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A SUPPORT | NSTALLED AT SEA AND FI TTED W TH EXTERNAL
CONTAI NERS

The present invention provides a support installed
at sea, either in open sea, or in a protected zone such
as a port, and in grounded or floating manner, i.e.
either resting on, or anchored to the sea bottom the
support including both an installation on its deck for
processing a liquid that is dangerous and/or corrosive,
preferably liquefied natural gas (LNG, and also at |east
one tank for storing said liquid and incorporated within
the hull of said support under said deck

This type of support may in particular be a barge of
the FPSO or FSRU type for processing and storing LNG or
it my be a ship, in particular having a hull and storage
tanks made of steel or of concrete as described in WO
01/ 30648, and as expl ai ned bel ow.

The net hane-based natural gas is either a by-product
of oil fields, being produced in small or medi um
quantities, in general in association with crude oil, or
else it is a mgjor product froma gas field, where it is
to be found in conbination with other gases, mainly C2
to C4 al kanes, CO,, nitrogen, and traces of other gases.
More generally, the natural gas conprises a majority of
nmet hane, preferably at |east 85% nethane, with the other
mai n constituents being selected fromnitrogen and C2 to

C-4 al kanes, i.e. ethane, propane, and butane.
When the natural gas is associated in smal
guantities wth crude oil, it is generally processed and

separated and then used on site as fuel in boilers, gas
turbi nes, or piston engines in order to produce
electricity and heat for use in the separation or
producti on processes.

When the quantities of natural gas are |arge, or
i ndeed substantial, they need to be transported so that
they can be used in regions far away, in general on other
continents, and in order to do this the preferred nethod
is to transport the gas while it is in the cryogenic
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l[iquid state (-165°C) and substantially at anbi ent

at nospheric pressure. Specialized transport ships known
as "nmet hane tankers" possess containers of very |arge

di nrensions wth extrene insulation in order to limt
evaporation while traveling.

On oil fields in open sea, situated a |ong way off-
shore, petroleumfluids such as crude oil or gas are
generally recovered, processed, and stored on board a
said floating support often referred to as an FPSO
(fl oati ng-production-storage-offloading). Petroleum
fluids such as crude oil and/or gas are then transferred
to offloading ships that call regularly, e.g. every week,
to recover the production fromthe oil field and to
export it to places where it is consuned.

When transferring liquefied gas of the LNG type at
-165°C, transfer devices include at | east one go
connection pipe for the liquefied gas and a return
connection pipe, in general of smaller dianmeter, for
removing gas fromthe tanks of the offloading ship
progressively as they are filled with LNG and in
particular for renoving nethane gas so that it can be
reliquefied on board the FPSO, as described below with
reference to Figure 1A

Anot her technical field is one in which LNGis
stored at sea close to a utilization site, e.g. in order
to deliver gas to land after it has been regasified, or
else to transformit on site, on-board the floating
support, into electricity and for delivering said
electricity to the local network on | and. Under such
circunstances, the ship cones to unload its cargo of LNG
and the floating support is referred to as an FSRU
(floating storage regasification unit), as described
below wth reference to Figure 1B

Concerning LNG the term"processor installation" is
used nore particularly below to designate any
installation for liquefying natural gas into LNG any
installation for regasifying LNG and/or any installation
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for transferring LNG between said support and a net hane
tanker type ship for offloading and storing LNG which
tanker may be positioned in tandem or el se drawn up

al ongsi de sai d support.

Processor installations of this type have neans or
conponents such as punps, flow pipes, conpressors, heat
exchangers, expander devices, in general deconpression
turbi nes, cryogeni c heat exchangers, and containers, and
al so connection pipes and connection el enents between
t hese various devices.

Leaks of the processed and stored liquid, and in
particular LNG |Iiquefied gas where applicable, may arise
ei ther fromval ves, punps, heat exchangers, containers,
or pipes, or else nore particularly from gaskets in
coupling elenents or in said conponents, or indeed by
breakage of one or nore of these various conponents.

Leaks of LNG are particularly dangerous for three
reasons:

1. Spilt LNG gasifies quickly on making contact with

air and solid surfaces, and by m xing with anbi ent

air it creates a very dangerous m xture that

expl odes in the presence of the slightest spark or

sl i ghtest hot point.

2. Equi pnent conveying or containing LNG (-165°C) is

made out of material capable of w thstandi ng such

cryogeni c tenperatures, in general nickel-based
steels or indeed Invar. Such special steels are
very expensive, and in general they are not used for
support elenents or for the structure of the FPSQO
whi ch are generally nade out of ordinary steels.

However, such ordinary steels becone brittle on

contact with very |l ow tenperatures and they | ose

t heir nmechanical strength, thus running the risk of

structural elenents breaking, and possibly even of

t he deck of the FPSO breaking in the event of a

maj or leak directly onto said deck, unless critical

| ocations are protected by insulating materials that
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are thensel ves very good at w thstanding cryogenic

t enper at ur es.

3. Contact between LNG and seawater is very

dangerous and | eads to a very high risk of imediate

expl osion, since the cold LNG (-165°C) is heated
suddenly by seawater at a tenperature in the range
10°C to 20°C, and it is heated in the presence of
air, and thus in the presence of oxygen.

The object of the present invention is to renedy the
consequences associated wth these problens of |eaks of
l[iquid, in particular of liquefied gas, onto the deck of
such a support at sea.

To do this, the present invention provides a support
installed at sea, in grounded or floating manner, the
support including both a processor installation on its
deck for processing a first liquid that is dangerous
and/or corrosive, preferably liquefied natural gas (LNG,
and also at |east one tank for storing said first |iquid,
preferably an LNG tank incorporated within the hull of
sai d support under said deck, the support being
characterized in that it includes at |east one container
situated outside said support and situated at least in
part, and preferably conpletely, below the deck of said
support on which said installation is supported, said
cont ai ner being fastened to said support, preferably in
reversi bl e manner, said deck including or supporting
first transfer nmeans suitable for transferring towards
said container any |eakage liquid flowng fromat |east a
portion of said installation, in particular in the event
of a | eak.

These first transfer neans nmay conprise gutter-
formng structures and possibly also pipe el ements and/ or
[iquid punpi ng neans.

Positioning and reversibly fastening containers
out side the support of the present invention presents the
advant ages of:
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being able to build said support in a dry dock of
di rensions that are standard in terns of width or |ength,
i.e. wthout requiring a dry dock of excessive
di rensions, with this being advant ageous since the size
of a dry dock is a factor that is very limting on the
size of a support and thus also on the storage capacity
of the tanks it contains; and

being able to build said containers separately,
where applicable, closer to the site at sea than said dry
dock in which the support is built, and to fasten said
containers on said support, either before it is towed to
a site, or else on site after said support has been towed
and anchored or grounded on the sea bottom and above al

i nprovi ng safety on board said support concerning
the risks of incident and/or explosion, in particular by
qui ckly renovi ng any | eakage liquid away from said
support and then enptying said container in such a manner
as to return the entire installation as quickly as
possi bl e to maxi num safety.

More particularly, said first transfer means for
transferring | eakage |iquid conprise at |east one
coll ector device for collecting said | eakage liquid and
extending fromunder a said portion at |east of the
installation to over a first upper orifice of said
container, said collector device being suitable for
collecting said | eakage liquid flowing fromsaid portion
of the installation and for directing it nerely under
gravity towards said first upper orifice of said
cont ai ner situated bel ow said coll ector device.

It can be understood that using said first transfer
means firstly avoids any contact of the | eakage Iiquid
with the deck of the support for exanple, and nore
generally with any structure of the support, and secondly
avoi ds prol onged contact with atnospheric air.

The present invention thus advantageously consists
essentially in collecting | eakage fl ows and directing
themto external containers, i.e. containers situated
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outside the barge and | ower down, so that the flows take
pl ace naturally nerely by gravity and as quickly as
possi bl e wi thout making contact with the structure of the
support and in particular with its deck, and w thout

prol onged contact with the base of the processor
installations, thereby limting the quantity of LNG that
runs the risk of vaporizing and creating an expl osi ve gas
m xture in contact with anbient air.

Still nmore particularly, said container is fastened
in reversible manner against a side of said support.

The term "side of said support” is used herein to
mean the | ongitudinally-extending side walls, and al so
the front and rear transverse walls (bow and stern).

Under such circunstances, reversible fastener neans
for fastening the container on the hull may be
constituted nerely by hooks enabling said container to be
suspended from eyel ets agai nst said side. Furthernore,
said first transfer means may conprise a sloping gutter
or a said sloping deck sloping down fromthe |ongitudina
m ddl e axis XX of said deck towards the side of said
support agai nst which said container is fastened.

Specifically, and in general, the deck is itself
gently sloping at 1% to 2% down towards the |ongitudina
si de edges of the support and is suitable for allowing a
liquid to flow towards a discharge outlet at and above
the lateral |ongitudinal sides. Nevertheless, such a
sl ope may not be sufficient for causing the flowto be
fast.

Preferably, said first transfer neans for
transferring | eakage liquid conprise a liquid collector
devi ce conprising at |east one decking elenent fitted
over said deck, said decking elenent conprising a sloping
central plane structure preferably bordered laterally by
lateral rims, the angle of inclination (x2) of said
central plane structure of said decking el enent being
greater than the angle of inclination (al) of said deck
where applicable, preferably by an angle of inclination
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(a2) lying in the range 1% to 5%, preferably in the range
2% to 4%

When said container is fastened agai nst the side of
the support, it can be understood that said decking
el ement presents an angle of inclination with a high
poi nt beside the decking closest to said mddle
 ongi tudi nal axis XX of said support and with a | ow
poi nt beside the decking closest to said side.

More particularly, the support of the invention
conpri ses:

a plurality of elenments of said decking, said
decki ng el enments together preferably covering at | east
the entire surface of the portion of the deck that
supports a said processor installation presenting risks
of LNG | eaki ng; and

a plurality of containers, each said decking
el ement co-operating with at |east one said container.

It can be understood that the term "decki ng el enent
co-operating with a said container” is used to nean that
said container is suitable for collecting said liquid
flowng fromsaid portion of the insulation situated
above sai d decking el enent, said decking el enent
directing the liquid nerely under gravity towards said
first upper orifice of said container situated bel ow the
bottom end of said decking elenent, preferably via a
first transfer duct el enment.

A plurality of containers may thus be installed on
the port and starboard walls of the hull, and where
applicable, on the stern and bow walls, each of them
collecting liquid comng fromone or nore decking
el ements covering a small area of the deck

Advant ageously, the walls or the surfaces of said
col l ector device that m ght conme into contact with said
| eakage liquid that it collects, in particular the top
surface of the central portion of said decking, are
constituted by or covered in a layer of material that
w t hst ands the cryogenic tenperatures (less than or equal



10

15

20

25

30

35

to -160°C) of said | eakage liquid such as LNG in
particular a conposite material such as the Chartek®-
| nt erthernf 7050 sandwi ch sold by the supplier

I nternational (UK) of the AKZO NOBEL group, and nore
particularly suitable for providing cryogenic thernmnal
insulation for LNG at -165°C.

Still nmore particularly, said support of the
i nvention includes attachnent neans suitable for
fastening a plurality of said containers along its sides,
and each of said containers presents a volune of no nore
t han 300 cubic neters (nf), and preferably lying in the
range 50 n? to 300 nv.

Containers of this volunme can be built using a
structure of smaller size than is needed for building the
internal tanks since there is no need for a high degree
of insulation, but rather a need for limted heat
transfer through the wall to enable the recovered LNG to
vaporize qui ckly but w thout causing the netal structure
of the container or of its supports to drop bel ow a
tenperature in the range -20°C to -40°C, since that would
run the risk of leading to brittle fracture of the
mat eri al of said structure.

Still nore particularly, said container has an
el ongate cylindrical shape with a vertical | ongitudi nal
axis (YY) wth only a portion of said container being
i mrersed, and in particular wwth a horizontal cross-
section that is square or rectangular or circular.

The term "vertical axis" is used herein to nean that
the axis of the container is substantially perpendicul ar
to the horizontal |ongitudinal axis XX of the support
and substantially perpendicular to the |level of the sea
when the sea is flat.

A portion of said container remains innmersed even
when it is enpty, and a portion of the container remains
above the |l evel of the sea even when said container is
full.
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The vertical elongate shape of the containers is
advant ageous in conparison with containers of greater
hori zontal size in that punping out LNG | eaves a residue
of LNG at the end of punping that is proportional to the
hori zontal section of said container, and thus smaller
than for a container of large horizontal size. Wth a
| arge horizontal size, it is advantageous for the bottom
of the container to be sloping, so that the punping
device can be placed at its | ow point.

In a first variant enbodi nent, said container has a
bottom constituted by the top surface of a float inside
the container and of a shape that fits against the
internal outline of the cylindrical side wall of said
container, the bottomsurface of said cylindrical side
wal | defining a bottom opening in such a manner that said
cylindrical side wall is filled with seawater beneath
said float and is suitable for noving vertically relative
to said float.

It can be understood that said float always remains
at the level of the surface of the water, and thus that
the side wall of the contai ner noves vertically as a
function of the level of the waterline of the support,
which itself is a function of the extent to which said
tanks and said container(s) are filled.

Thi s enbodi nent is advantageous in that it makes it
possible to use a container structure that is even
lighter, because the side wall does not need to w thstand
the hydrostatic pressure of the surroundi ng seawater, nor
does it need to withstand the buoyancy thrust that acts
on a container presenting a bottomwall that is
stationary and | eaktight.

In a second vari ant enbodi nent, said container
includes a | eaktight stationary bottomwall at the bottom
end of its cylindrical side wall.

Preferably, the walls of said container are
thermally insulated, and preferably insulated internally,
in particular with polyurethane foam This thermnal
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insulation seeks to limt heat transfer due to the LNG
rising in tenperature, so as to keep the tenperature of
the steel walls of the container, and in particular the
side walls situated above sea level, at a tenperature
that is higher than the brittle fracture tenperature of
said steel, and in particular a tenperature that is

hi gher than -10°C. If this is not done, said heat
transfer runs the risk of cooling the steel structural
el ements of the container to below a tenperature at which
the steel presents risks of brittle fracture, i.e. a
tenperature bel ow a tenperature in the range -20°C to
-40°C.

Advant ageousl y, said contai ner conprises or co-
operates with second transfer nmeans conprising a punp and
a second connection pipe suitable for transferring said
| eakage liquid contained in said container to a tank,
preferably a said tank within the hull of said support.

In particular, said contai ner possesses an internal
pi pe going down to the bottom which pipe is connected to
a punp enabling said container to be enptied and
delivering the liquefied gas to a storage tank of the
fl oati ng support.

Al so advant ageously, said container further
conprises heater nmeans for heating said |iquid contained
in said container, said heater neans preferably being
joule effect heater neans, said heater neans nore
preferably being incorporated in or against said
cylindrical side wall of the container or of its therma
i nsul ation |ayer.

More particularly, a heater device is a device for
heating electrically or by circulating hot water or
steam In the event of the |iquid phase being enptied
out by punping, said heater device is advantageously
situated in the bottom portion of the container, thus
making it possible after enptying to finish off conplete
purgi ng of said container by vaporizing and elim nating
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the remai ning methane gas in a flare, or nerely to the
open air.

VWen there is no device for enptying by punping,
sai d heater device is advantageously arranged over all or
a fraction of the height of the wall of the container,
and where applicable, over the bottom of said container.

More particularly, said container further conprises
a second upper orifice for discharging gas, in the top
portion of a side wall or in a cover-formng top wall of
the container, and suitable for enabling the Iiquid
contained in the container, once it has evaporated, to be
di scharged out fromthe container, preferably with the
help of a third connection pipe, towards a burn-off
flare, or towards the gas ceiling of a said tank within
the hull, or to the open air.

Still nmore particularly, said container includes or
is suitable for co-operating with a device for injecting
a foam ng agent, preferably via a third upper orifice in
the top portion of a side wall or in a cover-formng top
wal | of the container. This injection of foam ng agent
seeks to create an inert nediuminside the container when
the container begins to fill wth LNG |In other words,
said foam ng agent is injected when a leak is detected in
said installation. Preferably, said containers are
initially filled with an inert gas such as nitrogen.

Preferably, said support of the invention it is a
floati ng support anchored at sea or resting on the sea
bottom and supporting a unit for |iquefying LNG and/ or
for regasifying LNG and producing electricity, said
[iquid being LNG

O her characteristics and advant ages of the present
i nvention appear in the Iight of the follow ng detailed
description of one or nore particul ar enbodi nents given
with reference to the followng figures, in which

Figure 1A is a side view of an FPSO type floating
support supporting a processor unit 1b on a deck la, said
processor unit 1b conprising LNG |iquefaction equi pnent
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1-2 and nmeans for transferring LNG between said floating
support 1 and an offl oadi ng ship 15;

Figure 1B is a side view of an FSRU type support
resting on the sea bottom 12, the support including a
processor unit 1b on its deck 1la, said processor unit
havi ng regasification and electricity production
equi pnent 1-3 and neans 1-1 for transferring LNGto an
of fl oadi ng ship 15;

Figure 2 is a plan view of the Figure 1 FPSO type
fl oati ng support;

Figure 3 is a cross-section viewin a vertical
pl ane perpendicular to the longitudinal direction XX of
said floating support through decking 4-1 and a contai ner
3 of the present invention, said container in a first
variant having a solid bottom 3b that is closed in
| eakti ght manner;

Fi gures 3A, 3B, and 3C show a second vari ant
enbodi mrent of a container of the invention having a
bottom opening 3-4 and an internal float 6 having a top
surface 6a defining a variable inside volune of said
cont ai ner; and

Figure 4 is a section view on AA of a decking
el ement 4-1 of Figure 3A

In Figure 1A, the FPSO type floating support 1 is
anchored to the sea bottom 12 by anchor lines 10a. It
receives natural gas extracted fromwells in the sea
bottom vi a production pipes 10b connecting the bottomto
the surface. It includes storage tanks 2 for storing LNG
2a, and al so transfer pipes 1-1a, here shown of fl oadi ng
towards a ship of the nethane tanker type, referred to
herein as an of fl oadi ng ship 15, and shown in a so-called
"tandem' configuration. Said FPSO 1 possesses equi pnent
1-2 for processing and |iquefying natural gas, and tanks
2 for storing LNG incorporated wwthin its hull le. Said
FPSO is fitted with a device 1-1 for storing and guiding
a flexible transfer hose 1-1a for offloading LNGto the
of f| oadi ng ship 15.
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Figures 1 and 2 show and FPSO type floating support
having four cylindrical containers 3 on a first side 1c
of the hull 1le, each container having a vertical axis YY
and a horizontal cross-section that is square, and each
bei ng attached in reversible manner by respective
reversi ble attachnment neans 5 arranged agai nst each said
side 1lc. Three containers 3 on each side 1lc receive
| eakage liquid 2a" comng fromthe processor installation
1b resting on the deck la of the floating support. Mbore
preci sely, each of these six containers 3 receives
| eakage liquid 2a'" collected froma decking elenment 4-1
collecting the | eakage liquid comng froma portion of
said installation 1b. In this exanple, the portion of
the deck 1la supporting the liquefaction unit 1-2 is thus
covered by a set of six decking elenents 4-1 covering al
of said portion of the surface of the deck that m ght
receive |l eakage liquid comng fromsaid |iquefaction unit
1-2, with three decking elenents 4-1 pouring the liquid
towards each of said opposite sides 1c in such a manner
as to be capable of pouring the |eakage liquid 2a" into a
respective container 3 for each decking elenent 4-1. A
sevent h decking el enent 4-1 covers the rear portion of
the surface of the deck la supporting the device 1-1 for
storing and guiding the transfer pipe 1-1la arranged cl ose
to the rear wall 1d of the hull 1g, suitable for pouring
the |l eakage liquid comng fromthe installation 1-1
towards one of the sides 1c fitted with a fourth
contai ner of simlar shape.

In Figure 1B, the support 1 of the FSRU type rests
on the sea bottom 12. It includes an installation 1b
conprising a unit 1-3 for regasifying LNG and for
producing electricity, the unit including a transfornmer
station for delivering electricity to land. The support
1 includes LNG storage tanks 2. In this exanple they are
shown being | oaded from a net hane tanker type ship 15,
referred to herein as a supply ship, that is in a so-
call ed "tandem configuration, said support 1 also being
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fitted wth a device 1-1 for storing and guiding a
flexible transfer pipe 1-1a for |oading LNG froma supply
ship 15.

In Figures 1A and 1B, the support 1 has three
storage tanks 2 of substantially rectangul ar
paral | el epi ped shape that are arranged side-by-side in
succession in the longitudinal direction XX extending
along the entire width of the floating support inside its
hull 1e in the transverse direction that is horizontally
perpendi cul ar to the direction XX

In Figure 3, the steel walls of the tanks 2 are
covered in an internal thermally insulating | ayer 2a-1
constituted by pol yurethane foam and by a thin internal
menbrane of stainless steel in contact wwth the LNG and
capabl e of wi thstanding cryogeni c tenperatures, such that
t he tanks may be considered as being cryogenic tanks
suitable for maintaining the LNG 2a that they contain in
the liquid state. Likew se, the external containers 3
present walls of steel fitted on their inside faces with
the sane thermally insulating material 3-5 so that said
containers may al so be considered as cryogeni c containers
suitable for containing LNGin the liquid state at -165°C
whi | e neverthel ess having a nmuch | ower degree of
insul ation, so as to encourage the LNG to evaporate and
neverthel ess avoi ding the structural elenents of said
containers reaching tenperatures |ower than a tenperature
in the range -20°C to -40°C, so as to avoid any brittle
fractures in said structural elenments. Thus, in this
figure, the bottom portion of the container (its walls
and its bottom that is permanently in contact with
seawater may present a low |l evel of insulation, since
there is no risk of the tenperature of the bottom
structure dropping bel ow -20°C, because of its direct and
per manent contact with seawater at a tenperature in the
range 10°C to 20°C. In contrast, the top portion that
energes permanently or tenporarily (due to variations in
draft as a function of loading) is in contact with
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anbient air that is Iikew se at a tenperature in the
range 10°C to 20°C. Because |ess heat is exchanged with
air than when making contact with seawater, it is
appropriate to have a hi gher performance insulation
system so that heat exchange through said insulation
system does not |ead to structural elenents being cool ed
to such an extent that their tenperature drops bel ow a
tenperature in the range -20°C to -40°C, thereby avoiding
brittle fractures of the steel wall of said structures.

The outer side walls 1c and 1d, and al so the bottom
wal | 1e and the deck la defining the hull 1g constitute
the "hull girder"”, i.e. the overall strong structure 1f
of the floating support.

In Figure 3, the plane of the deck la is shown as
being inclined wwth a dowmward sl ope fromthe horizontal
m ddl e axis XX of the support and of the deck towards
the sides 1c constituting the |ongitudinal side walls of
the hull at an angle ol of about 1°. The top wall or
cover 3c of the containers is a little below the top ends
of the sides 1lc. The vertical cylindrical side walls 3a
of the containers 3 present respective side faces 3a-1
each having two hooks 5-1 arranged in a high portion and
in alow portion and suitable for being suspended from
sockets 5-2, i.e. parts presenting respective holl ow
shapes conpl enentary to said hooks or "hinge pins", that
are applied against the outside faces of said sides 1c in
such a manner that said containers can be suspended
therefromand thus attached reversi bly when the hooks 5-1
co-operate with said parts 5-2. Collecting and
transferring the | eakage liquid 2a" fromthe processor
installation 1b towards the inside of the container 3
takes place with the help of a collector device
constituted by a plurality of decking elenents 4-1. Each
decking el enent 4-1 conprises a carrier structure 4a made
of steel or of duck board and covered in a | ayer of
strong and insulating conposite material 4a-1, e.g. a
sandwi ch made of Chartek®Interthernf 7050 fromthe
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supplier International (UK) of the AKZO NOBEL group. The
central portion 4a-1 is inclined at an angle o2
corresponding to a slope lying in the range 1%to 5% and
preferably in the range 2% to 4%relative to the
horizontal. It is fastened on top of the deck la with a
downward sl ope fromthe end of the decking closest to the
| ongitudinal mddle axis XX towards the |ow end of the
decki ng extendi ng beyond the side 1lc, i.e. outwards from
the floating support 1 above a first upper opening 3-1
t hrough the cover 3c of the container 3. The | eakage
liquid flow ng over the decking 4-1 at its |ower end
towards said first opening 3-1 of the container is
channeled with the help of a device 4-2 having a snal
upper chanber 4-2a and a | ower pipe elenment 4-2b enabling
the |l eakage liquid 2a' to flowinto the inside of the
cont ai ner 3.

The containers 3 are advantageously installed on the
hull 1g after the hull has been floated in a shipyard,
but before it has been towed to site at sea. 1In the
event of tow ng taking place over very |ong distances,
such as several thousands of kiloneters, they may
advant ageously be installed only after reaching the site,
and they may be fabricated in a shipyard closer to the
site.

In the plan view shown in Figure 2 each decking
el ement co-operating with at |east one container 3
presents a trapezoidal shape with its side rins 4b
tapering towards the portion 4-2 of the device for
collecting and transferring liquid to the container 3.
It can be understood that the rins 4b seek to prevent
| eakage liquid fromleaving the central portion of the
decking 4a and to channel the flow of |eakage liquid
towards the container 3 by the tapering wdth of the
central portion 4a towards the side.

In Figure 4 there can be seen a section view on
pl ane AA of Figure 3A showi ng a decking elenent 4-1
conprising a steel support structure 4a, strong and
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insul ating conposite material 4a-1, and raised edges 4b
for channeling the LNG towards the container situated
bel ow.

The decking elenents 4-1 thus constitute gutters
coll ecting and channeling the liquid |eaking fromthe
processor installation 1d towards and up to the top
orifices 3-1 of the containers 3.

Once the leak(s) is/are under control, the
containers 3 are full of |eakage liquid 2a" at various
levels, and it is then desired to enpty them as quickly
as possible in order to return the entire installation to
a maxi mum | evel of safety. Several variants are
possible. In a first variant enbodi nent, second transfer
means 8 are used that conprise a punp 8-1 serving to
cause the | eakage liquid 2a' to flow inside a second
connection pipe 8-2 extending fromclose to the bottom 3b
of the container up to and through the cover 3c and
extendi ng beyond that, e.g. towards and into the gas
ceiling 2a-1 of an LNG storage tank 2.

In a second variant enbodinent, the liquid 2a" is
regasified, if necessary, with the help of a heater
device 9 that may be imersed in the | eakage |iquid 2a
i nside the container 3, or that may be incorporated
agai nst the side wall of the container 3, and/or in or
agai nst the internal thermal insulation |ayer 3-5 of the
container 3. Once regasified, the LNG 2a' nay be
di scharged through a third pipe elenent 3-6 passing
t hrough a second upper opening 3-2 of the cover 3c of the
container 3. The third pipe elenent 3-6 thus enables the
gas to be discharged, either nmerely into the atnosphere,
or el se by neans of pipes (not shown) to a burn-off flare
14 installed at one end of the floating support, as shown
in Figure 2. Even when a heater device 9 is not used,

t he second opening 3-2 and the second pipe elenment 3-6
make it possible to discharge the gas either to the open
air or else to the flare, as expl ai ned above.



10

15

20

25

30

35

18

In the enbodi nent of Figure 3, the container 3 has a
portion that always remains i nmersed, representing a
fraction of the height H of the container 3 starting from
its bottom3b that lies in the range Y4to % and nore
particularly in the range 1/3 to Y2 of the height H of the
container 3 fromits bottom3b, i.e. below the sea
surface 11. It can be understood that the height H
varies as a function of the level of the waterline of the
hull, which in turn varies dependi ng on whether the tanks
2 are enpty (waterline at about % of the height of the
cont ai ner above its bottomwall 3b) or the tanks 2 are
full of liquid 2a (waterline at about Y of the height of
the container belowits top wall 3c, or about 3% above its
bottomwall 3b). In this enbodi nent, buoyancy acts on
the entire i mersed volunme of the container, and in
addition the structure of said container nust be capable
of withstanding pressure, nore particularly in its bottom
portion. Thus, the attachnment points need to w thstand
forces that are directed mai nly downwards when the
container is full of |eakage Iiquid and when the FPSO is
partially or conpletely enpty, and to forces that are
di rected upwards when the container is enpty and the FPSO
is conpletely full.

In Figures 3A, 3B, and 3C, there can be seen a
second enbodi nent of the container 3 in which the bottom
end of the cylindrical side wall 3a defines a bottom
opening 3-4 of the container. In this second enbodi nent,
the container 3 contains a float 6 having a top surface
6a that defines the bottom surface of the container, it
nevert hel ess bei ng understood that the float 6 presents a
shape, in particular a substantially rectangul ar bl ock
shape, and an outline, in particular of substantially
square section, that matches the shape of the inside
surface of the cylindrical side wall 3a so as to allow
the reservoir at 3 to slide vertically relative to the
float 6, which float presents buoyancy so as to renmain
continuously substantially level with the top surface 11
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of the sea. Thus, the height H of the imersed portion
of the container 3 varies as a function of the height of
the waterline of the floating support between a maxi num
val ue H corresponding to an FPSO in which the tanks are
full (Figure 3B), and a m ni num height H, corresponding to
an FPSO in which the tanks are enpty (Figure 3C). The
portion of the container between the undersurface 6b of
the float 6 and the bottom opening 3-4 of the container 3
is filled wwth a varying height of seawater 13. This
second enbodi nent presents the advantage that the enpty
volunme of the container, if any, is always situated bel ow
the level 11 of the sea, such that the structure of the
side walls of the container can present strength that is
relatively weak, since there is no need to wthstand the
hydrostatic pressure of seawater, unlike the first

enbodi mrent of Figure 3 in which it can happen that a
portion of the enpty inside volunme of the container 3 is

i mrer sed and needs to withstand hydrostatic pressure.

Li kewi se, forces on the fastener elenents no | onger
change direction as a function of the extent to which the

FPSO is full, and it can be considered that the forces in
the structure of the container and in its supports are
substantially constant. In practice, regardless of the

shape of the inside horizontal cross-section of the
container, the outline of the float corresponds to said
shape of the inside section of the container, it being
understood that clearance, and preferably regul ar

cl earance, e.g. of a few centineters, exists between said
float and said inside wall of said container around the
entire periphery of said float.

The drawback of this second enbodi ment of Figures 3A
to 3Cis that, where applicable, the avail able fraction
of the inside volume of the container 3 tends to decrease
as the storage tanks 2 are enptied. Under such
ci rcunst ances, using second transfer neans 8 or discharge
means 3-6 is nore particul arly advant ageous.
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The float 6 is advantageously made in conventi onal
manner out of syntactic foans, given their high | evel of
mechani cal strength and their excellent behavior at
cryogeni c tenperatures (-165°C)

Because LNG presents a negative tenperature at
around -165°C, when it drops on the top surface 6a of the
float, the ring of seawater situated between the
peri phery of the float 6 and the wall of the container
freezes alnost imediately and transforns into ice,

t hereby bl ocking said float 6 against the cylindrical
side wall 3a of the container and as a result sealing at
the bottom of the container, thereby preventing said
float from noving down below the |level 11 of the sea
under the effect of the weight of |eakage |iquid 2a" that
it 1s carrying.

Al so advant ageously, the containers 3 are provided
with a third opening 3-3 in the top portions of their
cylindrical side walls 3a so as to enable an inert
foam ng agent to be inserted into the inside of the
cont ai ner by nmeans of a pipe elenent 3-7, the foam ng
agent comng froma foamgenerator (not shown). Thus, in
the event of a | eakage in the installation 1b, as soon as
the container begins to fill, the foam generator is
activated so as to confine the LNG and limt any
introduction of air, given that oxygen in the air runs
the risk of explosion or fire when m xed with natural
gas. The presence of this foam does not in any way
hi nder the vaporization of the LNG nor does it hinder
t he evacuation of gas to the outside of the container, as
descri bed above. Suitable foam ng agents are foans of
the firefighting type known to the person skilled in the
art and sold by the supplier ANGUS FI RE (UK).

It can be understood that said first, second, and
third openings 3-1, 3-2, and 3-3 are advantageously
fitted wth devices enabling themto be closed at wll,
such as val ves.
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The above descri bed devices for transferring and
collecting | eakage liquids 2a' nake it possible to
collect the | eakage liquid 2a' and to elimnate it
qui ckly, where elimnation nmay take place in controlled
manner at will through the various above descri bed
transfer and discharge neans in the formof a liquid or
of a gas so as to avoid any risk of explosion or fire,
and so as to enable the installations to be returned as
qui ckly as possible to a configuration of maxi num safety.

The vol une of each of said containers is determ ned
as a function of the volunes of LNG applicable to the
areas covered by the collector devices connected to said
container. Consideration is thus taken of the foll ow ng:

firstly the volunmes of the vessels concerned
(pi pewor k, containers, punps, .) situated between the
upstream and downstream val ves; and

secondly the production volune that is current
during a period of tinme corresponding to the beginning of
a leak incident and effective closure of all of the
upstream and downstream val ves involved, i.e. in general
several m nutes.

Thus, the volume of each of the containers is a
function of its location relative to the installation,
and may vary over a wide range, e.g. 50 nf to 300 n?

The description above relates to containers
presenting respective covers on top through which there
pass pipes for delivering LNG or foam and al so pipes for
di schargi ng gas; however, in a sinplified version, said
cont ai ners need not have covers. Under such
ci rcunst ances, as soon as a |leak occurs, it is essential
to fill said containers with foamso as to confine the
LNG wth the LNG then evaporating directly to the open
air through the thickness of a |layer of said foam
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CLAI M5

1. A support (1) installed at sea in grounded or floating
manner, the support including both a processor
installation (1b) on its deck (la) for processing a first
liquid (2a) that is dangerous and/or corrosive,
preferably liquefied natural gas (LNG, and also at |east
one tank (2) for storing said first liquid (2a),
preferably an LNG tank incorporated within the hull (19)
of said support under said deck (la) the support being
characterized in that: it includes at |east one container
(3) situated outside said support and situated at |east
in part, and preferably conpletely, below the deck (1la)
of said support on which said installation is supported,
said container being fastened to said support, preferably
in reversible manner (5), said deck including or
supporting first transfer nmeans (4) suitable for
transferring towards said container any |eakage liquid
(2a') flowmng fromat |east a portion of said
installation, in particular in the event of a | eak.

2. A support according to claim1l1, characterized in that
said first transfer neans for transferring | eakage liquid
conprise at |east one collector device (4-1) for
collecting said | eakage liquid and extending fromunder a
said portion at least of the installation (1b) to over a
first upper orifice (3-1) of said container, said
col |l ector device being suitable for collecting said

| eakage liquid (2a') flowng fromsaid portion of the
installation and for directing it nmerely under gravity
towards said first upper orifice of said container
situated bel ow said coll ector device.

3. A support according to claiml1l or claim 2,
characterized in that said container is fastened in
reversi bl e manner against a side (1c, 1d) of said
support.
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4. A support according to any one of clains 1 to 3,
characterized in that said first transfer neans (4) for
transferring | eakage liquid conprise a liquid collector
device conprising at | east one decking elenent (4-1)
fitted over said deck, said decking elenment conprising a
sl oping central plane structure (4a) preferably bordered
laterally by lateral rins (4b), the angle of inclination
(x2) of said central plane portion (4a) of said decking
element being greater than the angle of inclination (ol)
of said deck where applicable, preferably by an angle of
inclination (a2) lying in the range 1% to 5%, preferably
in the range 2% to 4%

5. A support according to claim2, and according to any
one of clainms 2 to 4, characterized in that the walls or
the surfaces of said collector device that m ght cone
into contact wwth said |l eakage liquid that it collects
are constituted by or respectively covered in a |ayer of
mat erial that w thstands cryogenic tenperatures (4a-1),
in particular a conposite material.

6. A support according to claim4 or claimb5,
characterized in that it conprises:

a plurality of elenments of said decking (4-1),
sai d decking el enents together covering at |east the
entire surface of the portion of the deck that supports a
sai d processor installation (1b); and

a plurality of containers (3), each said decking
el ement (4-1) co-operating with a said container.

7. A support according to any one of clainms 1 to 6,
characterized in that it includes attachnent neans (5,
51-52) suitable for fastening a plurality of said
containers along its sides (1c), and said containers have
a volune of no nmore than 300 n?, and preferably lying in
the range 50 nt to 300 nt.



10

15

20

25

30

35

24

8. A support according to any one of clains 1 to 7,
characterized in that said container has an el ongate
cylindrical shape with a vertical |ongitudinal axis (YY)
with only a portion of said container (3) being i mersed
(13).

9. A support according to any one of clains 1 to 8,
characterized in that said container has a bottom (3b)
constituted by the top surface (6a) of a float (6) inside
the container and of a shape that fits against the
internal outline of the cylindrical side wall (3a) of
said container, the bottomsurface of said cylindrical
side wall (3a) defining a bottomopening (3-4) in such a
manner that said cylindrical side wall (3a) is filled

W th seawater (13) beneath said float and is suitable for
nmoving vertically relative to said float.

10. A support according to any one of clains 1 to 8,
characterized in that said container includes a |eaktight
stationary bottomwall (3b) at the bottomend of its
cylindrical side wall (3a).

11. A support according to any one of clains 1 to 10,
characterized in that the walls of said container are
thermally insulated (3-5), and preferably insul ated
internally.

12. A support according to any one of clains 1 to 11
characterized in that said container conprises or co-
operates with second transfer nmeans (8) conprising a punp
(8-1) and a second connection pipe (8-2) suitable for
transferring said | eakage liquid contained in said
container to a tank, preferably a said tank (2) within
the hull of said support.

13. A support according to any one of clains 1 to 12,
characterized in that said container further conprises
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heater neans (9) for heating said liquid contained in
said container, said heater neans preferably being joule
ef fect heater neans, said heater neans nore preferably
bei ng i ncorporated in or against said cylindrical side
wall (3a) of the container or of its thermal insulation
| ayer (3-5).

14. A support according to any one of clains 1 to 13,
characterized in that said container further conprises a
second upper orifice (3-2) for discharging gas, in the
top portion of a side wall (3a) or in a cover-formng top
wall (3c) of the container, and suitable for enabling the
liquid contained in the container, once it has
evaporated, to be discharged out fromthe container,
preferably with the help of a third connection pipe
(3-6), towards a burn-off flare (14), or towards the gas
ceiling (2-1) of a said tank within the hull, or to the
open air.

15. A support according to any one of clains 1 to 14,
characterized in that said container includes or is
suitable for co-operating with a device for injecting a
foam ng agent, preferably via a third upper orifice (3-3)
in the top portion of a side wall (3a) or in a cover-
formng top wall (3c) of the container.

16. A support according to any one of clains 1 to 7,
characterized in that it is a floating support (10a)
anchored at sea or resting on the sea bottom (12) and
supporting a unit (1-2, 1-3) for liquefying LNG and/or
for regasifying LNG and producing electricity, said
liquid (2a) being LNG



