1 MOORI NG SYSTEM FOR FLOATI NG QUAY The present invention relates to a
nmooring systemfor a floating quay, inlparticular in shallow depths. It is
particularly suitable for floating structures or quays storing hydrocarbons
or liquefied natural gas 5 Such structures are |n particul ar of the
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bed, but it is inporta oring of. su st ruct ur

Col ative MosaresveRion eiaks (g mosinasieyor 8 9Raltalr I RN ) due
80 Lhe ef fsﬂéchﬁrv fdfpth@.\llea? parmma%ﬁtltabteﬁdfwadng strectarssi arruais btlo_hh% ship )
ocking at the floati y se nmpvenments nust remain slight, i.e. suc
moor i ng wtygrqcpmopspﬁﬂgq%u@% ’@t‘frﬁgﬁ’?@ @&GShese nmovements so that they remain
conpatible with the continuous offloading of fluids, generally via flexible

or articul ated pipes, and where ag plicable a footbrr dfﬂe | ink for persons. It
i s al sob 1SUChsBHEHFRS anedn PaRisulah et tha dleafisg Storage and (Moading (RIQ Wi t h t he

ship,at Uifditgrodddlioh) SRradWartt o) ae.hgggﬁsegtgef art, the so-called "soft

yoke" et ho e used to ~ noor t echnique is used for
storage and/ or production units (FSO or FPSO noored at high tide to a

"j acket™ t t t roafreely. This
techni que i g%ggg’ﬂg@lﬁﬂgﬂ?s fred' ?eqatﬁ ﬂggﬁ%%é ng_mdﬁo %gns‘tcog%nyrhﬁgthesuspended
by one endndmmmoasu¢ma IserUétutqlale)mrremve npvement it ¢he szewbat Thhse ot her end
fromthefloatin " ! e structure is pyl on type,
generalfy "?P"eﬁtﬁ" eésp anwldéregp&eae@%s%@vqwst HyTens, Vﬂ@ﬁ ghe suspensi on
of the balidtaglkcesh afrthh@bhugwecﬂh@afrhtelﬂ@amq:f q§dRIThes& hivbentEaresteahsin Hovwever
such nooring is conplex 25 and costl I npl enent, and requrres t he use of

heavy str $690ries suquhgtooqnﬁg@mustt Heiti "Pﬁ/@\ﬁ’@t firene pighpsepvyemsntssorthaly syst em
for a floqﬁémnrtwombwdge With trtdhearrttahsus EMSYdIRG Bf MUHS KyeherdllJRIaSTBxIMe and does

not risk interfering wt
or articulated pipes, and where appllcable 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 turn 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



which arrive to dock at the quay. Preferably such a systemcan be used in a
| arge 30 range of ground types, in particular relatively soft ground.
According to a first object of the invgnti on, such a nooring systemfor a
floating structure, in particular a ffoating quay, conprises: - a subnerged
ballast 2 - means for suspending the baI I ast fromsaid structure - neans

for anchorin bal | ast S haracterised in that the
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of "slack" 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 Tolimit 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 longitudinal end of the floating quay, such



25 To limt the risk of interference still further, the anchoring chains
which link the piles and the ballast are advantageously fixed in a | ow part
of the ballast. The ballast is advant ageousl y suspended using a suspension
chain. Naturally the suspension chain;y |like the other chains, can conprise
several chains to meet the 30 need for stabi lity or weight of the ballast.
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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 particular 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:



20 useful if the support structure allows a |ongitudinal offset of the
suspensi on point and hence the nooring neans. Thus a ship |longer than the
actual quay can noor at the quay mh|I§ achieving a suitabl e arrangenent of
t he nmooring neans. The term "chain" t be understood as covering flexible
connection nmeans, in 25 particular one or nore cables. A floating quay
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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 hull 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



The floating quay is of the FPSO type, and nore particularly the FSRU type
(Floating 20 Storage Regasification Unit). Thus the quay conprises a tank 6
inside the hull 100 of the floating quyay, provi ded for storage of liquid
gas, and a regasification plant. The Qquay is linked to the |and by a pipe
8, 9 which in the exanple shown is carried by an internediate pylon 7. The
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pi pework 8 1s flexible or articulat “beyond the pylon in the direction 25
of the | spaced fiempghesedbrdD. As shogindn fighee duay 1 conpri ses supporting

structures 10 extendi ng .at . each.of its lLongitudinal e <L.n the exanple
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suspended, thé@elmt Hagtofitlte bellabt & oant @ gtres;sipdced from the sea bed 5. As
shown in figure 3: - the suspension point 13 is offset longitudinally by a

di st ance-DfBe dawerfaemd2Q of thechallast 12 isrheld et aheight Hig0waf areind S@elgge 11 of
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suspensi on poi nt vertic ance around netres from

t he si®Wa bedhé& bottomid thafithhubpthef qudyel.bal | ast is around 6 netres; and - the
| oner face 120 of the ballast 12 is held at a height HL120 of around 2 netres
above the sea bed 5, which corresponds approxi mately to di stance HlL between

10 the bahtemidstl2as ahbeorr!ih td sédBedB8dY six addroridgldhasiis 12ahd sisieered in
the sea bed 5 by six anchoring chains 16 and six piles 17. The six chains
and the 3¥VxThe sixshains andrthagédpitgsraretariapged pymmedtieyronseither gidegof a
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 sea bed 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.



vertical plane Pl central to the hull 100 and passing through the ends 13 of
the 15 supporting structures 10. The piles are enbedded in the sea bed 5 at
a distance of around 40 netres fromthe 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 nedian plane P1, a first chain
extends perpendicular to plane P1L and two others formwi th the first, on
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of its Imbhnﬁt@gesthetdbckmg sladg P4t hen rises in the direction of the
ballast. In the exanple shown, the height H120 represents around 5 to 7% of
the length of the anchoring chains 16. Thus linked to the supporting
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175 neteass. The ship coupled thereto neasures around 290 netres overall.
Thanks to the support structures 10, the distance between the suspension
points 13 is around

15 Also the longitudinal offset of the ballasts increases the longitudinal stability of the

90%

quay without increasing its weight significantly.

Naturally the invention is not Iirﬁited to the examples just described and numerous
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.



10 255 m Thus since the suspension points conprise bollards or rapid

rel ease hooks 19, they provide nooring points 19 adapted to ships which are
in particular longer than the quay. This it is possible to have a quay of
smal | er di nmensions, weight and cost. 15 Also the |ongitudinal offset of the
bal l asts increases the |ongitudinal stability of the quay w thout
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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.



suspensi on are not necessarily strictly vertical but slightly inclined in
the direction of each pile. 10 The piles may be replaced by other types of
anchoring, such as suction anchors or conventional anchors, dependi ng on
the type of ground found at the anchorg ng site. Also the anchoring neans
may be adapted to other floating structures intended to be 15 noored, in
particular in shallow water, and for which a high stability is desired. 8
Clainms 1. System (10, 12 - 17) for @%H{g a floating structure (1) to a bed
(5), conprising: 5 - a subnerged ballTast (12), - means (13, 14) for
suspendi ng the ballast fromsaid structure, - nmeans (16, 17) for anchoring
the balq ast Syekhaeoer2 Sq(?g fdt rhb&iing BfloaflfgetrubIrd®dND £B880I(6Ee chains (16)
extending fromthe bal | ast, each chain in its extended position forning

wi th the 10 cdeowriesmg:al an angle of | ess than 20, the ballast suspension

means conpri se S ensinn in (14) or an articul ated arm extendi ng
S BT B s 17

upward fromt e floating structure conprises a support

structure (1Q)meahe (1Dal4) 36t slpendirphrasdiadt froPed stepgmsi on point (13) of
said support structure (10), said structure extending longitudinally froma

| ongi t udi nal -gn@ans(18.1)7) der amgharingdhe mgliasty uct ure (1) such that the
suspension point .(13) . is,0offset Jlongitudinally (D13).in relation to said
end’ (11) of areptedser itinat i notcHiungahs Bmbuen shpitery S Rlending
charact eri sqehrhthé Ballafasicrt BRaIR ih fits idkferRIEdesiatbn RPMind AthftReMs Wi th the
horizontal an angle of |ess than 10. 20
10 horizontal an angle of less than 20°, the ballast suspension means comprise a
suspension chain (14) or an articulated arm extending upward from the
ballast, and 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 longitudinally from a longitudinal end
15 (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).

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°.

20
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
25 anchoring means comprise piles (7), each chain (16) extending between said
ballast (12) and a respective pile.
5. System according to claim 4, characterised in that the piles are arranged
within a docking plane (P4).
30
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).



3. System according to claim1 or 2, characterised in that each chain rests
on the bed (5) for a majority of its length, preferably 80 to 90% of its

| ength. 4. System according to any one of clains 1 to 3, characterised in
that the 25 anchoring neans conprise piles (7), each chain (16) extending
between said ballast (12) and a respective pile. 5. Systemaccording to
claim4, characterised in that the piles are arranged w thin a docking

pl ane (#4).
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(19) for a ship (2). 8. Systemaccording to any one of clainms | to 7,

char acter i s t r j - dli ree
anchorlgre\g ch Is'ﬁ&n&%?r&ﬁﬁtéaﬁﬂ%'ﬂ% dfg%aﬁﬁapﬁ)r réé%' ”’t?ﬁﬁél?gsuch t hat
t wo Buccessianehohiag memm/@csmbnsmt Ieabt/\me@e ‘eheh‘irmmg ehgihe (G@)léiteldmgt er than
180. 9. System according to claim8, characterised in that it conprises at

| east six I8dighufresn tf@?a'@sté@ewththat WppuUGHESSIYE Qh?é”fbaPY%[sfP"(‘lZ) 10.
Fl oati ng Strb‘é‘f\kgéﬁ’thé:rﬂad'ﬁri@réréﬁig F%@ttéﬁéa[jtmﬁgnp” ses an anchoring system

accordi ng to any one of 1.""Floating structure according
to claim 10, characterised in that it conprises, each of its two
opposite ends (11), an anchoring system accordin to any one of clainms 1 to
9. 12. ¥l oatSysierstaaserding taslesnd. afaﬁtem%ﬁdwmtbagtt cmmprtsﬁaraé&a@tusﬁéd in that

[t 5 8 20 Tdhaiid (1) Widhgehin BRI SHIAG the Bdfsr3gCt od T om types FSO, FPSO

or

10.  Floating structure, characterised in that it comprises an anchoring system

according to any one of claims 1 to 9.

15 11.  Floating structure according to claim 10, characterised in that it comprises, at
each of its two opposite ends (11), an anchoring system according to any one

of claims 1 to 9.

12.  Floating structure according to claim 10 or 11, characterised in that it is a

20 floating quay, in particular a quay selected from types FSO, FPSO or FSRU.





