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(57) Abstract: The invention provides a hydrocarbon processing vessel (100) comprising a plurality of first storage tanks (20) ar-
ranged on the starboard side of the longitudinal mid-plane (12), a plurality of second storage tanks (22) arranged on the port side
of the longitudinal mid-plane, and in symmetrical side-by-side arrangement with the plurality of first storage tanks, and at least
one longitudinal bulkhead (24) extending along the mid-plane and located between adjacent first and second storage tanks. Prefer-
ably the bulkhead extends from the base (8) of the hull (2) to the deck (10), which deck is supported by the bulkhead. In an em-
bodiment the bulkhead comprises a first and a second bulkhead (26,28) defining a passageway therebetween.
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HYDROCARBON PROCESSING VESSEL AND METHOD

The present invention relates to a vessel for the
processing of a hydrocarbon stream and to a method for
using said vessel.

The vessel of the invention is for instance a
floating liguefied natural gas carrier (LNGC), a floating
liquefied petroleum gas carrier (LPGC), a floating
liquefied natural gas production, storage and offloading
structure (FPSO), a floating liguefied petroleum gas
production, storage and offloading structure, a floating
natural gas treatment, liquefaction, storage and
offloading (FLNG) structure, or an offshore hydrocarbon
processing structure in general.

ING is usually primarily liquefied methane, possibly
comprising varying quantities of ethane, propane and
butanes with trace quantities of pentanes and heavier
hydrocarbon components. Usually the LNG is low in
aromatic hydrocarbons and non-hydrocarbons such as Hy0,
Ny, CO,, H;S and other sulfur compounds, because these
compounds have been removed at least partially before
liquefying the natural gas stream. The liquefied natural
gas 1is then stored and transported in liquid form.

It is desirable to liquefy natural gas for a number
of reasons. As an example, natural gas can be stored and
transported over long distances more readily as a liquid
than in gaseous form, because it occupies a smaller
volume. It may not need to be stored at high pressures.
Liquefied natural gas can be stored at atmospheric
pressure if maintained at cryogenic temperatures, such as

at -160 °C or below. Alternatively, liquefied natural gas



10

15

20

25

30

WO 2011/101461 PCT/EP2011/052484

may be stored at temperatures above -160 °C if it is
pressurized above atmospheric pressure.

LNG carriers and oil tankers, for instance, have
tanks which will either be empty or full and, therefore,
large tanks which span the beam of the tankers may be
efficiently used. On the other hand, offshore hydrocarbon
processing structures, such as floating Liquefied Natural
Gas (FLNG) and oil or condensate production, storage and
offloading (FPSO) vessels, are configured to have tanks
which are filled and emptied slowly by comparison and
which are, therefore, partially filled under typical
processing and operating conditions. In operation, an
FING or an FPSO vessel, for instance, will have partially
filled tanks at most times. As the vessel moves in
response to movements in the body of water in which it is
located, a partially filled tank will be subject to
movement which, in turn, translates into turbulence or
so-called “sloshing” of the product within the tanks.
This sloshing is an undesirable feature of a partially
filled hydrocarbon processing vessel because sloshing may
for instance damage certain types of storage tanks, which
may restrict the design of the vessel or may lead to
costly downtime.

Storage tanks for liquefied natural gas typically
fall into one of the following categories: SPB, Kvaerner-
Moss, and membrane tanks.

The SPR tank (Self-supporting Prismatic Type "B") is
a free-standing tank system. The SPB design has flat
walls which are internally stiffened by webs and girders
to reduce the stresses and deflections to acceptable
limits under service conditions. The tanks are fitted

internally with a longitudinal bulkhead and a transverse
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swash bulkhead to reduce the effects of cargo free
surface and liguid surge motions regpectively.

Although the SPB tanks can withstand sloshing, the
internal reinforcing structures render these tanks
relatively expensive.

The Kvaerner-Moss tank is a spherical tank system.
The sphere contains no internal structural members or
bulkheads, and usually can withstand sloshing of the
cryogenic contents thereof.

However, due to the spherical shape, no deck space
is available for piping and the tanks use the available
space in the vessel relatively inefficiently.

Figure 1 shows a typical vessel 1 for the processing
or transport of LNG having membrane storage tanks. The
vessel comprises an elongate hull 2 comprising
longitudinal sides 4, 6, a base 8 extending between the
sides, a deck 10 being located atop the hull and between
the sides, and a longitudinal mid-plane 12 in between the
longitudinal sides. A membrane tank 14 spans the beam of
the vessel. The inner surface 16 of the tank 14 comprises
a liquid barrier which is referred to as the membrane and
which can be in direct contact with the cryogenic load.
The outer surface of the membrane is typically covered
with insulation panels. The membrane tank may also have
two substantially identical membranes and insulation
systems, one within the other, to form a composite two
barrier system.

Membrane tanks provide the cheapest containment
system, use the available space within the hull most
efficiently and enable a flat deck space which is
available for, for instance, piping and processing units.

The membrane tanks may however be damaged by sloshing of
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the cargo, especially when the tanks are only partially
filled.

US-2009/0218354-A1 discloses a floating marine
structure including membrane storage tanks. Each storage
tank includes an internal longitudinal bulkhead which is
provided with one or more fluid passages near the bottom
part thereof to create fluid communication between first
and second compartments on either side of the bulkhead.
US-2009/0218354-A1 rejects the use of a fluid tight
bulkhead, as the division of the storage tanks in two
independent spaces would require separately installed
pipe lines and equipment, such as pumps and pump towers
for discharging LNG. Also, according to
US-2009/0218354-A1 the manufacturing costs would increase
and the operation and management of the LNG storage tanks
is complicated.

WO-2009/072681-A1 discloses anti-sloshing LNG cargo
tanks, the tanks having an internal longitudinal
corrugated anti-sloshing bulkhead which is provided with
holes to create fluid passages.

US-2010/0018453-A1 discloses a longitudinal floating
vessel including a fluid storage area, which is divided
into two longitudinal membrane storage tanks by a
longitudinal centerline cofferdam. The vessel may be 326
meters in length and have a width in the range of 30
meters to 57.5 meters. Each of the two storage tanks may
be about 212 meters in length, about 14.5 meters in
width, and have a height of 32.5 meters. The width of the
two storage tanks is half the width of a typical LNG
storage tank. Due to the elongated storage tanks, this
design requires costly and spacious reinforcement
structures to prevent torsion of the vessel along its

longitudinal axis during heavy seas.
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The article "Mobil's Floating LNG Plant",
Proceedings of the Eighth (1998) International Offshore
and Polar Engineering Conference, by Marie Naklie et al.,
discloses a floating LNG plant comprising a square
concrete barge with a central moonpool surrounded by
prismatic LNG storage tanks, water ballast tanks,
processing units, living quarters and turbines
respectively. The prismatic storage tanks are located in
the square hull around the central moon poocl, the tanks
being surrounded by bulkheads. Each tank is surrounded by
concrete coated with polyurethane foam such that there is
no penetration through the LNG tank with the exception of
a pump shaft at the top. The floating LNG plant has a
main deck at the top of the square hull. The main deck is
exposed to heavy seas and has no equipment thereon. The
article rejects traditional approaches including a ship-
shaped weathervaning vessel. Instead, the design relies
on the use of concrete and the square shaped barge for
stability during rough seas, low maintenance
requirements, fatigue life and high mass moment of
inertia.

Given the disadvantages of the prior art described
above, the present invention aims to provide a more
efficient and cost effective floating hydrocarbon
processing structure.

The invention therefore provides a hydrocarbon
processing vessel, the vessel comprising:

- an elongate hull comprising longitudinal sides, a
base extending between the sides, a deck being located
atop the hull and between the sides, and a longitudinal
mid-plane in between the longitudinal sides;

- a plurality of first storage tanks arranged on the

starboard side of the longitudinal mid-plane;
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- a plurality of second storage tanks arranged on
the port side of the longitudinal mid-plane in
symmetrical side-by-side arrangement with the plurality
of first storage tanks; and

- at least one longitudinal bulkhead extending along
the mid-plane and located between adjacent first and
second storage tanks.

In embodiments of the invention, the tanks may be
membrane storage tanks. The tanks may be substantially
square in plan view. The at least one bulkhead may extend
from the base of the hull to the deck, which deck is
perpendicular to and is supported by said at least one
bulkhead. The at least one bulkhead may comprise a first
longitudinal bulkhead and a second longitudinal bulkhead
spaced apart from and parallel to the first longitudinal
bulkhead and defining a passageway therebetween which is
sufficient to enable access for inspection.

At least one transverse bulkhead may be arranged
between subsequent storage tanks of the plurality of
first storage tanks and the plurality of second storage
tanks. Herein, the at least one transverse bulkhead may
comprise a first transverse bulkhead and a second
transverse bulkhead spaced apart from and parallel to the
first transverse bulkhead. The transverse bulkhead may
extend from the base of the hull to the deck, which deck
is perpendicular to and is supported by said at least one
transverse bulkhead.

The structure of the vessel having twinned pairs of
storage tanks separated by a longitudinal bulkhead
provides a vessel that uses available space efficiently
and enables the use of cost effective membrane storage
tanks, while the longitudinal bulkhead provides

structural support to the deck and the vessel.
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The one or more longitudinal bulkheads are given
sufficient strength and stiffness to provide structural
support to the deck and to any facilities mounted
thereon.

The space between the longitudinal bulkheads may be
sufficient to enable access for inspection and can be
used to accommodate service pipework. The pipework may
include pipes for circulating warm fluid, such as
(sea)water discharged from the process units, to
counteract a cooling effect of the cryogenic cargo in the
tanks on the structure of the vessel. This has the added
benefit of cooling the process water to a temperature
closer to the temperature of the local environment.

Herein, the pipework preferably includes pipes for
taking in (sea)water from the local environment to cool
one or more of the process units. The pipework may
include discharge pipes to discharge the fluid to the
environment after circulation and cooling thereof.

In an embodiment, a container or a duct to contain
ballasting water may be arranged within a space between
the first and second bulkhead near the base of the
vessel. The ballasting water is used for ballasting the
vessel, for instance using (sea)water. The vessel may be
ballasted to provide stability when required.

According to another aspect, the invention provides
a method for the liguefaction of a gaseous hydrocarbon
Stream to at least provide liquefied natural gas (LNG),
using the vessel as disclosed above.

Further advantages and details of the present
invention will become apparent with the benefit of the
following detailed description of embodiments and upon

reference to the accompanying drawings, in which:
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Figure 1 shows a vessel of the prior art in cut-away
perspective view, the vessel comprising a membrane
storage tank;

Figure 2 shows a transverse cross-sectional view of
a vessel according to an embodiment of the invention;

Figure 3 shows a transverse cross-sectional view of
a vessel according to yet another embodiment of the
invention;

Figure 4 shows a schematic plan view of a vessel
according to an embodiment of the invention;

Figure 5 shows a plan view of another embodiment of
a vessel according to the invention;

Figure 6 shows a cross-sectional side view of an
embodiment of a vessel according to the invention;

Figure 7 shows a perspective view of an embodiment
of a vessel according to the present invention; and

Figure 8 shows a schematic transverse cross-
sectional view of three exemplary vessels.

While the invention is susceptible to various
modifications and alternative forms, specific embodiments
thereof are shown by way of example in the drawings and
will herein be described in detail. It should be
understood that the drawings and detailed description
thereto are not intended to limit the invention to the
particular form disclosed, but on the contrary, the
intention is to cover all modifications, equivalents and
alternatives falling within the scope of the invention as
defined by the appended claims.

Further, although the invention will be described in
terms of specific embodiments, it will be understood that
various elements of the specific embodiments of the
invention will be applicable to all embodiments disclosed

herein.
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Figure 2 shows an embodiment of a vessel 100
according to the present invention. The vessel comprises
an elongate hull 2 comprising longitudinal sides 4, 6, a
base 8 extending between the sides, a deck 10 being
located atop the hull and between the sides, and a
longitudinal mid-plane 12 in between the longitudinal
sides. A plurality of first storage tanks 20 is arranged
on the starboard side of the longitudinal mid-plane. A
plurality of second storage tanks 22 arranged on the port
side of the longitudinal mid-plane in symmetrical side-
by-side arrangement with the plurality of first storage
tanks. Preferably, the first and second storage tanks are
membrane tanks, wherein the inner surface is provided
with a membrane 16.

Pipes (not shown) for the circulation of warm fluid
may be arranged between the first and the second
longitudinal bulkhead 26, 28 to counteract the cooling
effect of the cargo in the plurality of first and second
storage tanks. The space between the first and second
bulkhead may also be used for ballasting, for instance
using seawater. In the latter case, a container or a duct
to contain the ballasting water may be arranged within
said space near the base 8 of the wvessel.

At least one longitudinal bulkhead 24 extends along
the mid-plane and is located between adjacent first and
second storage tanks. In the exemplary embodiment of
Figure 2, the at least one longitudinal bulkhead
comprises a first longitudinal bulkhead 26 and a second
longitudinal bulkhead 28 which is spaced apart from and
extends parallel to the first longitudinal bulkhead 26. A
passageway 30 extends therebetween and is sufficient to
enable access for inspection by crew. The first and

second bulkheads 26, 28 extend from the base 8 of the
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hull 2 to the deck 10, such that the deck is supported by
said bulkheads. At the top side thereof, the first and
second longitudinal bulkheads 26, 28 are connected to the
deck, for instance by welding and/or riveting.

The vessel may comprise at least one processing deck
50, which is elevated with respect to the deck 10. The
processing deck has processing units 52 for the
processing of a hydrocarbon stream located thereon. A
pipe arrangement (not shown) for transportation of
process fluids may be located on or under the processing
deck.

Preferably, a space 54 between the processing deck
and the main deck 10 is sufficient to provide a
passageway for crew. One or more corridors 56 may be
arranged in between bordering process units. Each
corridor may have a width that is sufficient to provide a
passageway for crew.

A support structure 58 connects the process deck 50
to the deck 10. The support structure 58 includes for
instance separate supports or a frame that extends over a
length of the vessel.

In the embodiment shown in Figure 2, support
structures 58 are provided substantially above and
extending along the sides 4, 6. Additional support
structures 58 are provided substantially at or near the
mid-plane 12.

In the embodiment shown in Figure 3, the first and
second longitudinal bulkheads 26, 28 extend from the base
8 to the process deck, obviating the support structures
at the mid-plane of the vessel. The longitudinal
bulkheads are (directly) connected to the deck 10 and/or
to the base 8 to provide structural reinforcement to the

deck and to the wvessel.
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In both the embodiments of Figures 2 and 3, the
longitudinal bulkheads 26, 28 support the deck 10 on the
mid-plane sides of the respective processing units 52,
and the sides 4, 6 support the deck on the outer sides of
the processing units. The one or more longitudinal
bulkheads thus support the deck and provide the deck with
sufficient strength to support to weight of the
processing units 52 and associated facilities such as
piping. The longitudinal bulkheads enable the use of
heavier processing equipment on the deck. The piping may
for instance be clustered in a piperack 59, or be
arranged on or attached to the underside of the process
deck 50.

As shown in Figure 4, the first and second storage
tanks 20, 22 may be membrane tanks which are
substantially square in plan view. The longitudinal
bulkheads 26, 28 extend along a substantial part of the
length of the vessel, for instance at least along the
length of the plurality of storage tanks 20, 22.

Figure 5 shows a vessel 100, wherein transverse
bulkheads 32 are arranged between subsequent storage
tanks of the plurality of first storage tanks and of the
plurality of second storage tanks. The transverse
bulkheads 32 extend perpendicular to the longitudinal
bulkheads 26, 28. A space 38 between the first and second
transverse bulkheads may be sufficient to provide a
passageway for crew and/or to install pipes etc.

As shown in Figure 6, the at least one transverse
bulkhead 32 may comprise a first transverse bulkhead 34
and a second transverse bulkhead 36 spaced apart from and
parallel to the first transverse bulkhead. Preferably,
the first and second transverse bulkheads 34, 36 extend

from the base 8 of the hull 2 to the deck 10, which deck
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is supported by said transverse bulkheads. The transverse
bulkheads are connected to the deck 10 and/or to the base
8 to provide structural reinforcement to the deck and to
the vessel.

The vessel may comprise secondary longitudinal
bulkheads 40, 42 extending along and parallel to the
longitudinal sides 4, 6 respectively. The secondary
longitudinal bulkheads 40, 42 may be double bulkheads.

Figure 7 shows vesgssel 100 for, for instance, the
treatment, liguefaction, storage and off-loading of
natural gas (FLNG). Near the bow thereof, vessel 100 has
a turret 60, which is connected via risers to subsea
hydrocarbon reservoirs. The vessel can swivel around the
turret, which is anchored to the seabed, enabling the
vessel 100 to weathervane. Liquefied natural gas carrier
(LNGC) 62 is moored at the mooring side of the vessel
100, in parallel to longitudinal side 6, and is coupled
to off-loading structure 64.

As shown in Figure 7, the vessel of the invention
may have one or more processing decks 50, which are
elevated with respect to the deck 10. Each processing
deck 50 has a respective processing unit 52 for the
processing of a hydrocarbon stream located thereon. The
processing deck 50 may be one deck, substantially
spanning the width of the vessel, as previously shown in
Figure 2. Alternatively, two or more processing decks may
be arranged adjacent to each other, each carrying
separate processing units and having a longitudinal
corridor 56 and/or a transverse space 66 between
bordering processing units or processing decks. The
spaces 66 may function as safety gaps to guide a

potential blast outboard of the vessel.
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The one or more processing decks 50 extend parallel
to the deck 10 along a substantial part of the length and
width of the vessel. Herein, substantial part may imply
80% or more, for instance about 90% to 95%.

The vessel may comprise a maintenance deck (not
shown) located between and extending parallel to the deck
10 and the processing deck 50. The distance between the
maintenance deck and the processing deck 50 may be
sufficient to provide a passageway for crew.

The distance L2 (Fig. 2) between the processing deck
and the deck 10 is preferably more than 1.5m, for
instance about 2m or more. The longitudinal corridor 56
between bordering process units 52 has a width L3 that
may be sufficient to provide a passageway for people, for
instance in the order of 0.5 m or more. One or more
maintenance decks may extend along a substantial part of
the one or more process decks, and preferably along the
entire process deck. The explosion safety gaps 66 may be
provided between bordering processing units along the
length of the vessel for explosion and fire escalation
mitigation. The explosion safety gaps 66 have a minimum
width L4 of, for instance, 20 m or more.

Figure 8 shows an exemplary comparison of the vessel
100 of the present invention with the outline of either a
vessel 110 having MOSS type tanks, or a vessel 120 having
a single row of membrane storage tanks. Herein, the width
D1 of the latter, for instance the maximum width i.e. the
beam, is substantially smaller than the width D2 of the
vessel of the invention. The vessel 100 is provided with
two rows of full size membrane storage tanks, and
consequently the breadth of the hull of the vessel 100 is
about 1.5 to 2.5 times larger than the width of the

exemplary vessels 110, 120.
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Herein, full size membrane tanks implies that the
storage tanks have a width in the order of about 30
meters or more. The maximum width of the vessel 100 is
about 70 meters or more. The vessel 100 for instance
accommodates membrane tanks 20, 22 having a width of
about 35 to 50 meters. The width of the vessel 100 is for
instance in the range of 75 to 120 meters, for instance
about 100 meters. The storage tanks have a height in the
order of 30 meters or more.

The vessel 100 may be provided with one or more
smaller storage tanks (not shown) to function as rundown
tanks. Herein, reference is made to co-pending
application PCT/EP2009/067052 which is in this respect
incorporated by reference. Thus, liquefied natural gas
may be loaded into the rundown tanks until enough LNG is
available to fill one of the full size tanks up to a
predetermined level, for instance in the range of 80% to
90%, above which sloshing problems will be avoided. The
cargo is than transferred to the full size tank to fill
said tank at once up to the predetermined level.

The design of the vessel according to the invention
includes two rows of twinned full size membrane storage
tanks. The tanks enable a flat deck space. The one or
more longitudinal bulkheads support the deck, so that
relatively heavy equipment and processing units can be
arranged on the deck. Optionally, transverse bulkheads
strengthen the structure of the vessel and support the
deck similar to the longitudinal bulkheads. The vessel of
the invention thus uses the available space efficiently,
and provides a cost efficient offshore structure for the

processing of hydrocarbons such as natural gas.
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CLATIMS

1. A hydrocarbon processing vessel (100), the vessel
comprising:

- an elongate hull (2) comprising longitudinal sides
(4, 6), a base (8) extending between the sides, a deck
(10) being located atop the hull and between the sides,
and a longitudinal mid-plane (12) in between the
longitudinal sides;

- a plurality of first storage tanks (20) arranged
on the starboard side of the longitudinal mid-plane;

- a plurality of second storage tanks (22) arranged
on the port side of the longitudinal mid-plane in
symmetrical side-by-side arrangement with the plurality
of first storage tanks; and

- at least one longitudinal bulkhead (24) extending
along the mid-plane and located between adjacent first
and second storage tanks.

2. The vessel of any of the preceding claims, wherein
the at least one bulkhead comprises a first longitudinal
bulkhead (26) and a second longitudinal bulkhead (28)
spaced apart from and parallel to the first longitudinal
bulkhead (26).

3. The vessel of claim 2, wherein pipework for the
circulation of warm fluid is arranged between the first
longitudinal bulkhead (26) and the second longitudinal
bulkhead (28) to counteract the cooling effect of the
cargo in the plurality of first and second storage tanks.
4. The vessel of claim 3, wherein the warm fluid

includes (sea)water discharged from process units (52).
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5. The vessel of claim 3 or 4, wherein the pipework
includes pipes for discharging the circulated fluid to
the environment.

6. The vessel of claim 3, 4 or 5, wherein the pipework
includes pipes for taking in seawater from the
environment to cool the process units (52).

7. The vessel of claim 2, wherein a container or a
duct to contain ballasting water is arranged within a
space between the first and second bulkhead near the base
of the vessel.

3. The vessel of claim 7, wherein the ballasting water
is seawater.

9. The vessel of claim 2, wherein the first
longitudinal bulkhead (26) and the second longitudinal
bulkhead (28) define a passageway (30) therebetween which
is sufficient to enable access for inspection.

10. The vessel of claim 1, wherein the at least one
bulkhead (24) extends from the base (8) of the hull (2)
to the deck (10), which deck (10) is perpendicular to and
is supported by said at least one bulkhead.

11. The vessel of claim 1, wherein the at least one
bulkhead (24) is connected to the deck (10).

12. The vessel of any of the preceding claims, wherein
the first and second storage tanks (20, 22) are membrane
tanks which are substantially square in plan view.

13. The vessel of any of the preceding claims, wherein
at least one transverse bulkhead (32) is arranged between
subsequent storage tanks of the plurality of first
storage tanks and the plurality of second storage tanks.
14. The vessel of claim 13, wherein the at least one
transverse bulkhead (32) comprises a first transverse

bulkhead (34) and a second transverse bulkhead (36)
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spaced apart from and parallel to the first transverse
bulkhead.

15. The vessel of any of the preceding claims, wherein
the maximum width of the vessel is 70 meters or more.
16. The vessel of any of the preceding claims,
comprising secondary longitudinal bulkheads extending
along and parallel to the longitudinal sides (4, 6).

17. The vessel according to any of the preceding
claims, further comprising at least one processing deck
(50), which is elevated with respect to the deck (10),
the processing deck having processing units (52) for the
processing of a hydrocarbon stream located thereon.

18. A method for the liquefaction of a gaseous
hydrocarbon stream to at least provide liquefied natural
gas (LNG), using a vessel according to any of the

preceding claims.
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