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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates generally to subsea well assemblies and, more
particularly, to methods and systems for providing a Tree Cap to Christmas Tree equipment.

BACKGROUND OF THE INVENTION

[0002] In the field of subsea hydrocarbon wells, it is common to utilize "Christmas Trees"
when recovering materials, such as Qil or Gas, from a well. Christmas Trees perform a number
of functions and may be configured to, for instance, direct the production of materials to a flow
line in the production Tree, regulate fluid flow, monitor well parameters, such as pressure and
temperature, and provide safety means to stop flow.

[0003] Traditionally, a Christmas Tree (or "X-mas tree" or "XT") is categorized as either a
"Horizontal" XT (HXT) or a conventional or "Vertical" XT (VXT). A typical VXT may include, for
instance, a production and annulus bore that pass vertically through the Tree body, a Tubing
Hanger system, valves, and one or more control systems. A VXT may also include a number of
gate valves configured above the Tubing Hanger, which lands in the wellhead or Tubing Head
Spool, such that a subsea VXT may be recovered without the need to recover the downhole
completion. It is common for the master valve and swab valve of a VXT to be stacked vertically.
A VXT may also be fitted with a Tree Cap to seal the Tree from the external environment and
provide an additional barrier to internal pressure.

[0004] WO 97/49892 A1 discloses a simplified Christmas tree for sub-sea testing having a
dual-bore configuration. Closest prior art document W02012/148288 A1 discloses the
preamble of claim 1.

[0005] However, present equipment or VXTs do not enable the operation of a downhole
Electrical Submersible Pump (ESP) via a wet-mate connection of power, signal, and/or
hydraulic lines while providing a secondary pressure barrier to the environment.

[0006] Accordingly, there is a need for systems and methods to provide a Tree Cap that
allows power, signal, and/or hydraulic function connections to be established between an
Electrical Submersible Pump and a Vertical Christmas tree (VXT) control system.

SUMMARY OF THE INVENTION

[0007] According to embodiments of the present invention, a Tree Cap is disclosed that allows
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power, signal, and/or hydraulic function connections to be established between an Electrical
Submersible Pump (ESP) and a Vertical Christmas Tree (VXT) control system through the ESP
tree cap. In certain aspects, the Tree Cap includes an Electrical Feed-through System (EFS)
having an electro-hydraulic stinger configured to form a connection to an ESP Hanger Plug of
the Electrical Submersible Pump. The Tree Cap is configured to lock onto the VXT and provide
a secondary barrier element, for instance metal-to-metal or resilient seal as an option, to the
environment.

[0008] In one particular aspect, an ESP Tree Cap is provided having a locking mechanism
configured to engage a locking surface of a vertical Christmas Tree mandrel of a subsea well
assembly. An EFS of the Tree Cap is configured to provide one or more of power, signal, and
hydraulic function connections to an ESP within the subsea well assembly. In certain aspects,
the EFS includes an electro-hydraulic stinger that is configured to provide the power, signal,
and hydraulic function connections between the Electrical Submersible Pump (ESP) and a
control system of the vertical Christmas Tree structure. The electro-hydraulic stinger may be
extendable to engage a wet-mate connection at an ESP Hanger Plug of the ESP.

[0009] According to certain aspects, a method is provided for attaching an ESP Tree Cap to a
subsea well assembly having a wellhead or Tubing Head Spool (THS) and vertical Christmas
Tree mandrel. The method may include a step of closing one or more production valves of the
Vertical Christmas Tree equipment, including the uppermost production valve, and opening a
bleed valve. The method may further include a step of locking the Tree Cap to the Vertical
Christmas Tree equipment, opening the uppermost production valve, and extending a stinger
to engage an ESP Hanger Plug of a downhole ESP of the subsea well assembly. In certain
aspects, the stinger may be part of an EFS that runs through the Tree Cap and provides one
or more of power, signal, and hydraulic function connections between the ESP and a control
system of the Vertical Christmas Tree equipment. The method may also include a step of
locking the EFS after engaging the ESP Hanger Plug in order to prevent vertical movement.

[0010] According to certain aspects, embodiments provide a subsea hydrocarbon well
assembly that includes a wellhead or a THS, a Vertical Christmas Tree coupled to the wellhead
or THS, a Tree Cap, and a downhole ESP. The Tree Cap includes an EFS configured to
provide one or more of power, signal, and hydraulic function connections to the ESP by
forming a wet-mate connection with an ESP Hanger Plug of the ESP. In certain aspects, the
EFS includes an extendable electro-hydraulic stinger.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate various embodiments of the present disclosure and, together with the
description, further serve to explain the principles of the disclosure and to enable a person
skilled in the pertinent art to make and use the embodiments disclosed herein.
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FIG. 1 is an illustration of a capped Vertical Christmas Tree equipment according to
embodiments of the present invention.

FIG. 2 is a flow chart illustrating a process for capping a Vertical Christmas Tree equipment in
accordance with embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Particular embodiments of the present invention are directed to a subsea hydrocarbon
well assembly that includes a Wellhead or THS, a Vertical Christmas Tree coupled to the
Wellhead or THS, and a Tree Cap. The Wellhead and THS may provide, for example, a
structural and/or pressurized interface to production equipment of the well assembly. The Tree
Cap, for instance, as shown in FIG. 1, includes an EFS configured to provide one or more of
power, signal, and hydraulic function connections to an Electrical Submersible Pump (ESP) by
forming a wet-mate connection with an ESP Hanger Plug of the ESP, such that the ESP may be
externally controlled.

[0013] FIG. 1 illustrates the top portion of a subsea well assembly 100 fitted with an ESP Tree
Cap in accordance with certain embodiments of the present invention.

[0014] In some embodiments, the assembly 100 includes Vertical Christmas Tree equipment
(VXT ASSY) connected to a Tubing Head Spool (THS) 102. The Christmas tree equipment
may be used, for example, to control a plurality of functions of the well assembly. The VXT
ASSY is fitted with an ESP Tree Cap. The ESP Tree Cap mechanically locks to the VXT ASSY,
for example, at the top of the VXT ASSY either internally or externally. An external locking
configuration is shown in FIG. 1, with a locking mechanism 104 of the ESP tree cap connected
to a mandrel 106 of the VXT ASSY. The locking mechanism, and locking surfaces of the VXT
ASSY, may include, for example, split rings, dogs, collets, and/or additional locking
components, such that the ESP Tree Cap is in rigid engagement with the VXT ASSY. According
to certain aspects, both the VXT ASSY and ESP Tree Cap may have a metallic seal or a
resilient seal, providing a secondary sealing barrier element to the environment.

[0015] The VXT ASSY includes a plurality of valves. These valves may include, for instance,
annulus valves (AMV, ASV, AWV) and production valves (PSV1, PSV2, PMV, PWV). According
to certain aspects, the Wellhead and Tubing Head Spool (THS) 102 and VXT ASSY may be
adapted for production using an ESP. Accordingly, the VXT ASSY may also include an ESP
Hanger Plug for a downhole Electrical Submersible Pump 110. The ESP may be used, for
instance, to pump fossil fuels or otherwise aid in the production of fossil fuels in the assembly.
In some embodiments, above the ESP Hanger Plug is a seal stack and a stinger feed-through
plug 108 with longitudinal and optional rotary movement. As shown in FIG. 1, an optional valve
PSV1 may be provided below the ESP hanger plug
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[0016] The ESP Tree Cap, locked onto the VXT ASSY, can be configured with an Electrical
Feed-through System (EFS) to provide power, signal, and/or hydraulic function connections
between internal and external components. In some embodiments, communication is
established when an electro-hydraulic stinger is extended, for instance, hydraulically via a
Remotely Operated Vehicle (ROV), to engage a connection within the VXT ASSY, such as a
wet mate connection at the top of the ESP hanger plug. In certain aspects, the stinger is
configured to slide and optionally rotate along a central axis through the uppermost open valve
in the VXT ASSY and includes one or more power, signal, and/or hydraulic lines. The
components may be aligned via an orientation key engaging a mating helix of the hanger plug
or VXT mandrel.

[0017] Referring now to FIG. 2, a flow chart 200 illustrating an exemplary process for
attaching a Tree Cap to a subsea well assembly having a Wellhead or THS and a Vertical
Christmas Tree equipment is shown. In embodiments, process 200 may be implemented with
the equipment described in connection with FIG 1.

[0018] In step 210, a production valve between a Tree Cap locking location and the subsea
wellhead is closed. This may, for instance, be the uppermost production valve of the Vertical
Christmas Tree equipment, such as valve PSV2 shown in FIG. 1.

[0019] In step 220, a bleed valve is opened. The bleed valve can be used, for example, to
adjust pressure in the subsea assembly.

[0020] After the production valve is closed and a bleed valve is opened, the ESP tree cap is
locked onto the vertical Christmas tree mandrel in step 230. The ESP tree cap can be either an
internal or external lock style. An exemplary externally locked ESP tree cap is shown in FIG. 1,
and is attached to the vertical tree equipment via its locking surfaces and the locking
mechanism of the tree cap.

[0021] Once the ESP tree cap is locked onto the VXT, the production valve is reopened in step
240. Opening of the uppermost production valve permits access to the ESP hanger plug by an
Electrical Feed-through System (EFS) of the tree cap, which extends through the tree cap. As
shown in FIG. 1, the EFS may include an electro-hydraulic stinger with longitudinal and
optional rotary movement. The EFS provides a means to connect power, signal, and hydraulic
functions between the ESP and the assembly's control system, which may be provided, for
instance, on the VXT or other remote equipment. The EFS may include at least one power,
signal, or hydraulic line and/or combinations of each.

[0022] In step 250, an electro-hydraulic stinger is extended to mate with the top of the ESP
hanger plug and form a wet mate connection. For instance, signal, power, and/or hydraulic
function communication to the ESP may be established at this time. The extension may be
performed via any number of known techniques, including but not limited to Remotely
Operated Vehicle (ROV) operation. According to certain embodiments, the electro-hydraulic
stinger can be slid and optionally rotated along its central axis, through the uppermost open
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valve in the VXT, to align and orient with the ESP hanger plug via an orientation key which
engages a mating helix of the hanger plug or in the VXT mandrel.

[0023] In certain aspects, the method 200 may further include locking the electro-hydraulic
stinger, for instance, using a locking mechanism of either the tree cap or VXT, in order to
prevent vertical movement of the stinger after engagement with the ESP hanger plug.

[0024] While various embodiments have been described above, it should be understood that
they have been presented by way of example only, and not limitation. Thus, the breadth and
scope of the present disclosure should not be limited by any of the above-described exemplary
embodiments: Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the disclosure unless otherwise indicated herein or
otherwise clearly contradicted by context.

[0025] Additionally, while the processes described above and illustrated in the drawings are
shown as a sequence of steps, this was done solely for the sake of illustration. Accordingly, it is
contemplated that some steps may be added, some steps may be omitted, the order of the
steps may be re-arranged, and some steps may be performed in parallel.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.
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Patentkrav

1. Treheette (tree cap) til en undersgisk borehulsanordning (100), omfattende:

en lasemekanisme (104) til at 1&ase en traeheette til vertikalt juletraesudstyr
(Christmas tree equipment) af en undersgisk fossilt breendstof-
borehulsanordning (100), idet neevnte vertikale juletreesudstyr er til styring
af en flerhed af funktioner af naevnte undersgiske borehulsanordning
(100); og

et elektrisk gennemfadningssystem (Electric Feed-Through System, EFS)
konfigureret til at tilvejebringe en eller flere af effekt-, signal-, og
hydraulikfunktionsforbindelser til en elektrisk undervandspumpe (ESP, 110)
inden i naevnte undersgiske borehulsanordning (100), idet neevnte ESP

(110) er til pumpning af naevnte fossile breendstof, hvor

naevnte elektriske gennemfadningssystem (EFS) inkluderer en stinger
konfigureret til at tilvejebringe en eller flere af effekt-, signal-, og
hydraulikfunktionsforbindelser mellem naevnte elektriske undervandspumpe
(ESP, 110) og et styresystem af naevnte borehulsanordning (100) til styring
af neevnte ESP (110),

kendetegnet ved, at

neevnte stinger er en elektrohydraulisk stinger, og kan forlaenges til at indgribe
med en "wet-mate”-forbindelse ved et ESP-hangerstik af neevnte elektriske

undervandspumpe (ESP, 110) til styring af naevnte ESP (110).

2. Treehaetten ifolge krav 1, hvor neevnte lAsemekanisme (104) er dannet af et

metal.

3. Treehaetten ifolge krav 1, hvor den elekirohydrauliske stinger er konfigureret til
at glide og eventuelt rotere langs en central akse igennem den gverste dbne ventil

i det vertikale juletreesudstyr af fossilt breendstof-borehulsanordningen (100).
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4. Treheetten ifelge krav 1, hvor naevnte elektrohydraulisk stinger kan forlaenges

under styring af en fjernbetjent karetgjs (ROV) -operation.

5. Treehaetten ifalge krav 1, hvor neevnte elektriske gennemfadningssystem (EFS)

straekker sig igennem mindst en del af naevnte traeheette.

6. Treehaetten ifolge krav 2, hvor neevnte lAsemekanisme (104) inkluderer en eller

flere anslag, speendetang, eller nggleringe.

7. Undersgisk carbonhydrid-braendstof-borehulsanordning (100), omfattende:

et borehoved eller ragrledningshovedspole (THS, 102) til tilvejebringelse af
et eller flere strukturelle og/eller tryksatte interfaces til produktionsudstyr

af neevnte borehulsanordning (100);

et vertikalt juletrae koblet til neevnte borehoved eller rgrledningshovedspole
(102), som styrer en flerhed af funktioner af naevnte borehulsanordning
(100);

en downhole elektrisk undervandspumpe (ESP, 110) til anvendelse i

produktion af naevnte carbonhydridbraendstoffer; og

en ESP-treeheette ifolge et af kravene 1 til 6 forbundet til naevnte vertikale

juletree.

8. Fremgangsmade til fastgoerelse af en traeheette til en undersgisk fossilt
breendstof-borehulsanordning (100), som har et borehoved eller
rgrledningshovedspole (THS, 102) til tilvejebringelse af et strukturelt og/eller
tryksat interface til produktionsudstyr af naevnte borehulsanordning (100), og
vertikalt juletreesudstyr, som styrer en flerhed af funktioner af naevnte

undersgiske borehulsanordning, omfattende:

at lukke (210) en eller flere produktionsventiler af neevnte vertikale
juletrae, hvor naevnte ene eller flere produktionsventiler inkluderer en
ogverste produktionsventil af neevnte vertikale juletreesudstyr og er

konfigureret til at styre produktionsflow af naevnte fossile braendstof;
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at dbne (220) en udluftningsventil konfigureret til at justere tryk i neevnte

undersgiske anordning (100);

at lase (230) naevnte treehaette til en gvre del af naevnte vertikale

juletreesudstyr;
at 4bne (240) naevnte gverste produktionsventil;
hvor fremgangsméaden er kendetegnet ved:

forleengelse (250) af en stinger til at indgribe med et ESP-haengerstik af en
elektrisk undervandspumpe (ESP, 110) af neevnte undersgiske
borehulsanordning (100), saledes at naevnte ESP (110) kan styres af et

eksternt styresystem af naevnte undersgiske anordning,

hvor naevnte stinger er en del af et elektrisk gennemfadningssystem (EFS),
som straekker sig igennem naevnte treeheette og tilvejebringer en eller flere
af effekt-, signal-, og hydraulikfunktionsforbindelser mellem naevnte

elektriske undervandspumpe (ESP, 110) og naevnte styresystem.

9. Fremgangsméden ifglge krav 8, yderligere omfattende:

at l4se, under anvendelse af en eller flere lasemekanismer (104) af nevnte
treehaette og juletraesudstyr, det elektriske gennemfadningssystem (EFS) i
en forbundet position efter naevnte indgreb med ESP-hangerstikket for at

forhindre vertikal bevaegelse af naevnte EFS.

10. Fremgangsmaden ifglge krav 8, hvor navnte forleengelse inkluderer at glide
og eventuelt rotere neevnte stinger langs en central akse deraf igennem nasvnte
gverste produktionsventil, indtil den fuldkommen indgriber med naevnte ESP-

heengerstik.

11. Fremgangsmaden ifglge krav 10, yderligere omfattende:

at opstille og orientere neevnte stinger med naevnte ESP-hangerstik via en
orienteringsnagle, der indgriber med en tilsvarende spiral af neevnte ESP-

heaengerstik eller dorn af naevnte vertikale juletree.
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12. Fremgangsmaden ifglge krav 8, hvor navnte forlaeengelse inkluderer at

betjene et eller flere fjernbetjente kgretgjer (ROVS) til at bevaege naevnte stinger.
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