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(57) Abréegée/Abstract:

An offshore system allows a vessel (12) to sall to a predetermined sea location (14), quickly set up a loading system and start the
transfer of hydrocarbons to or from a pipeline (22), and then quickly disconnect and sall away. The vessel iIs a DP (dynamic
positioning) vessel that does not require mooring or anchor lines, so the only apparatus to install iIs a conduit (30) that can be
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(57) Abrege(suite)/Abstract(continued):
picked up by the vessel to extend between a stationary pipe end (24) that lies at the sea floor and the vessel. The conduit includes

primarily a flexible hose (32) that extends In a sine wave with two loops (380, 82). The conduit includes a rigid reinforced hose
section (34) that is pivotally connected to the sea floor. A chain (114) can be provided with a portion of the chain lying on the sea
floor, to help the disconnected hose coupling (42D) remain at a stable position above the sea floor.
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(57) Abstract: An offshore system allows a vessel (12) to sail to a predetermined sea location (14), quickly set up a loading system
and start the transfer of hydrocarbons to or from a pipeline (22), and then quickly disconnect and sail away. The vessel is a DP
(dynamic positioning) vessel that does not require mooring or anchor lines, so the only apparatus to install is a conduit (30) that
) can be picked up by the vessel to extend between a stationary pipe end (24) that lies at the sea floor and the vessel. The conduit
includes primarily a flexible hose (32) that extends in a sine wave with two loops (80, 82). The conduit includes a rigid reinforced
hose section (34) that is pivotally connected to the sea floor. A chain (114) can be provided with a portion of the chain lying on the
sea floor, to help the disconnected hose coupling (42D) remain at a stable position above the sea floor.
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SUBMERGED LOADING SYSTEM

BACKGROUND OF THE INVENTION

Intermittent offshore transfer systems are used to transfer fluids,

especially hydrocarbons, between a vessel that repeatedly sails to and away
from the system, and a pipeline that has a stationary pipe end lying at the sea
floor. In one example, a transfer system is used in the production of
hydrocarbons from an undersea reservbir, to transfer hydrocarbons passing
from the reservoir along the pipeline up to the sea floor, up to the vessel. The
vessel sails away to take the hydrocarbons to a distant location, offloads the
hydrocarbons, and then returns for more. In this example, the undersea
reservoir is small enough that it is not economical to set up a large production
system, or this system has been set up as an early production system to
produce hydrocarbons until a larger system is installed. In another example,
a transfer system is used in the offloading of a vessel that has tanks that store
hydrocarbons, to transfer the hydrocarbons to a pipeline that extends to an
onshore refinery or to an onshore hydrocarbon gas distribution system. In
either example, prior art transfer systems have included a fixed or anchored
body to which the vessel is moored and to which the vessel is connected by a
conduit, or the transfer system includes anchor chains and a conduit that both
can be picked up by the vessel. A transfer system that minimized the setup
procedure and the time required to set up a vessel so fluid transfer can begin,
would be of value.

A deep water hydrocarbon loading system, described in US patent
5,041,038, minimizes the setup procedure and time required, by providing a
single pickup member that is attached to a group of conduits and a group of
chains, so only one heavy member must be picked up and attached to the ship.
All chains and conduits still must be initially installed in the sea, and each must
be connected to the vessel. This results in a considerable cost to initially install
the system, and the setup procedure for an arriving vessel is still complicated

“and time consuming.
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SUMMARY OF THE INVENTION

In accordance with one embodiment ‘of the invention, an intermittent
offshore transfer system is provided that transfers fluid between a vessel and
a pipeline that has a stationary pipe end at the sea floor, wherein the vessel
repeatedly sails away and returns, which minimizes the cost of initial installation
of the system and that minimizes the complexity and time consumed in
connecting and disconnecting the vessel. The only part that must be picked up
and connected to by the arriving vessel, is the upper end(s) of one or more
conduits that extend to the sea floor. Anchor chains or weight compensating
back chains are not used, so they do not have to be initially installed, do not
have to picked up, and do not have to be connected to the vessel.

The conduit includes a flexible hose that extends along a majonty of the
conduit length. The hose extends in an approximately sine wave, with two
loops. The loops include an upwardly open flrst loop at the botiom of a hose

portion that extends at a downward incline from the vessel, and a downwardly
open second loop that lies at the top of a hose portion that extends at an
upward incline from the sea floor. Buoys are attached at spaced locations to
the second loop. A weight or a plurality of spaced weights are attached to the
top of the upper portion of the cdnduit. The weight(s) prevent a hose coupling
at the upper end of the hose from moving along the sea bed and becoming
damaged as a result of currenfs, heavy seas and/or storms. In one system, a
buoy supports the hose coupling above the sea floor and a chain or line with
clump weights supported by the buoy lies partially on the sea bed.

In a preferred system, the conduit lower end includes a rigid reinforced
hose section having a length of a plurality of meters, that connects to the
stationary pipeline end and that extends a plurality of meters above the sea
floor. The rigid hose section is preferably connected to the stationary pipeline
end in a pivot pipe connection that allows the rigid hose section to pivot about
two perpendicular axes. This reduces changes in hose bending as the DP

vessel moves with waves and changes in winds.
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In accordance with one aspect of the present invention, there is
provided an offshore hydrocarbon loading system for use in a sea location of a
predetermined depth comprising a vessel that floats at the sea surface and a pipe
with a stationary pipe end lying approximately on the sea floor, the system
Including a conduit that includes a flexible hose that extends between said
stationary pipe end and said vessel, wherein: said conduit includes a rigid pipe
section that extends a distance of a plurality of meters at an upward incline from
sald stationary pipe end and that connects to said flexible hose; said pipe section
Including a base fixed to the sea floor, and a pivot connector that pivotally
connects a lower end of said rigid pipe section to said stationary pipe end and that
allows said rigid pipe section to pivot about two perpendicular axes on said base.
said flexible hose extending in line with and primarily vertically upward along a

plurality of meters above an upper end of said rigid pipe section.

In accordance with another aspect of the present invention, there is
provided an offshore hydrocarbon transfer system for use in a sea location of
predetermined depth, comprising a vessel that floats at the sea surface and a pipe
with a stationary pipe end that lies substantially at the sea floor, which includes a
conduit that comprises primarily a flexible hose, said conduit extending between
sald vessel and said stationary pipe end, with a conduit first portion that extends
down from the vessel and having a conduit coupling at its upper end that is
disconnectable from said vessel, wherein: said vessel is a dynamic positioning
vessel that has thrusters that are capable of propelling the vessel in any horizontal
direction, said vessel being connected to the sea floor only by said conduit and not
by any mooring line and being free of mooring to any body, and including a chain
with an upper end attached to said conduit coupling and having a lower chain
portion resting on the seabed and extending along the seabed but that is free of
fixed attachment to the seabed to resist but not prevent vessel drift, said chain
having an upper end that hangs vertically from said vessel, and said lower chain
portion that rests on the sea floor is progressively lifted up off and laid down on the

sea floor as the conduit coupling drifts away from and returns to a position over

the lower chain portion.
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In accordance with still another aspect of the present invention, there

s provided an offshore hydrocarbon transfer system for use in a sea location of
predetermined depth, comprising a vessel that floats at the sea surface and a pipe
with a stationary pipe end that lies substantially at the sea floor, which includes 3
O conduit that comprises primarily a flexible hose. said conduit extending between
sald vessel and said stationary pipe end, with a conduit first portion that extends
down from the vessel and having a conduit coupling at its upper end that is
disconnectable from said vessel, wherein: said vessel is 3 dynamic positioning
vessel that has thrusters that are capable of propelling the vessel in any horizontal
10  direction, said vessel being connected to the sea floor only by said conduit and not
by any mooring line and being free of mooring to any body; and including a chain
with an upper end attached to said conduit coupling and having a lower portion
resting on the seabed but being free of fixed attachment to the seabed to resist
but not prevent vessel drift, said chain having an upper end that hangs vertically

15  from said vessel.

The novel features of the invention are set forth with particularity in
the
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appended claims. The invention will be best understood from the following

description when read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side elevation view of a loading system of one embodiment

of the invention, with the conduit connected to the vessel above the waterline.

Fig. 2 Is a side elevation view of a lower portion of the system of Fig. 1,
showing a pivoting rigid reinforced hose section.

Fig. 3 is a front elevation view of the fluid pivot joint of Fig. 2.

Fig. 4 is a sectional view of the fluid pivot joint of Fig. 3.

Fig. 5 is a side elevation view of a loading system of another
embodiment of the invention.

Fig. 6 Is a side elevation view of a loading system of another
embodiment of the invention, with the conduit positioned for pickup by the
vessel.

FIg. 7 is a side elevation view of the system of Fig. 5, with the vessel

having lifted the conduit.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a loading system 10 of one embodiment of the invention,

that includes a DP (dynamic positioning) vessel 12 that lies at a location 14 In
a sea with a sea surface 15 and a depth D, and that produces hydrocarbons
from an undersea reservoir 16 and stores them in tanks 20 in the vessel.
When the tanks are full, the vessel sails away to a distant location where the
hydrocarbons are unloaded (loaded to another pipe), and then the vessel sails
back to the location 14. The hydrocarbons flow from the reservoir through a
pipeline 22 that has a stationary pipe end 24 that lies substantially (within 5
meters) at the sea floor 26, and though a conduit 30 that connects to the vessel
at the bow or middle of the vessel. The conduit includes a flexible hose 32 and
a rigid reinforced hose 34. When not connected to the vessel, the conduit lies

In the position 30A with a hose coupling 42A lying on the sea floor. When
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hydrocarbons are to transferred to the vessel, the hose coupling at 42 has
been lifted and connected to a connector 44 on the vessel which can be above
or below the sea surface.

After the tanks on the DP vessel are filled with produced hydrocarbons
(which have been cleaned to remove most stones, sand, water, etc.), the
vessel sails away to a distant location where the hydrocarbons are unloaded.
The vessel then sails back to the location 14 (unless there are large storms in
the area). Applicant notes that some oil fields operate best when the
production of hydrocarbons is as steady as possible, but others operate just
about as well if there are interruptions. When the vessel returns to the location
14, personnel on the vessel lift a small locating or marker buoy 44 and a pickup
line 46. The personnel may connect the pickup line to a winch that lifts the
upper end of the conduit at 42A to the vessel. The hose coupling 42 at the
upper end of the conduit is connected to the connector 44 on the vessel and
a valve (not shown) at the hose coupling 42 and another one on the vessel at
the connector are opened. Signals are sent to a valve(s) (not shown) located
at the hose connector near the stationary pipe end 24 to open it and allow
hydrocarbons to flow up though the conduit 30 to the vessel.

The system as shown in Fig. 1 can be used for loading unprocessed
hydrocarbons from a well via the stationary pipe and the flexible hose to the
connected vessel which can produce and store hydrocarbons. The system of
Fig. 1 can also be used for loading hydrocarbons that are processed and stored
on shore or offshore, into a carrier (ol tanker, LNG or pressurized gas carrier).
The system as shown Iin Fig. 1 also can be used for the transfer of
hydrocarbons in a reverse direction; for example to load LNG (liquefied natural
gas) from a DP (dynamic positioning) LNG carrier via a flexible LNG hose into
a stationary cryogenic pipeline, or for example gas via a submerged
disconnectable flexible gas hose into a stationary gas pipe line in which the gas
IS received from a connected DP LNG carrier which is provided with a
regassification unit.

Applicant relies solely on the dynamic positioning propulsion equipment
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60, a global positioning system on the vessel, and transducers 50 on the
seabed, or sea floor, to keep the vessel at a primarily constant position. Large
waves, currents and winds generally will move the vessel away from the
quiescent position illustrated, by more than a vessel that is anchored by chains
to the sea floor, but the vessel can move back to its original position. At times,
a large storm will approach the location 14, and the vessel will disconnect from
the conduit and either ride out the storm or sail to another area. The vessel
receives constant weather reports for its area. The fact that the vessel does
not have to pick up and let down upper portions of heavy anchor chains or
make secure connections to them at a turret, or do the reverse before sailing
away, greatly reduces the time and effort required to make and break a
connection. The fact that heavy chains and anchors, or a floating body for
mooring, do not have to be installed, reduces initial construction and installation
costs. The quiescent position is centered on a center ring that lies about
halfway between a point directly above the stationary pipe end 24 that connects
to the bottom of the conduit and a furthest position so far away that the conduit
would extend in a straight line to the vessel. Quiescent positions lie in a ring-
shaped area on the sea surface that is halfway from said point above the pipe
end to said center ring and three quarters of the way to said furthest position.
As mentioned, the vessel generally will move further from the quiescent
position than will an anchored vessel. Applicant constructs the conduit to allow
such additional movements, especially for near shore and shallow waters so
there is no danger that the conduit will drag on the seabed during loading even
in extreme conditions. The conduit 30 Includes the flexible hose 32 that
extends along a majority of the conduit length, and preferably at least 80% and
more preferably at least 90% of the conduit length. A rigid reinforced hose or
pipe section 34 having a length preferably less than 10% of the entire conduit
length, lies at the lower end of the flexible hose. As shown in Fig. 2, the rigid
pipe section 34 (which may be a reinforced hose) has a lower end 64
connected though a fluid swivel 66 that lies on a sea floor base 68, to the

stationary pipeline end 24. The fluid swivel allows the pipe section 34 to pivot
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about two perpendicular axes with respect to the stationary pipe end, the two
axes being a horizontal axis 67 and a vertical axis 68. The pivoting rigid pipe
section helps orient the lower end of the conduit toward the vessel as the
vessel moves, to allow greater vessel movement away from the quiescent
position without damaging the conduit and avoid the conduit touching the
seabed.

Fig. 1 shows that the conduit 30 has a vessel-closest portion 70 and a
sea-floor closest portion 72 that meet at a point 74. The two conduit portions
have adjacent parts 80, 82 that each extends in primarily half of a sine wave
and have opposite end parts 84, 86 of a progressively increasing radius of
curvature. A full sine wave extends 360° and has two half sine waves that each
extends 180°. A first 80 of the hélf sine wave opens upwardly, while the
second 82 of the half sine waves opens downwardly. Each sine wave half
extends by an angle A or A’ of at least 100° and preferably at least 120° about
a circle 90, 92 of a diameter of at least 10% of the sea depth, in the quiescent
vessel position. Buoyancy cans or buoys 88 are attached to the conduit lower
portion. '

The particular system illustrated in Figs 1 and 2 is designed for use in
a sea location of a depth D of 90 meters. The type of system illustrated is
useful for sea locations of depths of no more than 500 meters, and preferably
no more than 200 meters. In the system of Fig. 1 the rigid pipe section 34 has
a length of 12 meters, and the flexible hose 32 has a length of 210 meters and
a pipe diameter of 10 inches.

When the hose coupling at 42A lies on the sea floor awaiting pickup by
the vessel, the hose coupling and the upper part of the hose that lies on the
seabed, may become damaged by movements along the sea floor. Such
movements can be caused by large currents, heavy seas and/or storms, which
is often when the coupling lies on the sea floor. Fig. 5 illustrates a system 100
which is similar to the system of Fig. 1, but with spaced-apart weights 102
attached to the conduit end part 84B that extends downward from the vessel.

When the conduit end part at 84C lies on the sea floor 26, the weights press
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into the sea bed and greatly resist movement along the sea floor that would
damage the hose coupling at 42C and/or the hose part lying on the seabed.
It also is possible to use a single heavy weight instead of multiple distributed,
or spaced, weights.

Fig. 6 illustrates a further modified system 110, positioned with the
conduit 30D disconnected from the vessel and awaiting pickup, and with a
pickup buoy 112 floating at the sea surface at the top of a pickup line 113. The
pickup buoy helps to hold the conduit upper portion 70D above the sea floor.
The upper end of the conduit, at the hose coupling 42D , lies above the sea
floor, but below the bottom of the vessel. To stabilize the position and
especially the height of the hose coupling 42D and the upper part of the hose,
applicant hangs a weight in the form of a heavy chain 114 from the lower end
of an auxiliary line 116 (that can be part of the pickup line 113) that hangs from
a large buoy 118. A small length of the chain (less than 10 meters) is held
above the sea floor. If the hose coupling 42D and auxiliary buoy 118 lift or drift,
additional chain will be lifted off the sea floor and pull back the coupling.
Instead of a chain, spaced weights can be hung from the auxiliary line.

Fig. 7 shows the conduit 30E of system 110 after the conduit has been
lifted so its hose coupling at 42E is connected to the vessel. Such lifting of the
hose coupling and the vessel-closest portion 70 of the conduit results in a
considerable Iehgth of the chain 114 being lifted off the sea floor. In the
particular system of Fig. 7, at least 10 meters of chain remain on the sea floor.
The chain 114 helps in resisting drift of the vessel from the quiescent position
illustrated, because any drift requires more chain to be lifted above the sea
floor.

Thus, the invention provides a submerged loading system for passing
hydrocarbons between a stationary pipe end lying approximately at the sea
floor and a vessel that floats at the sea surface. The vessel is a DP
(dynamically moored) vessel and is free of anchor or mooring lines or chains
that would moor it to another body or to the sea floor. As a result, the conduit

that carries fluid between the stationary pipe end and the vessel is long and
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constructed to allow considerable drift of the vessel in shallow waters. The
conduit extends in basically a sine wave, with a vessel-connected portion of the
conduit forming a loop of a half sine wave with a loop open upper end, and
merging with a sea floor-connected conduit portion having a loop of a half sine
wave having a loop open lower end, with both loops having a large radius of
curvature in the quiescent vessel position. The conduit also has a lower ena
that comprises a rigid reinforced hose section or rigid pipe section that is
preferably pivotally mounted on a piatform on the sea floor. Weights, such as
in the form of a heavy chain are attached to the conduit upper portion, or hang
from the lower end of a buoy-supported pickup line which supports the hose
coupling end above the sea floor.

Although particular embodiments of the invention have been described
and illustrated herein, it is recognized that.modifications and variations may
readily occur to those skilled In the art, and consequently, it is intended that the

claims be interpreted to cover such modifications and equivalents.
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CLAIMS:
1. An offshore hydrocarbon loading system for use in a sea location of

a predetermined depth comprising a vessel that floats at the sea surface and a
pipe with a stationary pipe end lying approximately on the sea floor, the system
Including a conduit that includes a flexible hose that extends between said

stationary pipe end and said vessel, wherein:

said conduit includes a rigid pipe section that extends a distance of 3
plurality of meters at an upward incline from said stationary pipe end and that

connects to said flexible hose;

sald pipe section including a base fixed to the ses floor, and a pivot
connector that pivotally connects a lower end of said rigid pipe section to said
stationary pipe end and that allows said rigid pipe section to pivot about two
perpendicular axes on said base, said flexible hose extending in line with and
primarily vertically upward along a plurality of meters above an upper end of said

rigid pipe section.
2. The system described in claim 1 wherein:

sald rigid pipe section has a length that is no more than 10% of the

entire conduit length.

3. An offshore hydrocarbon transfer system for use in a sea location of
predetermined depth, comprising a vessel that floats at the sea surface and a pipe
with a stationary pipe end that lies substantially at the sea floor, which includes 3
conduit that comprises primarily a flexible hose, said conduit extending between
said vessel and said stationary pipe end, with a conduit first portion that extends
down from the vessel and having a conduit coupling at its upper end that is

disconnectable from said vessel, wherein:

being free of mooring to any body, and including
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a chain with an upper end attached to said conduit coupling and
having a lower chain portion resting on the seabed and extending along the
seabed but that is free of fixed attachment to the seabed to resist but not prevent
vessel drift, said chain having an upper end that hangs vertically from said vessel,
and said lower chain portion that rests on the sea floor is progressively lifted up off
and laid down on the sea floor as the conduit coupling drifts away from and

returns to a position over the lower chain portion.
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