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(57) Abstract: An offshore system for transferring
fluid at least partly below sea surface e.g. for trans-
ferring oil from a well (9) to a sea surface installa-
tion (4). The offshore system comprises a tlexible
transporting unit (3), such as a pipe and a first mov-
able structure fix-point (4a) with a nominal position
and a second structure fix-point (5a) arranged at a
distance to seabed and at a lower position relative
to the sea surface than the first structure fix-point
(4a). The flexible transporting unit is fixed to re-
spectively the first structure fix-point (4a) and the
second structure fix-point (5a) to provide a catenary
liftable length section of the flexible transporting
unit extending between the first structure fix-point
(4a) and the second structure fix-point (5a), wherein
the catenary liftable length section has a touch
down point at seabed at nominal position, and if the
first structure fix-point (4a) is moved out of its
nominal position, the distance to the second struc-
ture tix-point (5a) can be increased sufficiently to
lift the catenary liftable length section from the
seabed to form a catenary.
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AN OFFSHORE SYSTEM

TECHNICAL FIELD

The present invention concerns an offshore system for transferring fluid, such
as petrochemical fluids e.g. oil and/or gas at least partly below sea surface.
Such offshore systems are for example useful for transferring fluids from a

subsea production well to a sea surface installation, e.g. a vessel.

BACKGROUND ART

Offshore systems for transferring fluids, such as petrochemical fluids of the
above mentioned type are well known in the art. Such offshore systems in
which fluids is transferred from wellheads or other structures, such as
connecting elements (manifolds) located at the seabed to a higher level, e.g.
to a sea surface installation, are also referred to as riser systems. Such
offshore systems are usually subjected to very high and varying forces due to
wind, water waves, water current, shifting water levels as well as gravity and
friction upon engagement with the seabed. In particular in offshore systems
with flexible pipe(s) which are adapted to transporting fluids from a seabed
station to a floating station, e.g. a sea surface floating station such as a
vessel, are subjected to high forces including pulling due to movements of the
floating station. Also there may be a risk of overbending and thereby

damaging the flexible pipe.

A number of configurations for flexible pipe systems have for example been
described in Recommended Practice for Flexible Pipe, API 17B, fourth edition,
2008, section 4.2.2.3 for example the configurations of nominal positions for
lifting of oil, known under the name of “free hanging catenary %, "LAZY S" or
"LAZY WAVE" and "STEEP S" or "STEEP WAVE," respectively.

In these configurations the hoses extend in a catenary between the sea
surface installation and seabed or/and between the sea surface installation

and intermediate positive buoyancy element capable of imparting to the hose,
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over a portion of its length, a curved configuration of concavity turned toward

the seabed.

US 4,740,050 describes an offshore system which is corresponding to the free
hanging catenary structure described in Recommended Practice for Flexible
Pipe, API 17B, fourth edition, 2008. The riser system has a riser with an J-
shaped configuration for transporting hydrocarbon fluids from a subsea
manifold or wellheads to a surface vessel. The riser has a horizontal section,
an upright section, and a sag bend section interconnecting the horizontal and
upright sections. The horizontal section is connected at one end to the subsea
manifold and extends along and in frictional engagement with the seabed
away from the manifold. The upright section has a vertical end part coupled
to the surface vessel. The vessel can remain in position with dynamic
thrusters or mooring lines, and the vessel remains on station applying
horizontal pull to the riser while heading into the prevailing sea and as
hydrocarbon fluids are transported from the manifold through the riser to the
surface vessel. The horizontal pull on the riser due to the surface vessel is
taken up by friction forces between the horizontal section of the riser and the
seabed. The frictional force between the flexible pipe and the seabed can
become very considerable and in practice this system is only accepted in
systems operating at very low water depth, with low water turbulence and
where the pulling in the pipe provided by the vessel can be kept at a very low
level. In general flexible pipes in such systems are often subjected to damage

due to the friction with the seabed.

US 4,906,137 describes a riser system for transferring fluid between a
structure on the subsea floor and a support on the sea surface. A lower
portion of a subsea oil delivery hose is held taut between buoyant devices
installed on the hose and a stationary point on the subsea floor. A portion of
the lower part of the hose, connected to the stationary point, has a curved
portion that is concave in the direction of a wellhead to which the hose is

connected. The structure has the main aim of preventing overbending of the

pipe.
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A similar system is described in US 6,109,833. This system comprises at least
one flexible pipe extending in a catenary curve. An intermediate buoyancy
and support member associated with the pipe splits the pipe into two parts,
an upper part and a lower part. The intermediate member imparts to a region
of the upper part a concavity facing the seabed. A yoke on the pipe and a
cable from the yoke retain at least one region of the lower part of the pipe.
The cable is connected to a fixed member on the seabed for tensioning the
lower part of the pipe. The cable and the fixed member impart a bend to the
region of the lower part of the pipe, the concavity of which faces the
equipment on the seabed. The intermediate member is connected to the fixed
member. The cable between the lower part of the pipe and the fixed member
has a length at least equal to the minimum bend radius of the lower part of
the flexible pipe.

Both of the above systems work often quite well, but they are relatively

expensive and require relatively large horizontal space.

WO 99/66169 describes a riser structure for transferring fluids between a
construction at the sea floor and a second construction at or close to the
surface. The riser has an upper essentially vertically extending part connected
in its upper end to the construction at the sea surface; an intermediate part of
the riser connected to one or more buoyancy elements along at least a part of
its length; and a lower part having a lower end connected to the construction
at the sea floor and one or more weight elements connected to the lower end
of the riser. To balance the force between the buoyancy modules and the
weight modules and possibly pulling force, the riser is anchored with a “chain”,
where the anchoring length can be regulated. Also this system is rather
expensive both due to the extra equipment required (buoyancy modules and

similar) but also due to a complicated installation of the system.

US 2007/0081862 describes a riser structure, wherein the pipeline extends at
least in part on a seabed and curves upwardly from the seabed along a

curved section thereof. The pipeline extending toward a delivery end provided
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at the water surface, wherein a connecting device connects the pipeline at a

coupling point to an anchoring device at the seabed for preventing the

coupling point from moving upward. A buoyancy module is ensuring that the

anchoring line is taut and controls the touch down point. Thereby undesired

friction between the pipe and the seabed can be avoided, but also this system

is rather expensive and difficult to install.

GB 2 206 144 describes a method for producing oil via a flexible riser
comprising a length A-B of the riser extending from a well and bending under
its own weight to a part B-C capable of lateral movement and extending more
or less horizontally, optionally kept above seabed by the provision of a
number of buoyancy modules thereon, and from there a length B-C capable
of vertical and lateral movement which rises up to a sea surface installation, a
production vessel. The riser has greater stiffness in torsion than in bending.
This allows for a highly specific movement pattern of the vessel in a fixed pipe
distance to the well is allowed, see second figure of that patent. How to
address undesired friction between pipe and seabed is not discussed. It is
evident from such fixed movement pattern that in the case where the riser is
not provided with buoyancy modules the horizontal part of the riser will

scrape along the seabed during such movements of the vessel.

The object of the invention is to provide an offshore system comprising a
flexible transporting unit for transferring fluid at least partly below sea surface,
and preferably between a seabed installation and a floating installation above
seabed e.g. a sea surface installation, which offshore system is relatively
simple, simple to install and where the risk of damaging the flexible

transporting unit when subjected to pulling forces is kept at a low level.

The present invention provides a novel offshore system, which meets this
object. The offshore system of the invention and embodiments thereof have
shown to have a large number of advantages which will be clear from the

following description.



10

15

20

25

30

WO 2012/152278 PCT/DK2012/050138
5
The offshore system of the invention for transferring fluid at least partly
below sea surface is as defined in the claims and as described below. The
offshore system of the invention comprises a flexible transporting unit and a
first movable structure with a first movable structure fix-point which has a
nominal position and a second structure with a second structure fix-point
arranged at a distance to seabed. The second structure fix-point is further
arranged at a lower position relative to the sea surface than the first structure
fix-point. The flexible transporting unit is fixed to respectively the first
structure fix-point and the second structure fix-point. The section of the
flexible transporting unit between the first structure fix-point and the second
structure fix-point is in the following called the catenary liftable length section
of the flexible transporting unit. This catenary liftable length section of the
flexible transporting unit which is extending between the first structure fix-
point and the second structure fix-point has a touch down point at seabed at
nominal position. Further the catenary liftable length section of the flexible
transporting unit is arranged such that if the first structure fix-point is moved
out of its nominal position, the distance to the second structure fix-point can
be increased sufficiently to lift the catenary liftable length section from the
seabed to form a catenary. The term “nominal position” has the meaning as
defined below. In one embodiment the first structure fix-point is in its initial
position without any significant displacement in any direction, where
“significant” depending on length and type of transporting unit used for a
certain longitudinal flexibility of the length of the flexible transport unit, such

that it is not to be lifted off the seabed by that insignificant displacement.

The position of the first structure fix-point may typically be displaced from
said nominal position by said first structure fix-point being moved along a
direction primarily away, but also sometimes towards said second structure

fix-point.

In other words the catenary liftable length section of the flexible transporting
unit is not fixed to the seabed to have a stationary touch down point and has

as such some similarities to a free hanging catenary structure. However, due
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to the position of the second structure fix-point at a distance from the seabed,
the part of the catenary liftable length section which in its nominal position is
laid on the seabed can be totally lifted therefrom upon pulling in the flexible
transporting unit. Thereby possible friction forces between the seabed and
the catenary liftable length section are kept at a relatively low level compared
to prior art free hanging catenary structures as described above.
Simultaneously the offshore system of the invention is simple to install and

less costly than most of the prior art offshore systems.

The offshore system of the invention and the flexible transporting unit of the
offshore system can thereby accommodate to forces applied to it due to
weather conditions as well as due to movement of the flexible transporting
unit via movement of the first structure and optionally the second structure,
while simultaneously providing a high degree of stability and control over
resulting movements of the flexible transporting unit such that the risk of

damaging the flexible transporting unit is reduced.

Furthermore, it has been found that the offshore system of the invention can
be applied at almost any water depth, but preferably at water depth up to
about 1000 m, also in situations where a free hanging catenary structure will

not be accepted.

In principle the offshore system of the invention can in one embodiment be
described as an offshore system with a substantially free hanging structure
with the additional feature that the flexible transporting unit between touch
down in nominal position and a subsea structure for example a seabed
installation is lifted from the seabed by a second structure fix-point, e.g. a
seabed support unit, to a preselected height. When a pull occur in the flexible
transporting unit from the first structure, e.g. a vessel, the resistance
between the seabed and the flexible transporting unit will initially resist the
pulling. When the pulling exceeds a certain level the flexible transporting unit
will start to lift from the seabed and eventually the whole catenary liftable

length section is lifted from the seabed to form a catenary.



10

15

20

25

WO 2012/152278 PCT/DK2012/050138
7

The first (movable) structure fix-point means herein the fix-point of the first

structure to which the flexible transporting unit is fixed. The second structure

fix-point means herein the fix-point of the second structure to which the

flexible transporting unit is fixed.

In order for an element of the offshore system to be in its nominal position,
all other movable elements of the offshore system should preferably be in
their respectively nominal position as well, in particular if these positions

influence each other.

The nominal position of the first movable structure fix-point is the position to
which it is adapted to be held when the first structure is essentially free of
forces generated by weather conditions (wind, water current and waves) and
at shallow water. The first structure fix-point is usually held in this position by
mooring e.g. using mooring lines and optionally by uplifting elements (e.g.

buoyancy modules).

The horizontal displacement distance is determined as the smallest distance
between vertical, parallel lines through the first and the second structure fix-

points.

The vertical displacement distance is determined as the smallest distance
between horizontal, parallel lines through the first and the second structure

fix-points.

A touch down point is herein defined as a point of a flexible transporting unit
extending from above the seabed, e.g. from the first structure fix-point, and
into physical contact with the seabed, which point of the flexible transporting
unit is immediately adjacent to the part of the flexible transporting unit above
the seabed e.g. the point of the flexible transporting unit closer to the first

structure fix-point and in physical contact with the seabed.

The touch down point at nominal position (also called the nominal touch
down point) is the touch down point when the first structure fix-point is in its

nominal position, the second structure fix-point is either fixed (non-movable)
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or in its nominal position and the flexible transporting unit is free of forces

generated by weather conditions (wind, water current and waves) and at

shallow water.

The term ‘seabed’ is generally used to denote the subsea floor. The offshore
system may preferably be applied for transporting fluid between a seabed
installation and an installation vertically displaced from the seabed, e.g. a sea
surface installation. The seabed installation is an installation in or in contact
with the seabed.

The seabed installation may for example be a fixed installation, such as a well,
an anchoring installation and/or a secondary fixed subsea structure. The
skilled person will understand that the type of seabed installation is not
important for the present invention in general and accordingly any seabed
installation can be applied in the present invention.

The offshore system may comprise two or more flexible transporting units,

but is in the following described mainly with one flexible transporting unit.

The flexible transporting unit may be any kind of flexible transporting unit
used in offshore applications. In one embodiment the flexible transporting
unit is an unbonded flexible offshore pipe. In one embodiment the flexible
transporting unit is an unbonded flexible transporting unit comprising an
internal sealing sheath and at least two reinforcement layers which are not
bonded to each other.

Flexible unbonded pipes which may be part of an offshore system of the
invention are for example described in the standard “"Recommended Practice
for Flexible Pipe”, ANSI/API 17 B, fourth Edition, July 2008, and the standard
“Specification for Ubonded Flexible Pipe”, ANSI/API 17], Third edition, July
2008. Such pipes usually comprise an inner liner also often called an inner
sealing sheath or an inner sheath, which forms a barrier against the outflow

of the fluid which is conveyed in the bore of the pipe, and one or more
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armouring layers. In general flexible pipes are expected to have a lifetime of

20 years in operation.

Examples of unbonded flexible pipes are e.g. disclosed in WO0161232A1, US
6123114 and US 6085799.

The term “unbonded” means in this text that at least two of the layers
including the armouring layers and polymer layers are not bonded to each
other. In practice the known pipe normally comprises at least two armouring
layers located outside the inner sealing sheath. These armouring layers are
not bonded to each other directly or indirectly by other layers along the pipe.
Thereby the pipe becomes bendable and sufficiently flexible to roll up for

transportation.

In one embodiment the flexible transporting unit is a bonded flexible offshore
pipe. The flexible transporting unit may for example be a flexible riser or an
umbilical. The offshore system may comprise a plurality of flexible
transporting units, e.g. comprising a plurality of rises, such as a plurality of
risers and optionally at least one umbilical. Flexible transporting units —
sometimes also called jumpers - such as risers and umbilicals are well known
in the art. Risers are usually applied for transportation of petrochemical
products from the seabed to a sea surface installation such as a
weathervaning vessel. Umbilicals are often used for transporting fluids,
electricity, signals and other to and/or from installations at or beyond the

seabed.

In one embodiment the flexible transporting unit is a flexible pipe. In one
embodiment the flexible transporting is an umbilical. In one embodiment the
flexible transporting unit is a flexible riser pipe, such as a jumper.

In one embodiment the flexible transporting unit comprises two or more pipes
connected to each other and in fluidic connection with each other. It is well
known to the skilled person how to connect pipes to each other to obtain a
fluidic connection. The two or more connected pipes may be of similar types
or of different types, provided that at least one of the pipes is a flexible pipe.
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In one embodiment the flexible pipe system comprises two or more flexible
transporting units, preferably arranged in substantially side-by-side relation to
each other. The flexible transporting units may be of similar types or of
different types, of similar sizes or of different sizes.

The first movable structure — also referred to a simply “the first structure” — is
in one embodiment a sea surface installation i.e. an installation located at or
near the sea surface — usually a floating structure.

The sea surface installation may in practice be any type of installation
arranged at or near the sea surface, where the term “near” is used to mean
closer to the sea surface than to the seabed, preferably up to about 20 m
below the sea surface. Examples of sea surface installations include platforms
and vessels. In one embodiment the sea surface installation is a floating
installation, preferably selected from a vessel and a floating platform.

In one embodiment the sea surface installation is a moored floating
installation.

In one embodiment the first structure is a vessel, such as a weathervaning
vessel or a spread-moored vessel.

Weathervaning vessels are often used in shallow waters. An example of a
shallow water system comprising a weathervaning vessel which may in one
embodiment be used in combination with the present invention is described in
co-pending application DK PA 2009 01333. In another embodiment a hang-off
system as described in co-pending application DK PA 2009 01376 comprising
a weathervaning vessel is used in combination with the present invention.
However, it should be observed that any weathervaning vessel as well as any
spread-moored vessel in practice can be applied as a sea surface installation
in the present invention.

A *floating weathervaning vessel’ or merely a ‘weathervaning vessel’ is a
vessel from which one or more flexible transporting units are leading to a

subsea structure. Such weathervaning vessels as well as spread-moored
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vessels are known to the skilled person and usually comprise an external
turret system or an internal turret system. The internal turret system leads
the flexible transporting units through the hull bottom whereas the external
turret system leads the flexible transporting unit from a topside hang-off
structure extending beyond the hull and the rail of the vessel. A
weathervaning vessel is usually moored to the seabed but may also in certain
situations be moored by line to one or more fixed structures, and is usually
moored while still having a large freedom to move to adapt to forces applied

to the weathervaning vessel e.g. by wind, water current and waves.

In shallow water the weather conditions have a vast influence on movements
of a vessel and even though the weathervaning vessel is moored, the

movements of the weathervaning vessel may become quite considerable.

The fix-point of the first structure (the first structure fix-point) may be
anywhere it is practical to arrange and will usually be arranged using a clamp

or similar equipment.

In one embodiment the first structure is a mid water arch, the mid water arch
is preferably anchored to the seabed and/or moored to provide its nominal
position. The mid water arch may for example comprise gutters. The flexible
transporting unit is in one embodiment arranged to be supported by gutters
and is fixed by a clamping system. Optionally the flexible transporting unit

extends from the mid water arch further to a sea surface installation.

A mid water arch is in particular useful if the water is relatively deep such as

at least about 50 m or preferably at least about 100 m.

In the technical field of marine hydrocarbon production the term “a mid water
arch” is a specific term denoting a transporting unit support structure, which
is separately provided relative to the transporting unit and. Such mid water
arch is preferably fixed or moored to the seabed. The mid water arch often
exhibits an arch shape for one or more of the transporting units to rest upon,

either fixedly or free to move over this structure, and is provided at a position
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in the water such that it can support the transporting units at a relatively
fixed position hovering above seabed but below sea surface, i.e. mid water.
The support structure can be provided with anchoring, mooring, buoys, lines,
or fixed constructions or the like in order to keep it positioned correctly, at
least at a fixed distance to the position where the moorings are secured in the
seabed, or alternatively at a fixed position relative to the seabed. Often the
buoys needed are very large in order to support a plurality of transporting
units, such as flexible pipes. Thus, the resulting mid water arch tend to span
several m2, such as 100-200 m2 of seabed, depending on types and number

of transporting units being used.

In one embodiment of the offshore system the first structure fix-point is a fix-
point of the first structure above sea surface, such as a fix-point to a turret of

a vessel or to a platform.

In one embodiment of the offshore system the first structure fix-point is a fix-
point below sea surface, such as a fix-point to an internal turret system of a

vessel or to a platform or a clamping to a mid water arch.

The second structure is preferably a structure which is capable of holding the
flexible transporting unit above the seabed at least where it is connected to

the second structure fix point. The second structure is preferably a relatively
rigid structure fixed to the seabed or a mid water arch moored or anchored to

the seabed.

In one embodiment the second structure is a substantially rigid structure fixed
to the seabed in a relatively rigid fixation. The second structure may be fixed
to the seabed by any method, e.g. by being held to the seabed with a heavy
anchoring element (a dead weight), by being partly embedded in the seabed
or by being provided with one or more piles which are driven into the seabed ,
e.g. in a substantially vertical direction.

In one embodiment the second structure is a pile structure, comprising one or
more piles, such as a monopile. Monopiles are preferred because they are
simple and cost effective to install. Multipile structures may however be
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stronger and more stable, and may in certain applications be the preferred
choice.

In one embodiment the second structure is a mid water arch, the mid water
arch is preferably anchored to the seabed and/or moored to provide a

nominal position.

In case the second structure is a movably structure, such as a mid water arch,
the “nominal position” of the offshore system including the second movably
structure fix-point is the position to which it is adapted to be held when the
second structure is essentially free of forces generated by weather conditions

(wind, water current and waves) and at shallow water.

In one embodiment the second structure comprises a support structure to
which the flexible transporting unit is clamped to provide the second structure
fix-point. This support structure is preferably an upwards surface of the
second structure and it may e.g. be provided with gutters, into which the

flexible transporting unit is laid and is fixed by a clamping system.

The second structure fix-point is preferably provided at a preseclected
distance to the seabed, which preselected distance is normally selected in
relation to the distance, in particular the horizontal distance between the first

structure fix-point and the second structure fix-point.

The second structure fix-point is arranged at a distance to seabed and at a

lower position relative to the sea surface than the first structure fix-point.

In one embodiment the second structure fix-point is arranged at a distance
from the seabed which is at least about 0.5 m, such as at least about 1m,
such as at least about 2 m, such as at least about 5 m, such as at least about
10 m.

The flexible transporting unit is fixed to respectively the first structure fix-

point and the second structure fix-point to provide a catenary liftable length
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section of the flexible transporting unit extending between the first structure

fix-point and the second structure fix-point.

The term “catenary liftable length section” means that the length section of
the flexible transporting unit between the first structure fix-point and the
second structure fix-point can be lifted to hang free in a catenary curve, i.e.
as in a free hanging catenary, supported at the fix-points and essentially
acted on only by its own weight and forces provided by water and optionally

wind if the first structure fix-point is above water.

The catenary liftable length section of the flexible transporting unit should
naturally be longer than the distance between the first structure fix-point in
its nominal position and the second structure fix-point since the flexible
transporting unit otherwise will be subjected to excessive pulling and the
flexible transporting unit will not have any touch down point. It is often
desired to have a substantially extra length of the catenary liftable length
section beyond the actually distance between the first structure fix-point in its
nominal position and the second structure fix-point, because this gives
increased security against damage of the flexible transporting unit when the
first structure fix-point is subjected to movements. On the other hand the
extra length of the catenary liftable length section beyond the actually
distance between the first structure fix-point in its nominal position and the
second structure fix-point should not be too long since this may result in risk

of overbending of the flexible transporting unit.

In one embodiment the distance between the first structure fix-point in its
nominal position and the second structure fix-point is about 0.95 times or less
than the length of the catenary liftable length section of the transporting unit,
preferably the first structure fix-point in its nominal position is arranged at a
distance to the second structure fix-point which is about 0.9 times or less,
such as about 0.85 times or less, such as about 0.8 times or less, such as
about 0.75 times or less, such as about 0.7 times or less, such as about 0.65

times or less, such as about 0.6 times or less, such as about 0.55 times or
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less, such as about 0.5 times or less than the length of the catenary liftable

length section of the transporting unit.

In one embodiment the first structure fix-point in its nominal position is
arranged at a distance to the second structure fix-point which is between
about 0.5 and about 0.98 times the length of the catenary liftable length
section of the flexible transporting unit, preferably between about 0.6 and
about 0.9 times the length of the catenary liftable length section of the

flexible transporting unit.

As mentioned above the second structure fix-point is arranged at a lower
position relative to the sea surface than the first structure fix-point in nominal
position. This means in other words that the first structure fix-point is

arranged vertically displaced relative to the second structure fix-point.

The invention also comprises an embodiment where the first structure fix-
point in nominal position is arranged substantially above the second structure
fix-point. However, in order to decrease the possible risk of overbending the
flexible transporting unit, it is preferred that the first structure fix-point in
nominal position is also arranged horizontally displaced relative to the second

structure fix-point.

In one embodiment the first structure fix-point is arranged horizontally
displaced with a first horizontal displacement distance at nhominal position to
the second structure fix-point and vertically displaced with a first vertical
displacement distance at nominal position to the second structure fix-point,
wherein the first horizontal displacement distance is at least about 1 m, such
as at least about 3 m, such as at least about 5 m, such as at least about 15 m,
such as at least about 20 m, such as at least about 30 m, such as at least

about 40 m, such as at least about 50 m.

In practice the first horizontal displacement distance at nominal position can

be very large in particular if the second structure fix-point is arranged with a
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relatively large distance to the seabed and/or if the first vertical displacement

distance at nominal position is also large.

In one embodiment the first horizontal displacement distance is between
about 1 m and about 300 m, such as between about 2 m and about 200 m,
such as between about 5 m and about 100 m, such as between about 6 m

and about 50 m.

In one embodiment wherein the first structure fix-point is arranged
horizontally displaced with a first horizontal displacement distance at nominal
position to the second structure fix-point and vertically displaced with a first
vertical displacement distance at nominal position to the second structure fix-
point, the first horizontal displacement distance is between about 0.02 and
about 0.95 times the length of the catenary liftable length section of the
flexible transporting unit, such as between about 0.05 and about 0.9 times
the length of the catenary liftable length section of the flexible transporting
unit, such as between about 0.1 and about 0.8 times the length of the
catenary liftable length section of the flexible transporting unit, such as
between about 0.15 and about 0.7 times the length of the catenary liftable

length section of the flexible transporting unit.

The desired vertical displacement distance at nhominal position depends
largely on the depth of water. However, if the water is very deep it is often
desired to place the first structure fix-point at a distance below the sea

surface, e.g. selecting a mid water arch as first structure.

In one embodiment the first structure fix-point is arranged vertically displaced
with a first vertical displacement distance at nominal position to the second
structure fix-point, wherein the first vertical displacement distance is up to a
max distance determined as the distance between about 20 m above the sea
surface and the seabed at the touch down point, such as the distance
between about 10 m above the sea surface and the seabed at the touch
down point, such as the distance between the sea surface and the seabed at

the touch down point, such as the distance between about 10 m below the
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sea surface and the seabed at the touch down point such as the distance

between about 20 m the sea surface and the seabed at the touch down point.

In one embodiment the first structure fix-point is arranged vertically displaced
with a first vertical displacement distance at nhominal position to the second
structure fix-point, wherein the first vertical displacement distance is between
a max distance determined as 1.5 times the distance from about the sea
surface to about the seabed at the touch down point and a min distance
determined as 0.1 times the distance from about the sea surface to about the
seabed at the touch down point, such as between a max distance determined
as 1.2 times the distance from about the sea surface to about the seabed at
the touch down point and a min distance determined as 0.3 times the
distance from about the sea surface to about the seabed at the touch down
point, such as between a max distance determined as the distance from
about the sea surface to about the seabed at the touch down point and a min
distance determined as 0.5 times the distance from about the sea surface to

about the seabed at the touch down point.

Generally it is desired to adjust the catenary liftable length section to the first
horizontal displacement distance at nominal position and the first vertical
displacement distance at nominal position to the second structure fix-point to
provide that there is no substantial risk of overbending the flexible

transporting unit.

In one embodiment wherein the first structure fix-point is arranged
horizontally displaced with a first horizontal displacement distance at nominal
position to the second structure fix-point and vertically displaced with a first
vertical displacement distance at nominal position to the second structure fix-
point, the sum of the first horizontal displacement distance and the first
vertical displacement distance is selected to be between about 0.7 and about
1.5 times the length of the catenary liftable length section of the flexible
transporting unit, such as between about 0.8 and about 1.2 times the length

of the catenary liftable length section of the pipe, such as between about 0.9
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and about 1.1 times the length of the catenary liftable length section of the
transporting unit, such as between about 0.95 and about 1 times the length

of the catenary liftable length section of the transporting unit.

As mentioned above the second structure fix-point is arranged at a distance
to seabed. This distance between the second structure fix-point and the
seabed may preferably be selected in relation the first horizontal displacement

distance.

If the distance between the second structure fix-point and the seabed is
relatively low there is a potential risk that the flexible transporting unit may
be subjected to undesired friction forces due to sliding along the seabed while
additionally being subjected to high pulling forces and tensile stress. On the
other hand the distance between the second structure fix-point and the
seabed should not be too large since this will require additional length of the
flexible transporting unit and it may also add to the cost to provide the
distance between the second structure fix-point and the seabed to be longer

than required.

By selecting the distance between the second structure fix-point and the
seabed in relation to the first horizontal displacement distance at nominal
position, a very stable offshore system can be obtained where friction forces
and tensile stress applied to the flexible transporting unit when the first
structure fix-point is moved out of its nominal position can be kept at a
desirable low level, and further more the length of the catenary liftable length
section can be optimized to provide a desired extra length of the catenary
liftable length section beyond the actually distance between the first structure
fix-point in its nominal position and the second structure fix-point, to ensure
that excessive movements of the first structure fix-point — e.g. in case of
storm or similar — does not result in damage of the flexible transporting unit,
but merely that the catenary liftable length section is lifted from the seabed

to form a catenary.
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In one embodiment the first structure fix-point is arranged horizontally

displaced with a first horizontal displacement distance at hominal position to

the second structure fix-point and the second structure fix-point is arranged

at a distance from the seabed which is in the interval from about 0.05 times

and 1 time the first horizontal displacement distance, such as from about 0.1

times and 0.9 times the first horizontal displacement distance, such as from

about 0.15 times and 0.7 times the first horizontal displacement distance,

such as from about 0.2 times and 0.5 times the first horizontal displacement

distance.

In one embodiment the first structure fix-point is arranged horizontally
displaced with a first horizontal displacement distance and displacement
direction at nominal position to the second structure fix-point, wherein said
touch down point at seabed at nominal position is placed in a direction from
the first structure fix-point which is substantially parallel to the displacement
direction +/- 30 degree. By arranging the offshore system such that the touch
down point at seabed at nominal position is placed in a direction from the first
structure fix-point which is parallel to or cross the displacement direction at
nominal position with an angle of 30 degree or less, the risk of overbending

the flexible transporting unit is reduced.

The flexible transporting unit is fixed to the first structure fix-point and the
second structure fix-point. In one embodiment the flexible transporting unit is
substantially provided by said catenary liftable length section, and preferably
the flexible transporting unit is connected to a secondary transporting unit
system at the second structure fix-point and optionally additionally at the first

structure fix-point to provide further transportation of the fluid.

In one embodiment the flexible transporting unit extends beyond at least one

of the first structure fix-point and the second structure fix-point.

In one embodiment the flexible transporting unit or a secondary transporting
unit system extends beyond the second structure fix-point in a direction away

from the second structure fix-point which preferably also is a direction away
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from the touch down point at seabed at nominal position. The flexible
transporting unit or a secondary transporting unit system extends beyond the
second structure fix-point in a direction away from the second structure

preferably lead to a seabed structure such as a well.

As indicated the flexible transporting unit or a secondary transporting unit
system extending beyond the second structure fix-point may be angled with

respect to the horizontal displacement direction.

In one embodiment the flexible transporting unit in its catenary liftable length

section is free of local buoyancy module(s).

In one embodiment the flexible transporting unit in its catenary liftable length

section comprises a substantially continuous buoyancy layer along its length.

It should be emphasized that the term “comprises/comprising” when used
herein is to be interpreted as an open term, i.e. it should be taken to specify
the presence of specifically stated feature(s), such as element(s), unit(s),
integer(s), step(s) component(s) and combination(s) thereof, but does not

preclude the presence or addition of one or more other stated features.

All features of the inventions including ranges and preferred ranges can be
combined in various ways within the scope of the invention, unless there are

specific reasons for not combining such features.

BRIEF DESCRIPTION OF DRAWINGS

The invention will be explained more fully below in connection with a

preferred embodiment and with reference to the drawings in which:
FIG. 1a is a schematic side view of an offshore system in nominal position.

FIG. 1b is a schematic side view of the offshore system of FIG. 1a out of its

nominal position.
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FIG. 2 is a schematic side view of a second offshore system in nominal

position wherein the second structure is a moored mid water arch.

FIG. 3 is a schematic side view of a second offshore system in nominal

position wherein the first structure is a moored mid water arch.

FIG. 4 is a schematic side view of a second offshore system in nominal
position wherein the first structure is a moored mid water arch, and the
second structure it a mono pile where the flexible transporting unit is guided

downwards inside the mono pile.
FIG. 4a is a schematic top view of the offshore system shown in FIG. 4.

FIG. 5 is a schematic front view of an offshore system in nominal position
comprising two flexible transporting units and wherein the second structure is

a double pillar structure.

The figures are schematic and simplified for clarity. Throughout, the same

reference numerals are used for identical or corresponding parts.

Further scope of applicability of the present invention will become apparent
from the detailed description given hereinafter. However, it should be
understood that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications within the spirit and
scope of the invention will become apparent to those skilled in the art from

this detailed description.

The invention is defined by the features of the independent claim(s).
Preferred embodiments are defined in the dependent claims. Any reference

numerals in the claims are intended to be non-limiting for their scope.

The offshore system shown in FIG. 1a and FIG. 1b is in its nominal position in
FIG. 1a and out of its nominal position in FIG. 1b. The seabed is indicated

with a line 1 and the sea surface is indicated with a dotted line 2. The
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offshore structure comprises a flexible transporting unit in the form of a

flexible pipe 3 and a first movably structure fix-point 4a and a second

structure fix-point 5a. The first movably structure fix-point 4a is a fix-point to

a turret 4b of a vessel 4, such as a weathervaning vessel. Although not shown,

the vessel 4 will usually be moored to the seabed 1, by mooring linen, for

example such that it can weathervane around the turret 4b.

The second structure fix-point 5a is a fix-point to a subsea structure
comprising support structure 5 and a pillar 5b, such that the fix-point 5a is

arranged at a horizontal distance d1 from the seabed 1.

The second structure fix-point 5a is arranged at a lower position relative to
the sea surface than the first structure fix-point 4a, with a first horizontal
displacement distance at nominal position d2 to the first structure fix-point 4a,
and with a first vertical displacement distance at nominal position d3 to the
first structure fix-point 4a. In FIG. 1b the vessel 4 has moved out of its
nominal position and the first structure fix-point 4a has a horizontal

displacement distance d2* to the second structure fix-point 5a.

The pipe 3 has a catenary liftable length section extending between the first
structure fix-point 4a and the second structure fix-point 5a, wherein the
catenary liftable length section has a touch down point 6 at seabed at
nominal position as shown in FIG.1a, and if the first structure fix-point 4a is
moved out of its nominal position as shown in FIG. 1b, the distance to the
second structure fix-point 4a can be increased sufficiently to lift the catenary

liftable length section from the seabed to form a catenary.

The pipe 3 extends beyond the second structure fix-point 5a and the catenary
liftable length section in pipe 3a in a direction away from the second structure
fix-point 5a and from the touch down point 6 at nominal position to a seabed

structure 9, such as a well.



10

15

20

25

WO 2012/152278 PCT/DK2012/050138
23

The offshore system shown in FIG. 2 is shown in its nominal position only, but

can be out of nominal position in same manner as the offshore system shown

in FIG 1a. and FIG.1b.

The offshore structure of FIG.2 comprises a flexible transporting unit in the
form of a flexible pipe 13 and a first movably structure fix-point 14a and a
second structure fix-point 15a. The first movably structure fix-point 14a is a
fix-point to a turret 14b of a vessel 14, such as a weather vaning vessel. The
second structure fix-point 15a is a fix-point to a mid water arch 15, moored
with mooring lines 15b.

The second structure fix-point 15a is arranged at a lower position relative to
the sea surface than the first structure fix-point 14a, with a first horizontal
displacement distance at nominal position d2 to the first structure fix-point
14a, and with a first vertical displacement distance at nominal position d3 to

the first structure fix-point 14a.

The pipe 13 has a catenary liftable length section extending between the first
structure fix-point 4a and the second structure fix-point 15a, wherein the
catenary liftable length section has a touch down point 16 at seabed at
nominal position. If the first structure fix-point 14a is moved out of its
nominal position, the distance to the second structure fix-point 14a can be
increased sufficiently to lift the catenary liftable length section from the

seabed to form a catenary.

The pipe 13 extends beyond the second structure fix-point 15a and the
catenary liftable length section in pipe 13a in a direction away from the
second structure fix-point 15a and from the touch down point 16 at nominal

position to a seabed structure 19, such as a well.

The offshore system shown in FIG. 3 is shown in its nominal position only, but
can be out of nominal position in same manner as the offshore system shown
in FIG 1a. and FIG.1b.
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The offshore structure of FIG.3 comprises a flexible transporting unit in the
form of a flexible pipe 23 and a first movable structure fix-point 24a and a
second structure fix-point 25a. The first movable structure fix-point 24a is a

fix-point to a mid water arch 24, moored with mooring lines 24b.

The second structure fix-point 25a is a fix-point to a subsea structure
comprising support structure 25 and a pillar 25b fixed to the seabed 1, such
that the fix-point 25a is arranged at a horizontal distance d1 from the seabed
1.

The second structure fix-point 25a is arranged at a lower position relative to
the sea surface than the first structure fix-point 24a, with a first horizontal
displacement distance at nominal position d2 to the first structure fix-point
24a, and with a first vertical displacement distance at nominal position d3 to
the first structure fix-point 24a.

The pipe 23 has a catenary liftable length section extending between the first
structure fix-point 24a and the second structure fix-point 25a, wherein the
catenary liftable length section has a touch down point 26 at seabed at
nominal position. If the first structure fix-point 24a is moved out of its
nominal position, the distance to the second structure fix-point 24a can be
increased sufficiently to lift the catenary liftable length section from the

seabed to form a catenary.

The pipe 23 extends beyond the second structure fix-point 25a and the
catenary liftable length section in pipe 23a in a direction away from the
second structure fix-point 25a and from the touch down point 26 at nominal
position to a seabed structure 29, such as a well. The pipe 23 also extends
beyond the first structure fix-point 24a and the catenary liftable length section
in pipe 23b for example to a not shown floating sea surface structure e.g. a

platform.



10

15

20

25

WO 2012/152278 PCT/DK2012/050138

25

The offshore system shown in FIG. 4 is shown in its nominal position only, but
can be out of nominal position in same manner as the offshore system shown
in FIG 1a. and FIG.1b.

The offshore structure of FIG.4 comprises a flexible transporting unit in the
form of a flexible pipe 33 and a first movable structure fix-point 34a and a
second structure fix-point 35a. The first movable structure fix-point 34a is a

fix-point to a mid water arch 34, moored with mooring lines 34b.

The second structure fix-point 35a is a fix-point to a subsea structure
comprising support structure 35 and a pillar 35b fixed to the seabed 1, such
that the fix-point 35a is arranged at a horizontal distance d1 from the seabed
1.

The second structure fix-point 35a is arranged at a lower position relative to
the sea surface than the first structure fix-point 34a, with a first horizontal
displacement distance at nominal position d2 to the first structure fix-point
34a, and with a first vertical displacement distance at nominal position d3 to

the first structure fix-point 34a.

The pipe 33 has a catenary liftable length section extending between the first
structure fix-point 34a and the second structure fix-point 35a, wherein the
catenary liftable length section has a support structure 35 and a pillar 35b
seabed at nominal position. If the first structure fix-point 34a is moved out of
its nominal position, the distance to the second structure fix-point 34a can be
increased sufficiently to lift the catenary liftable length section from the

seabed to form a catenary.

The pipe 33 extends beyond the second structure fix-point 35a and the
catenary liftable length section in pipe 33a in a direction downwards inside
the support structure 35 and pillar 35b which is here a mono pile, to a seabed
structure 39 arranged below the seabed. The pipe 33 also extends beyond the
first structure fix-point 34a and the catenary liftable length section in pipe 33b

for example to a not shown floating sea surface structure e.g. a platform.
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FIG. 4a is a schematic top view of the offshore system shown in FIG. 4. As

mentioned above a first horizontal displacement distance at nominal position

d2 to the first structure fix-point 34a. This horizontal displacement defines a

displacement direction and it can be seen that in this embodiment the touch

down point 36 at seabed at nominal position is placed in a direction from said

first structure fix-point 35a which is angled with the angle o which is in the

interval +/- 30 degree to the displacement direction.
The offshore system of FIG. 5 is shown in a front view in nominal position.

The offshore structure comprises two flexible transporting units in the form of
flexible pipe 43 and first movable structure fix-points 44a and second
structure fix-points 45a. The first movable structure fix-points 44a are fix-

point to a not shown turret of a vessel 44, such as a weathervaning vessel.

The second structure fix-points 45a are fix-points to a subsea structure

comprising support structure 45 and pillars 45b.

The second structure fix-points 45a is arranged at a lower position relative to
the sea surface than the first structure fix-points 44a, with a first vertical
displacement distance at nominal position d3 to the first structure fix-points
44a.

The pipes 43 have a catenary liftable length sections extending between the
first structure fix-points 44a and the second structure fix-points 45a, wherein
the catenary liftable length sections have a touch down point 46 at seabed at

nominal position.

Some preferred embodiments have been shown in the foregoing, but it should
be stressed that the invention is not limited to these, but may be embodied in

other ways within the subject-matter defined in the following claims.
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PATENT CLAIMS

1. An offshore system for transferring fluid at least partly below sea

surface, the offshore system comprises
a flexible transporting unit,

a first movable structure with a first movable structure fix-point with a

nominal position,

and a second structure with a second structure fix-point arranged at a
distance to the seabed and at a lower position relative to the sea

surface than the first structure fix-point,

the flexible transporting unit is fixed to respectively the first structure fix-point
and the second structure fix-point to provide a catenary liftable length section
of the flexible transporting unit extending between the first structure fix-point
and the second structure fix-point, wherein the catenary liftable length section
has at least a touch down point at seabed at nominal position of said first
structure fix-point, and if the first structure fix-point is moved out of its
nominal position, the distance from the first structure fix-point to the second
structure fix-point can be increased sufficiently to lift the catenary liftable

length section from the seabed to form a catenary.

2. An offshore system as claimed in claim 1, wherein the first structure
fix-point in its nominal position is arranged at a distance to the second
structure fix-point which is about 0.95 times or less than the length of the
catenary liftable length section of the transporting unit, preferably the first
structure fix-point in its nominal position is arranged at a distance to the
second structure fix-point which is about 0.9 times or less, such as about 0.85
times or less, such as about 0.8 times or less, such as about 0.75 times or
less, such as about 0.7 times or less, such as about 0.65 times or less, such
as about 0.6 times or less, such as about 0.55 times or less, such as about
0.5 times or less than the length of the catenary liftable length section of the

transporting unit.
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3. An offshore system as claimed in any one of claims 1 and 2, wherein

the first structure fix-point in its nominal position is arranged at a distance to

the second structure fix-point which is between about 0.5 and about 0.98

times the length of the catenary liftable length section of the transporting unit,

preferably between about 0.6 and about 0.9 times the length of the catenary

liftable length section of the transporting unit.

4, An offshore system as claimed in any one of the preceding claims,
wherein the first structure fix-point is arranged horizontally displaced with a
first horizontal displacement distance at nominal position to the second
structure fix-point and vertically displaced with a first vertical displacement
distance at nominal position to the second structure fix-point, wherein the
first horizontal displacement distance is at least about 1 m, such as at least
about 3 m, such as at least about 5 m, such as at least about 15 m, such as
at least about 20 m, such as at least about 30 m, such as at least about 40 m,

such as at least about 50 m.

5. An offshore system as claimed in claim 4, wherein the first horizontal
displacement distance is between about 1 m and about 300 m, such as
between about 2 m and about 200 m, such as between about 5 m and about

100 m, such as between about 6 m and about 50 m.

6. An offshore system as claimed in any one of the preceding claims,
wherein the first structure fix-point is arranged horizontally displaced with a
first horizontal displacement distance at nominal position to the second
structure fix-point and vertically displaced with a first vertical displacement
distance at nominal position to the second structure fix-point, wherein the

first horizontal displacement distance is between about 0.02 and about 0.95
times the length of the catenary liftable length section of the transporting unit,
such as between about 0.05 and about 0.9 times the length of the catenary
liftable length section of the transporting unit, such as between about 0.1 and

about 0.8 times the length of the catenary liftable length section of the
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transporting unit, such as between about 0.15 and about 0.7 times the length

of the catenary liftable length section of the transporting unit.

7. An offshore system as claimed in any one of the preceding claims,
wherein the first structure fix-point is arranged vertically displaced with a first
vertical displacement distance at nominal position to the second structure fix-
point, wherein the first vertical displacement distance is up to a max distance
determined as the distance between about 20 m above the sea surface and
the seabed at the touch down point, such as the distance between about 10
m above the sea surface and the seabed at the touch down point, such as the
distance between the sea surface and the seabed at the touch down point,
such as the distance between about 10 m below the sea surface and the
seabed at the touch down point such as the distance between about 20 m the

sea surface and the seabed at the touch down point.

8. An offshore system as claimed in any one of the preceding claims,
wherein the first structure fix-point is arranged vertically displaced with a first
vertical displacement distance at nominal position to the second structure fix-
point, wherein the first vertical displacement distance is between a max
distance determined as 1.5 times the distance from about the sea surface to
about the seabed at the touch down point and a min distance determined as
0.1 times the distance from about the sea surface to about the seabed at the
touch down point, such as between a max distance determined as 1.2 times
the distance from about the sea surface to about the seabed at the touch
down point and a min distance determined as 0.3 times the distance from
about the sea surface to about the seabed at the touch down point, such as
between a max distance determined as the distance from about the sea
surface to about the seabed at the touch down point and a min distance
determined as 0.5 times the distance from about the sea surface to about the

seabed at the touch down point.

9. An offshore system as claimed in any one of the preceding claims,

wherein the first structure fix-point is arranged horizontally displaced with a
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first horizontal displacement distance at nominal position to the second
structure fix-point and vertically displaced with a first vertical displacement
distance at nominal position to the second structure fix-point, wherein the
sum of the first horizontal displacement distance and the first vertical
displacement distance is between about 0.7 and about 1.5 times the length of
the catenary liftable length section of the transporting unit, such as between
about 0.8 and about 1.2 times the length of the catenary liftable length
section of the transporting unit, such as between about 0.9 and about 1.1
times the length of the catenary liftable length section of the transporting unit,
such as between about 0.95 and about 1 times the length of the catenary
liftable length section of the transporting unit.

10. An offshore system as claimed in any one of the preceding claims,
wherein the first structure is a sea surface installation, preferably a floating
sea surface installation, such as a floating platform or a vessel, e.g. a
weathervaning vessel.

11.  An offshore system as claimed in claim 10, wherein the first structure
fix-point is a fix-point of the first structure above sea surface, such as a fix-
point to a turret of a vessel.

12.  An offshare system as claimed in any one of the preceding claims 1 to
9, whereln the first structure is a mid water arch, the mid water arch Is
preferably anchored to the seabed and/or moored to provide its nominal
position.

13.  An offshore system as claimed in claim 12, wherein the mid water arch
comprises gutters, the flexible transporting unit is laid over the mid water
arch into the gutters and is fixed by a clamping system, the flexible
transporting unit preferably extends from the mid water arch further to a sea
surface installation.

14. An offshore system as claimed in any one of the preceding claims,
wherein the second structure is @ mid water arch, the mid water arch is

RECTIFIED SHEET (RULE 91)
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preferably anchored to the seabed and/or moored to provide a nominal
position.

15. An offshore system as claimed in any one of the preceding claims
wherein, the second structure is subsea structure fixed to the seabed, the
second structure is preferably a pillar with a support structure comprising a
gutters the flexible transporting unit is laid into the gutters and is fixed by a
clamping system.

16. An offshore system as claimed in any one of the preceding daims,
wherein the second structure fix-point is arranged at a preselected distance
from the seabed, preferably the second structure fix-point is arranged at a
distance from the seabed which is at least about 0.5 m, such as at least about
1m, such as at least about 2 m, such as at least about 5 m, such as at least
about 10 m.

17.  An offshore system as claimed in any one of the preceding claims,
wherein the first structure fix-point is arranged horizontally displaced with a
first horizontal displacement distance at nominal position to the second
structure fix-point and the second structure fix-point is arranged at a distance
from the seabed which is in the interval from about 0.05 times and 1 time the
first horizontat displacement distance, such as from about 0.1 times and 0.9
times the first horizontal displacement distance, such as from about 0.15
times and 0.7 times the first horizontal displacement distance, such as from
about 0.2 times and 0.5 times the first horizontal displacement distance.

18. An offshore system as claimed in any one of the preceding claims,
wherein the flexible transporting unit is an unbonded flexible transporting unit,
such as an unbonded flexible transporting unit comprising an internal sealing
sheath and at least two reinforcement layers which are not bonded to each
ather.

19.  An offshore system as claimed in any one of the preceding claims,
wherein the first structure fix-point is arranged horizontally displaced with a
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first horizonta! displacement distance and displacement direction at nominal
position to the second structure fix-point, wherein said touch down point at
seabed at nominal position is placed in a direction from said first structure fix-
point which is substantially parallel to the displacement direction +/- 30
degree.

20. An offshore system as claimed in any one of the preceding daims,
wherein the fiexible transporting unit is substantially provided by said
catenary liftable length section, the flexible transporting unit is preferably
connected to a secondary transporting unit system substantially at the second
structure fix-point.

21. An offshore system as claimed in any one of the preceding claims 1-17,
wherein the flexible transporting unit extends beyond at least one of the first
structure fix-point and the second structure fix-point.

22. An offshore system as claimed in any one of the preceding claims,
wherein the flexible transporting unit or a secondary transporting unit system
extends beyond the second structure fix-point in a direction away from the
second structure fix-point which also is a direction away from the touch down
point at seabed at nominal position. '

23.  An offshore system as claimed in any one of the preceding claims,
wherein the offshore system is arranged for transferring fluid from a seabed
installation to a sea surface installation, preferably a floating sea surface
installation. | |

24.  An offshore system as claimed in any one of the preceding claims,
wherein the flexible transporting unit.in its catenary liftable length section is
free of local buoyancy module(s).

25. An offshore system as claimed in any one of the preceding claims,
wherein the flexible transporting unit is a flexible pipe or an umbilical,
preferably the flexible transporting unit is a flexible riser, a jumper and/or an
unbonded flexible pipe.
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