Furthermore, the piece that is laying over and covering the second section is arranged to have
fingerlike taps around its periphery. These fingerlike taps may be of a weakened construction
such that if the hydraulic flange with the first section are exposed to external forces and
thereby damaged wholly or partly, the fingerlike taps will break off or bend resulting in that the
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first section is separated apart from the second section. The sleeve may on its outer side be
arranged with an upstanding ring, where this will function as a stop surface when the device is
mounted inside the Christmas tree/wellhead and the hydraulic flange. The Christmas
tree/wellhead and the hydraulic flange must then on their insides have complementary
recesses in which the ring can be locked. It is to be understood that other arrangement also
can be used to achieve the locking and the breaking function of the connection piece, where a
skilled person will know how this is done. According to the present invention the internal
movable body of the second section of the device comprises of at least one slot between the
bore and the outside of the internal body. These slots in the internal body are leading directly
to the outside of the outer housing in an open position of the second section of the device, and
are positioned within the outer housing in a closed position of the device. The part of the
internal body comprising the slots are moved relative the outer housing from a position within
the outer housing in a closed state of the valve to a position at least partly outside the housing
in an open state of the valve.

[0018] According to an aspect of the invention the slots may be longitudinal and distributed on
the circumference of the internal body. The distribution may be evenly around the
circumference of the internal body. The form of the slot may be even or odd around the
circumference of the body. The slots may be longitudinal with a main longitudinal direction
mainly parallel with a longitudinal axis of the internal body. The slots may be longitudinal with a
main direction at an angle relative to the longitudinal axis of the internal body or form a part
spiral shape around a longitudinal axis, or formed with another shape. The slots around the
internal body may also be of different shapes, whereof some may be larger than other slots.

[0019] According to another aspect the slots in the internal body may be made beveled and
angled from an internal surface to an outer surface of the internal body in order to obtain
stream line flow.

[0020] According to another aspect of the invention the seal system comprises a valve seat in
the outer housing and a valve element sealing surface on the internal body. With open position
one should in this description understand a position wherein the slots of the internal body are
positioned with at least a part outside the outer housing seen in a direction transverse to the
longitudinal axis of the device.

[0021] According to another aspect of the invention the valve seat and the valve element
sealing surface in an open or partially open position are positioned on opposite sides of a slot
seen in a longitudinal direction of the device. This gives that the slots forming the flow path of
the injection fluid are positioned between the valve seat and the valve element sealing surface
in an open position of the device.

[0022] According to another aspect of the invention the valve seat may comprise a low
pressure guide to obtain optimal guiding sealing engagement as a secondary embodiment.

[0023] According to another aspect the internal body comprises a stop surface which in a fully
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open position of the device is abutting against a corresponding surface in the outer housing.

[0024] According to another aspect of the invention the internal body and outer housing may
comprise corresponding parts of at least one guiding element predefining a travel between a
closed and an open position of the device. In addition or alternatively the internal body may
comprise at least one fluid balanced wing(s) or baffle(s) and or added slots in the internal
surface of the internal body exposed to the injection fluid to guide the internal body in a
predetermined travel between open and closed position of the device. This predefining travel
may be linear, rotational and or a combination of this.

[0025] According to another aspect of the invention the outer housing may comprise a wiper
element positioned to abut against and clean the sealing surface during closing of the device.
This is favorable in the case when the injection fluid contains particles prone to be attached to
the sealing surfaces.

[0026] According to another aspect of the invention the elastic element that is arranged in the
first section of the device may comprise a spring element enclosed in a chamber, which
chamber in one embodiment may be filled with a fluid separate from both well and injection
fluid and which chamber in another embodiment may be in fluid contact with the internal bore
of the internal body or the outside of the housing. According to yet another embodiment the
outer housing and or the internal body of both of the sections may comprise several separable
elements connected by for instance threaded joints. This gives the possibility to replace for
instance the element of the outer housing comprising the valve seat without having to replace
the whole housing.

[0027] The injection device of the present invention may also be positioned in a hydraulic
spool piece in relation to a Christmas tree as mentioned above. The spool piece may be
formed as a flange and comprise a main bore, in which main bore the injection device may be
positioned. There may also be additional side bores for adding of hydraulic fluid and possible
venting and pressure monitoring. The side bores may be adapted to be in communication with
at least one opening in the outer housing of the injection device, in order to add hydraulic fluid
for operation of the device. Such a system will be equipped with additional sealing elements in
appropriate places and a skilled person will understand this. The device may also comprise a
pretension means to set the device, i.e. the valve to a given position when hydraulic pressure
is not present through the opening, for instance a closed position. The pretension device may
be an elastic element such as spring or other pretension means These features of the
invention will provide a device where the flow path of the injection fluid is substantially less
tortuous than other known gas injection valves due to the more direct flow through the bore in
the internal body and directly out through the slots of the valve. This also gives less pressure
losses across the valve.

[0028] The present invention is also a device with few elements, compared with the majority of
other known injection valves. This gives a more reliable device as well. The present invention
also has a relatively large flow area through the device; compared with the majority of other
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known injection valve of similar size.

[0029] Furthermore, it is provided a device, comprised of separable section that will remain in
a closed position even if the other section due to external force is displaced, broken off or in
other ways partly or completely damaged.

[0030] Following there will be given a non- limiting description of embodiment of the invention
with reference to the accompanying drawing, where

Fig. 1 shows a cross section of an embodiment of the present invention in a closed position of
the device, and

Fig. 2 shows a device according to the present invention, where the device is mounted within
an arrangement subsea.

[0031] From figure 1 can be seen an embodiment of the device 1, where the device 1
comprises two separable sections 2, 3. When the device 1 is installed subsea, the two sections
2, 3 are connected to each other through a connection, but they will break loose if a first
section 2 is exposed to an external force. In order to understand the present invention, the two
sections 2, 3 are shown in an unconnected state.

The first section 2, which is arranged within a hydraulic flange 41 (see fig. 3) mounted to a
Christmas tree or a wellhead 3, comprises an outer hollow housing 4 and an internal body 5.
Further, the internal body 5 is arranged movable within the longitudinal direction of the outer
housing 4. The internal body is furthermore designed to be hollow, thereby providing a bore 12
through the internal body 5. In order to supply fluid through the device 1, the outer housing 4 is
provided an inlet 6. There may in relation to this inlet 6 also be positioned an orifice 7 in a
distance from the inlet 6, where the orifice 7 regulate the flow through the device 1, for
instance to create a rotating flow pattern, in order to give the flow of fluid through the valve
device 1 a most direct route with reduced pressure loss. There are also an aerating opening 8
in the outer housing 4 to prevent any trapped fluid between the internal body 5 and the outer
housing 4 from stopping the movement between the internal body 5 and the outer housing 4.
The aerating opening 8 may also be connected to a source of hydraulic fluid (not shown) in
order to operate the device 1 between a closed and an open position. In such a configuration
there will be appropriate sealing elements arranged between the internal body 2 and the outer
housing 1 and a skilled person will understand how this is done.

The first section 2 further comprises an opening 11, connecting the internal bore 12 with an
chamber 14 formed between the outer housing and the internal body and the stop surface 10
of the outer housing and a stop surface 13 formed in the outer wall of the internal body 5,
limiting the movement of the internal body 2 relative the outer housing in the open state of the
valve. In this chamber 14 an elastic element may be arranged, where the elastic element will
secure that the internal movable body 5 is pushed back in its initial position when no hydraulic
pressure is applied to the device 1.

On an opposite end of the inlet 6, the outer hollow housing 4 of the first section 2 comprises a
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threaded part 9, which threaded part 9 can be connected to a threaded part 32 on a second
section 3 of the device 1. A stop surface 10 is arranged on an inner surface of the outer hollow
housing 4 and adjacent to the threaded part 9. The purpose of the stop surface 10 is to stop
the movement of the internal body 5.

The second section 3 of the device 1 comprises an outer hollow housing 30 and an internal
movable body 31 arranged within the outer housing 30. The internal movable body 34 is
arranged with an internal bore 12. One end of the outer hollow housing 30 is arranged with a
threaded part 32, which threaded part will co work with the threaded part 9 in the first section
2. An opposite end of the internal movable body 30 will form one part of a sealing surface 34,
while the internal movable body 31 connected to an ending part 35 will form the other part of
the sealing surface 34. The internal movable body 31 is connected to the ending part 35
through a threaded connection. The outer hollow housing 30 and the internal bore 31 with the
ending part 35 will in this way form a true metal-to-metal sealing. As the internal movable body
31 together with the ending part 35 will be lifted off the sealing surface 34 when the device 1 is
opened, the sealing surface 34 will also function as a valve seat. Between the two sealing
surfaces 34 may also a sealing element be positioned. As for the first section 2, also in the
second section 3 is arranged between the outer hollow housing 30 and the internal movable
body 31 an elastic element (not shown), where the elastic element will force back the internal
movable body 31 to a closed position when no hydraulic pressure is applied to the device 1. A
skilled person will know how this elastic element is to be arranged within the second section 3.

[0032] The threaded connection 9, 32 between the first and second section 2, 3 is a
weakened connection such that it will break off or bend if the hydraulic flange, in which the first
section 2 of the device 1 is arranged within, is subjected to an unforeseen external force (a
blow or strike) this force leading to that the flange in knocked off or get out of the position.

[0033] In figure 2 the device 1 according to the present invention is shown in a connected and
installed position within a Christmas tree/wellhead 40 and a hydraulic flange 41. When the
device 1 is to be installed, a tool will guide the second section 3 through the flange 41 and into
the Christmas tree/wellhead 40, where the second section 3in known matter is secured within
the Christmas tree/wellhead 40. Thereafter, the first section 2 of the device 1 is arranged in
and through the threaded connection 9, 32 connected to the second section 3. When the two
sections are connected together, a locking arrangement in the hydraulic flange 41 will lock the
device 1 , as to prevent the device 1 to move within the flange 41 and the Christmas
tree/wellhead 40 when the device 1 is subjected to a pressurized fluid that is supplied to the
device 1 through one or more connection points 43 for hydraulic lines, supply lines etc.

[0034] This lock arrangement (not shown) may be a pre positioned gripper and expandable
locking system. The arrangement may be designed in many ways and a skilled person will
know how this can be done. The hydraulic flange 41 is further arranged to be connected to the
Christmas tree/wellhead 40 through connection means.

[0035] The two sections 2,3 of the device 1 are also connected together by a connection
piece 44, where the piece is designed as a sleeve. When the device 1 is installed inside the
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Christmas tree/wellhead 40, the connection piece 44 is arranged to cover a part of both of the
sections 2, 3. As the device 1 can separate into two sections 2, 3 if the device 1 is subjected to
external forces, where the second section 3 will remain in a closed position, the connection
piece 44 that is interphasing the second section 3 is arranged to have fingerlike taps around its
periphery. These fingerlike taps are of a weakened construction such that if the hydraulic
flange 41 with the first section 2 are exposed to external forces and thereby damaged wholly or
partly, the fingerlike taps will break off resulting in that the first section 2 is separated apart
from the second section 3. The connection piece 44 is on its outer side arranged with an
upstanding ring 45, where this ring 45 will function as a stop surface when the device 1 is
mounted inside the Christmas tree/wellhead 40 and the hydraulic flange 41. The Christmas
tree/wellhead 40 and the hydraulic flange 41 must then on their insides have complementary
recesses in which the ring 45 can be locked.

As an alternative, one could also use the device to vent gas back out of the casing annulus.
This can be done when the device is in an open position, where elements for overriding and or
controlling the device are used to hold it in the open position. This will give a device that will
return to or remain in its closed position if an unexpected or unwanted damage of the device
will occur, as the weakened connections 9, 32 will break and separate the first section 2 and
the second section 3 apart, whereby the second section will remain intact in its position within
the Christmas tree/wellhead and it will furthermore remain in a closed position.

[0036] The invention has now been explained with an embodiment. Only elements related to
the invention is described and a skilled person will understand that an outer housing or internal
body may be formed in one unit or be comprised of several connected elements, and that the
inlets have to be connected to a source of the fluid to be injected, that there should be
appropriate attachment devices for attaching the valve within a process fluid stream and inside
a hydraulic flange, and that there of course will be arranged for instance sealing element
between several elements as a standard. The skilled person will also understand that one may
make several alterations and modifications to the described and shown embodiment that are
within the scope of the invention as defined in the following claims.
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Patentkrav

1. Indretning (1) til injicering og stimulering af fluider i et procesfluid i en brgnd-
boring, typisk installeret pa juletraeer (40), overfladebrgndhoveder eller under-
sgiske brgndhoveder (40), til oliefremstilling og gasinjektions/gashaevesystem,
hvor indretningen (1) omfatter et udvendigt hult hus og et indre legeme, der er
beveegeligt inde i det udvendige hus, kendetegnet ved, at indretningen (1)
udggres af to sektioner (2, 3), hvor hver sektion (2, 3) indbefatter et udvendigt
hult hus (4, 30) og et indre legeme (5, 31) anbragt inde i det udvendige hus (4,
30), hvilke to sektioner (2, 3) er forbundne til hinanden med gevindforsynede
dele (9, 32), hvor det indre bevaegelige legeme (31) og en endedel (35) sam-
men med det udvendige hule hus (30) danner en forseglingsoverflade (34) i
den anden sektion (3), hvor indretningen (1) vil forblive i en lukket position,
selv hvis den fgrste sektion (2) bliver slaet af den anden sektion (3).

2. Indretning ifelge krav 1, kendetegnet ved, at trykdifferentialet hen over det
indre legeme (4, 31) understgttes af mindst et forudbestemt, trykbalanceret,
elastisk element for at abne og lukke anordningen.

3. Indretning ifelge krav 1, kendetegnet ved, at spalter (37) er langsgaende
og fordelt pa omkredsen af det indre legeme (31).

4. Indretning ifglge krav 3, kendetegnet ved, at spalterne (37) i det indre le-
geme (31) er affasede og vinklede fra en indvendig overflade til en udvendig
overflade af det indre legeme (31) og/eller det udvendige hus (32) til tilveje-
bringelse af en forud fastlagt stremlinjestrgmning.

5. Indretning ifelge krav 3, kendetegnet ved, at de langsgaende spalter i det
indvendige legeme (31) er parallelle med en langsgaende retning af indretnin-
gen (1) eller snoet eller bgjet omkring leengdeaksen.

6. Indretning ifglge krav 1, kendetegnet ved, at forseglingssystemet omfatter
et ventilseede (34) i det udvendige hus (32) og en ventilelement-forseglingso-
verflade (34) pa endedelen (35).
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7. Indretning ifalge krav 1, kendetegnet ved, at indretningen (1) endvidere
omfatter elementer til at overstyre og/eller styre den abne og/eller lukkede po-
sition af indretningen.

8. Indretning ifglge krav 1, kendetegnet ved, at det udvendige hus (4) omfat-
ter en gennemgaende abning (8), som tillader, at hydraulisk fluid tilfgres til
indretningen (1) til drift mellem aben og lukket position af indretningen (1).

9. Indretning ifglge krav 2, kendetegnet ved, at det elastiske element omfatter
et fiederelement indesluttet i et kammer (14), hvilket kammer (14) kan veere
fyldt med et fluid, der er adskilt fra bade brgnd- og injektionsfluid.

10. Indretning ifglge krav 1, kendetegnet ved, at forseglingsoverfladen (34) i
en aben position af indretningen (1) er anbragt uden for den ydre ende af det
udvendige hus (31).

11. Indretning ifglge krav 1, kendetegnet ved, at gevindforsynede forbindelser
(9, 32) er svaekkede forbindelser.

12. Indretning ifglge krav 1, kendetegnet ved, at et forbindelsesstykke (44) i
form af en muffe pa sin ene side er indrettet med fingerlignende tapper omkring
omkredsen deraf, idet den modsatte side er ubrudt, hvilkken muffe (44) endvi-
dere omfatter en opretstaende ring (45).

13. Indretning ifglge krav 1, kendetegnet ved, at den hydrauliske flange (41)
omfatter et stopanlaeg, hvilket stopanlaeg er en forud anbragt gribeindretning
og ekspanderbart lasesystem.
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