
WO 2011/102732PCT/NO2011/000055 1. valve system The present invention
regards a valve system used to perform different operations in oil and/or
gas wells, especially to an artificial lifting system that is used to
assist formation pressure in the well in order to extract more hydrocarbons
out of the for- 5mation. However, as known to a person skilled in the art,
the present invention is not restricted to artificial lifting, as the valve
system according to the present invention can also be utilized in other
operations, for instance to inject chemicals into the well etc. 10An oil
and/or gas well is drilled into a hydrocarbon bearing earth formation,
where the well is typically completed in order to allow hydrocarbon
production from the formation. A formation like this may be comprised of
several different layers, where each layer may contain one or more
hydrocarbon components. Very often such a formation will also contain
water, gas etc. Due to this, the conditions of pro-  15 duction, i.e. the
amount of oil, gas, water and pressure in the formation, will generally
vary through the different layers of the formation, and will also be
submitted to changes during the formation's time of production. Hydrocarbon
production often begins with sufficient pressure in the formation to force
the hydrocarbons to the surface. As the production from the well continues,
20the reservoir usually loses pressure until production of hydrocarbons
from the well is no longer provided by the formation pressure. Furthermore,
in some wells, the formation pressure is insufficient to support the
production from the well, even when the well is first completed.    Due to
this, so-called artificial lift is used to supplement the formation
pressure to 25lift the hydrocarbons from the formation to the surface of
the well. The basic idea for all artificial lifting systems is to extract
more hydrocarbons out of the reservoir. For instance, an oil and/or gas
well may be arranged with a sucker rod lifting system, where such a system
normally comprises a drive mechanism arranged on a surface of the well, a
sucker rod string and one or more downhole positive displace- 



30ment pumps. Hydrocarbons can then be brought up to the surface of the
wellbore, by pumping actioirof the'downholeTump(s). An alternative
artificial lift system is a so-called gas lift system, where high pressure
water or gas is injected either into the geological formation itself or
into a production tubing of the well. The gas lift system may be a tubing
retrievable gas lift 35system or a wire line retrievable gas lift system.
In the gas lift system, the high pressure gas from the surface can for
instance be supplied to a space (annulus) between the production tubing and
a casing of the well. The gas. enters the production tubing from the
annulus side, through:a piurality  WO 2011/102732PCT/NO2011/000055 2 of gas
lift valves arranged along the length of the production tubing. The gas
lift valves may then be positioned or arranged in the production tubing
itself, or they may be arranged in so-called side pocket mandrels. Side
pocket mandrels are typically installed in a string of a production tubing
in a 5well bore. The side pocket mandrel is provided with a full opening
bore which is aligned with the bore of the production tubing and with a
laterally offset side pocket bore which is designed to receive different
well tools. Such well tools can be passed through the production tubing and
are retrievably seated in the offset side pocket bore in order, to perform.
or to monitor different operations imthe well,bore.or pro.  10 duction
tubing. The well tools are retrievable and can be seated and recovered from
the offset side pocket bore for instance by use of a kick over tool or
similar tools. Well tools can typically include flow control devices,
gas-lift devices, chemical injection devices etc., for use in conventional
production operations. The side pocket mandrel may also accommodate other
equipment, for instance sensors, plugs etc. 15A side pocket mandrel will
typically be comprised of a main mandrel body section provided with a
substantially full opening main bore and a laterally offset side pocket
bore, where the main mandrel body section is connected to tapered end sec-
tions by appropriate means, for instance by welding or the like. When the
side pocket mandrel is connected to, for instance, a production tubing, the
full opening 20main bore will be aligned with a bore of the production
tubing, thereby allowing the production fluid to flow through theside
pocket mandrel. The laterally offset side pocket bore is used to
accommodate a well tool or other downhole equipment. The well tool or
downhole equipment is then fastened to or seated on an inside of the
laterally offset side pocket bore by means of one or more latching lugs or
clamps. 



25The main mandrel body section is formed in such a way that the full
opening main bore and the laterally offset side pocket bore are divided by
an internal wall, such that well tools and/or other downhole equipment
is/are separated from the production flow through the full opening bore. If
the side pocket mandrel is used in a gas lift system, both the surface of
the laterally offset side pocket and the internal wall  30 of the side
pocket mandrel are provided with one or more through slots or bores, such
that pressurized gas introduced into the annulus can flow through the one
or more slots or bores of the laterally offset side pocket and into the
laterally offset side pocket bore, through a vaRre that ia arranged inside
thelate}lyofThetside pocket bore and then into the production tubing
through the slots or bores of the in- 35temal wall. The valve in the side
pocket bore will then control the actual flow of the pressurized gas into
the production tubing according to its specific design. However, the
pressurized gas that is released into the production tubing is normally not
controlled otherwise than to break up a main injection stream of the
pressurized gas into smaller streams and/or bubbles. This may result in
that a significant part of 40the released gas stream will act against the
production. flow. (i.e. is added with a. di-  rection downwards in the
production tubing), thereby resulting in decreasing the production flow.
5Furthermore, during the performing of the different operations in the
well, it is often necessary to have access to the well tools and/or
downhole equipment arranged in the side pocket mandrel. For instance, a gas
lift valve will typically after a period of use require maintenance,
repair, replacement and/or changing of the pressure setting of the gas lift
valve etc. In order to carry out the necessary operation, the gas  10 lift
valve must be retrieved from the laterally offset side pocket bore. This
will result in that the side pocket mandrel will be open, whereby a
production fluid from the production tubing will be allowed to flow from
the production tubing and into the annulus of the well. In order to prevent
this, the well has to be shut down or dosed in other ways, where this
results in an undesired production standstill and increased 15production
costs. US patent 4,239,082 "Multiple flow valves and sidepocket mandrel"
discloses a side pocket mandrel on a production tubing, the side pocket
mandrel having two parallet inlets for gas from the surrounding annulus
space to two parallel valves arranged on a common valve stem, with the two
parallel valves provided each with a separate 20outlet to the main bore
aligned with the production tubing. The valves may be gas lift valves. 



Accordingly, it is an object of the present invention to provide a valve
system that minimizes and/or alleviates the above problems.   It is also an
object of the present invention to provide a valve system that can control
25the flow of injection gas in a more effective way, thereby increasing the
production flow in a production tubing. Another object of the present
invention is to provide a valve systems that allows replacement of well
tools and/or dovvnhole equipment, without shutting down the well.
Still one object of the present invention is to provide a valve system
where the well 30 tools and/or downhole equipment can be replaced
independently of each other. These objectives are achieved with a side
pocket mandrel according to the present invention as defined in the
enclosed independent claims, where embodiments of the invention are given
in independent claims.   The present invention regards a device used to
perform different operations in oil 35and/or gas wells, for instance an
artificial lift operation. More particularly, the present invention relates
to a valve system for use in a wellbore, where the valve  3A system
comprises as side pocket mandrel having an elongated body section, the
elongated main body being provided with a substantially fully open main
bore for alignment with a well tubing and a laterally offset side pocket
provided with a bore, the 5 substantially fully open main bore and the
laterally offset side pocket bore being divided by an internal wall. At
least one through opening is provided in the side pocket mandrel, leading
into the laterally offset side pocket bore, and at least one through
opening is provided in the internal wall, leading into the substantially
fully open main bore. The at least two through openings are in fluid
communication 10 through the laterally offset side pocket bore, where this
arrangement will allow a 15 20 25 30 



WO 2011/102732PCT/Nozoth0000ss 4 fluid from an annulus to be injected into
the well tubing, as the fluid will enter the laterally side pocket mandrel
bore through the at least one opening provided in the side pocket mandrel,
flow through the laterally offset side pocket bore, and thereafter entering
the substantially fully open main bore of the elongated body section  5
through the opening in the internal wall. In the laterally offset side
pocket bore at least two valves are arranged in series in order to form a
double barrier inside the laterally offset side pocket bore, where the at
least two valves are independently of each other retrievable, through at
least one installation opening arranged in the internal wall of the side
pocket mandrel. 10As a person skilled in the art will know, the valve may
be different flow control de- vices, gas lift devices, chemical injection
devices etc. The valve system according to the present invention may also
accommodate other downhole tools, equipment and/or devices. In one
preferred embodiment of the present invention the at least two valves which
15are arranged in the laterally offset side pocket bore are gas lift
valves, where this arrangement will provide a connection between an outside
and an inside of the side pocket mandrel, such that a fluid, for instance
pressurized gas, may be injected into the production tubing through an
annular space between a casing and a production tubing.. Each of the at
least two retrievable valves will act as a separate and inde- 20pendent
fluid bather in such an arrangement; whereby a.double fluid barrier is,
formed inside the side pocket mandrel. According to another embodiment of
the present invention, the valve system may also be provided with an
additional pressure or fluid barrier, where this pressure or fluid barrier
can be arranged in connection with the at least one opening (slot or
25inlet) provided in the laterally offset side pocket of the side pocket
mandrel. As indicated above, a "fluid barrier" can be any element that has
the capacity to prevent a fluid medium from flowing through the element.
Such elements can for instance be a gas lift valve, one-way valve, orifice
or choke valve, bellows valve, nitrogen charged dome valve, pilot valve,
differential valve etc. 30The, valvesthat are accommodated its the
laterally offset side pocket can, for in-- stance, be gas lift valves or
chemical medium injection valves, one-way valves etc., where these are used
to enhance the production in the oil and/or gas well. 



The side pocket mandrel is also provided with connection means at both of
its ends, in order to connect the side pocket mandrel to the well tubing,
for instance the pro- 35duction tubing. The connection means that are
provided at each end of the ends may in a preferred embodiment of the
present invention be threads. However, it should be understood that clamps,
bolts eta could also be used in, order to connect the side,  WO
2011/102732PCT/NO2011/000055 5 pocket mandrel to adjacent tubular members.
The side pocket mandrel may also be welded to the production tubing. The at
least two valves that are accommodated in the laterally offset side pocket
bore are preferably both arranged to be retrievable, but is should be
understood that 5one of the valves may also be permanently installed in the
laterally offset side pocket bore. Furthermore, the at least two valves are
in fluid communication with each other, the valves either being connected
directly to each other or being indirectly connected to each other by means
of the laterally offset side pocket bore. - 10Preferably the valve that is
arranged closest to the at least one through opening (inlet) in the
laterally offset side pocket is considered to form a primary fluid bather
in the side pocket mandrel, while the valve that is arranged closest to the
at least one opening (outlet) to the substantially fully open main bore in
the internal wall will form a secondary fluid bather. Furthermore, in a
preferred embodiment of the 15 present invention, the valve that forms the
primary fluid bather is provided with a constant and none-adjustable
orifice, while the valve that forms the secondary fluid bather is provided
with an adjustable orifice. The valves that are arranged in the laterally
offset side pocket may be arranged to open or close at the same pressure,
but they,can also be arrang,cd to operate at.dif- 20ferent pressures. The
latter arrangement will, for instance, result in that the valve system
according to the present invention can be adapted to each wellbore'
specific parameters, whereby undesirable incidents can be prevented. 



The side pocket mandrel of the valve system according to the present
invention may preferably comprise other downhole tools, measuring equipment
and/or devices, 25where this will depend on which operation(s) is/are to be
performed, as well as the specific characteristics of the oil and/or gas
well. The internal wall between the laterally offset side pocket bore and
the substantially fully open main bore of the elongated body section may be
provided with several through openings (injection orifices, outlets), where
the number of openings will 30 depend on the ehara.eteristics of the well,
which mediumisto be injected,inte the well tubing etc. Furthermore, the
openings may also be arranged to be bevelled or angled relative to a
longitudinal axis of the side pocket mandrel, or formed to give the
injection medium a rotation before entering the production tubing, in order
to optimize the stimulation of the production fluids. Furthermore, at least
one replace- 35able sleeve may also be arranged on the outside or inside of
the main bore or the offset side pocket of the elongated body, where the at
least one sleeve through the adjustment can control the "opening" of the
openings. The at least one sleeve may  WO 20111102732PCT/Nozoth0000ss 6 be
arranged to rotate around the bore or to slide in a longitudinal direction
of the bore. The opening or closing of the openings may be hydraulically or
electrically controlled or controlled by pressure pulses/surges in the
injection fluid. A special tool 5may also be used to control the adjustment
of the outlets mechanically. The special tool is then run into the well. In
order to be able to control the injection of gas and/or chemicals in a
production tubing, the side pocket mandrel and the sleeve(s) may be
arranged to be operated electrically, hydraulically or by remote
control:However, in a preferred eiribodi-- 10 ment of the invention the
side pocket mandrel and sleeve(s) are both operated hydraulically. Of
course, one could also arrange the side pocket mandrel to be operated
hydraulically, while the rotatable sleeve(s) for instance may be operated
electrically. In a similar way the adjustable orifice of the second
retrievable "fluid barrier" may also be arranged to be regulated. 15In one
preferred embodiment of the present invention, the at least one rotatable
or slidable sleeve is provided with at least one through recess on its
surface. This will give the operator the possibility to control the
injection of gas and/or chemicals from the side pocket mandrel and into the
production tubing, as the sleeve can be rotated around or slide along a
longitudinal axis of the production tubing, thereby 



20adjusting the opening of the opening(s) (injection orifices; outlets)
witlfthe recess, in the sleeve. The recess or recesses in the sleeve may
also be shaped to optimize the injection stream from the valve and into the
production tubing. As in the case of the injection orifices, the recesses
in the sleeve may be shaped bevelled or angled. In one preferred embodiment
of the present invention the side pocket mandrel of the 25valve system is
provided with measurement equipment, as the production parame- ters may
vary during the stimulation of the well production. Typical parameters that
will vary during this operation may be pressure, temperature,
gas/oil-ratio, water cut etc. By carrying out these measurements, one can
influence the injection of medium, thereby obtaining an optimal condition
for injection of medium into the pro- 30duction tubing. Further measuring
equipment may measure leakage, composition of hydrocarbons etca As the side
pocket mandrel of the valve system according to the present invention is
intended to accommodate a number of valves and/or other downhole equipment,
it is suitable to manufacture the side pocket mandrel from several
sections. Each sec- 35 tion can then be shaped to accommodate the specific
"tool", which will result in that the side pocket mandrel can be adapted
individually to each well. The sections may be provided with threads, quick
connections etc-in order to be connected with each other.  WO
20111102732PCT/NO2011/000055 7 During the installation of the different
valves and/or downhole equipment in the side pocket mandrel, there is often
a degree of uncertainty as to whether the valve and/or equipment are safely
put into its end stoppers. The side pocket mandrel according to the present
invention may therefore be provided with a positioning de- 5vice, thereby
ensuring that the operator will receive a signal when the valves and/or
equipment are properly installed. The novel features of the present
invention, as well as the invention itself, will be best understood from
the attached drawings, considered with the following descrip- tion;to which
similar reference numerals refer to similar parts; and in which- - 10Fig. 1
is a schematic view of an oil and/or gas well, 



Fig. 2 shows a valve system according to a preferred embodiment of the
present invention, and Fig. 3 shows an enlarged cross section view of a
mandrel of the valve system according to figure 2. 15While the invention is
subject to various modifications and alternative forms, spe- cific
embodiments have been shown by way of examples in the drawings and will be
described in detail herein. The drawings are not necessarily in scale and
the proportions of certain parts have been exaggerated to better illustrate
particular details of the present invention. 20Referring now to figure 1,
an embodiment of the present invention is shown, where a floating structure
1 or a sea- or land-based structure (not shown) is connected to an oil
and/or gas well 2 by a production tubing 3. The floating structure 1 and
the sea- or land-based structure can be production and/or storing
facilities. In this embodiment the valve system according to the present
invention is used as an artificial 25lift system. In order to enhance the
production of the oil and/or gas well 2, a pressurized fluid medium is
injected into the annular space (annulus) 4 between a casing 5 of the oil
and/or gas well 2 and the production tubing 3. Along the production tubing
3 is/are 30,arranged a plurality of side pocket mantels &where the. side
packet mandrels & are connected to tubular elements of the production
tubing 3 in appropriate ways. Figure 2 shows the valve system according to
the present invention, where the valve system comprises a side pocket
mandrel 6, in which at least two valves 100, 101 in 35form of gas lift
valves (see also figure 3) are arranged. Each and one of the valves 100,
101 forms a "fluid bather" in the side pocket mandrel 6. The valves 100,
101 are, designed to open at a given differential pressure between two
fluids or twa positions in the well, for instance across. the valve 100,
10L or in twat different positions  WO 2011/102732PCT/NO2011/000055 8
arranged relatively above each other in the well, where this differential
pressure may vary between the different valves 100, 101. In addition, if
the pressurized fluid in the annular space 4 reaches a certain limit value,
then the valves 100, 101 will open and the pressurized fluid will be
allowed to flow through the valves 100, 101 5and into the production tubing
3. 



The fluid medium can be gas, liquid, processed well fluid or even a part of
the well fluid from the reservoir and can be taken at a position in the
vicinity of the side pocket mandrel 6 (that is from the well) or added from
the floating installation 1 (or Itother sea or land based structures,
not-shown) away from the side pocket mandrel 6: How many side pocket
mandrels 6 should be placed along the production tubing 3 and which
features they should possess will depend on the needs of the field or each
specific well. 15 Figure 3 shows an enlarged cross section view (indicated
with B in figure 2) of the side pocket mandrel 6 of the valve system, where
it can be seen that the side pocket mandrel 6 comprises an elongated
tubular body section 7 that is provided with connecting means 8 (just
indicated) at both of its ends. The connecting means 8 is a 20 threaded
portion on the inside (or outside) of the tubular body section 7, such that
the tubular body section 7 can be connected to a well tubing, such as a
production tubing 3. The tubular body section 7.is provided with-a through
substantially fully open main bore 9 and a laterally offset side pocket
bore 10. When the side pocket mandrel 6 is connected to the production
tubing 3 the main bore 9 will be aligned 25with a bore of the production
tubing 3. The tubular body section 7 will then have two flowing paths, as
the substantially fully open main bore 9 is separated from a laterally
offset side pocket bore 10 by an internal wall 11 (see also figure 3). The
laterally offset side pocket bore 10 is shaped to accommodate at least two
30"fluid barrier" elements, for instance in form of gas lift valves 100,
101, and/or other equipment or tools (not shown). The expression "fluid
bather" should be understood as an element that will prevent a fluid medium
from flowing over the element int feast one direction: This will provide.a
doublebairier inside the sitle pocket mandrel 6. If for instance one of the
valves 100, 101 in the laterally offset 35side pocket bore 10 due to
different reasons has to be maintained, replaced or ad- justed, a kick over
tool may be run down the production tubing 3 in order to retrieve the valve
100,101. At least one installation opening (not shown) is then arranged in
the internal wall 11 of the side pocket mandrel 6. When the valve 100, 101
is removed by the kick over tool, the other remaining- valve 100,101 in the
side pocket 40mandrel 6 will prevent production fluid within the
productionftubingr3 frornflowing  WO 20111102732PCT/NO2011/000055 9 out of
the production tubing 3, through the side pocket mandrel 6 and into the
annular space 4 between the production tubing 3 and the casing 5 of the
well. 



The laterally offset side pocket bore 10 is on its inside provided with at
least two landing receptacles 15 for the valves 100, 101 and/or other
equipment, such that the 5valves 100, 101 and/or equipment (not shown) can
be fixed in the landing recepta- cles 15. The landing receptacles 15 are
provided with at least one set of packing elements 14. When the valves 100,
101 and/or other equipment are introduced into the landing receptacles 15,
the valves 100, 101 and/or other equipment will be maintained under
pressure; due: ta the compression created lay therpackingdements.14:.
10This will also provide the necessary seals between the valves 100, 101
and/or other equipment and the landing receptacles 15. The side pocket
mandrel 6 of the valve system is designed in a manner such that the valves
100, 101 and/or other equipment may be replaced when necessary without
having to pull out the tubing. This replacement may be accomplished by
means of 15an operation in which special tools (not shown) are lowered
through the interior of the production tubing 3. The special tools are
attached to a fine steel cable or to a wire line. The special tools may for
instance be kick over tools or the like. Furthermore, the side pocket
mandrel 6 is provided with at least one through opening (inlet) 12 (just
indicated), where the at least one through opening 12 is provided
iruthe-laterally offs:et side pocket bore If/cprovident commimicationlie,-
tween an outer and inner side of the laterally offset side pocket bore 10.
Similarly, at least one opening (outlet) 13 (just indicated) to the
substantially fully open main bore 9 in the laterally offset side pocket
bore 10 (will be the inlet to the substantially fully open main bore 9) is
provided in the internal wall 11 that is dividing the 25 substantially
fully open main bore 9 and the laterally offset side pocket bore 10. This
will provide a communication between the outside and the inside of the side
pocket mandrel 6. In the figure the at least one opening 12 is arranged in
a vicinity of an inlet (not shown) of the valve 100 in the laterally offset
side pocket bore 10, such that when a 30fluid from the annulus enters the
laterally offset side pocket bore 10, the fluid me- diumwill be guided into
an inlet of the first valve 100. Thi& first valve 100 will, then be
considered to be the primary ffind barrier in the side pocket MandreT6.
When the fluid reaches a limit valve (set by the pressure settings of the
valve), the valve 100 will open and allow the fluid medium to flow through
the valve 100. The 35fluid medium will then reach the second valve 101
arranged in the laterally offset side pocket bore 10, where this valve 101
is considered to be the secondary fluid barrier in the side pocket mandrel
6. This second valve 101 may have the same pressure settings as the first
valve 100, but preferably the second valve 101 will haven,Iowen pressure
limit value. The valve:10g will therefore:open/and allow the  10 



fluid to flow through the valve 101 and into the substantially fully open
main bore 9 of the tubular body section 7, through the at least one opening
(outlet) 13 of the laterally offset side pocket bore 10. Furthermore, at
least one replaceable sleeve (not shown) is arranged on the outside 5or
inside of the main bore 9 or the offset side pocket bore 10, where the at
least one sleeve through the adjustment can control the "opening" of the
openings 12, 13. The at least one sleeve may be arranged to rotate around
the bore 9, 10 or to slide in a longitudinal direction of the bore 9, 10.
10 15 20 25  11 51. A valve system for use in a wellbore, comprising a side
pocket mandrel (6), where the side pocket mandrel (6) comprises an
elongated body section (7), the elongated body section (7) being provided
with a substantially fully open main bore (9) for alignment with a well
tubing (3) and a laterally offset side pocket provided with a bore (10),
the substantially fully open main bore (9) and the lat 10erally offset side
pocket bore (10) being divided separated by an internal wall (11), at 1-
ast one through opening (12) is provided in the side pocket mandrel (6),
leading into the side pocket bore (10), and at least one through opening
(13) is provided in the internal wall (11) leading into the main bore (9),
where at least two openings (12, 13) are in fluid communication through the
side pocket bore 15(10), characterized in that in said side pocket bore
(10) at least two valves (100, 101) are arranged in series to form a double
fluid barrier between the main bore (9) and an outside of the pocket
mandrel (6), the at least two valves (100, 101) being independently
20retrievable through at least one installation opening arranged in the
internal wall (11) of the side pocket mandrel (6). 2. The valve system
according to claim 1, wherein the valves (100, 101) are chosen from a group
consisting of flow control devices, gas lift devices, or chemical injection
devices etc. 



253. The valve system according to claim 1, wherein the at least two valves
(100, 101) arranged inside the side pocket bore (10), the valves (100, 101)
either being connected directly to each other or being indirectly in fluid
communication by said side pocket bore (10).      4. The valve system
according to claim 1, wherein one valve (100, 101) is 30provided with at
least one constant orifice.  5. The valve system according to claim 1,
wherein one valve (100, 101) is provided with at least one adjustable
orifice.  6. The valve system according to claim 1, wherein the valves
(100, 101) are arranged to open or close at the same pressure.  12  7. The
valve system according to claim 1, wherein the valves (100, 101) are
arranged to open or close at different pressures. 58. The valve system
according to claim 1, wherein the side pocket mandrel (6) also comprises
measurement equipment.  9. The valve system according to claim 1, wherein
the side pocket bore (10) is provided with at least two sets of latching
lugs or clamps (15).  10. The valve system according to claim 1, wherein at
least one rotatable sleeve is 10 arranged on an outside or an inside of the
side pocket mandrel (6), the rotatable sleeve being arranged over the at
least one through opening of the laterally side pocket bore (10) or
internal wall (11).  11. The valve system according to claim 10, wherein
the rotatable sleeve is provided with at least one through recess. 15  20
25 30 


