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(54) Abstract Title
Offshore Fluid Transfer System

(57) In an offshore fluid transfer system 10, of the type that includes a mooring arrangement 32 having an
upper end 34 connected through a universal joint 36 to a turret 22 on a vessel and having a lower end 36
anchored by catenary chains 40, and also includes hoses 70,71 each extending from a base 50, 58 on the
seafloor to the turret on the vessel, a fluid coupling 73 near the bottom of the turret and widely spaced from
the universal joint 36, connects to a hose 70,71 that extends from the fluid coupling in a sinuous path down to
the seafloor base 50,58. The long length of hose 70,71 enables it to bend when the vessel drifts, to avoid
excessive hose tension or contact with the mooring arrangement during such vessel! drift. A connector (102,
Fig 4) can be operated to disconnect the mooring arrangement from the turret so the arrangement can sink.
The fluid coupling 73 can include a fluid connector (100, Fig 4) which can separately disconnect the hose from
the turret. A ring-shaped holder 80 connected to the hose lies around the axis of the turret and around the

mooring arrangement.
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CAM FLUID TRANSFER SYSTEM

One type of offshore system includes a vessel that can weathervane
about a turret, with the turret moored through a riser that extends down to
near the seafloor and which is anchored thereat to the_ seafloor. Chains
are usually used to anchor the riser, and such system is commonly
referred to as a CAM (chain articulated mooring). The upper end of the
riser is connected to the turret through a universal joint (a joint that permits
pivoting about two horizontal axes) to permit the riser to tilt as the vessel
drifts away from its quiescent position. In most installations, fluid must be
transferred between hydrocarbon wells or a pipeline at the seafloor, to the
vessel. This has been previously accomplished by a hose extending from
a base on the seafloor to the lower end of a pipe lying within the riser and
extending up through the riser. A short length of hose connects the upper
end of the pipe lying in the riser to a pipe on the turret. U.S. patent
4,637,335 shows an arrangement of this type.

In certain weather, the vessel may drift considerably from its
quiescent position, resulting in the riser tilting considerably from the
vertical. The universal joint permits this without problems. However, such
pivoting results in a hose extending from the top of the riser to a pipe on
the turret, undergoing considerable bending. Such hoses are commonly
of large diameters to accommodate several smaller hoses within an outer
hose sheath, and cannot readily bend to a small radius of curvature,
especially where it is subjected to repeated bending and unbending. U.S.
patent 4,708,178 describes a mechanism for transferring fluid across the
space occupied by a universal joint, which minimizes bending of a
relatively short length of hose (e.g. a hose length less than one hundred
times its diameter). However, such mechanism is cumbersome and

subject to failure. A fluid conduit arrangement that was simple and reliable,
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for use in an offshore system where a riser extends from a vessel turret to near

the seafloor, would be of value.

In accordance with one embodiment of the present invention, an offshore
fluid transfer system is provided, of the type that includes a largely vertical rising
member (hereinafter termed a riser) with an upper end connected through a
universal joint to a turret on a vessel, which has a relatively simple and reliable
hose arrangement. A fluid coupling lies on the turret, at a location that is at least
horizontally spaced from the universal joint, and a flexible hose extends from the
fluid coupling to seafloor base. The hose is free of attachment to the riser. As
a result, tilting of the riser and of the hose is independent, but with the hose
constructed so it avoids interference with the riser under all design weather
conditions. The long hose, whose length is much greater than one hundred
times its average outside diameter, undergoes only large radius of curvature
bending, so it has a long lifetime of use.

The riser can be made to be disconnectable, so that when an iceberg or
very heavy weather closely approaches, the upper end of the riser can be
disconnected from the universal joint to sink to a predetermined underwater
depth. The fluid coupling that connects the upper end of the hose to the turret,
also can be constructed to disconnect so the hose can float free to an
underwater depth, with a ring at the top of the hose supporting it at a
predetermined underwater depth. The hose and riser are separately
disconnectable. As a result, when danger approaches but is still several hours
away, the hose can be worked on and disconnected, since it takes several hours
for this. Only when the danger is very close, is the riser disconnected, as this
takes only several minutes. If the potential danger bypasses the system, after
the hose arrangement has been disconnected but the riser remains connected,

the vessel will
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have remained moored so it takes only a moderate period of time to
reattach the hose. |

The novel features of the invention are set forth with particularity in
the 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 simplified side elevation view, partially in section, of an

offshore fluid transfer system of a first embodiment of the invention, with
the vessel in a quiescent position.

Fig. 2 is a view similar to that of Fig. 1, wherein the vessel has drifted
far from its quiescent position.

Fig. 3 is a view similar to that of Fig. 1, but wherein both the riser
and hose arrangement have been disconnected from the vessel turret.

Fig. 4 is a partially sectional view of a portion of the system of Fig.
1, showing riser and fluid connectors.

Fig. 5 is a partial sectional view of an offshore fluid transfer system
constructed in accordance with another embodiment of the invention,
wherein the riser and hose arrangement are not readily disconnectable.

Fig. 6 is a partially sectional side view of an offshore fluid transfer
system constructed in accordance with another embodiment of the
invention, shown in its quiescent position and with the hose and riser
connected to the vessel.

Fig. 7 is a view similar to that of Fig. 6, but with the upper end of the
hose disconnected from the vessel turret and parti‘ally lowered.

Fig. 8 is a view similar to that of Fig. 6, with both the hose
arrangement and riser disconnected from the vessel, and with only a

lowering line connecting the riser to the vessel.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 illustrates an offshore fluid transfer system 10 which is useful to produce
hydrocarbons from undersea wells such as 12, 14. The system includes a vessel 20,
with a turret 22 lying in a moonpool in the vessel (a turret can otherwise lie outboard of
the vessel). The vessel is rotatable without limit about the turret axis 24, with changing
winds and currents. The vessel is moored through a mooring arrangement 30
connected to the turret, which includes a rising member (termed riser) 32. The riser has
an upper end 34 connected by a universal joint 36 to the turret, to permit riser pivoting
about two perpendicular horizontal axes. The riser has a lower end 36 which is coupled
through catenary chains 40 to the seafloor 42. In the particular installation shown, the
sea depth B is 90 meters and the vessel bottom height C is 75 meters above the
seafloor. A weight 44 hangs from a chain table at the lower end of the riser, so the riser
acts like a pendulum that stores energy when the vessel drifts, and limits the depth of
submersion of the riser when it is detached from the vessel. This type of system is
known, and is described in my earlier patents 4,637,335, 4,645,467, 4,802,431 and
5,025,743. Fig. 1 shows the riser in a quiescent position wherein the riser extends
substantially vertically (an incline of less than 5° from the vertical).

Seafloor bases 50,58 are connected to the wells 12, 14 (and other wells) and
each seafloor base is connected through a hose or hose arrangement 70,71 to the
turret 22. In the prior art, a seafloor base such as M was connected to the turret
through a hose arrangement N whose end opposite the base was connected to a
location P lying near the lower end of the riser. Pipes extending upwardly through the
riser connected the fluid conduits to pipes on the turret. However, a fluid joint
arrangement was required to bypass the universal joint 36. Fig. 4 shows, in phantom

lines, one example of a prior art fluid joint arrangement which was formed
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by a bridging hose Q (shown with the riser tilted to 32A) having a lower
hose end connected to the upper end 34 of the riser and having an upper
hose end connected to the turret 22. Since the upper end 34 of the riser
lies close to the height of the turret, a bridging hose Q of only limited
length could be used. This resulted in large bending of the hose when the
riser tilted. As described in patent 4,708,178, such large repeated hose
bending for a bridging hose of limited length (less than one hundred times
its width) resulted in a reduced bridging hose life, especially where the
bridging hose carries high pressure fluids that tends to affect hose
bending. Also, steps had to be taken to protect the highly bent hose from
damage. Although the above patent 4,708,178 describes an altemative
fluid joint arrangement, that arrangement has been cumbersome and not
highly reliable.

In accordance with the present invention, applicant constructs the
hose member or hose 70 for considerable hose bending when the vessel
drifts, by constructing the hose so it extends from the base 50 to the turret
22 without contact with the riser 32. Instead, the hose extends from a fluid
coupling 73 on the turret, with the coupling 73 spaced a considerable
distance A from the universal joint 36. The hose extends in a curved path
to the seafloor base 50, without contacting the riser. Floats 72 (Fig. 1)
control the shape of the hose.

Fig. 2 shows the system when there is a strong wind and/or current
that urges the vessel to drift a considerable distance D so its axis 24
moves to the drifted position 24A. The riser has tilted at the universal joint
36 to the tilted position 32A, with those chains extending away from the
drift direction being picked up off the seafloor. With the riser tilted to 32A,
the hose at 70A does not beat against the riser, because the hose 70A has
straightened, resulting in the upper ten percent 74 of the hose length
extending at a greater angle to the vertical than in the quiescent position,



10

15

20

25

-6

and therefore tilting in largely the same manner as the riser. The other
hose arrangement or hose 71A has an upper ten percent of length 75 that
extends more towards the vertical and is even further away from contact
with the riser. Contact with the riser is undesirable, as it can damage the
hose. The length of the hose is preferably between 1.2 times and 3 times
the height C of the hull bottom above the seafloor, to obtain about the
same increase in tilt of the hose upper end as the riser.

Fig. 3 shows the riser upper end 34 and the hose 70, each
disconnected from the turret 22. The riser falls to a predetermined depth,
wherein its weight 44 rests on the seafloor. The upper end of the hoses
70, 71 are mounted on a ring holder 80 that is buoyant. The ring 80 sinks
to a predetermined depth, determined by the weight of the hoses such as
70 and the buoyancy of the floats 72 and of the ring holder 80. Fig. 1
shows the holder 80 in its connected position and, in phantom lines in its
disconnected and lowered position while lying around the still connected
riser.

If danger approaches the system, such as an iceberg or severe
weather condition, and the vessel 20 must be moved away from the sea
location, both of the hoses 70, 71 and the mooring arrangement 30 must
be disconnected from the vessel. Previously, the mooring arrangement
and hoses were connected together and were detached together from the
vessel. However, applicant has considered the fact that many approaching
potential dangers do not actually reach the site of the offshore fluid transfer
system. A determination as to whether or not the danger will reach the
site, becomes known only at later times, when there is less time to act. it
requires perhaps four hours to properly disconnect the hoses 70, 71 and
the turret. This period is required to provide time to shut in the wells,
rotate isolation valves, isolate disconnected flow line connectors, and purge

subsea lines. A winch is used to gradually lower the ring holder 80 on
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which the hose upper ends 82 are mounted. Disconnection of the riser
from the turret requires only about ten minutes, during which the upper
end of the riser is disconnected from the universal joint and the riser is
slowly winched down until its weight rests on the seafloor.

So long as the riser is connected to the turret by the universal joint
36, the vessel is held in position, and it is a relatively simple matter to pull
up the ring holder 80 and reconnect the hose upper ends 82 to the fluid
couplings 73 on the turret. However, if the riser is disconnected, then the
vessel is likely to drift away from a position above the riser. In that case,
a time consuming process must be followed, where personnel on the
vessel may pick up floats at the top of messenger lines, attach one or
more cables to pad eye(s) 104 on the riser, and slowly raise the riser
(including its heavy counter weight 44) to the universal joint, where
connections are made.

When an iceberg, severe weather, or other danger approaches the
site, so it may reach the site within perhaps four hours, applicant prefers
to start disconnection of the hose arrangement, so that if the danger
persists, steps can be taken to disconnect the hose upper ends 82 (and
possibly purge the entire hose) so the disconnection can be completed
perhaps thirty minutes before the danger will arrive. If the danger still
persists, then steps are taken to disconnect the riser and it is lowered to
the seafloor. In many cases, personnel can determine that the danger will
not arrive at the site, and if this occurs before the riser has been
disconnected from the universal joint, then the vessel has not drifted away
from the riser, and reconnection of the riser and hoses can occur in
perhaps several hours, instead of several days.

Fig. 4 shows details of the upper ends of the riser and hoses. Fluid
connectors 100, which may be operated hydraulically, electrically, etc., can
disconnect the fluid couplings 73 from the turret. Winch lines connected
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to pad eyes on the ring holder 80 can lower it and the upper ends 82, 110
of the hoses. The holder 80 continues to be located around the riser 34
for easy pull up, so long as the riser is not disconnected. The riser can be
disconnected by a set of riser connectors 102 which also can be operated
hydraulically, electrically, etc. A winch or the like for gradually lowering the
riser 34 or pulling it back up, can be connected to a large pad eye 104, or
to a group of pad eyes 106 on the riser. It is noted that the hose 70 can
include rigid parts such as a rigid pipe at 82 and a bend restrictor 112,
although the hose 70 includes flexible hose sections extending along more
than half of the total hose length.

Fig. 5 illustrates a portion of an offshore fiuid transfer system 120 of
another embodiment of the invention, wherein the riser 122 and hoses 124,
126 are not disconnectable from the turret 130. The turret is mounted on
thrust and radial bearings 132, 134 on a vessel hull 136 and lies within a
moonpool 140 in the hull. The sea surface is shown at 142 where the
vessel is about fifty percent loaded. A universal joint 144 for connecting
the turret to the riser, and fiuid couplings 146 for connecting the hoses to
the turret, can be located above the sea surface under all but nearly fully
loaded conditions of the vessel. It is noted that the fluid couplings 146,
148 are widely horizontally spaced from the universal joint 148 and extend
at inclines away from the vertical, so the hoses extend progressively away
from the axis 150 of the riser. If the riser should tilt to the position 122A,
the hose 124 will be pulled to assume the position 124A, to still avoid
contact with the riser. The moonpool 140 includes a tapered lower portion
152 which allows the riser and hose arrangements to tilt without
interference from the hull, up to the maximum design tilt (e.g. 30°) of the
system. It is noted that a stack of fluid swivels 154 is usually provided to
distribute fluids passing up and/or down through the hoses, which each

may include several smaller hoses.
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Fig. 6 illustrates a system 160 of another embodiment of the
invention, wherein a riser 162 and hoses 164, 166 are detachable from a
turret 170 mounted on a vessel 172. Fig. 7 shows a ring holder 174 at the
upper ends of the hoses, after the ring holder has been disconnected from
the turret and is in the process of being lowered by winch lines 176. The
riser 162 continues to be connected through a universal joint 180 to the
turret.

The riser has a stop 182 positioned far below its top, on which the
holder ring 174 can rest, when the ring is fully lowered to the position
174A.

Fig. 8 shows the system wherein the ring at 174A has been fully
lowered onto the stop 182, and where a lowering line 184 extending from
a winch 186, is lowering the riser 162 to the seafloor. After the riser 162
has been fully lowered, the turret is disconnected from the riser and the
vessel can sail away.

So long as the system is in the condition of Fig. 7, wherein the riser
162 is connected through the universal joint 186 to the turret 170, the
vessel continues to be securely moored. Even though the hoses 164, 166
have been disconnected, reconnection can be accomplished in several
hours. As discussed above, if an approaching danger passes by and
recedes from the location, such reconnection can be readily accomplished.
The lowering of the riser shown in Fig. 8 takes only several minutes, and
can be accomplished "at the last moment’, such as when an iceberg
continues to approach the station and is only several hundred meters
away. The apparatus for connecting the riser and hose arrangements can
be similar to those of Fig. 4.

Thus, the invention provides an offshore fluid transfer system of the
type that includes a primarily vertical riser with an upper end connected

through a universal joint to a turret on a vessel, and one or more hoses for
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passing fluid between a sea base and the vessel, which avoids the need
for a fluid coupling to pass across the universal joint from the riser. The
upper end of each hose is connected to a fluid coupling that is mounted
on the turret and that is at least horizontally spaced from the universal joint.
A majority of the length of the upper half of the hose is flexible, and
preferably almost all (over 80%) of the length of the hose is flexible, so
when the vessel! drifts and the riser tilts, the hose bends about long radii
of curvature and avoids contact with the riser. The upper end of the hose
can be connected to a ring holder that is disconnectable from the turret.
The ring holder can comprise a buoy that allows the ring to fioat to a
predetermined underwater depth. In another arrangement the riser has a
stop and the ring holder can be lowered around the riser until the ring
holder lies on the stop of the riser and is supported thereat.

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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WHAT IS CLAIMED IS

1. An offshore fluid transfer system (10, 120, 160) which includes a vessel
(20, 136, 172), a turret (22, 130, 170) mounted on said vessel to enable vessel rotation
about a largely vertical axis (24, 150) about the turret, and a mooring arrangement (30)
that includes a rising member (termed a riser) (32, 122, 162) having an upper end (34)
connected by a universal joint (36, 144, 180) to said turret to permit said riser upper end
to pivot about two largely horizontal axes with respect to said turret, said riser having
a lower end (36) anchored to the seafloor, where in use the system is for transferring
fluid between a seafloor base (50,58) and said turret, comprising:

a fluid coupling (73, 146, 148) mounted on said turret at a location which is
spaced from said universal joint:

a hose (71, 72, 124, 126, 164, 166) extending from said fluid coupling to said

seafloor base, with said hose being free of connection to said riser.

2. The system described in claim 1 wherein:

said vessel has a quiescent position wherein said riser extends substantially
vertically, and said hose is of a length between 1.2 and three times the distance
between the bottom of said turret and the seafloor, whereby the tilt of the hose upper

end increases with increasing riser tilt from the vertical, as the vessel drifts.

3. The system described in claim 1 including:

a riser connector (102) which is operable to disconnect said riser from said turret,
said riser being constructed to sink to a predetermined depth when disconnected from
said turret:

said fluid coupling includes a connector (100) which is operable to disconnect

said hose independently of operation of said riser connector,
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said hose being constructed to lie at a predetermined depth when disconnected from
said turret, whereby to enable disconnection of said hose while leaving said riser

connected.

4. The system described in claim 1 including:

a riser connector (102) which is operable to disconnect said riser from said turret,
said riser being constructed to sink to a predetermined depth when disconnected from
said turret:

said fluid coupling includes a connector (100) which is operable to disconnect
said hose independently of operation of said riser connector;

a ring holder (80, 174) which extends around said axis and which is of larger
inside diameter than said riser upper end (34), said hose having an upper end (82, 110)
connected to said ring holder, whereby when said hose is disconnected, said ring

holder can lie around said riser.

5. The system described in claim 4 wherein:
said riser has a stop (182) that is positioned to stop the descent of said ring
holder so said ring holder is held at the height of said stop when said hose is

disconnected and said ring holder is free to descend.

6. The system described in claim 4 wherein:
said ring holder is buoyant and constructed to lie at a predetermined underwater

level when loaded by the weight of said hose.
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7. The system described in claim 4 wherein:

said ring holder (80, 174) has a vertical axis and said hose includes a plurality
of hose members, including said hose, said hose members having upper hose ends
(82, 110) connected to said ring holder at locations spaced about said axis, and said
hose members having lower hose ends coupled to locations on the seafloor that are

spaced about said axis.

8. An offshore fluid transfer system substantially as any one embodiment

herein described with reference to the accompanying drawings.
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