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Electrical Submersible Pump and a vertical Christmas tree (VXT) control sys -
tem are provided. 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 (ESP). The tree cap is
contigured to lock onto the vertical Christmas tree (VXT) and provide a sec-
ondary seal barrier element to the environment.



CA 02902807 2015-08-27

WO 20147137407 A3 |IIWAT 0000000 V0O O O

Declarations under Rule 4.17:

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, Published:
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, __ P .
GW, KM, ML, MR, NE, SN, TD, TG), with international search report (Art. 21(3))
—  before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
as to applicant’s entitlement to apply for and be granted amendments (Rule 48.2(h))

a patent (Rule 4.17(i) (88) Date of publication of the international search report:

as to the applicant's entitlement to claim the priority of 4 December 2014
the earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))



CA 02902807 2015-08-27

WO 2014/137407 PCT/US2013/066883

ELECTRICAL SUBMERSIBLE PUMP TREE CAP

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 1o 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 mumber 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.
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[0004] 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.

[0005] 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

[0006] According to embodiments of the present invention, a Tree Cap is
disclosed that allows 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.
[0007] 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
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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.

[0008] 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.

[0008] 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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.
[0011] FIG. 1 is an illustration of a capped Vertical Christmas Tree equipment
according to embodiments of the present invention.

[0012] 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

[0013] 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.

[0014] 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.
[0015] 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.
[0016] The VXT ASSY includes a plurality of valves. These valves may include, for
instance, annulus valves (AMV, ASV, AWV) and production valves (PSVI1, 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

[0017] 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 (112) is extended, for instance,
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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. FIG. 1 illustrates a bleed valve (114), ESP tree cap (external lock) (116),
scal stack (118), ESP hanger plug (120), electrical functions (122), hydraulic functions (124),
VXT ASSY (126), tubing hanger (128), and 7” production tubing (130).

[0018] 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.

[0019] 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.

[0020] In step 220, a bleed valve is opened. The bleed valve can be used, for example, to
adjust pressure in the subsea assembly.

[0021] 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. I,
and is attached to the vertical tree equipment via its locking surfaces and the locking mechanism
of the tree cap.

[0022] Once the ESP tree cap is locked onto the VXT, the production valve is re-opened
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

CA 2902807 2020-03-20
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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.

[0023] 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 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.

[0024] 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.

[0025] 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-
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described elements in all possible variations thercof is encompassed by the disclosure
unless otherwise indicated herein or otherwise clearly contradicted by context.
[0028] 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.



THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

l. A method for attaching a tree cap to a subsea fossil fuel well assembly having a wellhead
or tubing head spool (THS) for providing a structural and/or pressurized interface to
production equipment of said well assembly, and vertical Christmas tree equipment

controlling a plurality of functions of said subsea well assembly, comprising:

closing one or more production valves of said vertical Christmas tree, wherein
said one or more production valves includes an uppermost production valve of said
vertical Christmas tree equipment and is configured to control production flow of said

fossil fuel;
opening a bleed valve configured to adjust pressure in said subsea assembly;

locking said tree cap to an upper portion of said vertical Christmas tree

equipment; and

after locking said tree cap to an upper portion of said vertical Christmas tree

cquipment, opening said uppermost production valve and

after locking said tree cap to an upper portion of said vertical Christmas tree
equipment, extending a stinger through a production bore of said subsea assembly by
longitudinally moving said stinger through said uppermost production valve until the

stinger engages an ESP hanger plug of an Electrical Submersible Pump (ESP) of said

CA 2902807 2020-03-20



subsea assembly, such that said ESP can be controlled by an external control system of

said subsea assembly,

wherein said stinger is part of an Electrical Feed-through System (EFS) that
extends through said tree cap and provides one or more of power, signal, and hydraulic
function connections between said Electrical Submersible Pump (ESP) and said control

system.

2. The method of claim 1, further comprising:

locking, using one or more locking mechanisms of said tree cap and Christmas
tree equipment, the Electrical Feed-through System (EFS) in a connected position after

said engagement to the ESP hanger plug to prevent vertical movement of said EFS.

3. The method of claim 1, wherein said extending further comprises rotating said stinger

along a central axis thereof through said uppermost production valve.

4. The method of claim 3, further comprising:

aligning and orienting said stinger with said ESP hanger plug via an orientation
key that engages a mating helix of said ESP hanger plug or mandrel of said vertical

Christmas tree.

10
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5. The method of claim 1, wherein said extending includes operating one or more Remotely

Operated Vehicles (ROVs) to move said stinger.

11
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