
WO 2011/010938PCT/NO2010/000290 1 Method for laying a pipeline on the
seabed and a pipeline installation device  The present invention related to
a method for laying a pipeline on the seabed and a pipeline installation
device. Background of the invention 5As the offshore petroleum industry
develops, with subsea installations and  processing, and also develops
further from land and at grater water depths, there is a need for laying
larger and longer pipelines on the seabed. These pipelines may be pipelines
from platforms or subsea facilities to onshore facilities, pipelines
between subsea facilities, between platforms or vessels and between
platforms and subsea 10facilities. Description of the related art There are
several known methods for connecting pipelines subsea, whereof one system
where one pipeline end is laid on the seabed, and another pipeline end
should be connected to the end of the already laid pipeline. In this
solution the 15second pipeline is laid on the seabed in a given position
and then pulled into connection with the already laid pipeline, one such
solution is described in US5807027. Another possible solution not requiring
pull operations is described in US 5,921,713. In this solution there is
used a mechanical joint, formed by connectors provided with telescopic
capacity avoiding any pull requirements for 20both sections of the
pipeline. A spool pipe is installed between the end of the pipelines or the
en of a pipeline and another subsea structure. When a pipeline is laid on
the ground and connected to another pipeline end or to a fixed structure
there will normally in this connection be a structure element which is more
rigid than the pipeline itself. The structure element used to connect the
25pipeline ends will normally have a height and the pipeline ends will
normally be connected on a surface of the structure element with a distance
from the seabed. The pipeline end is also connected to the structure so
that the pipeline at the end has a longitudinal axis which is fixed, in a
normally mainly horizontal direction. To achieve such a connection to the
structure a part of the pipeline has to be lifted off 30the seabed to the
given height and into the connection with the structure element. The part
of the pipeline that is lifted ff the seabed had a weight and this will
induce moments in the connection to the structure. There will also be
temperature expansions in the connection during the lifespan of the
connection. These elements makes it difficult to calculate the moments in
the connection, and the structure 



35elements and pipeline must therefore be designed to withstand a large
range of moments.  WO 2011/010938PCT/NO2010/000290 2 Summary of the
invention The object of the invention is to obviate some of said drawbacks
with known solutions by providing a method and device which give less
moments in the connection. 5This need is met with a method and device as
defined in the attached claims. According to the invention the method for
laying a pipeline on the seabed comprises the step of attaching an end of
the pipeline to a structure. The end of the pipeline is to be connected to
another pipeline or other structure on the seabed. According to the
invention the method then comprises lowering the structure with the
pipeline to  10 the seabed, allowing the pipeline end to pivot relative the
structure, measuring the inclination of the pipeline end relative to a
horizontal plane, preparing a pipe spool such that one end is given the
same inclination of that end as the pipeline end and connecting the pipe
spool to the pipeline, such as to reduce the bending moments in the
connection. 15The pipe spool may be modified by arranging the pipe spool to
cause practically no vertical forces in the connection to the pipeline,
thereby reducing the bending moments in the connection. One possible way of
arraigns the pipe spool to cause practically no vertical forces is for
instance to arranging at least one part of the pipe spool to be resting on
a surface after connection. The surface may be the seabed or 20surface of a
structure positioned on the seabed, for instance a part of the structure
whereto the pipeline is attached. The pipe spool may be U-shaped, or
W-shaped, to provide the pipe spool to rest on surface. Another possible
solution is to arranged the pipe spool such that it have no gravity forces
when positioned in the water. The gravity forces of the pipe spool may be
counteracted by buoyancy forces of the pipe 25spool or of means attached to
the pipe spool as it is submerged in water. By allowing the pipeline end to
pivot relative the structure when laid on the seabed, the moment between
the pipeline and the structure is kept at a minimum as the pipeline is
given the most natural shape. As the structure is positioned on the seabed
and the pipeline end is attached to but allowed to pivot relative the
structure, a 30longitudinal axis of the pipeline at the pipeline end will
normally form an angle other than zero with a horizontal plane. This
horizontal plane may be mainly parallel to the seabed. The angle will vary
dependent on the height difference between the position of the rest of the
pipeline and the point where the end of the pipeline is connected to the
structure. The angle may also depend on the orientation 35of the seabed
around the point of connection. By having the pipeline end pivoting
relative the structure, there is achieved a situation where the most of the
pipeline will naturally rest on the seabed and thereby with minimum moment
in the connection between the pipeline and the structure. This in
contradiction to previous solutions where the pipeline end has been fixed
relative the structure, and where a  



WO 2011/010938PCT/NO2010/000290 3 longitudinal axis of the pipeline end
normally would be given a position mainly parallel with the structure,
thereby forcing a larger part of the pipeline to be lifted from the seabed,
and thereby creating larger moments between the structure and the pipeline.
5Preparing the pipe spool may be done by modifying a pre-fabricated
U-shaped pipe spool or forming or modifying another kind of spool pipe. The
spool pipe should preferably be made to rest on a surface which possibly
could be the seabed, thereby not introducing unnecessary moments in the
connection with the pipeline. By having the pipe spool rest on the seabed
it will apply practically no vertical forces 10in the connection to the
pipeline end. The pipe spool should preferably also be made with a
curvature as a U-shape, double U-shape, to be able to absorb any
temperature expansion variations when the spool is connected to the
pipeline end. Another possibility is as said to provide the pipe spool with
buoyancy, thereby reducing and possibly eliminate the vertical forces of
the pipe spool in the connection. 15According to an aspect of the invention
the method may comprise locking the pipeline end in the inclined position
before measuring the inclination, and releasing the locking of the pipeline
end after the pipe spool is connected to the pipeline. By this one secures
that the measurement is made with a fixed system. It is also favorable to
have the pipeline end fixed relative the structure when the pipe spool is
20connected to the pipeline. The method may comprise moving the
longitudinal axis of the pipeline end to a position mainly parallel with
the structure and or the ground and the-locking the pipeline end in this
position for connection of the pipe spool, where thereafter releasing the
pipeline end from the locked position, such that is may pivot back to the
inclined position. 25According to the invention the pipeline end will after
connection with the pipe spool, be free to pivot relative the structure.
According to one aspect of the invention the method may comprise the step
of actively pivoting the pipeline end to the inclined position. According
to another aspect it may comprise allowing the pipeline end to pivot by its
own weight. 30 There may to the pipeline be connected an end unit and the
method according to the invention may comprise the steps of removing such
an end unit, connected to the end of the pipeline, after the pipeline end
has rested in the inclined position. 35According to another aspect the
method may comprise allowing the pipe end to be shifted along the
structure. With this one is preventing further moment in the connection as
the pipeline, pipe spool and connection experiences thermal expansion and
contraction and due to the freedom in the relative horizontal direction
will not build moments in the system.  



WO 2011/010938PCT/NO2010/000290 4 According to another aspect the method
may comprises forming the pipe spool with a curvature, and at least one
part adapted to be resting on the seabed. Having the pipe spool resting on
the seabed, will unload the system with most of the weight of 5the pipe
spool, which weight if not resting on the seabed, will induce moments in
the system. Also the curvature of the pipe spool which may be formed as a
U-shape will prevent excessive moments in the system as it will be more
adapted to handle thermal expansions and contractions. 10According to the
invention there is also provided a pipeline installation device. The device
comprises a foundation structure adapted for positioning on the seabed, a
top structure attached to the foundation structure, where the top structure
having means for the attachment of a pipeline. According to the invention
at least one side of the top structure is arranged to be movable relative
the foundation structure. 15 By having the pipeline end connected to a top
structure which has at least one degree of freedom relative a foundation
structure, which is fixed relative the seabed, the moments in the
connection is reduced. 20According to an aspect the at least one side of
the top structure may be arranged to be pivotal relative the foundations
structure. The pivot axis may in one embodiment be arranged to be mainly
transverse to a longitudinal axis of the pipeline. This will result in that
a pipeline end connected to the top structure would be allowed to move in a
plane mainly perpendicular to the seabed. There will during use be
25variations in/from this as the seabed in not a level surface. This will
give the pipeline end one degree of freedom. According to another aspect
the top structure may be attached to the foundation structure with
connection means, arranged such that the top structure pivots relative
30the foundation structure in a first state of the connection means and is
prevented from pivoting in a second state of the connection means. The
connection means may have several configurations. One possible solution is
to have the top structure connected to the foundations structure with hinge
means, 35allowing pivotal movements and in addition to the hinge means have
locking means. The locking means when activated will prevent the top
structure from pivoting. The locking means may be configured such that it
may lock the top structure from pivoting in one or several positions. 40As
an alternative to hinge means, the connection means may comprise an
abutment part of the top structure, which abutment part abut against a
surface part of the foundation structure, there the abutment part and the
surface part are configured 



WO 2011/010938PCT/NO2010/000290 5 such that the top structure pivots about
the abutment part which acts as a fulcrum for the top structure. The
connection means may comprise one or more locking means. The locking  5
means may be formed as an integral solution in the hinge means or abutment
means, and or as separate means. The locking means may also be removable
attached to the structure. According to another aspect the connection means
may comprises jacking means for 10actively pivoting the end of the top
structure relative the foundation. These jacking means may also in one
embodiment also form part of the locking means of the connection means; in
another embodiment they may be separate from the locking means. 15According
to another aspect the top structure may be arranged to be movable along the
foundation structure. This freedom of movement may be independent on the
pivotal movement of the top structure. By introducing such a freedom the
pipeline end will have at least one other degree of freedom relative the
foundation structure, and thereby reduce the moments in the connection
further. The lateral movement of 20the top structure relative the
foundation structure may be independent on the state of the connection
means between the top structure and the foundation structure. The movement
along the foundation structure may be in a direction mainly in a plane
comprising a longitudinal axis of the pipeline end. The connection means
may for the part connected to the foundation structure, be formed in a
gliding section of the 25foundation structure formed to glide along a
gliding surface of the foundation structure. Alternatively the abutment
part of the top structure may be arranged to be gildeable along the gliding
surface of the foundation structure. The gliding surface may be formed with
stopping means limiting the movement of the gliding section. There may also
be locking means preventing movement between the gliding section 30and the
rest of the foundations structure. These locking means may in one
embodiment be integrated with at least one of the locking means of the
connection means. According to another aspect the top structure may be
arranged to be moveable along 35the foundation structure in two directions.
This may be achieved by having two sets of gliding sections and gliding
surfaces. Alternatively the top structure may be arranged to pivot about
two axes. Such configurations will give the pipeline end three degrees of
freedom relative the foundation structure. 40According to yet another
aspect the means for attachment of a pipeline to the top structure may
comprise a swivel, allowing the device to rotate about a longitudinal axis
of the pipeline to be connected to the device. By introducing such a
feature the  



WO 2011/010938PCT/NO2010/000290 6 pipeline end is given yet a further
degree of freedom, thereby reducing the moments further.       The device
may comprise any or all the aspect as described above and any suitable
5combination of the different elements described. Description of drawings
The invention will now be explained with a non-limiting embodiment with
10reference to the attached drawings where: Fig. 1 is a side view of a
device according to the invention, and Fig. 2-7 are showing a sequence of
steps during laying of a pipeline. 15Detailed description of the drawings
According to the invention there is provided a device for assistance in
laying a pipeline 1 and especially connecting an end 2 of a pipeline 1 to
another pipeline or another structure on the seabed (not shown). The
pipeline end 2 may comprise a 20hub 3, to this hub 3 there is during laying
of the pipeline 1 normally connected an end unit 4. The end unit may
comprise for instance a pig launcher or other equipment. The end unit 4 is
connected to the hub 3 of the pipeline 1 to both keep the pipeline from
filling with water during laying but also protect the sealing surfaces of
the hub. 25 As shown in fig. 1 the structure of the device comprises a
foundations structure 20 and a top structure 10. The foundation structure
20 will when the pipeline has been laid and connected be resting on the
seabed. The pipeline 1 is connected to the top structure 10, and to an arm
of the top structure 10. The arm is stretching away from 30the rest of the
structure, to provide good access to the hub of the pipeline end connected
to the top structure. There is in the connection between the pipeline 1 and
the top structure 10 arranged swivel means 16. The swivel means allow the
pipeline 1 to rotate about its own longitudinal axis relative the top
structure 10. The top structure 10 is connected to the foundation structure
20 with connection means 35comprising several elements. In the shown
embodiment the connection means comprise first locking means 11 arranged
close to an end of the top structure 11, facing the rest of the pipeline 1.
These first locking means 11 will in a locked state keep the top structure
10 from pivoting relative the foundation structure 20. Such locking is used
as the device is lowered to the seabed together with the end of the
40pipeline 1. Close to these first locking means and thereby close to the
end of the top 



structure facing the rest of the pipeline, there is arranged pivot means,
in this embodiment formed by an abutment part 13 of the top structure 10.
The pivot means  WO 2011/010938PCT/NO2010/000290 7 may alternatively be
hinge means. This abutment part 13 of the top structure is abutting a
surface part 21 of the foundation structure 20. As the structure is
positioned relatively below the pipeline 1 and thereby lifts the pipeline 1
off the seabed for a distance and thereby have to carry the weight of this
part of the 5pipeline 1, the abutment part 13 of the top structure and
surface part 21 of the foundation structure will act as a hinged
connection. The connection between the abutment part 13 and the surface
part 21 will form a pivot axis for the top structure relative the
foundation structure. There is additional second locking means 12 close to
an opposite end of the top structure 10. This is the end of the top
structure facing 10away from the rest of the pipeline. This end of the top
structure 10 is allowed to pivot relative the foundation structure 20. The
second locking means 12 is in this embodiment combined with jacking means
14. The jacking means 14 may be used to actively move this end of the top
structure 10 so that it pivots about the abutments part 13. These second
locking means 12 and or jacking means 14 may 15also be locked when the top
structure 10 has an inclined position relative the foundations structure
20. The second locking means 12 and or the jacking means 14 may be one
element or separate elements. The top structure 10 also comprises guiding
means 15, for guidance of for instance the pipe spool as it should be
connected to the pipeline end 2. The guiding means 15 is formed as a funnel
with an 20open en facing away from the seabed, but may have different
configurations. The top structure 10 is also in this embodiment arrange to
be movable in a direction along the foundation structure 20. The top
structure 10 may be shifted along the foundation structure 20, due to a
gliding surface 22, whereon parts of the top structure 10 glides. This
movement is in a direction away from and towards the 25pipeline. The
movement can thereby bee said to be in a plane comprising the longitudinal
axis of a pipeline. The locking means 11, 12 may be arranged to lock only
the pivoting movement but may also be arranged to also lock the shifting
movement between e top structure and the foundation structure. The locking
means may also be arranged so that it may release the shifting movement but
still 30preventing pivoting movement, releasing both or preventing shifting
movements but allow pivoting movement. There may alternatively be different
locking means. The foundation structure comprises stopping means, to limit
the movement of the top structure along the gliding surface 22. The
stopping means may for instance be an abutting surface on each end of the
gliding surface. The foundation structure 20 is 35also adapted so that it
will rest well on the seabed. Figures 2 to 7 show different steps during
the method according to the invention. In fig. 2 there is shown the
situation where the pipeline end 2 is connected to the top structure 10 of
the device. The top structure 10 is locked to the foundation structure 



40with both the first and second locking means 11, 12 keeping the top
structure 10 mainly parallel with the foundation structure 20. The pipeline
1 is together with the device positioned on the seabed. The top structure
10 may be allowed to shift along  WO 2011/010938PCT/NO2010/000290 8 the
foundation structure 20 to aid in the positioning of the device and
pipeline on the seabed. In fig. 3 the first and second locking means 11, 12
are released and the top structure 510 is allowed to pivot about the
abutment part 13, which forms a fulcrum for the top structure 10. By this
pivoting movement of the end 2 of the pipeline 1 more of the pipeline 1
will rests on the seabed. The pivoting movement is assisted by jacking
means 14. The pivoting movement moves a main plane of the top structure 10,
which in the first figure is mainly parallel with a main plane of the
foundation  10 structure 20, to form an angle a between them. This angle
will depend on the height of the structure and especially the height the
pivot point or pivot axis has in relation to the seabed. In fig. 4 the
pipeline 1 which has been empty or filled with a gas during laying to
15reduce the weight of the pipeline, is being filled with water and pigs
are launched through the pipeline 1. And the second locking means 12 and or
the jacking means 14 is locking the position of the top structure 10
relative the foundation structure 20 in the inclined position. And as seen
in fig. 5 the end unit is removed from the end 2 of the pipeline 1 and the
inclination of the end 2 of the pipeline 1 is measured. One 20may also
measuring the distance between the hub 3 of the pipeline 1 and a hub which
should be connected to this pipeline 1. In fig. 6 one can see that a pipe
spool 5 is connected to the pipeline end 2. The second locking means 12 or
jacking means 14 are still locking the top structure 10 25from pivoting
relative the foundation structure 20 as the pipe spool is connected to the
pipeline. This locking may be performed in an inclined position of the top
structure, but the top structure may also be forced to a position mainly
parallel with the foundation structure for the connection of the pipe
spool. The top structure is however movable in a direction mainly parallel
with a main plane of the foundation 30structure. As seen in fig. 7 the
second locking means 12 and or jacking means 14 are released and also
possibly removed from the structure, so that the pipeline end connected to
the top structure has freedom to pivot relative the foundations structure
and thereby 35relative the seabed in a connected and assembled state. The
top structure will then with the abutment part in abutment against a
surface part of the foundation structure act as a fulcrum for the top
structure and thereby also for the connected pipeline. 



The invention has now been explained with an embodiment. A skilled person
will 40understand that there may be made alterations and modifications to
this embodiment which is within the scope of the invention as defined in
the claims.  WO 2011/010938PCT/NO2010/000290 9 CLAIMS 1. Method for laying
pipelines on the seabed comprising the steps of attaching an end of the
pipeline to a structure, lowering the structure with the pipeline to the
seabed, 5allowing the pipeline end to pivot relative the structure,
measuring the inclination of the pipeline end relative to a horizontal
plane, modifying a pipe spool such that one end is given the same
inclination of the end as the pipeline end, 10connecting the pipe spool to
the pipeline, such as to reduce the bending moments in the connection.  2.
Method according to claim 1, wherein it comprises arranging the pipe spool
to cause practically no vertical forces in the connection to the pipeline.
3. Method according to claim 1 or 2, wherein it comprises arranging at
least 15one part of the pipe spool to be resting on a surface after
connection.  4. Method according to one of the preceding claims, wherein it
comprises locking the pipeline end in the inclined position before
measuring the inclination, and releasing the locking of the pipeline end
after the pipe spool is connected to the pipeline. 205.Method according to
one of the preceding claims, wherein it comprises the step of actively
pivoting the pipeline end to the inclined position.  6. Method according to
one of the claims 1 to 4, wherein it comprises allowing the pipeline end to
pivot by its own weight. 25  7. Method according to one of the proceeding
claims, wherein it comprises the steps of removing an end unit, connected
to the end of the pipeline, after the pipeline end has rested in the
inclined position. 



308.Method according to one of the proceeding claims, wherein it comprises
allowing the pipe end to be shifted along the structure.     9. Method
according to one of the proceeding claims, wherein it comprises forming the
pipe spool with a curvature, and at least one part adapted to be resting
35on the seabed.  10. Pipeline installation device, comprising a foundation
structure adapted for positioning on the seabed, a top structure attached
to the foundation structure,  WO 2011/010938PCT/NO2010/000290 10 where the
top structure having means for the attachment of a pipeline, characterized
in that at least one side of the top structure is arranged to be movable
relative the foundation structure 511.Device according to claim 10,
characterized in that the at least one side of the top structure is
arranged to be pivotal relative the foundations structure.  12. Device
according to one of the claims 10 or 11, characterized in that the top
structure is attached to the foundation structure with connection means,
10arranged such that the top structure pivots relative the foundation
structure in a first state and is prevented from pivoting in a second
state.  13. Device according to one of the claims 10 to 12, characterized
in that the top structure is arranged to be movable along the foundation
structure. 15  14. Device according to one of the claims 10 to 13,
characterized in that the means for attachment of a pipeline comprises a
swivel, allowing the device to rotate about a longitudinal axis of the
pipeline to be connected to the device. 2015.Device according to one of the
claims 12 to 14, characterized in that the connection means comprises
jacking means for pivoting the end of the top structure relative the
foundation. 16.Device according to one of the claims 12 to 15,
characterized in that at 25least a part of the connection means are
removable attached to the top structure. 


