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The invention provides an access apparatus for accessing a
flow system in a subsea oil and gas production installation,
a method of installation and a subsea horizontal connection
installation. In one aspect, the access apparatus comprises a
body, a plurality of connectors configured to connect the
apparatus to the flow system and an access interface pro-
viding an access point to the flow system. The body defines
at least one bore which fluidly connects at least one of the
plurality of connectors to the access interface to provide a
path between the access interface and the flow system. A first
connector of the plurality of connectors is oriented with a
longitudinal axis in a substantially horizontal plane, such
that the at least one connector is configured to connect to a
respective horizontally oriented connector of the flow sys-
tem and a second connector of the plurality of connectors
forms part of a connection interface for a jumper flowline,
the connection interface replicating a flow system connec-
tion interface. The access apparatus is configured to be
connected between the, flow system connection interface
and the jumper flowline.
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APPARATUS FOR ACCESSING SUBSEA
PRODUCTION FLOW SYSTEMS

[0001] The present invention relates to apparatus, systems
and methods for oil and gas operations. In particular, the
present invention relates to apparatus, systems and methods
for performing fluid and/or mechanical intervention opera-
tions in oil and gas production or injection systems. The
invention has particular application to subsea oil and gas
operations, and aspects of the invention relate specifically to
apparatus, systems and methods for fluid and mechanical
intervention in subsea oil and gas production and injection
infrastructure. The invention in one of its aspects relates to
an apparatus, system and method of providing an interven-
tion point which can be located adjacent to, integrated into
or used in conjunction with a subsea horizontal connection
system (for example, a subsea pull-in horizontal connection
system).

BACKGROUND TO THE INVENTION

[0002] In the field of oil and gas exploration and produc-
tion, it is common to install an assembly of valves, spools
and fittings on a wellhead for the control of fluid flow into
or out of the well. A Christmas tree is a type of fluid
manifold used in the oil and gas industry in surface well and
subsea well configurations and have a wide range of func-
tions, including chemical injection, well intervention, pres-
sure relief and well monitoring. Christmas trees are also
used to control the injection of water or other fluids into a
wellbore to control production from the reservoir.

[0003] There are a number of reasons why it is desirable
to access a flow system in an oil and gas production system.
In the context of this specification, the term “fluid interven-
tion” is used to encapsulate any method which accesses a
flow line, manifold or tubing in an oil and gas production,
injection or transportation system. This includes (but is not
limited to) accessing a flow system for fluid sampling, fluid
diversion, fluid recovery, fluid injection, fluid circulation,
fluid measurement and/or fluid metering. This can be dis-
tinguished from full well intervention operations, which
generally provide full (or near full) access to the wellbore.
Full well intervention processes and applications are often
technically complex, time-consuming and have a different
cost profile to fluid intervention operations. It will be appar-
ent from the following description that the present invention
has application to full well intervention operations. How-
ever, it is an advantage of some aspects of the invention that
full well intervention may be avoided, and therefore
embodiments of the invention provide methods and appa-
ratus for fluid intervention which do not require full well
intervention processes.

[0004] Furthermore, it is also desirable to be able to access
a flow system in an oil and gas production system for the
purpose of performing mechanical intervention. In the con-
text of this specification, the term “mechanical intervention”
refers to all manner of mechanical well intervention proce-
dures including pigging, coiled tubing and composite coiled
tubing interventions.

[0005] International patent application numbers WOO0O0/
70185, WO2005/047646, and WO2005/083228 describe a
number of configurations for accessing a hydrocarbon well
via a choke body on a Christmas tree.

[0006] Although a choke body provides a convenient
access point in some applications, the methods of WOOQ0/
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70185, W02005/047646, and W02005/083228 do have a
number of disadvantages. Firstly, a Christmas tree is a
complex and carefully -designed piece of equipment. The
choke performs an important function in production or
injection processes, and its location on the Christmas tree is
selected to be optimal for its intended operation. Where the
choke is removed from the choke body, as proposed in the
prior art, the choke must be repositioned elsewhere in the
flow system to maintain its functionality. This compromises
the original design of the Christmas tree, as it requires the
choke to be located in a sub-optimal position.

[0007] Secondly, a choke body on a Christmas tree is
typically not designed to support dynamic and/or static loads
imparted by intervention equipment and processes. Typical
loads on a choke body in normal use would be of the order
0f' 0.5 to 1 tonnes, and the Christmas tree is engineered with
this in mind. In comparison, a typical flow metering system
as contemplated in the prior art may have a weight of the
order of 2 to 3 tonnes, and the dynamic loads may be more
than three times that value. Mounting a metering system (or
other fluid intervention equipment) on the choke body
therefore exposes that part of the Christmas tree to loads in
excess of those that it is designed to withstand, creating a
risk of damage to the structure. This problem may be
exacerbated in deepwater applications, where even greater
loads may be experienced due to thicker and/or stiffer
components used in the subsea infrastructure.

[0008] In addition to the load restrictions identified above,
positioning the flow intervention equipment on the choke
body may limit the access available to large items of process
equipment and/or access of divers or remotely operated
vehicles (ROVs) to the process equipment or other parts of
the tree.

[0009] Furthermore, moditying the Christmas tree so that
the chokes are in non-standard positions is generally unde-
sirable. It is preferable for divers and/or ROV operators to be
completely familiar with the configuration of components on
the Christmas tree, and deviations in the location of critical
components are preferably avoided.

[0010] Another drawback of the prior art proposals is that
not all Christmas trees have chokes integrated with the
system; approaches which rely on Christmas tree choke
body access to the flow system are not applicable to these
types of tree.

[0011] WO2013/121212 describes an apparatus and sys-
tem for accessing a flow system such as a subsea tree, which
addresses drawbacks of choke-mounted flow access, by
providing a flow access apparatus which can be used at a
variety of access points away from the choke and optionally
away from the subsea tree. The apparatus and methods of
WO02013/121212 enable a range of fluid intervention opera-
tions, including fluid sampling, fluid diversion, fluid recov-
ery, fluid injection, fluid circulation, fluid measurement
and/or fluid metering.

[0012] WO2016/097717 also describes an apparatus and
system for accessing a flow system which negates the
drawbacks of choke-mounted flow access. In particular,
WO02016/097717 provides a multiple bore apparatus which
facilitates fluid communication between one or more subsea
process apparatus and the flow system in use.

SUMMARY OF THE INVENTION

[0013] It is amongst the aims and objects of the invention
to provide an apparatus, a system and a method of use for
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accessing a flow system in an oil and gas production
installation, which is an alternative to the apparatus and
methods described in the prior art.

[0014] It is amongst the aims and objects of the invention
to provide apparatus, a system and a method of use for fluid
intervention in an oil and gas production installation, which
addresses one or more drawbacks of the prior art.

[0015] It is amongst the aims and objects of the invention
to provide apparatus, a system and a method of use for
mechanical intervention in an oil and gas production instal-
lation, which addresses one or more drawbacks of the prior
art.

[0016] It is amongst the aims and objects of the invention
to provide apparatus, a system and a method of use for fluid
and/or mechanical intervention in an oil and gas production
installation, which addresses one or more drawbacks of the
prior art.

[0017] An object of the invention is to provide a flexible
apparatus, system and method of use suitable for use with
and/or retrofitting to industry standard or proprietary oil and
gas production manifolds, including subsea trees, horizontal
connection systems such as subsea pull-in horizontal con-
nection systems, vertical connection systems and/or end
terminations.

[0018] Further objects and aims of the invention will
become apparent from the following description.

[0019] According to a first aspect of the invention there is
provided an access apparatus for accessing a flow system in
a subsea oil and gas production installation, the access
apparatus comprising:

[0020] a body;

[0021] a plurality of connectors configured to connect
the apparatus to the flow system; and an access inter-
face for providing an access point to the flow system;

[0022] wherein the body defines at least one path which
connects at least one of the plurality of connectors to
the access interface to provide at least one path between
the access interface and the flow system; and

[0023] wherein at least one connector of the plurality of
connectors is oriented with a longitudinal axis substan-
tially horizontally, such that the at least one connector
is configured to connect to a respective horizontally
oriented connector of the flow system.

[0024] Preferably, the access interface has an axial orien-
tation substantially perpendicular to the longitudinal axis of
the at least one connector oriented in a substantially hori-
zontal plane.

[0025] According to a second aspect of the invention there
is provided a termination head for a jumper flowline of a
subsea oil and gas production installation, the termination
head comprising:

[0026] abody comprising a first connector configured to
connect the termination head to a jumper flowline and
a second connector configured to connect the termina-
tion head to the flow system; and

[0027] an access interface for providing an access point
to the flow system;

[0028] wherein the termination head defines at least one
bore which connects at least one of the plurality of
connectors to the access interface to provide a path
between the access interface and the flow system.

[0029] The termination head may be a modified jumper
pull-in head, which may form part of a subsea horizontal
pull-in connection system.
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[0030] Embodiments of the second aspect of the invention
may include one or more features of the first aspect of the
invention or its embodiments, or vice versa.

[0031] According to a third aspect of the invention there is
provided an access apparatus for accessing a flow system in
a subsea oil and gas production installation, the access
apparatus comprising:

[0032] a body;

[0033] a plurality of connectors configured to connect
the apparatus to the flow system; and an access inter-
face providing an access point to the flow system;

[0034] wherein the body defines at least one bore which
fluidly connects at least one of the plurality of connec-
tors to the access interface to provide a path between
the access interface and the flow system;

[0035] wherein a first connector of the plurality of
connectors is oriented with a longitudinal axis in a
substantially horizontal plane, such that the at least one
connector is configured to connect to a respective
horizontally oriented connector of the flow system;

[0036] wherein a second connector of the plurality of
connectors forms part of a connection interface for a
jumper flowline, the connection interface replicating a
flow system connection interface; and wherein the
access apparatus is configured to be connected between
the flow system connection interface and the jumper
flowline.

[0037] The flow system connection interface may be a part
of a subsea horizontal pull-in connection system.

[0038] The horizontally oriented connector of the flow
system may form part of the connection interface of the flow
system.

[0039] The access apparatus may be a termination head for
a jumper flowline and/or a jumper pulling head for a jumper
flowline.

[0040] The at least one bore may be a first bore which may
be defined between the first connector and the access inter-
face. The body may define at least one further bore, which
may be a second bore defined between the second connector
and the access interface.

[0041] The access interface may have an axial orientation
substantially perpendicular to the longitudinal axis of the
first connector.

[0042] The access interface may provide an interface for
processing equipment, intervention apparatus and/or addi-
tional flow lines or connectors to be landed on and connected
to the apparatus. Preferably, the access interface therefore
enables a variety of wellbore and/or flow system interven-
tion operations to be performed.

[0043] The horizontally oriented connector of the flow
system may be a horizontal connector of a subsea manifold,
a subsea tree and/or a subsea end termination. Alternatively,
or in addition, the horizontally oriented connector of the
flow system may be a a horizontal connection porch of a
subsea manifold and/or a subsea Christmas tree.

[0044] The connection interface for a jumper flowline
formed, or formed in part, by the second connector may
replicate the horizontally oriented connector of the flow
system.

[0045] The connection interface for a jumper flowline
formed, or formed in part, by the second connector may
replicate the outward interface of a horizontal connector of
a subsea manifold and/or a subsea Christmas tree.
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[0046] By replicating the interface of the connector of the
flow system connection interface, to which the jumper
flowline would typically be directly connected to, the access
apparatus may provide a point to which the jumper flowline
can connect thereto without requiring any modifications and
without requiring the use of any specialised or modified
tools to facilitate installation. Where a jumper flowline has
been in connection with the horizontally oriented connector
of the flow system prior to installation of the access appa-
ratus, the replicated interface provided by the access appa-
ratus may enable the jumper flowline to connect to the
access apparatus simply, in the same manner that it was
previously connected to the flow system connection inter-
face.

[0047] The second connector may be oriented with a
longitudinal axis substantially vertically, such that it may be
configured to connect to a respective vertically oriented, or
vertically oriented in part, jumper flowline.

[0048] The at least one bore may be configured to permit
the passage of mechanical intervention equipment there-
through. The at least one bore may comprise a bend, which
may be a 5 D bend. The at least one bore may be configured
to permit the passage of a pipeline pig from a pig launcher
apparatus therethrough.

[0049] The access apparatus may be provided with a frame
which may be configured to support the apparatus.

[0050] The access apparatus may be provided with a
sliding base, wheels and/or any other appropriate means
which may aid its movement subsea.

[0051] The access apparatus may comprise elongate guide
members which may correspond to the position of recep-
tacles on the horizontally oriented connector of the flow
system. The elongate guide members of the access apparatus
may be configured to extend into the receptacles on the
horizontally oriented connector of the flow system when the
components are connected.

[0052] Alternatively, or in addition, the access apparatus
may comprise recesses which correspond to the position of
elongate guide probes of a pull-in-tool and of receptacles on
the horizontally oriented connector of the flow system.
[0053] Embodiments of the third aspect of the invention
may include one or more features of any of the first to second
aspects of the invention or their embodiments, or vice versa.
[0054] According to a fourth aspect of the invention there
is provided a method of installing an access apparatus
between the components of a subsea horizontal connection
system, the method comprising:

[0055] providing an access apparatus comprising a plu-
rality of connectors configured to connect the apparatus
to the flow system and an access interface for providing
an access point to the flow system;

[0056] disconnecting a jumper flowline from a horizon-
tally oriented connector of the flow system; providing
the flow access apparatus at a subsea location proxi-
mate the location of the horizontally oriented connector
of the flow system;

[0057] bringing the access apparatus into contact with
the horizontally oriented connector of the flow system
such that a first connector of the plurality of connectors
of the access apparatus is brought into contact with a
flow opening in the horizontally oriented connector;
and

[0058] re-connecting the jumper flowline to the subsea
horizontal connection system, by bringing it into con-
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tact with the access apparatus such that a second
connector of the plurality of connectors of the access
apparatus is brought into contact with a flow opening in
the jumper flowline.
[0059] The subsea horizontal connection system may be a
pull-in horizontal connection system.
[0060] The horizontally oriented connector of the flow
system may form part of a connection interface of the flow
system.
[0061] The steps of disconnecting the jumper flowline,
providing the access apparatus at a subsea location, bringing
the access apparatus into contact with the horizontally
oriented connector of the flow system and re-connecting the
jumper flowline may be carried out at least by Remotely
Operated Vehicles (ROVs), winches, hydraulic cylinder
tools, Pull in Tools (PITs) and/or any other necessary instal-
lation tools and/or a combination thereof.
[0062] The access apparatus may comprise elongate guide
members which may correspond to the position of recep-
tacles on the horizontally oriented connector of the flow
system. The method may comprise bringing the access
apparatus into contact with the horizontally oriented con-
nector of the flow system such that the elongate guide
members of the access apparatus extend into the correspond-
ing receptacles of the horizontally oriented connector of the
flow system.
[0063] Alternatively, or in addition, the access apparatus
may comprise recesses which correspond to the position of
elongate guide probes of a pull in tool and of receptacles on
the horizontally oriented connector of the flow system. The
method may comprise docking the access apparatus on the
pull in tool such that the elongate guide probes may enter
and extend through the recesses of the access apparatus. The
method may comprise bringing the access apparatus into
contact with the horizontally oriented connector of the flow
system such that the elongate guide probes of the pull in tool
extend into the corresponding receptacles of the horizontally
oriented connector of the flow system. The method may
comprise un-docking and removing the pull-in-tool from the
access apparatus and the horizontally oriented connector of
the flow system.
[0064] Embodiments of the fourth aspect of the invention
may include one or more features of any of the first to fourth
aspects of the invention or their embodiments, or vice versa.
[0065] According to a fifth aspect of the invention, there
is provided a subsea horizontal connection installation com-
prising:

[0066] aflow system comprising a horizontally oriented
connector forming part of the flow system and a jumper
flowline; and

[0067] an access apparatus comprising a body, a plu-
rality of connectors configured to connect the apparatus
to the flow system and an access interface for providing
an access point to the flow system;

[0068] wherein the body defines at least one bore which
fluidly connects at least one of the plurality of connec-
tors to the access interface to provide a path between
the access interface and the flow system;

[0069] wherein a first connector of the plurality of
connectors of the access apparatus is connected to the
horizontally oriented connector of the flow system; and

[0070] wherein a second connector of the plurality of
connectors of the access apparatus is connected to the
jumper flowline.
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[0071] The installation may further comprise processing
equipment, intervention apparatus and/or additional flow
lines or connectors connected to the access interface.
[0072] Embodiments of the fifth aspect of the invention
may include one or more features of any of the first to third
aspects of the invention or their embodiments, or vice versa.
[0073] According to a sixth aspect of the invention there
is provided a method of installing an access apparatus
between the components of a subsea pull-in horizontal
connection system, the method comprising:

[0074] providing an access apparatus comprising a plu-
rality of connectors configured to connect the apparatus
to the flow system and an access interface for providing
an access point to the flow system;

[0075] disconnecting a jumper pull-in head from a
horizontal connection porch of a subsea manifold;

[0076] providing the flow access apparatus at a subsea
location proximate the location of the horizontal con-
nection porch, wherein the flow access apparatus com-
prises elongate guide members which correspond to the
position of receptacles on the horizontal connection
porch;

[0077] bringing the access apparatus into contact with
the horizontal connection porch, such that the elongate
guide members of the access apparatus extend into the
corresponding receptacles of the horizontal connection
porch and such that a first connector of the plurality of
connectors of the flow access apparatus is brought into
contact with a flow opening in the horizontal connec-
tion porch; and

[0078] re-connecting the jumper pull-in head to the
subsea pull-in horizontal connection system, by bring-
ing it into contact with the access apparatus such that a
second connector of the plurality of connectors of the
access apparatus is brought into contact with a flow
opening in the jumper pulling head.

[0079] Embodiments of the sixth aspect of the invention
may include one or more features of any of the first to fifth
aspects of the invention or their embodiments, or vice versa.
[0080] According to a seventh aspect of the invention
there is provided a method of installing an access apparatus
between the components of a subsea pull-in horizontal
connection system, the method comprising:

[0081] providing an intermediate flow access apparatus
comprising a plurality of connectors configured to
connect the apparatus to the flow system and an access
interface for providing an access point to the flow
system,

[0082] disconnecting a jumper pulling head from a of a
horizontal connection porch of a subsea manifold;

[0083] providing a pull-in-tool comprising elongate
guide probes;

[0084] providing the access apparatus at a subsea loca-
tion proximate the location of the horizontal connection
porch, wherein the access apparatus comprises recesses
which correspond to the position of the elongate guide
probes of the pull-in-tool and of receptacles on the
horizontal connection porch;

[0085] docking the access apparatus on the pull-in-tool
such that the elongate guide probes enter and extend
through the recesses of the access apparatus;

[0086] bringing the access apparatus into contact with
the horizontal connection porch, such that the elongate
guide probes of the pull-in-tool extend into the corre-
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sponding receptacles of the horizontal connection
porch and such that a first connector of the plurality of
connectors of the access apparatus is brought into
contact with a flow opening in the horizontal connec-
tion porch;

[0087] un-docking and removing the pull-in-tool from
the access apparatus and the horizontal connection
porch; and

[0088] re-connecting the jumper pulling head to the
subsea pull-in horizontal connection system, by bring-
ing it into contact with the access apparatus such that a
second connector of the plurality of connectors of the
access apparatus is brought into contact with a flow
opening in the jumper pulling head.
[0089] Embodiments of the seventh aspect of the inven-
tion may include one or more features of any of the first to
sixth aspects of the invention or their embodiments, or vice
versa.

[0090] According to an eighth aspect of the invention
there is provided an access jumper pulling head for a jumper
flowline, the jumper pulling head comprising:

[0091] a body comprising a plurality of connectors,
wherein the plurality of connectors comprises a first
connector configured to connect the jumper pulling
head to a jumper flowline and a second connector
configured to connect the jumper pulling head to the
flow system; and an access interface providing an
access point to the flow system;

[0092] wherein the jumper pulling head defines at least
one bore which connects at least one of the plurality of
connectors to the access interface to provide a path
between the access interface and the flow system; and

[0093] wherein the jumper pulling head is configured to
connect the jumper flowline to the flow system in a
horizontal connection system.

[0094] Embodiments of the eighth aspect of the invention
may include one or more features of any of the first to
seventh aspects of the invention or their embodiments, or
vice versa.

[0095] According to a ninth aspect of the invention there
is provided a method of installing a jumper pulling head as
part of a subsea pull-in horizontal connection system, the
method comprising:

[0096] providing a jumper pulling head comprising a
first connector configured to connect the jumper pulling
head to a jumper flowline and a second connector
configured to connect the jumper pulling head to the
flow system, and an access interface providing an
access point to the flow system;

[0097] connecting a jumper flowline to the first connec-
tor of the flow access jumper pulling head; providing a
flow access jumper pulling head to a subsea location
proximate the location of a horizontal connection porch
of a subsea manifold; and

[0098] bringing the access jumper pulling head into
contact with the horizontal connection porch such that
the second connector is brought into contact with a flow
opening in the horizontal connection porch.

[0099] Embodiments of the ninth aspect of the invention
may include one or more features of any of the first to eight
aspects of the invention or their embodiments, or vice versa.
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[0100] According to a tenth aspect of the invention there
is provided an access apparatus for accessing a flow system
in a subsea oil and gas production installation, the flow
access apparatus comprising:

[0101] a body;

[0102] a plurality of connectors configured to connect
the apparatus to the flow system; and

[0103] a flow access interface for providing an access
point to the flow system for a subsea processing and/or
intervention apparatus;

[0104] wherein the body defines at least one flow path
which fluidly connects at least one of the plurality of
connectors to the flow access interface to provide at
least one flow path between the flow access interface
and the flow system; and

[0105] wherein at least one connector of the plurality of
connectors is oriented with a longitudinal axis substan-
tially vertically, such that the at least one connector is
configured to connect to a respective vertically oriented
connector of the flow system.

[0106] Embodiments of the tenth aspect of the invention
may include one or more features of any of the first to ninth
aspects of the invention or their embodiments, or vice versa.
[0107] According to an eleventh aspect of the invention
there is provided a termination head for a jumper flowline,
the termination head comprising:

[0108] a body comprising a plurality of connectors,
wherein the plurality of connectors comprises

[0109] a first connector configured to connect the ter-
mination head to a jumper flowline and a second
connector configured to connect the termination head to
the flow system; and

[0110] an access interface providing an access point to
the flow system;

[0111] wherein the termination head defines at least one
bore which connects at least one of the plurality of
connectors to the access interface to provide at least
one path between the flow access interface and the flow
system.

[0112] Embodiments of the eleventh aspect of the inven-
tion may include one or more features of any of the first to
tenth aspects of the invention or their embodiments, or vice
versa.

[0113] According to a twelfth aspect of the invention there
is provided an access apparatus for accessing a flow system
in a subsea oil and gas production installation, the access
apparatus comprising:

[0114] a body;

[0115] a plurality of connectors configured to connect
the apparatus to the flow system; and

[0116] an access interface for providing an access point
to the flow system for a subsea mechanical intervention
apparatus;

[0117] wherein the body defines at least one interven-
tion path which connects at least one of the plurality of
connectors to the flow access interface to provide a path
between the flow access interface and the flow system;
and

[0118] wherein the at least one path is configured to
permit the passage of mechanical intervention equip-
ment through the path.

[0119] The path may comprise a bend, which may com-
prise 2 5 D bend.
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[0120] Embodiments of the twelfth aspect of the invention
may include one or more features of any of the first to
eleventh aspects of the invention or their embodiments, or
vice versa.

[0121] According to a thirteenth aspect of the invention
there is provided an access apparatus for providing pigging
access to flow system in a subsea oil and gas production
installation, the access apparatus comprising:

[0122] a body;

[0123] a plurality of connectors configured to connect
the apparatus to the flow system; and an access inter-
face for providing an access point to the flow system for
a pig launcher apparatus;

[0124] wherein the body defines at least one flow path
which fluidly connects at least one of the plurality of
connectors to the access interface to provide at least
one flow path between the access interface and the flow
system; and

[0125] wherein the at least one flow path is configured
to permit the passage of a pipeline pig from the pig
launcher apparatus therethrough.

[0126] Embodiments of the thirteenth aspect of the inven-
tion may include one or more features of any of the first to
twelfth aspects of the invention or their embodiments, or
vice versa.

[0127] According to a fourteenth aspect of the invention
there is provided a method of accessing a flow system in a
subsea oil and gas production installation, the method com-
prising: providing an access apparatus comprising a body, a
plurality of connectors connecting the apparatus to the flow
system and an access interface for providing an access point
to the flow system;

[0128] wherein the body defines at least one bore which
fluidly connects at least one of the plurality of connec-
tors to the access interface to provide a path between
the access interface and the flow system; and

[0129] wherein a first connector of the plurality of
connectors is connected to a connector of the flow
system and a second connector of the plurality of
connectors is connected to a jumper flowline of the
flow system;

[0130] connecting a piece of processing equipment and/
or an intervention apparatus to the access interface; and

[0131] performing wellbore and/or flow system inter-
vention operations via the processing equipment and/or
intervention apparatus and the access apparatus.

[0132] Embodiments of the fourteenth aspect of the inven-
tion may include one or more features of any of the first to
thirteenth aspects of the invention or their embodiments, or
vice versa.

[0133] Patent

BRIEF DESCRIPTION OF THE DRAWINGS

[0134] There will now be described, by way of example
only, various embodiments of the invention with reference to
the drawings, of which:

[0135] FIG. 1A is a schematic a side view of a standard
subsea pull-in horizontal connection system according to the
prior art;

[0136] FIG. 1B is a schematic side view of the subsea
pull-in horizontal connection system of FIG. 1A, incorpo-
rating an intermediate flow access apparatus according to an
embodiment of the invention;
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[0137] FIGS. 1C and 1D show schematically sequential
steps for a method of installation of the intermediate flow
access apparatus of FIG. 1B;

[0138] FIG. 2 is a side view of a part of the intermediate
flow access apparatus of FIG. 1;

[0139] FIGS. 3A and 3B are schematic side views of a
flow access connector for a jumper flowline according to an
embodiment of the invention;

[0140] FIG. 4 is a process and instrument diagram show-
ing schematically a flow access jumper pulling head in a
mechanical intervention set-up in accordance with an
embodiment of the invention; and

[0141] FIG. 5 is a process and instrument diagram show-
ing schematically a flow access jumper pulling head in a
mechanical intervention set-up in accordance with an alter-
native embodiment of the invention.

[0142] FIG. 6A is a perspective view of a flow access
connector according to an embodiment of the invention and
FIG. 6B is a process and instrument diagram showing
schematically the flow access connector of FIG. 6A;
[0143] FIG. 7A is a perspective view of the flow access
connector of FIGS. 6A and 6B incorporated into a subsea
connection set-up and FIG. 7B is a process and instrument
diagram showing schematically set-up of FIG. 7A; and
[0144] FIG. 8 is a process and instrument diagram show-
ing schematically a flow access connector in accordance
with an embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0145] As noted above, aspects of the invention have
particular application to subsea pull-in horizontal connec-
tion systems, and embodiments of the invention are
described and illustrated in that context. However, it will be
appreciated that the invention and its principles have appli-
cation to bespoke, industry standard or proprietary oil and
gas production manifolds, including subsea trees, other
horizontal connection systems (including a range of propri-
etary subsea pull-in horizontal connection systems) vertical
connection systems and/or end terminations.

[0146] FIG. 1A shows a made up standard subsea pull-in
horizontal connection system, according to the prior art. The
horizontal connection is made up between two main com-
ponents: a horizontal connector of a subsea Christmas tree
and a horizontal connector of a jumper flowline, shown at 11
and 13, respectively.

[0147] The horizontal connector 11 comprises a flowline
(not shown) which is fluidly connected to a flowline, or
flowlines, of the subsea Christmas tree 15. A horizontally
deployed jumper flowline 24 is terminated in the jumper
flowline connector 13.

[0148] According to a first embodiment of the present
invention, the standard subsea pull-in horizontal connection
system of FIG. 1A is retrofitted to provide an intermediate
flow access apparatus between the main components of the
horizontal connection. This provides a convenient flow
access point for the subsea flow system.

[0149] FIG. 1B shows the intermediate flow access appa-
ratus 10 positioned between the horizontal connector 11 of
the subsea Christmas tree 15 and the jumper flowline
connector 13 of the jumper flowline 24. The body of the
intermediate flow access apparatus 10 has been shown as
transparent in parts, in order to more clearly display the flow
paths within the apparatus. The flow access apparatus 10
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comprises a main body 12 and two connectors 14, 16. The
body 12 further defines a flow access interface, shown
generally at 17, which provides an access point to the flow
system into which the apparatus is incorporated. A flow path
20a, 205 is defined between each connector 14, 16 and the
flow access interface 17, respectively.

[0150] The connector 14 of the intermediate flow access
apparatus 10 is fluidly connected to the horizontal connector
11 of the subsea Christmas tree 15 and therefore to the
flowline, or flowlines, of the subsea Christmas tree 15. In
addition, the connector 13 of the jumper flowline 24 is
fluidly connected to connector 16 of the flow access appa-
ratus 10. As such, both the jumper flowline 24 and a flowline
(not shown) of the subsea Christmas tree 15 are in fluid
communication with the flow access interface 17 which is
provided by the intermediate flow access apparatus 10.

[0151] The intermediate flow access apparatus 10 also
comprises a duplicate interface 34 which substantially rep-
licates the outward interface of the horizontal connector 11
of the subsea Christmas tree 15, to which the jumper
flowline connector 13 was originally intended to be con-
nected. The duplicate interface 34 which is provided by the
intermediate flow access apparatus 10 enables the jumper
flowline connector 13 to connect to the flow access appa-
ratus 10 simply, without requiring any modifications and
without requiring the use of any specialised or modified
tools to facilitate installation.

[0152] Although an intermediate flow access apparatus 10
of'this type would be suitable for use in many different types
of subsea developments, it has particular applicability to
“brownfield” developments (or existing oilfield infrastruc-
ture) as its configuration facilitates easy retrofitting of a
standard subsea horizontal connection to include the flow
access apparatus 10 as an intermediary piece of equipment
between the existing connection components.

[0153] Installation of the intermediate flow access appa-
ratus 10 within a pre-existing subsea horizontal connection
(such as that which is shown in FIG. 1A) is briefly described
with reference to FIGS. 1C and 1D.

[0154] The installation sequence begins by firstly discon-
necting the existing jumper flowline connector 13, together
with the jumper flowline 24, from the horizontal connector
11 of the subsea Christmas tree 15. The jumper connector 13
and flowline 24 are not removed altogether, but the assembly
is simply dragged away from the horizontal connector 11 by
a distance which is sufficient to provide an area of clearance
between the two for installation of the intermediate flow
access apparatus 10 therebetween. Detachment and move-
ment of the jumper connector 13 and flowline 24 assembly
is in the direction indicated by the arrow in FIG. 1C.

[0155] With the jumper connector 13 and flowline 24
assembly disconnected, the intermediate flow access appa-
ratus 10 is deployed subsea, and lowered towards the
location of the horizontal connector 11. The jumper connec-
tor 13 of the jumper flowline 24 is then connected to the
interface 34 of the intermediate flow access apparatus 10
such that the connector 16 of the apparatus 10 and the
connector 13 are in fluid communication.

[0156] The intermediate flow access apparatus 10,
together with the jumper connector 13 and the jumper
flowline, is then horizontally pulled in towards the horizon-
tal connector 11 of the subsea Christmas tree 15 using
winches and any other suitable pull in tooling (PIT), in the
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direction indicated by the arrow in FIG. 1D, and the con-
nector 14 of the apparatus 10 is fluidly connected to the
horizontal tree connector 11.

[0157] The installation sequence described above may be
facilitated and/or provided by Remotely Operated Vehicles
(ROVs), winches, PITs and any other necessary installation
tools.

[0158] The access apparatus of the invention may be used
with a proprietary subsea pull-in horizontal connection
system according to the prior art. In one embodiment, not
illustrated, a horizontal connection is made up between two
main components: a horizontal connection porch and a
jumper pulling head. The horizontal connection porch com-
prises a flowline which forms a horizontal connector of a
subsea Christmas tree.

[0159] A horizontally deployed jumper flowline is termi-
nated in a connector of the jumper pulling head. For instal-
lation, the pulling head is deployed subsea, and horizontally
pulled in towards the connection porch using winches and
any other suitable PIT, which may be facilitated and/or
provided by a ROV, such that a connection is made up
between the two. The porch typically comprises two guide
receptacles which accept elongate guide members of the
pulling head when the two components are connected,
which are connected to, and horizontally extend from, the
base of the jumper pulling head.

[0160] It will be appreciated that additional flowlines,
such as gas lift lines, may exist within the jumper pulling
head, which also extend between the porch (and ultimately
the Christmas tree) and the pulling head, via the connector.
[0161] According to an embodiment of the present inven-
tion, the proprietary subsea pull-in horizontal connection
system described above is retrofitted to provide an interme-
diate flow access apparatus between the main components of
the horizontal connection. This provides a convenient flow
access point for the subsea flow system. A flow access
apparatus suitable for use with a standard subsea pull-in
horizontal connection can be described, for a retrofitted
subsea pull-in horizontal connection including an interme-
diate flow access apparatus in accordance with an embodi-
ment of the invention. The main body of the intermediate
flow access apparatus which is incorporated into the subsea
pull-in horizontal connection described above is shown in
more detail in FIG. 2.

[0162] The intermediate flow access apparatus 110 is
positioned between the horizontal connection porch and the
jumper pulling head of the subsea pull-in horizontal con-
nection. The body of the intermediate flow access apparatus
110 has been shown as transparent in parts, in order to more
clearly display the flow paths within the apparatus. The flow
access apparatus, shown generally at 110, comprises a body
main 112 and two connectors 114, 116. The body 112 further
defines a flow access interface, shown generally at 117,
which provides an access point to the flow system into which
the apparatus is incorporated. A flow path 120q, 1206 is
defined between each connector 114, 116 and the flow access
interface 117, respectively.

[0163] The intermediate flow access apparatus 110 is
configured to be incorporated into the subsea horizontal
connection system of a subsea flow system, as an interme-
diate component between components of the horizontal
connection system, to provide an intervention point at the
location of the connection. As such, the flow access interface
117 provides a dual bore access point for subsea processing
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and/or intervention apparatus to access the flow system. In
use, the flow access interface 117 provides a convenient
single interface for processing equipment, intervention
apparatus and/or additional flow lines or connectors to be
landed on the apparatus and is therefore a convenient means
for enabling a variety of wellbore intervention operations.
The incorporation of the intermediate flow access apparatus
110 between the components of a horizontal connection
system may be facilitated by additional standard connection
components (for example, bolts and flanges) which are not
shown and/or described in this specification.

[0164] The connector 114 of the intermediate flow access
apparatus 110 is fluidly connected to a connector of the
horizontal connection porch (and therefore to a flowline
which is horizontally connected to a horizontal connection
point of a subsea Christmas tree). In addition, the connector
of the jumper flowline, which is terminated within the
jumper pulling head, is fluidly connected to a connector 116
of the flow access apparatus 110. As such, both the jumper
flowline and a flowline of the subsea Christmas tree (not
shown) are in fluid communication with the flow access
interface 117 which is provided by the intermediate flow
access apparatus 110.

[0165] The intermediate flow access apparatus 110 com-
prises, on the side facing the jumper pulling head, a dupli-
cate interface (not shown) which substantially replicates the
outward interface which is provided by the horizontal con-
nection porch to which the pulling head was originally
intended to be connected. The duplicate mechanical inter-
face which is provided by the intermediate flow access
apparatus 110 enables the jumper pulling head to connect to
the flow access apparatus 110 simply, in the same manner
that it was previously connected to the porch, without
requiring any modifications and without requiring the use of
any specialised or modified tools to facilitate installation.

[0166] The intermediate flow access apparatus 110 is
provided with a frame (not shown), and the main body 112
of the intermediate flow access apparatus 110 is attached to
the frame via a bracket. The frame also provides support to
the duplicate mechanical flow interface.

[0167] In addition, the intermediate flow access apparatus
110 is also provided with a pair of elongate guide members
(not shown) which are also attached to the frame. The
elongate guide members of the intermediate flow access
apparatus 110 extend into the two guide receptacles (not
shown) on the horizontal connection porch.

[0168] Although the intermediate flow access apparatus
110 is suitable for use in many different types of subsea
developments, it has particular applicability to “brownfield”
developments (or existing oilfield infrastructure) as its con-
figuration facilitates easy retrofitting of a subsea horizontal
connection to include the flow access apparatus 110 as an
intermediary piece of equipment between the existing con-
nection components.

[0169] The longitudinal axis of the connector 114 is ori-
ented in the horizontal plane to connect to a horizontal
flowline of the flow system. The longitudinal axis of the
connector 116 is similarly oriented in the horizontal plane to
connect to a horizontal flowline of the flow system; however,
it will be appreciated that in alternative embodiments of the
invention the longitudinal axis of one or both of the con-
nectors may instead be oriented in the vertical plane to
connect to a vertical flowline of the flow system.
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[0170] In addition, although the apparatus shown com-
prises two flow paths 120q, 1205 and consequently defines
a dual bore interface 118, it may instead be provided with
only one flow path between the connectors and the interface
to produce a single bore interface. Alternatively, the appa-
ratus may be provided with more than two connectors and/or
more than two flow paths between the connectors and the
interface, thus defining a multi-bore flow access interface.
[0171] It will be described how an intermediate flow
access apparatus according to an embodiment of the inven-
tion may be installed within a proprietary subsea pull-in
horizontal connection system.

[0172] The installation sequence begins by firstly discon-
necting the existing jumper pulling head from the horizontal
connection porch. The jumper pulling head need not be
removed to a remote location; it must simply be dragged
away from the porch by a sufficient amount such that an area
of clearance exists between the two for installation of the
intermediate flow access apparatus therebetween.

[0173] With the pulling head disconnected, the interme-
diate flow access apparatus is deployed subsea, and lowered
towards the location of the connection porch. This may be
done using buoyancy alone. However, typically, the inter-
mediate flow access apparatus is connected to an installation
tool, both being lowered by a wire.

[0174] Once the intermediate flow access apparatus has
been lowered by the full amount required, an ROV engages
the intermediate flow access apparatus (and/or the installa-
tion tool) and manoeuvres it in order to position it in line
with the connection porch. Once aligned, the ROV pushes
the intermediate flow access apparatus towards the porch,
such that the ends of elongate guide members—which, in
this embodiment, are provided by and on the intermediate
flow access apparatus 13 begin to enter the guide receptacles
of the porch. For this purpose, the intermediate flow access
apparatus may be provided with a sliding base, or it may be
provided with wheels on its base or any other appropriate
means to aid its movement subsea.

[0175] The ROV continues to push the intermediate flow
access apparatus towards the porch, until it reaches a point
at which the distance between the intermediate flow access
apparatus and the porch is relatively small.

[0176] Itis important that the final connection between the
intermediate flow access apparatus and the porch is made up
with care, to ensure the integrity of the connection, and of
the two components. As such, instead of continuing to push
the flow access apparatus using an ROV, a hydraulic cylin-
der tool is used to guide the flow access apparatus in to
place. A hydraulic cylinder tool (which has been deployed
subsea to the location of the apparatus using an ROV or any
other suitable means) is fitted between the flow access
apparatus and the porch, before making up the connection
between the two. The hydraulic cylinder tool is fitted in its
stroked-open state, with the cylinder end of the tool being
attached to the installation tool on the flow access apparatus
and with the piston end of the tool being attached to the
porch. Projections on the installation tool and the porch,
respectively, correspond to recesses in the hydraulic cylinder
tool for secure attachment thereon.

[0177] The hydraulic cylinder tool is operated by an ROV
to stroke closed. The movement which is imparted to the
flow access apparatus by operation of the hydraulic cylinder
tool is smooth and slow and accurate, owing to the connec-
tion between the cylinder tool and both components of the
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horizontal connection. When the cylinder tool is stroked
closed, the connection is made up between a connector of
the intermediate flow access apparatus and a connector of
the horizontal connection porch.

[0178] Once a connection has been made between the
intermediate flow access apparatus and the horizontal con-
nection porch the hydraulic cylinder tool is removed from
the components and retrieved back to the surface by an ROV.
Likewise, the installation tool is disconnected from the flow
access apparatus using an ROV and is also retrieved to the
surface. An ROV also operates a clamp on the horizontal
connection porch to clamp the porch to the access apparatus
and finalise the connection between the two components.
[0179] The intermediate flow access apparatus comprises,
on the side facing the jumper pulling head, a duplicate
interface which substantially replicates the outward
mechanical flow interface which is provided by the porch to
which the pulling head was originally connected. This
enables the jumper pulling head to connect to the flow access
apparatus simply, in the same manner that it was previously
connected to the porch, without requiring any modifications.
The flow access apparatus is connected to the duplicate
mechanical flow interface and the elongate guide members
via a bracket.

[0180] Finally, using conventional methods (including
winching and/or the use of hydraulic cylinder tools facili-
tated by ROVs), the jumper pulling head is re-connected to
the horizontal connection system such that a connector of a
jumper flowline which is terminated within the jumper
pulling head is fluidly connected to a connector of the flow
access apparatus, via the duplicate mechanical flow inter-
face. A ROV is operated to clamp the components together
and finalise the connection between the jumper pulling head
and the flow access apparatus.

With the horizontal pull-in connection complete, the inter-
mediate flow access apparatus provides a flow access inter-
face, which provides a dual bore access point for subsea
processing and/or intervention apparatus to access the flow
system. Fluid communication is provided between the sub-
sea Christmas tree and the flow access apparatus, via the
connection porch. Similarly, fluid communication is pro-
vided between the jumper flowline and the flow access
apparatus via the pulling head.

[0181] An installation of an intermediate flow access
apparatus according to an alternative embodiment of the
invention is now described. In this embodiment, the flow
access apparatus is not provided with its own elongate guide
members. Instead, it is connected to a frame which com-
prises a pair of throughbores formed from hollow cylindrical
members, corresponding to the position of guide receptacles
on the horizontal connection porch.

[0182] As with the previous embodiment, the existing
jumper pulling head is disconnected and moved away from
the horizontal connection porch to create an area of clear-
ance between the two, for installation of the intermediate
flow access apparatus therebetween. With the pulling head
disconnected, the intermediate flow access apparatus is
connected to an installation tool at the surface and is
deployed subsea and lowered towards the location of the
connection porch by conventional methods.

[0183] When the intermediate flow access apparatus
reaches an appropriate location subsea, a modified Pull in
Tool (PIT) with extra-long guide members is deployed
subsea to the location of the apparatus.
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[0184] The modified PIT comprises winch lines which are
attached, at their free ends, to the horizontal connection
porch. The PIT is then pulled away from the horizontal
connection porch, with the winch lines simultaneously
extending, such that it sits behind the intermediate flow
access apparatus and such that the extra-long guide members
are aligned with the recesses in the frame of the flow access
apparatus.

[0185] The winch is operated (by an ROV or otherwise) to
initiate horizontal movement of the PIT, towards the porch.
In doing so, the probes of the PIT extend into and through
the recesses in the frame of the flow access apparatus such
that the flow access apparatus is docked on to the PIT, thus
effecting horizontal movement of the flow access apparatus.
[0186] The winch continues to operate until the members
of'the PIT extend into the guide receptacles in the porch, and
until a connection is made up between a connector of the
intermediate flow access apparatus and a connector of the
horizontal connection porch. An ROV operates a clamp on
the horizontal connection porch to clamp the porch to the
access apparatus and finalise the connection.

[0187] The installation tool which was attached to the
apparatus is removed and recovered to the surface.

[0188] The PIT is now re-used to re-connect the jumper
pulling head to the horizontal connection system. With the
free ends of the winch lines attached to either the horizontal
connection porch (or to the intermediate flow access appa-
ratus), the PIT is again moved away from the horizontal
connection porch and the and the intermediate flow access
apparatus such that the extra-long guide members of the PIT
are retracted from the guide receptacles in the porch and the
recesses in the frame of the flow access apparatus. The PIT
moves to the far end of the jumper pulling head (i.e. to the
end which is horizontally farthest away from the other
components in the horizontal connection system) and
engages with it (via the probes or otherwise) to initiate
horizontal movement of the pulling head towards the flow
access apparatus.

[0189] The jumper pulling head is re-connected to the
horizontal connection system such that a connector of a
jumper flowline, which is terminated within the jumper
pulling head, is fluidly connected to a connector of the flow
access apparatus, via the duplicate mechanical flow inter-
face. An ROV is operated to clamp the components together
and finalise the connection between the jumper pulling head
and the flow access apparatus.

[0190] After a subsea horizontal connection has been
made, flow tests are performed to ensure the integrity and
effectiveness of the connection before a processing and/or
intervention apparatus is connected to the flow access inter-
face.

[0191] It will be appreciated that, although only one
intermediate flow access apparatus is shown and described
within the above examples, additional flowlines may exist
between the horizontal connection porch (ultimately the
Christmas tree) and the jumper pulling head which may also
be provided with an intermediate connector apparatus.
[0192] FIGS. 3A and 3B show an apparatus according to
alternative embodiment of the invention. These figures
show, generally at 410, an adapted flow access connector for
a jumper flowline. The body of the flow access component
of the jumper flowline connector are shown as transparent in
parts, in order to more clearly display its features. In FIG.
3A, the adapted tflow access connector and jumper flowline
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are shown disconnected from a horizontal connector 411 of
a subsea Christmas tree 415. In FIG. 3B, horizontal con-
nection is made up: as such, the adapted flow access
connector and jumper flowline are shown connected to the
horizontal connector 411 of the subsea Christmas tree 415.
[0193] The jumper flowline connector 413 is connected, at
one end, to the jumper flowline 424 by connector 416. The
jumper flowline connector 413 further comprises a connec-
tor 426 to facilitate the connection between the jumper
flowline 424 and a horizontal connector 411 of a subsea
Christmas tree 415. The configuration of the jumper flowline
connector 413 facilitates a horizontal connection between
the jumper flowline 424 and the flow system of the subsea
Christmas tree via the connector 411.

[0194] A flow access hub 419 is incorporated into the
jumper flowline connector 413, to provide a convenient flow
access interface, shown generally at 417, on the connector
413, through which subsea process or intervention apparatus
may gain access to the flow system. A flow path 420q, 4205
is defined between each connector 426, 416 and the flow
access interface 417, respectively, such that the jumper
flowline 424 and the flow system of the subsea tree 415 are
fluidly connected to the flow access interface 417 when the
connection is made up.

[0195] A modified jumper flowline connector 413 of this
type, which has been adapted to provide a flow access
interface, is suitable for use in many different types of
subsea developments. However, it has particular applicabil-
ity to “greenfield” developments (or new oilfield infrastruc-
ture) as its configuration facilitates the provision of a flow
access point integrated into the components which are
required to make up a subsea horizontal connection, without
the requirement to provide additional components or equip-
ment.

[0196] An apparatus according to alternative embodiment
of the invention is a flow access termination head for a
jumper flowline.

[0197] The termination head comprises a connector for
connection to a jumper flowline, and further comprises a
connector to facilitate the connection between the jumper
flowline and a subsea flow system. The jumper flowline
extends into the body of the termination head, to arrive at the
connector. In this particular example, the configuration of
the termination head facilitates a horizontal connection
between the jumper flowline and the flow system via the
connector, the longitudinal axis of which is oriented in the
horizontal plane for connection to a horizontal flow line of
the flow system.

[0198] A flow access hub is incorporated into the termi-
nation head, to provide a convenient flow access interface on
the termination head, through which subsea process or
intervention apparatus may gain access to the flow system.
A flow path is defined between each connector and the flow
access interface, respectively, such that the jumper flowline
and the flow system to which the termination head is
connected to via connector are fluidly connected to the flow
access interface.

[0199] Typically, such termination heads which are used
in subsea flowline connections do not include a means for
accessing the flow system, and thus for conveniently per-
forming intervention and/or processing operations. How-
ever, accessing the flow system at the location of a horizon-
tal connection which incorporates such a jumper termination
head has a number of advantages. A modified termination
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head of this type, which has been adapted to provide a flow
access interface, is suitable for use in many different types
of subsea developments. However, it has particular applica-
bility to “greenfield” developments (or new oilfield infra-
structure) as its configuration facilitates the provision of a
flow access point integrated into the standard components
which are required to make up a subsea horizontal connec-
tion, without the requirement to provide additional compo-
nents or equipment.

[0200] It will be appreciated that although only one flow
access hub is shown to be incorporated within the modified
termination head described above, additional flowlines may
exist within the modified termination head which may also
be provided with a flow access interface in the same manner.
[0201] In an alternative embodiment of the invention, the
flow access termination head for a jumper flowline is a
jumper pulling head for horizontal connection with a subsea
Christmas tree. A horizontal connection porch is directly and
fluidly connected to a horizontal connection point of the
Christmas tree. The pulling head comprises a connector for
connection to a jumper flowline, and further comprises a
connector to facilitate the connection between the jumper
flowline and the subsea flow system (i.e. via the subsea
Christmas tree). The jumper flowline extends into the body
of the jumper pulling head, to arrive at the connector. In this
particular example, the configuration of the jumper pulling
head facilitates a horizontal connection between the jumper
flowline and the Christmas tree via the connector, the
longitudinal axis of which is oriented in the horizontal plane
for connection to a horizontal flow opening of the Christmas
tree.

[0202] A flow access apparatus is incorporated into the
jumper pulling head, to provide a convenient flow access
interface on the pulling head, through which subsea process
or intervention apparatus may gain access to the flow
system. A flow path is defined between each connector and
the flow access interface, respectively, such that the jumper
flowline and the Christmas tree to which the pulling head is
connected to via connector are fluidly connected to the flow
access interface.

[0203] In use, the jumper pulling head may have a process
and/or intervention apparatus mounted upon the flow access
interface. The flow access jumper pulling head is also
provided with a protection structure, which can be installed
upon the jumper pulling head and around the process and/or
intervention apparatus to protect the process and/or inter-
vention apparatus from the harsh subsea environment.
[0204] A protection structure for a flow access jumper
pulling head may be installed as follows. A made-up hori-
zontal pull-in connection system incorporates a modified
flow access jumper pulling head which comprises a protec-
tion structure. The protection structure has a closed condi-
tion, and the purpose of the protection structure is to protect
any subsea process or intervention apparatus which may be
connected to the flow access interface from the subsea
environment.

[0205] The protection structure comprises two parts, each
part comprising an elongate member which extends into
each of the receptacles in the horizontal connection porch to
secure the protection structure to the porch. To install the
protection structure, the structure is deployed and lowered
subsea towards the horizontal connection system incorpo-
rating the modified flow access jumper pulling head. Using
an ROV or otherwise, the elongate members of each part of
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the protection structure are slotted into the receptacles in the
horizontal connection porch. In addition, the body of the
jumper pulling head comprises an outer profile which cor-
responds to the outer profile of the bottom edge of each part
of the protection structure, such that the protection structure
fits in place on the jumper pulling head. The protection
structure may be secured to the jumper pulling head by any
additional means, as necessary.

[0206] One installed, each elongate member is permitted
to rotate within the receptacles of the porch, thus allowing
the protection structure to be opened and closed. With the
two parts of the protection structure opened, the modified
flow access jumper pulling head is ready to receive a subsea
process or intervention apparatus. A subsea process or
intervention apparatus is therefore installed upon the flow
access interface of the jumper pulling head.

[0207] The protection structure of the jumper pulling head
can be closed around the subsea process or intervention
apparatus to protect the apparatus in use. With the subsea
process or intervention apparatus in place, processing or
intervention operations can now be performed upon the flow
system at the convenient location of the horizontal connec-
tion system.

[0208] An advantage of a modified flow access jumper
pulling head of this type is that by using such a jumper
pulling head, an access point can be provided regardless of
whether or not its immediate use is required. If it is not
desirable to carry out flow access operations immediately,
the flow access interface may be provided with a cap, or an
addition flow piece which connects the dual bores in the flow
access interface. However, installation of such a modified
flow access jumper pulling head provides the opportunity to
access the flow system via this apparatus in the future, if and
when required.

[0209] Another advantage of this type of modified flow
access jumper pulling head, is that it facilitates flow access
for a range of mechanical intervention operations to be
performed. Referring now to FIG. 4, a schematic diagram is
shown of a modified flow access jumper pulling head,
similar to that which has been described above. FIG. 4
shows a jumper pulling head 710 which is substantially
similar to that described above. However, this jumper pull-
ing head can be used in subsea applications where mechani-
cal intervention is, or is expected to be, required.

[0210] In addition to the flow line 720a which provides a
flow path between the horizontally oriented opening 726 and
the flow access interface 717, flow path 7205 is also pro-
vided which is vertically oriented between the connector and
the flow access interface 717.

[0211] One advantage of the substantially vertical orien-
tation of flow path 7204 is that its configuration permits
mechanical intervention operations to be performed within
the flow path. In the embodiment shown, the configuration
of the jumper pulling head, and of the flow access hub
therein, enables the installation of jumper flowline 724
which comprises a bend 762. A flow path which comprises
a bend 762 is therefore defined between the flow access
interface 717 and the flow system.

In this example, the bend 762 is a 5 D bend, which means
that the radius of the bend is 5 times the nominal diameter
of the bore. This configuration of bend makes it possible to
perform mechanical intervention operations through the
flowline, as its shape will permit the passage of a range of
standard mechanical intervention tools and/or equipment.
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[0212] By utilizing a jumper pulling head which facilitates
a bend in the flowline, mechanical intervention operations
can therefore be carried out by an intervention apparatus
which is connected to the flow system via the flow access
interface 717, at the location of a standard horizontal pull-in
connection system.

[0213] In this embodiment, the mechanical intervention
operation which is set-up is a pigging operation. A pig
launcher module 770 is installed upon a flow access inter-
face 717 which is defined by the modified flow access
jumper pulling head 710. The flowline 720q is not utilized
by the pig launcher module 770 in this instance, and thus
comprises the necessary isolation valves (not shown) to
safely isolate flow within this line whilst the pigging opera-
tion is ongoing.

[0214] As described above, flowline 72056 is vertically
oriented, and connected between the pig launcher module
770 via the dual bore flow access interface 717 and the
flowline 724 via connector 716.

[0215] In operation, the pig launcher is used to deploy
pipeline pigs into the flowline 7205, and consequently into
the flowline 724, through which they are able to move safely
and without obstruction due to the bend configuration of the
flowline.

[0216] FIG. 5 is a view of an alternative embodiment of
the invention, in a similar mechanical intervention operation
set-up to that described in FIG. 4. However, in this embodi-
ment the flow access jumper pulling head 810 is a flow
access jumper pulling head for vertical connection to a
subsea Christmas tree, and includes a connector 826 which
has its longitudinal axis oriented in the vertical plane to
connect to a vertical flowline, such as a vertical flowline of
a subsea Christmas tree (not shown).

[0217] Other embodiments of the invention also relate to
vertical applications of flow access apparatus. For example,
referring to FIGS. 6A and 6B, the flow access apparatus
shown generally at 910 is an intermediate flow access
connector for vertical connection to a subsea Christmas tree.
The flow access connector 910 comprises two connectors
914, 916, each having their longitudinal axis oriented in the
vertical plane to connect to vertical flowlines. In this
embodiment, the intermediate flow access connector 910 is
connected to a vertical outlet 911 of a subsea Christmas tree
via connector 914, and connector 916 is operable to be
connected to a flowline, such as a jumper flowline and/or a
flexible flowline.

[0218] The intermediate flow access connector 910
defines a flow path 9254 between the two connectors 914,
916, which is fluidly connected by a flow path 9255 to a flow
access interface 917. The flow access interface 917 is a
single bore interface which comprises a connector though
which a processing and/or intervention apparatus may gain
access to the flow system. The flow paths within the inter-
mediate flow access connector 910 further comprise valves
which can optionally control the direction of flow in the
absence of a dual bore system. It will be appreciated that
although the flow access interface 917 is shown to comprise
a single standard connector, it may instead be provided in the
form of an ROV hot stab connector.

[0219] In standard applications, where the intermediate
flow access apparatus 910 is not provided, a flowline (not
shown) would be directly connected to the vertical outlet
911 of the subsea Christmas tree. Therefore, to aid integra-
tion of the intermediate flow access apparatus 910, the
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connector 916 of the intermediate flow access connector 910
has been configured to substantially duplicate the connector
911 which is provided by the subsea tree.

[0220] FIGS. 7A and 7B show the intermediate flow
access connector 910 of FIGS. 6A and 6B connected to a
processing or intervention apparatus 980 and a flexible
flowline 924. The flexible flowline 924 is connected to the
vertically oriented connector 916 of the intermediate flow
access connector 910 which, as described above, mimics the
configuration of the connector 911 of the subsea tree 915.

[0221] In addition, a processing or intervention apparatus
980 is connected to the flow access interface of the apparatus
917 via a flexible flowline 982 and a connector 984. As such,
the processing or intervention apparatus 980 is not mounted
on the flow access interface 917 in this embodiment, and is
instead provided away from the apparatus 910.

[0222] It will be equally appreciated that the vertical
applications of a flow access apparatus which are described
above may also incorporate flow access apparatus which,
according to an alternative embodiment of the invention,
provide dual bore flow access interfaces. For example, the
flow access apparatus 1010 which is shown in FIG. 8 has a
flow access interface 1017 for dual bore access.

[0223] Although the flowlines 1020 and 10205 are con-
nected to one another via flow line 1021¢ and therefore do
not provide conventional, distinct dual bores through the
apparatus 1010, valve 1021¢ may optionally be closed in
order to separate these flow paths.

[0224] With the valve 1021c¢ closed, a flow path 1020a is
defined between the flow access interface 1017 and the
connector 1014 and a flow path 10205 is defined between the
interface 1017 and the connector 1016.

[0225] Although the foregoing embodiments relate pri-
marily to the provision of an access interface for fluid or
mechanical intervention, it will be appreciated that the
principles of the invention can be applied to provide an
access point for other applications, including for example
the bringing together of two production flow streams. In
particular, production flow from another subsea well (for
example, from the production outlet of a subsea tree of the
well) could be connected to the production flow line of an
existing subsea manifold or subsea tree, using an access hub
according to one or more of the foregoing embodiments of
the invention. In such an application, it may be desirable to
use a composite jumper hose for at least a part of the flow
line from the other subsea well to the access hub, to reduce
the loads on the access hub and the components of the
subsea flow system to which it is connected.

[0226] In alternative embodiments, the access apparatus is
configured with multiple flow lines or flow bores extending
therethrough, to correspond to multiple flow lines or flow
bores present in the flow system. For example, a connector
on a subsea tree may incorporate production flow lines and
injection flow lines, and the jumper may be similarly con-
figured. The access apparatus may comprise a set of parallel
flow lines configured for connection of the respective lines
between the subsea tree and the jumper, and at least one of
the parallel flow lines may be provided with an access point
for fluid or mechanical intervention, or as an access point for
another flow stream directed in or out of the flow system
(e.g. production fluid being brought in from another subsea
tree). Although not shown, it will also be appreciated that the
flow access apparatus and equipment which have been
described in the foregoing description, along with the flow
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modules, flow components, Christmas trees and the like,
may be provided with additional arrangements of valves and
flowlines as necessary.

[0227] Various modifications may be made within the
scope of the invention as herein intended, and embodiments
of the invention may include combinations of features other
than those expressly described herein.

1. An access apparatus for accessing a flow system in a
subsea oil and gas production installation, the access appa-
ratus comprising:

a body;

a plurality of connectors configured to connect the appa-

ratus to the flow system; and

an access interface providing an access point to the flow

system,

wherein the body defines at least one bore which fluidly

connects at least one of the plurality of connectors to
the access interface to provide a flow path between the
access interface and the flow system;

wherein a first connector of the plurality of connectors is

oriented with a longitudinal axis in a substantially
horizontal plane and is configured to connect to a
horizontally oriented connector of an outward flow
system connection interface;

wherein a second connector of the plurality of connectors

forms part of a connection interface for a jumper
flowline, the connection interface replicating the out-
ward flow system connection interface;

and wherein the access apparatus is configured to be

connected between the flow system connection inter-
face and the jumper flowline.

2. The access apparatus according to claim 1, wherein the
flow system connection interface is a part of a subsea
horizontal pull-in connection system.

3. The access apparatus according to claim 1, wherein the
access apparatus is a termination head for a jumper flowline.

4. The access apparatus according to claim 1, wherein the
access apparatus is a jumper pulling head for a jumper
flowline.

5. The access apparatus according to claim 1, wherein the
at least one bore is a first bore which defined between the
first connector and the access interface, and wherein the
body further defines a second bore between the second
connector and the access interface.

6. The access apparatus according to claim 1, wherein the
access interface provides an interface for processing equip-
ment, intervention apparatus and/or additional flow lines or
connectors to be landed on and connected to the apparatus.

7. The access apparatus according to claim 6, wherein the
access interface enables a variety of wellbore and/or flow
system intervention operations to be performed.

8. The access apparatus according to claim 1, wherein the
horizontally oriented connector of the flow system is a
horizontal connector of a subsea manifold, a subsea tree
and/or a subsea end termination.

9. The access apparatus according to claim 1, wherein the
horizontally oriented connector of the flow system is a
horizontal connection porch of a subsea manifold and/or a
subsea Christmas tree.

10. The access apparatus according to claim 1, wherein
the connection interface for a jumper flowline formed, or
formed in part, by the second connector replicates the
horizontally oriented connector of the flow system.
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11. The access apparatus according to claim 1, wherein
the connection interface for a jumper flowline formed, or
formed in part, by the second connector replicates the
outward interface of a horizontal connector of a subsea
manifold and/or a subsea Christmas tree.

12. (canceled)

13. The access apparatus according to claim 1, wherein at
least one bore of the access apparatus is configured to permit
the passage of mechanical intervention equipment there-
through.

14. The access apparatus according to claim 13, wherein
the at least one bore of the access apparatus comprises a 5
D bend.

15. The access apparatus according to claim 1, comprising
elongate guide members which correspond to the position of
receptacles on the horizontally oriented connector of the
flow system, which are configured to extend into the recep-
tacles on the horizontally oriented connector of the flow
system when the components are connected.

16. The access apparatus according to claim 1 comprising
recesses which correspond to the position of elongate guide
probes of a pull in tool and of receptacles on the horizontally
oriented connector of the flow system.

17. A method of installing an access apparatus between
the components of a subsea horizontal connection system,
the method comprising:

providing an access apparatus comprising a plurality of

connectors configured to connect the apparatus to the
flow system and an access interface for providing an
access point to the flow system;

disconnecting a jumper flowline from a horizontally ori-

ented connector of an outward flow system connection
interface of the flow system;

providing the flow access apparatus at a subsea location

proximate the location of the horizontally oriented
connector of the outward flow system connection inter-
face;

bringing the access apparatus into contact with the hori-

zontally oriented connector of the outward flow system
connection interface such that a first connector of the
plurality of connectors of the flow access apparatus is
brought into contact with a flow opening in the hori-
zontally oriented connector; and

re-connecting the jumper flowline to the subsea horizontal

connection system, by bringing it into contact with the
access apparatus such that a second connector of the
plurality of connectors of the access apparatus is
brought into contact with a flow opening in the jumper
flowline, wherein the second connector forms a con-
nection interface which replicates the outward flow
system connection interface.

18. The method according to claim 17, wherein the subsea
horizontal connection system is a pull-in horizontal connec-
tion system.

19. The method according to claim 17, wherein the steps
of disconnecting the jumper flowline, providing the access
apparatus at a subsea location, bringing the access apparatus
into contact with the horizontally oriented connector of the
flow system and/or re-connecting the jumper flowline may
be carried out at least by Remotely Operated Vehicles
(ROVs), winches, hydraulic cylinder tools, Pull in Tools
(PITs) and/or any other necessary installation tools and/or a
combination thereof.



US 2020/0408072 Al

20. The method according to claim 17, wherein the access
apparatus comprises elongate guide members which corre-
spond to the position of receptacles on the horizontally
oriented connector of the flow system, and wherein the
method comprises bringing the access apparatus into contact
with the horizontally oriented connector of the flow system
such that the elongate guide members of the access appa-
ratus extend into the corresponding receptacles of the hori-
zontally oriented connector of the flow system.

21. The method according to claim 17, wherein the access
apparatus comprises recesses which correspond to the posi-
tion of elongate guide probes of a pull in tool and of
receptacles on the horizontally oriented connector of the
flow system, and wherein the method comprises docking the
access apparatus on the pull in tool such that the elongate
guide probes enter and extend through the recesses of the
access apparatus.

22. The method according to claim 21, further comprising
bringing the access apparatus into contact with the horizon-
tally oriented connector of the flow system such that the
elongate guide probes of the pull in tool extend into the
corresponding receptacles of the horizontally oriented con-
nector of the flow system.

23. The method according to claim 22, further comprising
un-docking and removing the pull in tool from the access
apparatus and the horizontally oriented connector of the flow
system.
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24. A subsea horizontal connection installation compris-
ing:

a flow system comprising a horizontally oriented connec-
tor of an outward flow system connection interface
forming part of the flow system and a jumper flowline;
and

an access apparatus comprising a body, a plurality of
connectors for connecting the apparatus to the flow
system and an access interface for providing an access
point to the flow system;

wherein the body defines at least one bore which fluidly
connects at least one of the plurality of connectors to
the access interface to provide a flow path between the
access interface and the flow system;

wherein a first connector of the plurality of connectors of
the access apparatus is connected to the horizontally
oriented connector of the outward flow system connec-
tion interface of the flow system; and

wherein a second connector of the plurality of connectors
of the access apparatus forms a connection interface
which replicates the outward flow system connection
interface of the flow system and is connected to the
jumper flowline.

25. The installation according to 24, wherein the instal-
lation further comprises processing equipment, intervention
apparatus and/or additional flow lines or connectors con-
nected to the access interface.
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