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DESCRIPTION

[0001] The present application relates to a method of producing a side pocket mandrel body
for use in a side pocket mandrel assembly of a hydrocarbon well, which side pocket mandrel
body comprises:

« a first end displaying a first connection arrangement for connecting the side pocket
mandrel body to an up-hole section of a production tubing of the hydrocarbon well, and
a second end displaying a second connection arrangement for connecting the side
pocket mandrel body to a down-hole section of the production tubing,

e a longitudinal, through-going main conduit for communicating with a central passageway
of the production tubing, and

e a side pocket section comprising at least one side pocket for retrievably housing an
injection fluid flow control device.

[0002] A hydrocarbon well generally comprises a production tubing which extends down hole
into a wellbore of the well for the purpose of communicating well fluid from one or more
subterranean formations through a central passageway of the production tubing to the well's
surface.

[0003] Hydrocarbon wells are frequently equipped with side pocket mandrel assemblies
comprising a side pocket mandrel body and one or a plurality of injection fluid flow control
devices, e.g. valve members,, e.g. gas lift or injection valves, which are mounted in the side
pocket mandrel body in order to allow fluid, e.g. injection fluid, to flow from an annulus outside
of the mandrel body and into the central passageway, e.g. to stimulate the production flow rate
of the hydrocarbon well.

[0004] One type of injection valve which may be mounted in a side pocket is disclosed in
WO2007/091898A1.

[0005] US 2,970,648 discloses a crossover apparatus for dually completed oil and gas wells,
which apparatus is capable of preventing commingling of production from the two producing
zones.

[0006] US 2004/035,575 discloses a side-pocket type gas lift mandrel in which the transitional
end caps are threaded to the mandrel body.

[0007] US 4,757,859 discloses an apparatus for monitoring parameters downhole, the
apparatus including a conventional, welded side pocket mandrel Typically, the injection fluid
flow control devices are retrievably mounted in the mandrel body such that they can be
retrieved and replaced via the central passageway of the production tubing, e.g. by means of
slickline or wireline operations.
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[0008] A side pocket mandrel body is typically elongated and comprises a first end displaying a
first connection arrangement for connecting the mandrel body to an up-hole section of the
production tubing, and a second end displaying a second connection arrangement for
connecting the mandrel body to a down-hole section of the production tubing. The first and
second connection arrangements may typically comprise inner or outer threads for forming
threaded connections with the up-hole and down-hole production tubing sections.

[0009] The mandrel body comprises a main or central, longitudinally extending through-going
channel or conduit, which is arranged to communicate with the central passageway of the
production tubing when the mandrel body is connected to the up-hole and down-hole
production tubing sections. The main conduit typically has a diameter which generally
corresponds to the diameter of the central passageway, and when the mandrel body is
mounted in the hydrocarbon well, the main conduit is typically aligned with the central
passageway of the up-hole and down-hole production tubing sections.

[0010] The mandrel body also comprises a side pocket section comprising at least one side
pocket providing receptacles for the above-discussed injection fluid flow control device or
devices. The side pocket or pockets, which are typically elongated, are generally arranged
laterally offset the main conduit, i.e. generally parallel to the main conduit.

[0011] The mandrel body further comprises at least one first opening or passage providing a
fluid conduit from the outside of the mandrel body to the side pocket section, and at least one
second opening or passage providing a fluid conduit from the side pocket section to the main
conduit of the mandrel body, which first and second passages provide a passageway for an
injection fluid from the outside of the mandrel body to the main conduit via the side pocket
section, thus allowing the injection fluid flow control device or devices of the side pocket section
to regulate the flow of injection fluid from the outside of the mandrel body and into the main
conduit. Typically, the flow control device or devices are capable of preventing fluid flow in the
other direction, i.e. from the main conduit and to the outside of the mandrel body.

[0012] If the side pocket section comprises a plurality of side pockets, the mandrel body may
comprise additional passages providing fluid conduits between the side pockets allowing the
injection fluid flow control devices in the side pockets to be connected in series. For example, if
the side pocket section comprises a first side pocket for receiving a first flow control device and
a second side pocket for receiving a second flow control device, which first and second fluid
control devices are arranged to be operated in series, e.g. one after the other in the flow
direction of the injection fluid, it may be advantageous to arrange said at least one first opening
such that it provides a fluid conduit from the outside of the mandrel body to an inlet port of the
first side pocket, to arrange said at least one second opening such that it provides a fluid
conduit from an outlet port of the second side pocket to the main conduit, and to arrange at
least one third opening or passage such that it provides a fluid conduit from an outlet port of
the first side pocket to an inlet port of the second side pocket, e.g. as is disclosed in
EP2536917B1.
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[0013] Due to the complex internal geometry of a side pocket mandrel body, the mandrel body
is produced by welding a plurality of body sections together to form the completed mandrel
body. This allows easy machining of the internal structures of the mandrel body since these
internal structures, prior to the joining of the body sections, can be easily accessed. However,
joining body section in this manner requires extensive quality checks of the welded seams at
the time of production and also throughout the operable life-time of the mandrel body. Such
quality checks may comprise non-destructive testing (NDT), e.g. computed tomography (CT)
scanning using x-rays. However, such testing is time consuming and expensive. This is in
particularly true for down-hole equipment, such as a down-hole mounted side pocket mandrel
body.

[0014] Consequently, there is a need for a method of producing a side pocket mandrel body
which at least partly reduces the need for non-destructive testing. The present invention
relates to a method of producing a side pocket mandrel body for use in a hydrocarbon well
side pocket mandrel assembly, which side pocket mandrel body comprises:

o a first end displaying a first connection arrangement for connecting the side pocket
mandrel body to an up-hole section of a production tubing of the hydrocarbon well, and
a second end displaying a second connection arrangement for connecting the side
pocket mandrel body to a down-hole section of the production tubing,

» a longitudinal, through-going main conduit for communicating with a central passageway
of the production tubing, and

» a side pocket section comprising at least one side pocket for retrievably housing an
injection fluid flow control device.

[0015] The method according to the present invention comprises the steps of:

» providing a continuous, solid piece of material comprising the through-going main
conduit,

» in the solid piece of material, forming said at least one side pocket by machining a bore
into a laterally offset section of the solid piece of material, said bore being generally
parallel to the main conduit such that an internal wall section of the solid piece of
material is brought to separate the main conduit from the machined bore, said bore
displaying an external entrance opening,

» plugging the entrance opening of the machined bore with a fluid-tight plug,

e providing at least one opening from an outside of the mandrel body into the at least one
side pocket, thereby forming an injection fluid inlet,

» providing at least one opening in the wall section, thereby forming an injection fluid
outlet,

» providing the solid piece of material with the first and the second connection
arrangements, thereby rendering the side pocket mandrel body connectable to the up-
hole and down-hole sections of the production tubing,
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« forming a recess within the side pocket mandrel body by machining the inside of the
main conduit removing material internally from said solid piece of material, and

» bringing the recess to communicate with said at least one side pocket, thereby rendering
the at least one side pocket accessible from the main conduit via the recess.

[0016] The step of forming the at least one side pocket by machining a bore and subsequently
plugging the entrance opening of the bore makes it possible to produce the mandrel body from
a continuous, solid piece of material. This, in turn, makes it possible to produce the mandrel
body without resorting to welding mandrel subparts together, which makes away with the
extensive quality checks of the welded seams.

[0017] The step of forming said at least one side pocket may advantageously comprise the
sub-step of machining structures for interacting with latches and seals of the injection fluid flow
control device in an internal surface of the machined bore. Alternatively, the step of forming
said at least one side pocket may advantageously comprise the sub-step of inserting a hollow
cylinder into the machined bore prior to the step of plugging the entrance opening, which
cylinder, on the inside surface thereof, comprises structures for interacting with latches and
seals of the injection fluid flow control device.

[0018] The step of plugging the entrance opening of the machined bore with a fluid-tight plug
may advantageously comprise the sub-steps of providing the plug with external threads,
providing the entrance opening with internal threads, and screwing the plug into the entrance
opening.

[0019] During the step of forming said at least one side pocket by machining a bore into the
solid piece of material such that an internal wall section of the solid piece of material is brought
to separate the main conduit from the machined bore, it may be advantageous to machine the
bore through the solid piece of material such that the bore, after machining, displays an
entrance opening and an exit opening. In such a case, the method according the invention
need to comprise the step of plugging the exit opening as well as the entrance opening.

[0020] In the following, an embodiment of the present invention will be disclosed in more detail
with reference to the appended drawings, wherein like reference numerals refer to like parts
throughout the views.

Fig. 1 is a cross-sectional view of a side pocket mandrel body produced using a method
according to the present invention.

Fig. 2 discloses the mandrel body according to Fig. 1 in a cut-open, perspective view.

Fig. 3 discloses the mandrel body according to Fig. 1 in a cut-open, perspective partial view.
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[0021] Fig. 1 discloses an embodiment of a side pocket mandrel body 1 produced using a
method according to the invention. The mandrel body 1, which is elongated, comprises a first
end 2 displaying a first connection arrangement 3 for connecting the mandrel body 1 to an up-
hole section (not disclosed) of a hydrocarbon well production tubing, and a second end 4
displaying a second connection arrangement 5 for connecting the mandrel body 1 to a down-
hole section (not disclosed) of the production tubing. The first and second connection
arrangements 3, 5 comprise inner and outer threads for forming threaded connections with the
up-hole and down-hole production tubing sections, respectively.

[0022] The mandrel body 1 comprises a main or central, longitudinally extending through-
going channel or conduit 6, which is arranged to communicate with a central passageway of
the production tubing when the mandrel body 1 is connected to the up-hole and down-hole
production tubing sections. The main conduit 6 typically has a diameter which corresponds to
the diameter of the central passageway of the production tubing, and when the mandrel body 1
is mounted in the hydrocarbon well, the main conduit is typically aligned with the central
passageway of the up-hole and down-hole production tubing sections.

[0023] The mandrel body 1 also comprises a side pocket section 7 which comprises at least
one elongated, laterally offset side pocket 8 for receiving and harboring an injection fluid flow
control device, e.g. a gas lift valve, e.g. a gas lift valve of the type disclosed in the above-
mentioned document WO2007/091898A1. The side pocket 8, which displays generally circular-
symmetric cross-sections, is laterally offset the main conduit 6 and extends generally parallel to
the same such that the side pocket 8 and the main conduit 6 is separated by an internal wall
section 9 in the mandrel body 1. The side pocket 8 discloses an opening 10 which is in
communication with the main conduit 6 via an elongated recess 11 in the side pocket section 7,
which recess 11 extends in the axial direction of the mandrel body 1 adjacent to the main
conduit 6. In other words, the recess 11 is open towards the main conduit 6 such that the side
pocket 8 can be accessed from the main conduit 6 via the recess 11.

[0024] In a manner which is known as such, the injection fluid flow control device can be
retrieved and replaced via the recess 11 and the opening 10 by running a tool (not depicted)
down the central passage-way of the production tubing and into the main conduit 6. To this
end, an internal surface 12 of the main conduit 6 and an internal surface 13 of recess 10
exhibit internal guides 14, 15, e.g. elevated tracks or recesses, which are arranged to interact
with the tool in order to align the tool in a correct position vis-a-vis the side pocket 8 when the
injection fluid flow control device is retrieved and replaced.

[0025] The mandrel body 1 further comprises at least one first opening or passage 16
providing a fluid conduit from an outside of the mandrel body 1 into the side pocket 8, and at
least one second opening or passage 17 providing a fluid conduit from the side pocket 8 to the
main conduit 6, which first and second passages 16, 17 provide a passageway for an injection
fluid from the outside of the mandrel body 1 into the main conduit 6 via an injection fluid flow
control device (not depicted) arranged in the side pocket 8, thus allowing the injection fluid flow
control device to regulate the flow of injection fluid from the outside of the mandrel body 1 into



DK/EP 3215707 T3

the main conduit 6 via the passages 16 and 17 which is, as such, known by the skilled person.
To this end, an internal surface 18 of the side pocket 8 exhibits structures 19, e.g. annular
recesses and elevated sections, for interacting with latches and seals of the injection fluid flow
control device such that the flow path of the injection fluid is directed from the first passage 16
to inlet ports of the injection fluid flow control device, and from outlet ports of the injection fluid
flow control device to the second passage 17, when the injection fluid flow control device is
mounted in the side pocket 8.

[0026] A plug 20 is positioned in the side pocket 8 providing a fluid-tight termination of the side
pocket 8 at the end of the side pocket 8 which is opposite the opening 10. Consequently, the
side pocket 8 extends from the opening 10 to the plug 20.

[0027] According to the invention, the mandrel body 1 is produced from a continuous, solid
piece of material, or blank, made from a steel alloy suitable for down-hole hydrocarbon well
applications.

[0028] The method of producing the mandrel body 1 comprises the step of machining the
blank externally using any suitable means such that the blank obtains a generally elongated,
cylindrical form displaying a laterally offset section which is to house the side pocket section 7.
The process of machining may comprise turning, boring, drilling, milling, broaching, sawing,
electrical discharge machining (EDM) or any other prior art machining method.

[0029] The method of producing the mandrel body 1 further comprises the step of forming the
main conduit 6 in the mandrel body. This may be achieved by machining, e.g. drilling, a
through-going bore in the blank and machining the inside surface 12 of the through-going
bore, e.g. using electrical discharge machining (EDM), such that the desired guides 14 for the
injection fluid flow control device replacement tool, and other desired structures, are obtained.
Alternatively, if the blank is produced by casting, a through-going opening or channel in the
blank may be formed already during the casting process, which through-going opening or
channel is subsequently machined internally, e.g. using EDM, to form the main conduit 6.

[0030] The method of producing the mandrel body 1 also comprises the step of forming the
recess 11 by machining the inside of the main conduit, e.g. using EDM, removing blank
material. This step also comprises machining the internal surface 13 of the recess 11 such that
the desired guides 15 for the injection fluid flow control device replacement tool, and other
desired structures, are obtained.

[0031] The method of producing the mandrel body 1 also comprises the step of forming the
side pocket 8 by machining, e.g. drilling, a bore 21 into the offset section 7 generally parallel to
the main conduit 6, i.e. into the laterally offset section, leaving an internal wall section 9
between the main conduit 6 and the bore 21. Once completed, the bore 21 displays an
external entrance opening 23. If the recess 11 is formed prior to the bore 21, the bore 21 is
advantageously bored into the recess 11. The step of forming the side pocket 8 also comprises
machining the internal surface 18 of the bore 21 such that the desired structures for interacting
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with latches and seals of the injection fluid flow control device, and other desired structures,
are obtained. The step of forming the side pocket 8 further comprises plugging the entrance
opening 23 of the bore 21, i.e. at the surface of the mandrel body 1, using the above-disclosed
plug 20. This may advantageously be performed by the step of screwing the plug 20 into the
bore 21, in which case external threads (not disclosed) are formed on the plug 20 and internal
threads 22 (cf. Fig. 3) are formed at the entrance of the bore 21 prior to the plugging
operation.

[0032] It may be advantageous to produce the plug 20 from the same material as the blank,
i.e. from a steel alloy which is suitable for down-hole hydrocarbon well applications.

[0033] The method of producing the mandrel body 1 further comprises the step of forming said
at least one first opening or passage 16 by machining, e.g. drilling, one or a plurality of bores
from the outside of the side pocket section 7 and into the bore 21, and also the step of forming
said at least one second opening or passage 17 by machining, e.g. using EDM, one or a
plurality of bores through the internal wall section 9.

[0034] The method of producing the mandrel body 1 also comprises the step of forming said
first and second connection arrangements, allowing the mandrel body 1 to be connected to up-
hole and down-hole sections of a production tubing.
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Patentkrav

1. Fremgangsmade til at fremstille et sidelomme-dornelement (1) til anven-
delse i en sidelomme-dornenhed i en carbonhydridbrend, hvilket sidelomme-
dornelement (1) omfatter:

- en farste ende (2), der udviser en farste forbindelsesanordning (3) til at for-
binde sidelomme-dornelementet (1) med et up-hole-afsnit af et produktionsrar
af carbonhydridbrenden, og en anden ende (4), der udviser en anden forbin-
delsesanordning (9) til at forbinde sidelomme-dornelementet (1) med et down-
hole-afsnit af produktionsreret,

- en langsgaende, gennemgaende hovedledning (6) til kommunikation med en
central passage for produktionsreret, og

- et sidelommeafsnit (7) omfattende mindst en sidelomme (8) til genvindeligt
at huse en styreindretning til injektionsfluidstrem,

hvilken fremgangsmade omfatter trinnene:

- at tilvejebringe et kontinuerligt, fast stykke materiale omfattende den gen-
nemgaende hovedledning (6),

- af det faste stykke materiale at danne den mindst ene sidelomme (8) ved at
bearbejde en udboring (21) til et lateralt forskudt afsnit (7) af det faste stykke
materiale, idet udboringen (21) generelt er parallel med hovedledningen (6),
saledes at et indvendigt vaegafsnit (9) af det faste stykke materiale bringes til
at adskille hovedledningen (6) fra den bearbejdede udboring (21), hvilken ud-
boring (21) udviser en udvendig indgangsabning (23),

- at tilstoppe indgangsabningen (23) af den bearbejdede udboring (21) med en
fluidteet prop (20),

- at tilvejebringe mindst en abning (16) fra en yderside af sidelomme-dornele-
mentet (1) til den mindst ene sidelomme (8) og dermed danne et injektionsflu-
idindlab,

- at tilvejebringe mindst en abning i vaegafsnittet (9) og dermed danne et injek-
tionsfluidudlab,

- at forsyne det faste stykke materiale med den ferste og den anden forbindel-
sesanordning (3, 5) og dermed muliggere forbindelse af sidelomme-dornele-
mentet (1) til up-hole- og down-hole-afsnittene af produktionsraret,
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- at danne en udsparing (11) inden i sidelomme-dornelementet (1) ved at be-
arbejde indersiden af hovedledningen (6) og fijerne materiale indvendigt fra det
faste stykke materiale, og

- at fa udsparingen (11) til at kommunikere med den mindst ene sidelomme (8)
og dermed muliggere adgang til den mindst ene sidelomme (8) fra hovedled-
ningen (6) via udsparingen (11).

2. Fremgangsmade ifelge krav 1, hvor trinnet med at danne den mindst ene
sidelomme (8) omfatter at bearbejde strukturer (19) til interaktion med klinker
og teetninger af styreindretningen til injektionsfluidstrem i en indvendig over-
flade (18) af den bearbejdede udboring (21).

3. Fremgangsmade ifslge krav 1, hvor trinnet med at danne den mindst ene
sidelomme (8) omfatter at indfare en hul cylinder i den bearbejdede udboring
(21) inden trinnet med at tilstoppe indgangsabningen (23), hvilken cylinder pa
den indvendige overflade deraf omfatter strukturer til interaktion med klinker
og teetninger af styreindretningen til injektionsfluidstrem.

4. Fremgangsmade ifelge et af de foregaende krav, hvor trinnet med at til-
stoppe indgangsabningen (23) af den bearbejdede udboring (10) med en flu-
idteet prop (20) omfatter:

- at forsyne proppen (20) med udvendige gevind,

- at forsyne indgangsabningen (23) med indvendige gevind, og

- at skrue proppen (20) i indgangsabningen (23).

5. Fremgangsmade ifolge et af de foregaende krav, omfattende trinnet med at
bearbejde faringer (15) til et udskiftningsveerktgj til en styreindretning til injek-
tionsfluidstrem i en indvendig overflade (13) af udsparingen (11).
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Fig. 1
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Fig. 3



