
WO 20091082240PCT/NO20081000465 1 Tool for connecting Pipelines The invention concerns a tool
for connecting an end of a first pipeline to an end of a second pipeline supported by a subsea structure
and being provided by at least two 5guide elements. Further, the invention also concerns a method for
connecting the ends of first and second pipeline, wherein the second pipeline is supported by a
subsea structure and being provided by at least two guide elements, and a tool comprising means for
connecting the pipeline ends. 10Subsea installations for oil and gas extraction are commonly
connected together by pipes, commonly called pipeline (or flowline) spools. The connection may for
example be between a well and a manifold, or flowline (having a T-junction), or between template
systems. In this case a length of pipe (a spool) is made on the surface, in each case fabricated to fit
the distance between the hubs provided at the 15end of the pipelines. A termination head is normally
fitted to each end of the spool. There are two main methods for the installation of such spools. In
vertical installation, so-called stab-and-hinge method, the spool is deployed vertically and fitted into a
receiver on the installation. Thereafter the spool is rotated to a horizontal position and the first (hinge)
end is connected up with the piping hub on 20the first installation (commonly called the inboard hub),
and then the second end is connected. An example of this method is disclosed in NO Patent No.
319639. In horizontal installation the spool is suspended from a carrier frame in a horizontally position
and both ends are landed simultaneously in the receiving 25sections of the installations. Then the
termination head is pulled towards the inboard 



hub and the connection is made up. See for example Figs. 13 and 14 in PCT application WO 0179736.
Vertical installations can impose heavy loads on the seabed structures as they are 30landed and
rotated. There is also a need for guiding structures to ensure correct alignment before the connection
is made up.  WO 0179736 describes a horizontal connection where a support frame, or cradle, is
coupled to each termination head. The cradle includes a collar that lands on the 35inboard hub. The
termination head is now in the correct alignment for connection and can now be moved towards the
inboard hub, by using an ROV tool. The disadvantage with this system is that it is complicated and that
the whole weight of the spool will rest (through the collar) on the inboard hub. 40The present invention
is an improvement on this system, having fewer parts and is much simpler to operate. Instead of using
a special ROV tool to move the termination head towards the inboard hub (as the one shown in Fig 5
in WO  2 0179736), a simple stroking tool such as a cylinder and piston, for instance hydraulic or
screw cylinder can be used. This can be operated by simpler tools carried by the ROV. The operations
may be carried out by an ROV-manipulator with tools retrieved from a subsea basket. It is therefore
not necessary to have the tie-in tool fixedly mounted underneath the ROV, such as shown in WO
0179736. This will reduce the interface work against the installation contractor and the ROV will be
much more operable. No loose items other than the ROV-tool basket (s) need to be deployed and
brought back on deck. All ROV-tools can therefore be made simple to "understand" and to operate.
This low user threshold can reduce the education and training requirement of the vessel crew. The tool
logistics can therefore be simple particularly regarding world wide operations, i.e. the simple tooling is
not required to be taken back to the manufacturer for refurbishment and storage, but can be managed
by the project locally. The system design is intended to cover all relevant pipeline dimensions,
especially the standard 12" ID insulated pipe and up to 14"ID uninsulated pipes. According to an
aspect of the present invention, there is provided a tool for connecting an end of a first pipeline to a
hub end of a pipe supported by a subsea structure having at least two guide elements, the first
pipeline having a first anchoring means and the hub end of the pipe having a second anchoring
means, the first pipeline further being provided with a connector, the tool comprising a connector
actuator for connecting the end of the first pipeline to the hub end of the pipe, a U-shaped receiving
portion provided with a slot for the first anchoring means and supporting the end of the first pipeline in
a slideable manner, at least two guiding and alignment sections extending from the U-shaped
receiving portion, each guiding and alignment section having an end arranged with an attachment
portion interfacing with the guide elements, characterized in that the tool further comprises a stroking
tool with means for displacement of a first and second fastening means, the first and second fastening
means being releasably mounted to the first and second anchoring means. According to an
embodiment of the invention, the tool comprises means for connecting the pipelines, and a receiving
portion provided to accommodate the end of the first pipeline in a slideable manner, and guiding
means comprising at least two guiding sections extending from receiving portion, each guiding section
having an end arranged with an attachment portion interfacing with the guiding sections.  



2a The receiving portion may be provided by a sleeve for instance having a U-shape. The guiding
sections may be provided with support elements. The first pipeline may be provided with first
anchoring means and the second pipeline may be provided with second anchoring means and that a
stroking tool comprising means for displacement is to be mounted between the anchoring means. The
stroking tool may comprise a piston and cylinder, having fastening means at their ends for attaching to
the anchoring means. The sleeve may have a slot for interfacing with the second anchoring means. A
connector may be provided for connecting the two ends of the pipelines, wherein the connector
comprises a clamp connector and that a torque tool is used to operate the connector. The connector
may comprise a collet connector and that an actuating tool is mounted onto the pipeline end to operate
the collet fingers to close the connection. In accordance with another embodiment of the tool, the
guiding sections may be provided as protruding arms, wherein each protruding arm terminates in the
attachment portion shaped as a funnel. The guide elements may then be shaped as conical stopping
elements.  3 In accordance with a further embodiment of the tool the guiding sections are provided as
protruding anus, wherein each protruding arm teiminates in the attachment portion provided as a
locking element, wherein the locking element may be shaped as a guiding pin. The guide elements
may then each be provided with a recess for the accommodation of the locking element. The recess
may be provided with an entry portion. The entry portion may be arranged for guiding the locking
elements into the recess and for acting as a support surface for the support elements, wherein the
support element may be shaped as a pin. The method according to the invention comprises: lowering
the first pipeline to the subsea structure and guiding means arranged on the first pipeline interacting
with the guide elements, attaching a stroking tool between the two pipelines to enable the first pipe
end to be moved toward second pipe end, and providing an actuator to close the connection. The
guiding means arranged on the first pipeline may be included in the tool as defined in the independent
tool claim. The first pipeline may be lowered using a lifting frame. The stroking tool and/ or the actuator
may be operated by an ROV. The invention will now be described with reference to the accompanying
drawings where Fig. 1 is a drawing showing the tie-in tool assembly according to the invention, Figs. 2
- 5 show the steps of the installation process, and Figs. 6 - 7 show the mounting arms in more detail.
Figs 8-9 show an alternative embodiment of the mounting arms. Fig 10 shows a detail of the
alternative embodiment of Figs 8-9. Figs 11-12 show the tie-in tool assembly with the alternative
embodiment of the mounting aims. Fig. 1 is an assembly drawing showing the tools and structures
used in the tie-in system for the connection of two pipe line (spool) ends, which may be provided with
hubs. A seabed structure 1 comprises a frame 2 that supports a pipe 3 shown with a hub end 5 (Fig.
2). The pipe may be insulated as shown on Fig. I. This hub end is normally termed an inboard hub.
Anchoring means 4 such as an anchoring pin is attached to the inboard hub 5, protruding upwards.
Also supported by the frame 2 are guide elements 11, 12, here shown as guide posts located at each
side of the inboard hub. Each guide element (post) 11, 12 extend upwards and terminate in a point. At
their base they have a portion 15, 16 that acts as supports. Their function will be described later. In the
embodiment of Fig. 1 they are shown as conical mounts, but they may also be formed as plates or
other structures providing support to the guide elements, preferably by being provided as an enlarged
cross section area. In the embodiment shown on Fig. 1 one guide post is longer than the other.  WO
20(19/(182240PCT/NO2008/000465 



4 This aids the guiding process and enables the guide rings to be rotated and aligned with the guide
post. In the embodiment shown in the figs the pipeline 22 has a termination head 20 5attached to its
end. In the following the invention is described with the termination head 20 attached to the pipe end,
but as the skilled person will realize, the following descriptions will also apply to embodiments of the
invention wherein no termination head is used, either that the termination head is replaced with an
element suitable for the field of use or the pipe end is applicable without an additional element. The
10tie-in assembly may be used both for a clamp connector and a collet connector. In Fig. 1 there is
shown a collect connector with the collet fingers (not shown) arranged at the front of the termination
head 20. In this case the connector will comprise an actuating ring 24 and an actuating tool 60 will be
used to stroke the fingers to close the connector. In the case of the connector being a clamp, the
clamp 15100 will normally be pre-installed on the hub, as illustrated in Fig. 1. The termination has a
part 26 with an even diameter and a relatively smooth surface. On this part, protruding upwards, there
is mounted first anchoring means 28 such as an anchoring pin. 20 The tool here shown as a mounting
arm (see also Figs. 6 and 7) comprises a receiving portion 32 which may be arranged as a sleeve
section and two guiding and alignment sections 34, 35, here provided as protruding arms. Each
protruding arm terminates in an attachment portion 36, 37 for instance shaped as a funnel 25designed
to interface with the guide elements (posts) 11, 12 and, when mounted, rest against the supports 15,
16, in the figures shown as conical stopping elements. A slot 33 is arranged on the sleeve section,
having a longitudinal direction aligned with the termination head axis. Also, the sleeve section 32 is of
a U-shape with the U of an inner diameter that is adapted to the outer diameter of termination head
part 3026 or the pipe end, and linearly moveably in relation to the part 26 or the pipe end. A locking
arm may be used to enable the sleeve to be closed around the termination head. This will enable the
mounting arm to be released and retrieved back to the 



vessel after the tie-in operation has been completed. However, in the preferred embodiment, struts 38
are arranged across the opening of the U to support the  35 termination head and a plate 39 attached
to the pin making up the anchoring means 28, holds the sleeve section 32 so that the tool/mounting
arm may move in relation to the termination head but attached to the termination head, as is seen on
Fig. 1. On each guiding section (arm), just behind the funnels, there may be support elements 31, 42,
for instance provided as fixed brackets being designed to rest against the 40frame 6, to support the
weight of the termination head on the frame.  WO 2009/082240PCT/NO2008/000465 5 A stroking tool
40 is provided to induce relative movement between the ends of the first and second pipeline 22, 5 . In
the figures the stroking tool 40 is shown as a cylinder for instance a hydraulic cylinder, comprising a
rod 41 and cylinder 43. The rod has fastening means 42 such as a ring at its end for mounting it to the
second 5anchoring means 4 shown as a pin. Likewise, the cylinder 43 has fastening means 44 at its
end for mounting it to the first anchoring means 28 shown as a pin. The tool is operated by the use of
a ROV tool having means for supplying pressurized fluid for instance hydraulic fluid to the actuator 40,
through coupling 48. Although a hydraulic cylinder is shown in the Figs, it is obvious that other kinds of
devices 10may be used to the same effect, for example a screw and nut mechanism.  In the event that
the connector is a collet connector, an actuator 60 will be mounted onto the termination head (or
pipeline end), as shown on Figs. 1 - 6. The actuator comprises a first part 62 that is designed to grip
around the collet head 24 and a 15second part 64 that is designed to grip around the termination
head(or pipeline end), and is supported from moving by resting against a sleeve part 35. The two parts
are interconnected by cylinders 65, 66 for instance hydraulic cylinders enabling the first part to move in
relation to the second part by using a pressurized fluid supplied from the ROV through coupling 68.
When moving the first part 62 it will move the 20collet ring 24 forward and in this way close the collet
fingers around the hub 2. It will be obvious to a man skilled in the art that in the case of the connector
being a clamp a different kind of actuator will be used. 25When installing the spool a lifting frame (see
the aforementioned WO 0179736) is 



attached to the spool. At the end shown in Fig. 1 the first anchoring means (pin) 28 may be used with
a lifting hook 50 releasable coupled to the pin. There will be a number of such lifting hooks distributed
along the length of the spool, as shown in WO 0179736. The spool is lowered horizontally such that
the attachment portion 37 30 here shown as a guide funnel is guided onto guide elements 12. To
ensure correct guiding the spool can now be rotated so that the other attachment portion 36 here
shown as a guide funnel is guided onto guide element 11. The same procedure is done at the other
end of the spool. The spool is now lowered further until the arms constituting the guiding sections 34,
36 rest on the supports 15, 16. The pipeline end 35is now in the position shown in Fig. 2. The support
elements 31, 42 provided as brackets rests against the frame 6 such that they support the guiding
sections 34, 36 to lessen the bending load on the supports 15, 16. With the spool resting on the
support the lifting hooks (such as 50) are released. An ROV first fetches the actuator 60, usually from
a basket arranged beforehand on the seabed, and mounts 40this onto the termination head. Next, the
ROV fetches the stroking tool 40 and fixes the ends 42, 44 on the anchoring means (pins) 4 and 28
respectively (Fig. 2). The ROV will now be used to operate the stroking tool to pull the termination
head 22  WO 2009/082240PCT/NO2008/000465 6 towards the pipeline 3 /inboard hub 5. Normally
this operation will stop when the hubs are a small distance from each other, enabling the ROV to use a
tool to clean the hub ends and to install a gasket. When this is done the stroking tool is again operated
to bring the two hubs into close engagement, resulting in the situation 5 shown in Fig. 3. The actuator
60 is then used to close the connection, see Fig. 4. In the embodiment shown, when the connector is a
collet connector having fingers that grips around the inboard hub, the tool is used to move the collet
ring 24 forward to close the fingers around the inboard hub. 10In the case of the connector being a
clamp connector the ROV will use a torque tool to close the clamp around the hubs, as shown in NO
319639. After the connection has been made up, the actuating tool and the stroking tool is detached
from the pipe and used for the second end connection. This results in the 15situation shown in Fig. 5.
The only items left subsea are now the connector itself, all other items will be retrieved to the surface
and used again. 



It will be obvious to a man skilled in the art that the invention also may be used in a vertical
connection. In this case, the attachment portions 36, 37 (funnels) may for 20example be arranged at a
90 angle to the guiding sections (arms) 34, 35, thus enabling the attachment portions (funnels) to slide
down along the guide elements 11, 12 and maintaining the correct orientation of the termination head
in relation to the hub. 25Figs 8 - 12 show an alternative embodiment for guiding and aligning the
termination head 20 towards the hub. In this embodiment the guiding sections 34', 35' of the mounting
arm comprises an end portion having guiding and alignment pins 36', 37% The pins are arranged to
interface with guide elements 11, 12 that are shaped as converging inclines terminating in a recesses
11', 12 '. The mounting 30arms also comprises support pins 42', 31" also arranged at the end of the
protruding arms in the area but located above the guiding pins 36', 37% The support pins will support
the termination head in a horizontal position in the same manner as the anchoring means 28 shown in
Fig. 2. To obtain an engagement between the termination head and the inboard hub the guiding
sections 34', 35'are initially 35 placed in a position with the guiding pins 36', 37' at an entry portion 70.
By further lowering of the termination head, the pins 36', 37' will be brought into contact with the
inclined surfaces of the entry portion 70 as shown in fig 11. Further downwards movement of the
termination head brings the guiding pins 36', 37" into engagement with each respective recess 11', 12'.
The guiding pin 36', 37' is brought into 40engagement with the recess 11', 12' to be held in a fixated
position due to the interaction between the shape and dimensions of the guiding pin 36", 37' and the
recess 11', 12', see figs 9 and 10. The support pin 42', 31' rests against the inclined  WO
2009/082240PCT/NO2008/000465  surfaces of the entry portion 70 to support the weight of the
termination head positioned in the receiving portion 32. The recess 11', 12' and the entry portion 70
are part of a sleeve shaped section 72 which may be held in place by anchoring means 4 protruding
through a hole 71 in the sleeve shaped section 72. However, the 5sleeve may also be fixed to the hub
by bolts or welded. Figs 11 and 12 show the components making up the tool. The components having
features common with the tool in accordance with the first embodiment of the invention are shown with
the same reference numbers. Even though the shape of the 



10first part 62 and the second part 64 of the actuator 60 differs from those shown in fig 1, these parts
work according to the same principles. The guiding pin 36', 37' may be provided by various elements
arranged to fit into the accommodation of the recesses 11', 12', wherein the interaction between the
15guiding pin 36', 37' and the recesses 11', 12' make sure that a stable connection is achieved
between these elements. The guiding pin 36', 37'as shown in the illustration of figs 8-11 is shaped as a
pin with a cylindrical form. The axial direction (the length) of the cylindrical element is positioned in a
direction transverse to the axial direction (the length) of the projecting arm with the circular 20cross
section of the cylindrical element positioned into the recess 11', 12'. Of course other pin elements than
the ones having a circular cross section, or elements having a form different from the shape of a pin
element may be fitted to be received in recess, and further the shape and size of the recess may also
vary in accordance with the field of use. 25 In accordance with the example shown in the illustration,
the support pin 42', 31' has a shape similar to that of the guiding pin 36', 37'. The support pin 42',
31'and the guiding pin 36', 37' may of course be provided by similar or different elements. 30The
support pin 42', 31' for the support of the pipe element positioned in the receiving portion 32, and
configured to be inserted into the entry portion, may of course be produced by other elements than the
ones shown in the figs 8-11, provided that the purpose of the support pin 42% 31" is fulfilled. 35The
tool in accordance with the invention is provided so that the various components making up the tool
may be put together depending on the application of the tool. In one aspect of the tool at least one of
the following components a guiding section, a guide element, a stroking tool or an actuating tool is
included in the tool. The components are provided releasably connected to the pipeline(s) preferably
for 40the purpose of reuse. 



WO 2009/082240PCT/NO2008/000465 8 In the case of the connector being a collet connector, the
actuator 60 is used for moving the fingers, and then the stroking tool 40 is placed onto the tool for
closing the connection, see Fig. 4. In the case of the connector being a clamp connector, the actuator
60 is made redundant and the stroking tool 40 is placed onto the tool for 5the closing of the
connection. The actuator 60 and the stroking tool 40 may be stored for instance in a basket, and a
ROV may be employed for fetching the equipment when needed depending on the various demands
of the connection to be made. The components of the tool in accordance with the invention are
provided to be released when the pipe connection is completed. The components may then be
10retrieved and are ready for reuse. The guiding sections 34, 35, 34', 35' will normally be mounted to
the pipeline prior to submerging, and then released from the pipeline after the connection is made, the
guiding sections are then ready for reuse in another application. 15The invention is described with
reference to a pipeline but it may also be used for connecting up an umbilical, a fluid line or an
electrical cable.  9 CLAIMS 1. A tool for connecting an end of a first pipeline to a hub end of a pipe
supported by a subsea structure having at least two guide elements, the first pipeline having a first
anchoring means and the hub end of the pipe having a 5second anchoring means, the first pipeline
further being provided with a connector, the tool comprising a connector actuator for connecting the
end of the first pipeline to the hub end of the pipe, a U-shaped receiving portion provided with a slot for
the first anchoring means and supporting the end of the first pipeline in a slideable manner, at least
two guiding and alignment 



10sections extending from the U-shaped receiving portion, each guiding and alignment section having
an end arranged with an attachment portion interfacing with the guide elements, characterized in that
the tool further comprises a stroking tool with means for displacement of a first and second fastening
means, the first and second fastening means being releasably mounted to the first and second
anchoring means. 2. A tool according to claim I., characterized in that the receiving portion is provided
with a sleeve for instance having a U-shape. 203. A tool according to claim I or 2, characterized in that
the guiding sections are provided with support elements.    4. A tool according to one of the preceding
claims, characterized in that the guiding sections are provided as protruding arms, wherein each
protruding 75arm terminates in the attachment portion shaped as a funnel. 5. A tool according to claim
4, characterized in that the guide elements are shaped as conical stopping elements. 306. A tool
according to one of the preceding claims 1-3, characterized in that the guiding sections are provided
as protruding arms, wherein each protruding arm terminates in the attachment portion provided as a
locking element.           7. A tool according to claim 6, characterized in that the guide elements each
are 35provided with a recess for the accommodation of the locking element. 8. A tool according to
claim 6 or 8, characterized in that the recess is provided with an entry portion.  10    9 A tool according
to claim 8, characterized in that the entry portion is arranged for guiding the locking elements into the
recess and for acting as a 5support surface for the support elements. 10. A tool according to one of
the preceding claims 6-9, characterized in that the locking element and/or the support element is
pin-shaped. 1011. A tool according to claim 1, characterized in that the means for displacement 



of the stroking tool comprising a piston and cylinder. 12. A tool according to one of the preceding
claims 2-9, characterized in that the sleeve has a slot for interfacing with the second anchoring means.
15 13.A tool according to one of the preceding claims, characterized in that the connector comprises a
clamp connector and that a torque tool is used to operate the connector. 2014. A tool according to one
of the preceding claims, characterized in that the connector comprises a collet connector and that an
actuating tool is mounted onto the pipeline end to operate the collet fingers to close the connection. 


