1 MOORI NG SYSTEM FOR FLOATI NG QUAY The present invention relates to a
nmooring systemfor a floating quay, in particular in shallow depths. It is
particularly suitable for floating stryctures or quays st oring hydrocarbons
or liquefied natural gas (LNG. 5 Such'structures are in particular of the
Fl oating Storage and O floading (FSO or Floating Production, Storage and

O floading (FPSO typego NG A FERFGR ANOATINGOUAY relation to the sea
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Is also 15 inportant that the nooring system does not interfere with the
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yoke Srertush bures e h Rt M ER g Sipbe apd doadio PSRN or
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"] acket" type anchoring structure around which they 20 can turn freely. This

techni que is based on the use of articulated and ballasted arns suspended

by one enghefquanoientatiokas fixdy PereRition % tHedsed bats; touk 8 is mhbriéint i 1 her end
fromthe floating quay. The "jacket" type structure is of the pylon type,
gener al | ynepringeaf guch patiuctire jagpws yelativehop¥ement withe theeseagee. Thesesuspensi on
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heavy st rintetacties withhbe ahip ddckingeatithe 8odtirgmuay. Thepr opvemeatsmasi remairyst em

for a floatin uay which is flexible, easy a uick to inple t and does
not 11 sk Feters PRGN st e s SRS T aSt Mt ent 1 Fehuay.
Pr ef er abliye\stépibir conphibleGath the dehBRudus cHibaTIRE of fluids, generally via flexible

or articulated pipes, and where applicable a footbridge link for persons. It is also

15 important that the mooring system does not interfere with the ship at the quay.

On floating quays of the prior art, the so-called "soft yoke" method can be used to
moor the quay. This technique is used for storage and/or production units (FSO or
FPSO) moored at high tide to a "jacket” type anchoring structure around which they
20 can tumn freely. This technique is based on the use of articulated and ballasted arms
suspended by one end from a "jacket" type anchoring structure, and at the other end
from the floating quay. The "jacket" type structure is of the pylon type, generally a
metal trellis rigidly anchored in the sea bed. The suspension of the ballasted arm
allows absorption of small relative movements. However such mooring is complex

25 and costly to implement, and requires the use of heavy structures.

The aim of the invention is to propose a mooring system for a floating quay which is

flexible, easy and quick to implement and does not risk interfering with the ships

which arrive to dock at the quay. Preferably such a system can be used in a large
30 range of ground types, in particular relatively soft ground.

According to a first object of the invention, such a mooring system for a floating
structure, in particular a floating quay, comprises:

— asubmerged ballast



30 range of ground types, in particular relatively soft ground. According to
a first object of the invention, such a nooring systemfor a floating
structure, in particular a floating quay, conprises: - a subnerged ballast 2
- means for suspending the ballast fromsaid structure - neans for
anchoring the ballast, and the systemis characterised in that the anchoring
means conprise anchoring chains extending fromthe ballast, said chains in

t hei r extengeshsdfopbldpending the ballast florbshidatiucheéng in the highest position,
formng a slight angle with the horizontal , typically |less than 20,

pr ef er aby Means fohahchasingthe $alidrd. bal last is held close to the bed and does
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suspende . In a position correspondi to a slack water [%evel of the
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Preferably, in the m dway position, the anchoring chains rest on the sea bed

over the nmejority of their Iength. The anchoring means can al so conprise
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ext endi ng between said ballast and an anchori ng pol nt of a respective

pi | e. Thehipseeven ipishaliow waterr The babadtys suspeated, ifeoin a pssitionsea bed, nanely
In an _estuary. The head_qf e nil a vant ageously li.e approxinately at
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limt the risk of interference still further, the anchoring chai ns which

li nk t he MhdwaypPosiien. phiateyar the walgr deveh the @RgINg chainsayst have 2 8es8rt  of

the bal | 8pigack” such that the ballast can rise above the midway position.

15 Preferably, in the midway position, the anchoring chains rest on the sea bed over the

majority of their length.

The anchoring means can also comprise anchoring points on piles embedded in the
sea bed, each anchoring chain extending between said ballast and an anchoring

20 point of a respective pile. The use of piles is particularly suitable for a soft sea bed,
namely in an estuary. The head of the pile can advantageously lie approximately at
the level of the sea bed and thus not constitute a risk of interference with ships. The
anchoring point is then carried by the head of the pile.

25 To limit the risk of interference still further, the anchoring chains which link the piles
and the ballast are advantageously fixed in a low part of the ballast.

The ballast is advantageously suspended using a suspension chain. Naturally the
suspension chain, like the other chains, can comprise several chains to meet the
30 need for stability or weight of the ballast. This suspension chain advantageously
extends upward from the ballast to a suspension point. This suspension point is
advantageously part of a support structure, for example a framework, said structure

extending preferably longitudinally from a longitudina! end of the floating quay, such



The bal |l ast is advantageously suspended using a suspension chain. Naturally
the suspension chain, |ike the other chains, can conprise several chains to
neet the 30 need for stability or weight of the ballast. This suspension
chai n advant ageously extends upward frfn1the ball ast to a suspensi on point.
Thi s suspension point is advantageously part of a support structure, for
exanple a framework, said structure extending preferably longitudinally
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point is offset [ongitudinally relative to the quay hull. Thus no
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poi nt'“of the ballast advantageously conprises nooring neans, for exanple a
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the floating quay. This is particular|ly 20 useful if the support structure
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achi eving a sui e arr ement o
Preferably the pile heads are arranged such that they lie within a vertical docking

15 plane of the ships.

The zone of the support structure forming the suspension point of the ballast
advantageously comprises mooring means, for example a bollard or rapid release
hooks, for the stern or prow of a ship coupled to the floating quay. This is particularly
20 useful if the support structure allows a longitudinal offset of the suspension point and
hence the mooring means. Thus a ship longer than the actual quay can moor at the

quay while achieving a suitable arrangement of the mooring means.

The term "chain” must be understood as covering flexible connection means, in

25 particutar one or more cables.

A floating quay according to the invention comprises mooring means according to
the invention.

30 Other features and advantages of the invention will arise from the description below

which relates to non-limitative examples.

On the attached drawings:



The term "chain" nust be understood as covering flexible connection neans,
in 25 particular one or nore cables. A floating quay according to the

i nvention conprises nooring nmeans according to the invention. 30 O her
features and advantages of the inventipn will arise fromthe description

bel ow which relates to non-limtative exanples. On the attached draw ngs: 4
- figure 1 is a plan view of a ship and a floating quay according to the

i nventi on, figaruplseslplafofdwief a shipf ariiia BodtingSquiayCddording €3 tHein@éntiche ship and
quay in figure 1, along line Il-Il1 in figure 1, on a |larger scale; and 5 -
figure 3 i §°dPlgdte9ethet ongitudinal viewin elevation at reference 11 in

figure 1, | feudl : | Qat.i hi kL Gu ] n an
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| ongi tudi nal 'edge 3 of the quay 1. The | ongitudi nal e 31s fitted with
fenders 4 intended to danpen 15 the novenents and inpacts between the ship

2 and th : ' Nl L L : | the hul |
of “The sRriBles;Lpid2 e BEhmoaiif yRHY ROTASRokind AFafls iteRealtrel | 7S ot
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Regasj fication Unit). Thus the qu cp I, ses tank .6 inside the hull 100
of e, PRGUEPRIeHiE I e diaa T Ben SRR begn tp faitginar odgkr 4
regasi fi @ la@taldcdytls. 11The quay is linked to the land by a pipe 8, 9 which
in the exanple shown is carried by an

in the example illustrated, a ship 2 is coupled to the quay 1 along a longitudinal edge

3 of the quay 1. The longitudinal edge 3 is fitted with fenders 4 intended to dampen

15 the movements and impacts between the ship 2 and the quay 1. The fenders,
following their line of contact with the huil of the ship 2, define a vertical docking

plane P4,

The floating quay is of the FPSO type, and more particularly the FSRU type (Floating
20 Storage Regasification Unit). Thus the quay comprises a tank 6 inside the hull 100 of

the floating quay, provided for storage of liquid gas, and a regasification plant. The

quay is linked to the land by a pipe 8, 9 which in the example shown is carried by an

intermediate pylon 7. The pylon is anchored in the sea bed 5. Between the quay and

the pylon, the pipework 8 is flexible or articulated; beyond the pylon in the direction
25 of the land, the pipework 9 is rigid.

The quay 1 comprises supporting structures 10 extending at each of its longitudinal
ends. In the example shown, each supporting structure 10 here is designed as a
framework in the form of an over-mounted beam, and comprises a trellis of metal
30 girders. Each supporting structure 10 extends from a respective transverse edge 11
of the quay hull. A ballast 12 is suspended at a distal end 13 of the supporting
structure 10 (see figure 3) by a chain 14, this distal end therefore constituting a



internedi ate pylon 7. The pylon is anchored in the sea bed 5. Between the
quay and the pylon, the pipewrk 8 is flexible or articul ated; beyond the
pylon in the direction 25 of the land, the pipework 9 is rigid. The quay 1
conprises supporting structures 10 extending at each of its |ongitudinal
ends. In the exanple shown, each supporting structure 10 here is designed as
a framework in the formof an over-nounted beam and conprises a trellis of
nmet al 30sgspedsion.pditdor theatast Mous suspeinded, the balastris heldrdoseatormgpect i ve

transverse edge 1 of the_quay, hull. A ballast 12 is suspended at a di stal
end 13 obbadrd T frnbed STRERNOMR M AOVBEL [ gure 3) by a chain 14- his
di stal end tﬁé‘%ﬁéﬁ‘s%n%ﬁ?ﬁttﬂi!étdfﬂﬁgtl Igngitucﬁh’eﬂ?gﬂ% Gidtaieem 13 Orarblifd Bal | ast.

Thus suspended, the ballast is | ose but spaced fromthe sea bed 5.
As shown i rimetregungeldtion tq the tsansyerssi eslgepi ¢fithe Joatingawaset; | ongi tudi nal 1y by

The 1 ot MF Sriigees! OBl e tpbrolH (e Sehibal &iRp B8 o Bohl TERATT ol Yor the
suspensi on vetticat di$tince 8 ofcaroued 46 tadtredi fidramtieesédbed 5ar ound 16 nmetres from

the sea bed 5; - the height Hl12 of the ballast is around 6 netres; and - the
| oner face thebeight HAR ob g ballestis arqundh mettesaar@i ght H120 of around 2 netres

b th ' i: ' bet
10 the bat il e [T S{npRIESPRAShRER A HGERE (120 bt Bh REN] e Th
t he sea bedbbveihessea bedt bpwhich colraspendstaprmoxisiakelpid distanté. HTbetwsier chai ns

and the si Lles ar rranged metrically on either side of a vertical
pl ane%Pl cgﬁgbaﬁomgoﬁﬁg“ﬁ%ﬁﬁﬁﬁb@%ﬂl‘&yﬂassi ng through the ends 13 of the 15
supporting structures 10. The piles are enbedded in the sea bed 5 at a

di stance_of around 40 netres fromthe vertical of the suspension_ point 13.
The head Thg batastddds anghqrediinsthe spsbed » Ry sixancdering ghains 18ssksix péesanchor i ng

chai n 1641 fiSsik RRaE2Mdthe SAGNlIesRiré Grridh§dl SinRMdafy bn dith8F&idb@fht s | over

face 120.
vertical plane P1 central to the hull 100 and passing through the ends 13 of the

15 supporting structures 10, The piles are embedded in the sea bed 5 at a distance of
around 40 metres from the vertical of the suspension point 13. The head 170 of each
pile is flush with the sea bed. A respective anchoring chain 16 links the head of each
pile with the ballast, close to its lower face 120.

20 On each side of the median plane P1, a first chain extends perpendicular to plane P1
and two others form with the first, on either side of the first, an angle A16 of around
45° In the centre position of the ballast 12 betwe en its chains 14, 16 as illustrated on
the figures, each anchoring chain 16 has some slack i.e. is not generally tensioned
between the head of the respective pile 170 and the ballast 12. Thus as shown in

25 figure 3, each chain rests on the sea bed 5 for over 80 to 90% of its length closest to
pile 17, then rises in the direction of the ballast. In the example shown, the height
H120 represents around 5 to 7% of the length of the anchoring chains 16.

Thus linked to the supporting structure 10 and the piles 17, suspended above the
30 seabed 5, the ballast 12 can have horizontal or vertical movements even when one

or more of its anchoring chains 16 are extended. These movements are however

limited by the return forces due to the distance of the ballast from its neutral position

and the slack in the anchoring chains.



20 On each side of the nedian plane P1, a first chain extends perpendicul ar
to plane P1 and two others formwith the first, on either side of the
first, an angle Al 6 of around 45. In the centre position of the ballast 12
between its chains 14, 16 as illustratgd on the figures, each anchoring
chain 16 has sone slack i.e. is not generally tensioned between the head of
the respective pile 170 and the ballast 12. Thus as shown in 25 figure 3,
each chain rests on the sea bed 5 for over 80 to 90% of its |ength cl osest

to pile 17, then rises in the direction of the ballast. In the exanple
shown, tASORvERHR a Pasition Whare ashal isexipided absvedhesea hed) andyvhersithe he

anchor i NGaERPisHarmbl b Aduleh fobifion,1ie BUPRE bHEASRS HEk Ut Rucfordic t he

piles 17, suspen ove t sea e ast 12 can have
hor i zont with any shiptdotigledntotbengnay 1eingofanhe gveméhe dosesipie dd the shipfiehor i ng

chains 16 are extended.  These v nts are however Ilimted by the return
force dﬁ%:?rpg‘ln‘{%%lym &%a%%cgﬁgfplgﬁ%ﬁggl last fromits neutral position and the
slack in the anchoring chains. 6 Also even in a position where a chain is
ext ended_above th a bed, angd where the ballast is renote fr its

et ral - BBSINGEHLT oF Beduh 4 fledkia Gract ik MBI & hiSARRPEIEEY A7Bh any shi p
coupl ed fybber f%@?]ip %oubl%é%é\‘éltdiﬁ\e%%staﬂﬂ:r@ SRPfetrBS lofet. ﬁ'ﬁﬁ?k%*}bp lies 5

approximately in the docking plane P4. The length L1 of the hull of the
f | oat i ngthguampportistructures#0.¢he distanceppeterenthecsyspensionpeinted 3 iThousli p
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snal | er gidyensi ons, weight and cost. 15 Also the longitudinal offset of the

bal | asts | ncreases the longitudinal stability of the quay without
increasing its weight significantly.

15 Also the longitudinal offset of the ballasts increases the longitudinal stability of the
quay without increasing its weight significantly.

Naturally the invention is not limited to the examples just described and nhumerous
adaptations may be made to these examples without leaving the framework of the

20 invention.

Thus although the description refers to a structure at sea, this structure can be
located in a lake or river. Consequently the bed may be a sea bed, a lake bed or a
river bed.

25
The chains may be replaced by cables. In particular the suspension chain may again
be replaced by a link bar, articulated at its suspension point by a universal joint or
ball joint. Such a bar may be designed in its lower part to form or contain a ballast.

30 The lengths of chains need not be equal to each other. In addition, the slack of the
chains may be dimensioned such that the amplitudes of horizontal movements of the

ballast and hence the quay differ depending on direction.



Naturally the invention is not limted to the exanples just described and
numer ous adaptations may be nmade to these exanples w thout |eaving the
framework of the 20 invention. Thus although the description refers to a
structure at sea, this structure can beg located in a |lake or river.
Consequently the bed may be a sea bed, a | ake bed or a river bed. 25 The
chains may be replaced by cables. In particular the suspension chain my
agai n  béhe Epgisahddgisianbes ndyavary,am padicliat ad adunction cfthgenskronmendtiimt by a

universal joint_or, ball joint. Such a bar_may be_designed in its | ower part
to formWP’CgélPﬁ floafing q}gﬁyuggfqorg@%{nﬁ@lqoeqﬁq f’rg‘c\é‘?" 95&? ﬁ%g%@”;}ot be equal to
each ot hgimenkidnadsh the imehdiens bRk shfpstiR@ndimgab¥ockterBe di mensioned such

that the anplitudes of horizontal novenments of the ballast and hence the
quay differ depending on direction. 7 The |engths and di stances nmay vary,

In pagti ¢l Eé?&?ianﬁ'éf@f‘st oA letﬁ}ﬁlagt%t Egmé\}ic%.riiviag&‘it@ghits%eyn gting quay
is noored, bu I'so as a functfion of ItS capacity an I nensions, or the
di mrensi oexscludfe thiese bding severabballasts. ttacH balastmeayehave iThewdesearispifi on refers to

a single ballast r eagh device. Evidently this.doe t .exclude there
bei ng s eTEPETSRR AeBeh Ballaststny be i o rsPpEusle: 1B e PeBRE ehens  on.
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suspensi on are not necessarily strictly vertical but slightly inclined in

t he dir ee@¢lopileef each pile. 10 The piles may be replaced by other types of
anchqggi ng, such as suction anchors or conventional anchors, depending on
the type of ground found at the anchoring site. Also the anchoring neans
may be allbgppis hay betlreplated by iothiersypascafianeboring, sude dstsoctien adchorooed, in

particul gcgn\}eﬂtiosﬁa laln(c):%’lvor\élff’1 (tjeeggénd?r?gdorfl ﬂ{e t\%é %P g%u%qguﬁé gp t'hle'atr%:hbrslngd sita. ed.

Also the anchoring means may be adapted to other floating structures intended to be

15 moored, in particular in shallow water, and for which a high stability is desired.



8 Cainms 1. System (10, 12 - 17) for nooring a floating structure (1) to a
bed (5), conprising: 5 - a subnerged ballast (12), - nmeans (13, 14) for
suspendi ng the ballast fromsaid structure, - neans (16, 17) for anchoring
the ballast, characterised in that the anchoring nmeans conprise chains (16)
extending fromthe ballast, each chain in its extended position formng
with the 10 horizontal an angle of | ess than 20. 2. System according to
claiml, ceimsacterised in that each chain in its extended position forns
with the horizontal an angle of less than 10. 15 3. System according to
claim1 or 2, characterised in that each chain rests on the bed (5) for a

maj ori tyqof 'Sy%térﬁ"(%hm Pﬁ?ff%Fﬁ*HoYmé% fidétlﬁg%trﬁétufé k& By (5. System

according to any one of clainms 1t acterls In that the anchoring
means conpri seompriséng:(7), each cha| n (16) extending between said 20 ball ast

(12) and a respggt | stem according to claim4, characterised in
t hat ?he piles %%ﬂ)lﬁ?@ﬁﬁﬁébé%é%i n a docking plane (P4). 25 6. System
accordi ng to anyeanse(1¥, 1¢) fornmisperiding thedbuilastremisagtstructideat each anchoring

chain (16) extends from w p (12 of the ballast (12). 7. System
according to anreaps ( ? tﬂr?é‘cﬁort'r&gé‘ cRﬁ”ﬁ?acterl sed in that the ball ast

suspensi on Mg QBN mhﬁtarpgsa%néﬂ.@meaﬁs Borhpfike Baif8 (F8)bdildRed arm 30

extendi ng upward fromthe System a cor ing to'clam
char act eri sedrém tlnellaallas’a,eeafdhdmalmlg IStemmdﬁdeJOSd@mﬁorreleg withsthppor t structure
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2. System according to claim 1, characterised in that each chain in its extended

position forms with the horizontal an angle of less than 10°

15 3. System according to claim 1 or 2, characterised in that each chain rests on
the bed (5) for a majority of its length, preferably 80 to 90% of its length.

4. System according to any one of claims 1 to 3, characterised in that the
anchoring means comprise piles (7), each chain (16) extending between said

20 ballast (12) and a respective pile.

5. System according to claim 4, characterised in that the piles are arranged
within a docking plane (P4).

25 6. System according to any one of claims 1 to 5, characterised in that each
anchoring chain (16) extends from a low part (120) of the ballast (12).

7. System according to any one of claims 1 to 6, characterised in that the ballast
suspension means comprise a suspension chain (14) or an articulated arm
30 extending upward from the ballast.

8. System according to claim 7, characterised in that the floating structure
comprises a support structure (10), the ballast being suspended from a

suspension point (13) of said support structure (10}, said structure extending



9 longitudinally froma |ongitudinal end (11) of the floating structure (1)
such that the suspension point (13) is offset longitudinally (D13) in
relation to said end (11) of said structure (1). 5 9. Systemaccording to
claim 8, characterised in that the suspension point (13) conprises nooring
means (19) for a ship (2). 10. Systemaccording to any one of clains 1 to 9,
characterised in that the anchoring neans conprise at |east three anchoring
chai ns (16) ﬁa_ﬁgﬁﬂﬂiﬁnﬂyf&f@ adehdgitudinal em}]’t1h©ftmiﬂl<mfmgsir2u)gtwe¢h) édmhtthitvm 180
successi ve chai ns never faor etween them an a ) gr eat er an
110Gyt em adbB SEFPRIE Pl 315, OaRLlongtu nSLETYS) ihislotar tocms Padbe at

| east six chahpss dal@ktrastupn@gd in a star around the ballast (12). 15 12.

Floating structure, characterised in that it conprises an anchoring system
according to any one of claims 1 to 11. 13. Floating structure according to
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11. 14. Fl oatgomgprisesusderirg means (i) dortaskip 2)n 12 or 13, characterised in

that it is a floating quay, in particular a quay selected fromtypes FSO
FPSO or FSRU.

10.  System according to any one of claims 1 to 9, characterised in that the
anchoring means comprise at least three anchoring chains (16) extending
10 radially from the ballast (12) such that two successive chains never form
between them an angle (A16) greater than 180°

11.  System according to claim 10, characterised in that it comprises at least six

chains (16) arranged in a star around the ballast (12).

15
12.  Floating structure, characterised in that it comprises an anchoring system
according to any one of claims 1 to 11.
13.  Floating structure according to claim 12, characterised in that it comprises, at
20 each of its two opposite ends (11), an anchoring system according to any one

of claims 1 to 11.

14.  Floating structure according to claim 12 or 13, characterised in that itis a
floating quay, in particular a quay selected from types FSO, FPSO or FSRU.



