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vessels in spatial M&P&é@ﬂéﬂn nal s and

simlar platforms stand fixed in
unpr qt ect ed wat e , such as the

et T S 3 Reiack At SRiite $5HEE Begfing & marine
applicable to berthing ships that carr l'iquefied
Viessels i oger “@Fmscmswuwvg@@smvw@@e'slﬁgqsetp tae Pgﬁmne of
termnals, which termnals may be further equi pped
rmafineyesselfsinpeaaters in spatil relng@@;vsmrfg(esfstrzetus%ﬁ d More
cargoes -and for distribution fromsuch deepwater
rerticiians the invertionsrelatestodcreetig! ayd sygtem (vEKe berihing of ships
Conventional berthing nmethods and systens used in nost
ipspatialaelatinnship taiderpwater parblerminateeandeimiar effshork stragtures.
wharf, fixed to the bottom and provided with
Bpeuifinalipghedaventide sélates to amosbktechniqhefos verthingrof targe

| oads to which the dock 25 is subjected as a result of
vegsdisfinispatial relatioreshipstodamminaleesid stmilar patfprmsergisdtayctures
li ke

that stand fixed in unprotected waters, such as the open waters of the Gulf of

_ Mexico. The invention is also further applicable to berthing ships that carry

- liquefied natural gas and other cargoes to deepwater offshore terminals, which

terminals may be further equipped for storége on and/or further processing of
said cargoes and for distribution from such deepwater offshore terminals.

‘BACKGROUND OF THE INVENTION

Co‘nventiohal berthing methods and systems used in most port terminals -
usually involve the use of a dock, or wharf, 'fi)_(éd to the bottom and provided with
fendering means designed to absorb the environmental loads to which the dock

is subjected as a result of wind forces, currents and waves. For large vessels, like
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the vessel 10 belng ber t

arekarn P Hhwaonoies lessted B ow Stibe SBp

e., the dock term nal and the rt.hi dal h .
faﬂﬁna@l sorrsste meprdheshimiortae ceek ﬁﬂg E@@ ‘h‘agh'ﬁg“ I nsat e

for | oading and unloading cargo-to and from wharfs
relaiipngbipkwith thegeaniaat: dutheae char quga”ﬁ@hﬁ'tﬂuesa@‘sd’&éﬁ
for the I oading and unl oadi ng of cargoes in

10 beimgrtmribed isimade do someriniontemaihingioniard Wit the Grermadne
conditions that prevail in such |locations. Loading or
strotiaeat, he,, tfe dankgemsinahanchinediasthingidelphies.s of t en
requires that the berthing operation be conducted
qui ckVhile thésdhardrtienthingstepbmigues mayibstadeguatsdonioadingrand
vessel and the offshore platformand wth high degree
ubloziNRLdargy to Sidiromi wharfs are docksris pestectpd et eérsnthey @ge not
the risks of causing accidental cargo spills and
ddeguam 80thkilceding whd linidading aftcaeguisnin usprfotaofeciwaters during

envi ronnment al hazards, not to nention expensive
15 rALEHEChe lepSFGfimental conditions that prevail in such locations. Loading or
unloading of cargoes'in unprotected waters often requires that the berthing
operation be conducted quickly, with minimum separation distance between the
vessel and the offshore platfbrm and with high degree of a__ccur'ac.y. Otherwise,
- the transfer operation runs the risks of causing.accidental cérgo spills and frozen
20 lines, with their'attendant safety and environmental hazards, not to mention
expensive product losses.
The use of single-point-mooring buoys is another example of conventional

berthlng methods and systems. Single-point-mooring buoys, however, are used

only at the bow of the vessels, not alongside the vessels, and their use requires
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The use of singl e-point-nooring buoys is another
woSismbssof conventional berthing nmethods an @M§$2§5@012992
Si ngl e- poi nt - moor i ng buoys, however, are use only at
t he bow of the vessels, not. alongside the vessels, and
thatepecidliedrfitings &gl maniids be #istaliRaith REVeLSHS tvMordecdaad
that specialized fittings and mani folds be installed

afd unitadvRs sessels.n order to load and unl oad the
vessels. It is apparent that a need exists for a

t echiiigiSpVBRY 1BBYa ABe@ bkislidbEa t&dHNitiesUWigereBy an offshore
unprotected waters, such as a deepwater termnal or

BualutOiainprstedlidvaters! 8udtPEeh \YeepWaER tériiallorbiform, is able
vessels in a safe and efficient manner w t hout

t§ H’&:ﬁ\%n&drg{) ;rleﬁf laRftsvedseiNG sAfBnd Bficlept HRANRB without

environmne conditions. The present invention is
s@:EEt%ﬁ{iégafe‘rieﬁ%fism%w Al 18 4ohmd| &RFIORKTENEl cbhditions2Mhe

obj ect the present invention to provide a nethod

. L s , i ng of

B ferf ihlcHTls Gt uBr OBV s £1c2Rfighe: -

envi .0 - it % y! : hect

or esdiiE akies BERRArbESH invehub™ FoRRicRS (Rl sl e bibhem
for berthin [ne,. . ' it
bl Prpe) R RE bR RSPa I o R PR B B0
ef fecti veness... Anot her_obj ect. 0 his invention.is

S RaEN T SO of By BE phisleidhr et FPA(HL Brbfice 2
berthing of a difficult-to-handle cargo shi " :
Beliod A svstin ipertiinia madine Pasoels et Ao cppeitions that
reduces the effects of .environngntal, | oads between. t he
(SRS Bieh GSESaSTh GaTah GOy, AT PG R (AR OBlcct of
conponents in a novel fashion. A specifi o?{)ect of .
thigdnvertioais t%wovget%cwwr%'yﬁa@m&bledﬁﬁéﬁ? 1 e berthing of
attractive nmethod for berthing Iarg(e .

2 difieydirtpcthanpis G ge ship FiengsidaiRaingrotpcted yateys, which method
rel.ationship to offshore platfornms and simlar .
raduges theeaffecksef eswiroemastalioagaketyeqndhe shiprandihe berth while

~further object of the 20 present invention is to

pilizirigeoraentiariahcomponenis in & bpveldashiemeAspaeifie pbjiertafithe

w ndow for berthing a tanker at a fixed structure in
owentiamsis 4o pravidesars andrammentally attractive method for berthing large
cryogenic-fluid-transport tahkers in spatial relationship to offshore platforms and
similar structures that serve as deepwater port terminals. A further object of the
present invention is to provide a technique that increases the time-available
window for berthing a tanker at a fixed structure in open waters in a safe and
cost-effective manner. Still a further object of the present invention is to provide a
system for berthing vessels alongside in open waters, which system is able to
accommodate conventional vesseis for loading and inoading and does not

require the vessels to have special bow or stern loading manifolds or fittings.
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cost-effective manner. Still a further object of the

present invention is to provide a systemfor '
WO 2048908 ) ongsi de in open waters, which syst e"ﬁﬁ%%p‘g‘””

acconmodat e conventi onal vessels.for |oading and

to |
TH&Q&&% Bgme?ggjreg@eo? 1P hvemidrPfili defappafentes &Rise kileGay e
a oadi ng

Speci Ow Or stern mani folds or fittings. 3

agﬁoﬁ&g%%%?ﬁ@mﬂ%{gﬁg‘ggM 012992 These and ot her

il nventron will be apparent to those
skilled in the aM@M ﬁﬁ"'that fol | ows.
SUWARY OF THE | VENT the system of
this_jnvention center, around j j ;
of pTBaTarhes Brs T i O s bRt AL afBuncPu A Rt

capEaRt Sl PIoi<Ry SRR Bos (e MeETR b ol i Rftering

structure, and using.such an r. nor.e floati .
reRASANALPIRGAC e BIRPFIpER SRRUELISIEtENSH S Sriehtalign yith &
spatial relationship to the maripe structure, i en
noRiing sfruciyre, angd/eFHRY SHCHPTRREMRre ﬂ?@*&‘ Rhips oy %Bﬂ'%"g a
bert hed al ongside in close 1o enough proxjmty to the
wesselrplongaidRIn GRS sarlel TEIFIPBARIP SN MGARP ABUSIHYR In open
equi pnent may be used to | oad and unl gad the vessel. A
waters: | The inveniianraliows & largeoiasse! orha erthed alepgsidesin close
noored to the bottom of the sea. The floating dol phin
eyfoughlpireximity émtheonatine giructenedbat copveptignal [aseEgA) e
nmoor ed buoyant structure conprising several buoyant
apliprmentmealp be sised to lwad @ndiunlaast theygsselad fipating dejphin is a
several buoyant hull segnents, or "pontoons", that )
Bunaet stracioresthaits aaoredito thediottom ofithbses. Ahe fipaiing driphin of
heave danpi ng, and several horizontal bracing nenbers
thitpihvestion i préferabyps serhi-sutenesiblemoacesthiBuayanhstpucivre.
Inside the colum nenbers and pontoons, water, or any
8bhpfisikg Beverhl buoydhtcaims eheérmbéral Amangedinivertical faghian,
consunabl e materials, may be stored in such fashion as
overait BilyaADnBsdghertis B Feshteors | thabsugpoet dridesiparaie the
dol phin. "Preferably, the ballast material is

column members and provide heave damping, and several horizontal bracing

members that retain the tops of the column i'nembers in place. Inside the
column members and pohtoons, water, or any other kind of liquid or solid ballast
material and consumable materials, rﬁay be stored in such fashion as to establish
the desired draft for the floating dolphin. Preferably, the ballast material-is
seawater. Attached to the floating dolphin are fendering means, made of a strong
impact absorbing material, and so attached to the dolphin structure as to allow it
to transfer and absorb the environmental loads resulting from the contacts
between the dolphin and the shivp. The fendering means may be attached to the

column members, to the pontoons, or to both the column members and the
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seawater. Attached to the floating dol phin are

W(fz%?ﬂﬁq@&fkg nmeans, made of a strong i npact absp 'P/iugﬂl04/01z992
ma

erial, and so attached to the dol phin structure as
to allowit to transfer and absorb the environnental
parddens. @sefetdbhg tivo ommidne fanuetsaresatiachee entvidief thle lcplumm
and the ship. The fendering neans nay be attached to
tnemberh col utm nenbers, to the pontoons, or to both
t he col umm nenbers and the 4 WD 2004/ 099508

PCT/ USRIl dsktel inaitcoriafce Rithfties Adithiod 6/MRISARVETHOR, the

‘fenders are attached to two of the colum nenbers. In

RAksdHB80E SYSRRPls ranRfed RAGRatW providBs angdchrfateichment of
this invention, the hawser/fender systemis
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vessel at the 15 hawser/fender connection points. \Wen
ypesehmations apg &0 FIRRB Coppled withyiae vessel during figbarder wave
stipulated herein, the berthing systemof this
MRHoRsi thareby 4pdicing the 'tw%masegpp%mﬁ vessekatdhe types
of cargo froma vessel to a marine structure in.open
Wawserfendercaninestiorepeiats.- wi t h - ni ni nal del ays caused by

the i nfluence of wi nds, waves and currents, and with
‘When operated in the manner prescribed by the method stipulated herein,

- the berthing system of this invention enables the transfer of many different types

of cargo from a vessel to a marine structure in open Waters, and vice versa, with
minimal delays caused by the influence of winds, waves and currents, and with
reduction in the berthing loads between the marine structure and the vessel.
Thé method of this invention is particularly suited for berthing tankers that
transport and unload LNG (liquefied natural gas) and CNG (compressed natural
gas); however the method is also suited for berthing ships that transports many
other types of cargoes, such as coal, refined and unrefined petroleum crude,

certain manufactured goods, etc.
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20 reduction in the berthing | oads between the marine
structure and the vessel. The nethod of thi
WO %n i s particularly suited for berthi n}qTA%%g?%mz”z

that transport and unload LNG (liquefied natural gas)

and ENSplERMPIrveRtish Aaldhcab thed@s bf b&rveY ehipk Rforigeidedd
is also sw ted for berthing ships that transports many

é&taﬁﬁrreltaﬁdg;% e;?fo aFiHe 8fuctarEindsoscfbroxififyl tb ek Aafine

unrefi ne trol eum crude, 25 certain manufactured

éih%ﬂﬁe ,8h; unﬁe?’@ﬁ%ﬁﬂn@&&ﬁ% GltidhISeP4¢ hba89sundiine

presen I nvent 1 on vances t e art of berthing ships

L?r{pr 'eg ‘\vadté\'lssgﬁt{l lﬁlagﬁﬁbﬁfﬁr&rﬁagé Bn tlrﬂﬁm%b 'Method and system

uc UI‘GS pI‘O e nari ne
dif
GRS G S T e o
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e Bl i) YR bt RSBl AR LR erc

costs, mnimal inventory |osses and greatly reduced
BWACkonment al i npact. BRI EF DESCRI PTI ON OF THE
DRAW NGS 10 A c ‘
of the inventi obﬁéﬂm x By '
reference to the appended d i.ch illustrate

e AgeRbHNIREIEEARGT A ke¥ aM%%m s\‘@ﬁnva;]tnpn@ummarped

wi || be understood that such draw ngs, dep

pbeveagnay be bagd b retarercedto they appendash qlraw'rmdwthHélh@FraPeethe
are not to be considered as limting its scope with
methaccndssysteno of Hedipvention: althavigbit wH denmdersiesd ihahsiah
capabl e . of contenplating. Accordingly: FIG 1 is an
dtdwisgs depiciprefernedeenimdiroenta ofl the ipventionf and, therefore, are not to
invention showing a sinplified end-view diagram of a '
be sonsidéradtashinuting s stepe Wittiregiaothtpsotber embadimentsewhich the
floating dol phin.

invention is capable of contemplating. Accordingly:

FIG. 1 is an illustration of the method and system of this invention showing
a simplified end-view diagram of a vessel that has been berthed alongside using
one floating dolphin.

FIG. 2 is an iilustration of the method and system of this invention showing
a simplified end-view diagram of a large vessel that has been berthed alongside
using two floating dolphins.

FIG. 3 is an illustration of the method and system of this invention showing
a simplified end-view diagram of a cryogenic fluid tanker that has been berthed
alongside using two floating dolphins in close proximity to a marine structure, and

showing the marine structure.
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FIG 2 is an illustration of the method and syst em of

Woyﬂbﬁoﬁgb‘éem' on showng 20 a sinplified end- Vﬂ’@f)’U52004/012992
Iagram of a large vessel that has been berthe

~al ongside wusing two floating dol phins. FIG 3 IS an
i 11 usiG & isatopiviéw diatiedrmailisatng i ofvermionalthanner of berthing
invention showing a sinplified end-view diagram of a

aqabgwm»sel dtlaiddh daKk ef whBa! in6tebRRIWAES! aﬁei showing the

al ongsi de using two floating dol phins in close
Ves8eiiadidethbg, @ marine structure, and 25 showing the
marine structure. 6 WO 2004/099508 PCT/ US2004/ 012992

FI G (g §|sa? fo&é\ﬂ%\g ?Yéog?’éﬁgf b & ?réféh‘e& Qm?oodlrpent of the

conveniio berthing”™ a l[arge vesse

oo A8 Sy=i8h i g 1 B 3’?"5”‘%?"3"‘%“3’%‘& sible.
St hAVh Bodf R85 8 oSERBFle TR ndias -

rnventon usin
¥ ot an of Pt Term nal to
PRI SR B Dl o L0l ebinge beer
" ot i SR oM

i nent ,of e.invention

i filiefien Dlsstaloe PEIcE s, Shaone NESSaL 88 bethse oy ¢ hed
oref 1RSd78 U IRATEAE - ARG I ——

i nventi on usi ngfat%‘v\o trian uI ar seni -subnersi bl e

BeiheRiand sypiem fpis IBWRIHIoP) ergggxﬂarsqqg@ Sé‘lb”%?ﬁs'b'e

_offshore fixed termnal, before the vessel arrive
dqiphjpg) that hBVEbE‘FQ'hP‘aC%PQ €agh $ida ofan Q%Bowiwpﬁatmmaf before
FIGS. 8a and 8b are schematic diagrans of one of the
ipearssel agivesi arpjdetio berth a lange vesaekakhptemiralphi ns
prescribed by the nethod and systemof this
i nverftl56n 82 AT &bl aFe SCRITRIPYiagraraF-offpe ofiNvERTRiemed tnangular

semi-submersible dolphins prescribed by the method and system of this

invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, vessel 101 is shown berthed by means of floating
dolphin 702, which is provided with fendering means 104. Relatively stiff hawser
lines 103 provide a secure attachment between flbating dolphin 702 and vessel
101 and comblement the function of fendering meané 104 in permitting the ves_sel’
and the dolphin to move in concert with each other and dissipate much of the first
order wave forces from water surface 707. Floating dolphin 7102 fs attached to

- bottom 108 by means of relatively soft mooring lines 705 and anchors, or piles,

106.
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Referring to FIG 1, vessel 101 is shown berthed by

means of floating dolphin 102, which is provj |
WOROUAA OBy neans 104. Rel atively stiff hawser ﬂﬁﬁ?%‘éaz”z

"103 provide a secure attachnent between floating

dol pii@g. é-ggpi?lg%é/ Beffthg &th‘%@@e{é%tﬁﬂ%a tdiker used to

function o ndering nmeans I04 in permtting the

tr‘é{ﬁ%é?ﬁ [a_hlgi‘ S:I.l\ié‘ &nd Slrilkr ey e’ﬁFbeﬁjiijé,‘ b§ PReestof Whé hetisdof the

ssipate nuch of the fi1rst order wave

AU Y R Mg B R Ak B o
R 8a 5B B BRSO roBing s 267, Ml B
R 35 360 B 578l o g B R g
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tendering neans 204, permt the tanker and the
feptransirEingeryRgRRIG fM%ﬁ@%Pth%p@wosa&ma@E frem magne structures.
di ssipate first order wave forces,  on water surface

Wach qirghk 870 tepresentsapymaginany araa FusRase; fixgeretative to the
mani fold 209 for transferring cryogenic fluids and
eatvrin whichdbe flangaaidmenield A@9immantained dudrg theocarge transier
circle 210 represents an imagi nary area in space,

operatiom whao itheevasset ineves:p @nd downds a resuli of theagméropmental
mani fold 209 is maintained during the cargo transfer

lopds aFloatingddoiphinsc208ars cittanbed tp hgitoan 808 bywmesansaof relatively
result of the environmental |oads. Floating dol phins

26 maoeing linesc B@fland abchidrenorddidsb0reans of rel atively

soft mooring |ines 205 and anchors, or piles, 206. 15

| n Fl B FI&. 3ccryogeanic Huit tankert301kie sh@or beghadhalangside bl enkeans
al ongsi de by nmeans of floating dol phin 302, near the

af tlogtimgtdoiphin B2 atdee the3aft sectionh afnarikee 301) arat amgher floating
dolphin (not shown), near the fore section of tanker 3017, in close proximity with
fixed marine structure 371. Tanker 307 ié a cargo vessel and, as sﬁch, is
equipped with cargo transfer piping manifold. Floating dolphin 302 s provided
with fendering means 304, made of hard, impact-absorbing rubber, and is
attached to bottom 308 by means of relatively soft mooring lines 305 and anchors
306. Relatively stiff hawser lines 303 are employéd to attach floating dolphin 302
to tanker 301. The second floating dolphin (not shown) is also provided with
similar fendering means and is also moored to the bottom and securely attached

to the tanker by means similar to those used on dolphin 302. Tanker 301 is
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nker 301 is a cargo vessel and, as suc
equi pped with cargo transfer piping manifold. Floating
equippéd with @argetransber rianifokd 308, tdonhecidble todoadiagmarns 872,
made of hard, inpact-absorbing rubber, and is
whidhoerB eftabRed & fixeah riahstrusaas 3 10t Masinatstruetiuye 301 is
nmooring lines 305 and anchors 306. Relatively stiff

-efaipped W'thgtﬁ\?otiﬁ Inadr 16NBhENE &riduridddisdittel srgddemt fluids or
ego?ygh! nl3 2 t% tanker 301. gThe second fl oa.tiglng
oftirRBgbestRinsp ORIy tahkal 507. [EuURN sRsting 164iSd-Bhbkhloading
fendering neans and is al so noored to the bottom and

ﬁ@éférc%hyn@ﬁihgé@ ﬁﬂdinﬁ%rﬁ\@ dr&Rdé WA rpiﬁ§%f'8?%%%§@rr‘iﬂ GHrgo, or

to those uset on dol'phin'302. Tanker lis

FOUREIRE LR a3 S0Hpa A bauhglboome
o e PR S 0 1 UGGy o
RS i SR 2 PR BB e

et RO RS R RO B T

1§ %o Berain w300 8 PER TN A 1 a8 UG T Hahster
swi vel -jojnted cryogenj | pe stens, or t her
3 evrasria s tyisrorantcin BbAgnd kAT auth AfF e FrifEApT
conventional |y used for handljng these cargoes. t ch
rBPYeS @S emsq"eqfre@%mr@er&ﬁﬂpﬂg@! es ity th %Qstgzpeggphms’
fixed relative 10 to the earth, in which the_f]| n%e )
theraby digsipatingdisstiosderavavedpraes feam walterisvgace SAE Eﬁe erating
cryogeni c fluids through_manifold 309 and | oading arns
envelopsofitha systenudepicied BsFiGs 3:may dapenchat l6ast PiveRTt e
| oads i'n concert with the floating dol-phins, thereby
\engibi anat flexdpility o thedearting aem® (The é&re fapsratingtasvelopr sgised in
307. The operating envelop of the systemdepicted in
We@naritima pusiopeaie, dempte tbasistpacea oxradis thate yessebmgy mnove

and flexibility of the loading 'arnms. (The term
tp ped dbivngard sidewpys, ias auresdlt phistrong environmental forces before the

loading arms have to be disconnected from the manifold in order to prevent an
acéidental spill or other disrupting incident.)

Referring to FIG. 4, conventional port wharf 407 has been erected in
protected waters and is in direct contact with 950-foot-long vessel 402, berthed at
the wharf. A fluid cargo, such as crude oil or a cryogenic fluid, is unloaded from
vessel 402 onto wharf 401 by a set of conventional swivel loading arms 403,
attached to wharf 401. Fenders 404 and 405 are part of wharf 407 and serve to

protéct the wharf and thé vessel duri'ng berthing. Fixed berthing dolphin 406,
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dlsruptlng I nci dent . eferring to
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pr ot ec waters and is in direct contact wt
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cargo, cru e ol | a cryogeni c

s'c;w YBb R4 80 L&g&% B3 végzemﬁkew}eeafggfd‘m ?@yagcg% gﬁpg 410

conventl on SW ve Ing arns 4

i ffed RYESE0 ‘f‘%ﬁ%*%?ﬂeéﬁﬁaﬁﬁ 28R pff i modtine
Vi '”%%ﬁﬁ “E@%ﬂfé%ﬁﬁ%@éﬁé%ﬁ?ﬁ%&%%ﬁgﬁ50 et 4o endis
b ahebiEnot ﬁmﬁﬁsiﬂoidﬁﬁégh%whhﬁ%ﬁ i e85
otihg ﬁéé’%@?‘%‘gg'ﬁﬂ%&r@% %q@%a% D AEPotiD 'a@%oaruxﬂleavr

bow 409 and are used to &ﬁ% vessel . Likew s

PQERE ABPNImiGatis| ysar 38 “& nging ofy iesselies, d"ea"he'
vessel 402 at or near stern 412 and are used to noor
¢oneitionss bype of gargoaneether %Maﬂtw Thersigr ag berking technique
‘bottom is attached to wharf 401 and is wused to

Husterted e FiGhi hepay beasiequats) far lopdingiang wieasing Wryﬁdfl@?di
stability to the berthing operation. Moring dol phin
aargo ¢ arddromywhhds Bod doek termingls uprplectadywatatsor i ng

dol phin that is used as needed, dependi ng on vessel

si ze, Fiikd fogherdiQustmies tﬁemesthinmhminue af the raetbiod ahdisystem
such factors. The prior art berthing technique

ot theqireserd dnventieh.(Reférrimgyto 4G ad dixedtodfshone platiotimadeckeubrt
unl oadi ng conventional cargo to and fromwharfs and
tbvmiingl Sothas|beendalpicatescaretioniastatied inFur@rotectedrwaters, about
illustrates the berthing technique of the nethod and

200 feahdeep, andispiat reditedt custatt with tdrkbevedsep502) abb@ 950 feet

fi xed of fshore platformdeck-port

long, berthed alongside at the terminal. (The size of the berthed vessels and the
depth of the unprotected waters in which the berthing technique illustréted in FIG.
5 takes place may vary considerably.) Fluid cargo is unloaded from vessel 502
onto terminal 507 through a manifold on vessel 502 and a set of conventional
swivel loading arms 503 attached to the terminal. Semi-submersible dolphin 504,
moored to the bottom, is one of the semi-submersible buoyant structures, or
“floating dolphins”, of the invention. Semi-submersible dolphin 504 has been

placed-on one side of terminal 501, at an appropriate safe distance from that side

of the terminal (between about 80 and 100 feet from the closest point on the
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15 term nal 501 has been fabricated and/or installed -
[ tected waters, about 200 feet deep, ﬁpﬂu' -
Onzg(t)‘w}% irect contact with tanker vessel 502, éz%04/912992
950 feet long, berthed al ongside at the termnal.
dolphin) sindén etich pesitierr as taccosrredate ihe aff eecttmmfwewel 120
unprotected waters in which the berthing techni que
whehnubkeé vassall arriveBl Gemissubalessiblpldatphimags,waegred to the bottom,
considerably.) Fluid cargo is unloaded from vessel 502
h26 beeh pldcedanrtak skilofttamuingihb0y opposite tie side wieseserto 2
and ‘a set of conventional sw vel |oading arns 503

“sabkneedisie doiphirh 804 Basbesh plaSed; withit aesase tistande fioin that side of

504, nmpored to the bottom is one of the

tRE Brmiidd (@étwebh abbucs®arnd $00 et fromsthe @osest paiat e
dol phi ns of the invention. Sem -subnersible dol phin

defishi rli)aeﬁmhﬁ @0ch Pbaiiesl agho AEdNHEEatefthd RirgisBaliorb&ivessd! 502
an appropriate safe distance fromthat side 25 of the

vw?ér%e%sé& AMRAN Sehflalib@Brsiile deRRir 884 hid RMIbRE506 and 507
cl osest p0| nt on the 10 WO 2004/ 099508

lﬁ’%ﬁtléé?@ HIZSHde SoldBEingo2 Railé Qeﬁ'ﬁl%brﬁeéiﬁlé BBIPH‘H‘« 505

accomnmodate the aft section of vessel 502

Q’a%srtéﬁ&ergrdds‘é% 5(?%@‘00%&5&{1@ s bl ﬁorfé% 539155 f2“315}1’eec9nly

been p aced on t e Si

DEThOR e P ERRERE 4ng R E e B e oBHBTBERIN 6 o
g dter o itk HREHE P S
G el i v Fhe! GG W"dﬂ? satf@ il o R aow

i n_contact

ffﬁe S6P it oo feﬁﬁ@% 5@‘56 V&ﬁ?ﬁf‘é"%}’eﬂﬁ Qemspgedb%% the
{Ress h' Ptk the RaHeEld S1aB od teiibSer Modthd FsEiq e "
E’%{ﬁgﬁﬁeﬁgﬁ e HeSere B By RembsHRn&rSig, falhhins 504 and
BB L BEienEoned LY MEans G NE GBS SEIIARSES (he! SIMNaA a

saf e di stance of between about 10 and 60 feet from

- syriemf ghainl Wire TeRe ged/sEsyiRsficaneyingdingsiie Heeditaspoenihe

t he
dolphins to the seafloor by anchors and/or suction piles (not shown). Thl'_s

mooring system is tuned to be softer than the hawser/fender system such that the
environmental loads will be shared in an equitable fashion. Conventional hawser
lines, attached to'bow 577 and stern 572, may be used to moor vessel 502 to one
or more mooring buoys (not shown), if necessary or convenient. Additionally,

spring hawser lines 513 and 574 and breasting hawser lines 575 and 516 are

~ used to hold the vessel to the floating dolphins. Optionally, tugboats (not shown)

may also be employed to assist with the mooring of the vessel.

11



10

15

20

25

R/gnder's contact the starboard side of the vessel.)

oring |lines 510 are 15 connected to the fai .I?}%q
WO&?O“foﬂ%S%%ase of sem -submnersi bl e dol phins 504 P;én E{A@n”z

and are tensioned by nmeans of w nches or w ndl asses

(‘nota shatic diagrassdfenpreferciiadmbodiimeet oidhe imrertion illustrated
synthetic nooring lines is used to noor the dol phins

intfIGt B% §$ﬁ$.4 AXIGDE, RERARIFOANG, 8] vesset 602has been berined at
shown) . I'S mooring systemis tuned to be softer .
fiddfSkshBre b

_4EQAESH terniridt 803 Ushich hab beba e?écted on
environnental |loads will be shared in an equitable

| s%%ﬁnlag%ﬂnbse : e% E@ég& Bas. THAWSEVesskl 662 hagbbét bethédbpmuans

may be used to noor vessel 502 to

oﬁ%‘&rgiésfj{pg{]%ﬁ&ef%waw 664 gy 605 FhosieRiB khe béafitRF B Rdans of

rtronally, " spring hawser |lines 513

rrgg)glag lﬁe§ gﬁ% k\’i{?lﬁé\?‘ Ellen&r{ﬁ@?%ﬁ[t% gﬁ%‘ﬁése's&ﬁhé Ao abfphiHsy means

v N t g vesse oat 1 ng dol phins.

onal Iy, tu

. ogfgabzq?gf%%gg; a@@v@fﬁj@ pfiongl 1 fHearts of ihdhes B nglasses.

P 2004/ 0. AL i j

e
r:. in 50 in F 6 '
L i ey

: at f or m deck- tt ' 601, which, has -
dascdhestrnaye. Tkt PoRR0G R SeRm s Eibo AP RES Bos and 605
vessel 602 has been berthed Qg' ans 5 of
maybe witeines B SpBOKAAIRY TR aamA VR8s hwpalier degiel the
seaf | oor by means of nDorinﬁ | i nes 606, ich. are .
saeldurasnTobng fos waiost 6fine hallaskandaopRyabes Tdk Semsy

- fairleaders (not shown) and tensioned by neans  of
submudrsibleadolptiimsl 564 eed 605 Fhyihis MARNeRiAA 9‘\{36@%1 dradt & dlae
on seni -submersi bl e dol phins 604 and 605,
flaztipg clblphiisynaybe establishadadhe gesked deaii! the floating dalphjas
to berth the vessel as 10 descri bed above.. Tops 609
simili 6B approxiemdtely aual o dsigeealel thian ke gt ¢fiibe gesselsbging

be mai ntai ned at approxinmately the sanme | evel as the
peaidE rTHewHl 2o tdsalt in the mooring lines of the dolphins clearing the keel

of the vessels. As may be seen in this illustration, and as is the case in the
berthing of vessels afforded by the method and system of this invention, at no
time is the terminal in direct contact with the vessel, thus avoiding or minimizing
the problems associated with environmental loads and other circumstances
attendant to loading and unloading a vesse! in open waters.

'FIG. 7 is a schematic diagram of a preferred embodiment of the method
and system of this invention using two triangular semi-submersible dolphins that
have been placed on each side of an offshore fixed terminal, before the vessel

arrives, in order to berth a vessel to the terminal. Referring to FIG. 7, fixed

12



10

15

20

25

vessel by controlling the wei ght of the ballast and
WO SeUArd9sRR! es i nside sem - submersi bl e dol phi n@Odsat4b12992
605. In this manner the desired draft of the floating
dol phi ns may be established. The desired draft of the
off$remeé pratfodnideck-port16rmsihalural, hichpgis®n batios andifrthey

or greater than the draft of the vessels being
atectdaasy emibédded pilings! 202, isciarikediby seimé-submersibje| dolphins 704
the dol phins clearing the keel of the vessels. As may
ahe 798emobreditbitise sédilost bpmezms i mbaingilines 706 cwkich iare

the berthing of vessels afforded by the nethod and

cEMiscRed /f thkHage onitetviodulptihs b meang®f fairiédters andiensioned
in direct contact with the vessel, thus avoiding-or

bYivihéAes! &erﬂ@a&éé% (ROEOSHA. E‘ér&ﬁé‘ringtrﬁéhn& 70F, on semi-

environnental | oads and other circunstances attendant

@ﬂrimmémﬁrﬂer YR58 (nbtsHOMAN onakaTiSubiefsible
shBrlnlseﬁbgﬂgc tic di agramlﬁ? a preferred Zn‘oodl ment of

f bh A v PR YH veBsef béer ﬁndd&‘t’ 8R4 tPRct d‘Buﬂ‘é’Kbetween
tr| angu ar sem -subnersi bl e dol phins that have been '

tl‘?e 9&5&& % fRcdbmil éﬂ@g‘%‘ rsiBle dIPRASIS tf 'néﬁﬁiss‘dﬂ 6T‘éiﬂrﬁronmental

ore vessel rrives, 1n order to bert

5 e S 4 s O i
A & RS op e Aoty b o aBpida
rr?rar‘if?“frfﬁeb%fﬁ%%rs%r A
S AT b A
usadiatie; B? ptE ﬁ%ﬂ’ '%91‘8‘ ?‘Pﬁt&g} SRIiaUy mgpring is
b & eissen wé&‘é’%ﬁ%ﬁpa?@su oy DuhSia BEE 1% nse i

.between the vessel and the se sub rsi bl ol
pale. Wikl NSy SIagk, S VSaCHR HE R HPatng Ry turerﬁegrﬁﬁ%q@ but
~of sem -subnérsible dol phins 704 and 705 to. the

& bulbrid epnaspt WheteeRlpraents er%'\th ﬁ@eﬁmﬂgx'%@hﬁ@yar@ea tense rigid
acconpl i shed by nmeans of a "cantenary
wire rope or synthetic line are used to moor the dolphin to the anchor or pile
embedded in the bottom, e.g., a heavy chain or rope is attached to a rope or
cable urrder tension, which in turn is attached to another piece of chain or rope
and so on until they are in turn attached to an anchor or pile.

FIG. 8 is a schematic diagram of one of the preferred triangular semi-
submersible dolphins prescribed by the method and system of this invention.
Referring to FIG. 8, triangular semi-submersible dolphin 801 is comprised of

three enclosed, hollow buoyant column members, or “caissons”, 802, arranged in

vertical fashron three horizontal hull members, or “pontoons”, 803 that support
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noori'ng"techni que or by neans of a "sem -taut noporing

techni In a cantenary nooring, a heavy f I
WO 294y 0395%9\4 th an appropriate pretension, usﬂe@@ﬁof‘uou%z
the base of the dolphin to the bottom The sem -t aut

- arfBRRAdiA%hd oluﬁrﬁ'rﬁ@rﬂber@ i PRiceHd/provide ihegve dampird, and three
nmooring” (where a taut, i.e., tense rigid, 15 cable,

hdWZoRtaf 'b\"éd'r’r?dorlnléﬂi%@ b@ﬂ‘hat rétainRE tdps dfitRe doluhomtin piace and

structur bottom), but a hybrid concept where

Sl%p%?ﬁtﬂg ek shQdtlred THE %‘ms%érhteesuhhﬁ nihbets BchamssonsSA this

WTre rope or synthetic line are used 'to noor

p%@?el%ﬁ%ﬁr%bﬂrrﬁe%t & aﬁﬁﬁhﬁéo f¥et RighandeiPRefRciametdieThe

eavy chaln or rope I1s attached to a

blé?faiwé ﬁg& rr{egr%ieﬁ%tﬂ %rnbclyogrg?ng s c[}flggi iiar é?nl‘ééﬁu‘?rehfs are about 140

In or rope 20 and so

f on unt N %é Pe§¥ wicie b)é@ﬁ?éﬁtrhr@ A EHuii %ﬂd%ﬁ?r?érn@érs are

efrat | di'ag ramo one 0

n%;cf%?: Ireiez o ?éqfeﬁzga&ﬁét %ﬁ%%ﬁm?%‘e%ﬁﬁ%hﬁ'tw e
tapars eguaf pLne i ln PR R e BE Mol B sy,

buoyant col um nenbers, 2

eilew ign yathirpeRact 1ok sasel rﬁ"é@a‘r‘-@)’-gg% RPE?SQ Lﬂtﬁ"éri%g%&ate'
ont oons 803 t hat t WD, 2004/ 0

i Bntnes bduastifaks RORPR RHES o CTRERGET Juf embers

pl ace and provi de heave danping, and three ori zont al

andesiuiRpadenitiehesesoripen aﬂdrpé'mlrr‘g eREPMEpLTopAd B'HS or

colums in place and support the deck structure. .The
vithslrawingowtento the dolphin ang thesebyseanirol itydiaf; (degree of
particul ar enbodi ment, are about 120 feet high and 32
dubstersion}iiQihvet lallastinetesials agtahle fatthis prpBse inclusle concrete,
pontoons, in this particular enbodi nent, are about 140
éaret, liquid gnusyarkDednsemablasesuh asdfuekell, Paiable wales fieshumaier,
and hull nenbers are nmade of steel and contain enou h
fralvatetaradnmisoellanenss deyaesis (andt stetesvirprizantal draging M
the draft of the dolphin to maintain deck means 805 at
. BodEDWErtop ef semksubmansible daiphie @0Tthave keregtangslar shape in this
Preferably, the ballast material is seawater,

particular embodiment, and are approximately 140 feet fong, 4 feet wide and 4
feet high. Attached to triangular semi-submersible dolphin 8017 are fendering
means 806, made of rubber or some other impact absorbing material and so
incorporaté_d into the dolphin structure as to allow it to transfer and absorb the
environmental loads resulting from the contacts between the dolphin and the
vessel. Steel structural reinforcement 807 is used, in this particular embodiment,
to mount fender'rng means 806 on the dolphin and provide additional strength to

~ the fendering system in order to handie extreme environmental loads. Triangular-

shape deck 805 may be conveniently incorporated into the dolphin structure to
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1o which is contained in ballast tanks |ocated inside
wolliy/fs9dggm and/or hul | menbers and equi pped yidfisrgoso12002 =
hoses, pi pes and punpi ng equi prent for adding or -
w t hdrawi ng water to the dol phin and thereby control
affors] abiceks id il égrrepairs, maintenancd amgd addiidred abedssdart berthing
materials suitable for this purpose include concrete,
opanflions. THe shethudi aittthe epsiamedfl this iswattioashdruenabte the berthing
pot abl e water, fresh water, 15 firewater and

opefetivh 16 fa@Usack i Heafipliann thshia @SherHivdn inenfi@d faskiohand
nmenbers 804 at the top of sem -subnersible dol phin

1§89 ted\RVS LR rihftfy ifipaEt RfcetRMaerebiltd i Ssaf@ldrid Mdteréfiicient
enbodi nent, and are approxi mately 140 feet long, 4

B‘e‘?tﬁfngvi’hgleéémﬁalﬂwtaiﬁ ﬂfé v&¥salaloAddias BREnd Bertt LRSI théve severe

sem -subnersi bl e dol phin 801 are fendering neans 806,

ﬁgsg@ga%ppagm&{s tﬁtgrgg)r%tfh@g Hdipact absorbing materi al

I ncor pora into the dol phin structure as

to al j i i
| oaad? REefered i, A sanE e Blo GO JRFINGR, oach

: I { oo Sit ' '
8! O padifoe ot Bfihing' el oBuck e B AiEKRRteIp e dane
GARET b BT B iod PRt rRE sBloRe iR embodiment
to handl t i : ' >
Wi S T BBl R MRre ot oo
t h | phi t t to 14 WO 2004/ 09950 ,
s iieoln Aol &l o mECeD 1S Ponenianyy BpE 4t plocation
OB eRBIeSOr edoRDPBIATAAPAE GFREirR. Aol Liportant feature
i nvention then enable the berthing operation to take
of thisssysiemiscthabit Fam peqommpditecanmitionabypssals and;daeg not
fashion, and this reduces berthing inpact forces and
resiilie spesial bow g7 sterniegding reanifalds eiditings. KA PraferEed hat
can mai ntain the vessel alongside on the berth under
embedimeant:the column mermbersef thesemisypershlp dplphing rUmRS
berth. In a preferred enbodi nent, two sem -subnersible
thoee indsararasranged in a substapfially @guiaters dipngulas configusation. A

termnal or fixed structure at approxi mately the sane
triangular configuration provides fabrication cost savings and increased motion

stability when the dolphin is subjected tb the forcés of high winds, waves and
currents. More than three column members.may be used. The column members
are key structural elements of the system of the invention and.allow the fendering
means to be mounted on the system dolphin. The column members also provide
the necessary buoyancy to the doiphin.

The present invention allows the heretofore-impracticable transfer of LNG,
CNG and similar cryogenic fluids from large tankers to offshore platforms in

unprotected waters. The transfer of such fluids in these environments would

15



di stance fromthe term nal or fixed structure in: ,
mrror_fashion. This enbodi nent 10 al |l ows ve Zﬁl(

WO M8 ertain |ar ge tankers, that have cona) ﬁ%ﬁg%ﬂ/mz”z
| oadi ng- and- unl oadi ng mani fol ds at or near md-ship

e{'ﬁ%g %g%h%drﬂs R&Vih§ sRiveRjoirR6@Eiyogenitpide Systdrad) Systents of

ng- and- unl oadi ng operation. Another inportant

c@%ﬁ&hﬁ& Pos8d Fh&)o? PR} 88 itRid iRatisthihl CeRlerPCRRIPIRSHR! Rhich in

ventional vessels and does not require special bow

tt%é @ﬁ%%@%?ﬁ&gngﬁgﬁ iﬂhﬂ%e@tioﬁiﬂetédfhatﬁﬁtgh'ﬁufbkl?[, qitgr r ed

e Co menbers o

n’irﬁ% ggé‘%ﬁéﬁ’ éfé%ég}%g %it\g%r{‘fﬁ@%kerg ah8tRSofiéife BlaBorms

iy _ _ y equilateral triangular

s et :gé@daﬁggbéfﬁéaw%%ﬁ“%%%%eﬁé&%w Wit run
o3 il ShAiG 2chisbat? o SplB AN Tfeb it P A Fdan
-s%%ﬁ‘gﬁf %S?‘éehmf%?éa%« g5t tojge %%@aﬁ%%@%@oﬁ?%%nﬁe
SEBirGHedmaN Al PPIRP AIORE RIS BPoy FRera e

necessary buoyancy to the dol.phin. Th resept .-
qondiuster shickiy, WS TIAENYE SePRRYPR SIStance RS the AR pd
of LNG CNG and sinjlar cryogenic fluids fromlarge
10 theekeheretpiatiarmsiandavigh Righ dedtes ¢f as5U@TKr ot ect ed
waters. The transfer of such fluids in these .
envi Whilethespresent invenfompas bean deskiped in terms of particular
PCT/ 1JS2004/ 012992 entail the use of booms having .
embodiinents ancapplicatierenircbgth sumimerizegwrndgiptailegforms, it is not
cryogeni ¢ hoses and/or simlar cold fluid industrial
iflegnded itiyatehesepdestriptiovs iolanywayt limihitsecopg to@quisueht hat
the berthing operation be conducted quickly, with
einbodirerteand appliationss taad davit bewneerstoed thahkeny sabstitutions,
. the offshore platfornms 5 and with high degree of
15 asdngeacind Variatond indhe tbscribedresfimodiropetsaappicatiens ahd datails of
the risks of causing accidental cargo spills and
fHeORmBtholdiaheissystwnt Niubiiated hatdie addof their operation can be made by

those skilled in the art without departing from the spirit of this invention.
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-safety and environnental hazards, not to nention
expensi ve product | osses. The berthing technique of

the invention allows the berthing of these tankers to

be conducted quickly, with mninmmseparation LLOYDWISE
di stance between the tankers and to the offshore
platforns and with high degree of accuracy. Wile the
present invention has beegpspas bed in terns of
particul ar enbodi ments and applications, in both

summari zed and detailed forns, it is not intended

that these descriptions in any way limt its scope to

T R e

variations in the described enbodi nents, applications .
and @t aimaing Smtqtilgen%‘itaﬁgaf? 5%319%%%% off § 2 Pa&'@dpmwded with
herein and of their operation can be made by  those )

ski | keaventiondldoading wine lsauipmgal sridicogventionpl l)lfl?édlggiaﬂpteqmpmem
of this invention. 16 LLOYD WSE CLAIMS 1. A system

for befififliredfoa anedsednt toa mapifollentsed wasedr s,

conprising: (a) a marine structure, attached to the

bot t 9B &f IchfierwrefloAlg d¥lphinélefchispited apanniv&mtthoder and each
| oadi'ng arm equi pnent, said conventional |oading arm

equi pment 4 }octﬂ%‘ fg?ﬂgjr?e%q thfea %%Q%Pg@;? Soft Qat@nzgﬁ MdRing rﬂéhlms or by

sai d 'vessel; east t I ng dol phins, €ac

spaced apart fr.om the ather and eac or Q. t . .
Dot t SHAGTELY remtidauty PopBhi, ety B3 foallpE dfofifly gifyided with
means. or by relatively sem -taut nmgoring heans, said .
T oauterpriagI PRGN DlAbEba HOSHI POOTEIEAdnG: Aelint Ly spatial
placed in closed proximty and in a first fixed .

spat irelationgHipehdsienfatiando sridanaring gructeredailineruith gither of the
structure in line with either of the sides of said
vessaliddsihfsaidvessgl inssidtungrotadted satef$) positioni ng

means for bringing said vessel alongside in close

Pr oXi @y bysitishfgl MeshsSRE Bithglg dd SRadel Alorlgeldatin0¢168d Proximity
and orientation to said marine
and in a second fixed spatial relationship and orientation to said marine
structure approximately beam on and in line with said fendering means with
which said floating dolphins are provided and with the lateral side of the
vessel and the fendering means disposed approximately in the same vertical
plane; and
(d) relatively stiff mooring lines adapted for securing said vessel to said
floating dolphins so that said conventional loading arm equipment may be
used to load and unload said vessel to and from said marine structure,

wherein said relative stiff mooring lines are substantially stiff relative to the

mooring means.
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15 structure approximately beamon and in line with

said fendering nmeans with which said floating dol phins

are provided and with the lateral side of the veskldYDWISE
and the fendering neans di sposed approximately in the

same vertical plane; and (d) relatively stiff nooring

i nes adapted for securing said vessel to said 20

2f | 0ahi Qg kRbdhifOa tohalo veakdl 16 Anmerid podlterntiaali sygipped with
arm equi pnent may be wused to |oad and unl oad said

125 sl A E AR LA IBLEASLR 680
tiff | at.i to th ' 1 . .
ST Lol Bl G e, R R b PPl Bviac v
t termnal equi pped with pivoti . . .
POt o RIS | BSSShA oty N sndanontin

conprising: (a) a narine port termnal, attached to
5 the bguipmeniieingreondiguredifar ptashmgriowimanifold gn s3id yessel;
| oadi ng- and- unl oadi ng equi pnent, said
| oadih)ganéehst tvoasinmigsubmeesiple pmooted beiaygnic striidtgiesedr “floating
for attachnment to a manifold on said vessel; (b) at

| easﬁotp%ss,eéﬂch%rlmraﬁi‘ahwﬁ)m SHebaY edth Bbored toltiesbottom of
or "floating dolphins", each spaced apart fromthe

ot her, a Q%y Bg gPl[aHgél? et Gudidafy RRYHAR Mlanst (gl'gl)o/)s 8&8afNely semi-taut

relative atenary noori ng neans or

rel atively sem -t ayt oring.neans. .sal.d.{l oat ]

dol pMREIIEREH s a:ﬂ?alq})%gado PR Brl%ﬁé'bggf}aﬂpa?g' of buoyant
col um nenbers, or "caissqns", arranged jn.verti c?l. :
10 ori esolmrbmembers) o “¢AltsPRY b Aangse lwgs}lcfﬁit ofigfjtation, (11) a plurality
segnents, or "pontoons", supporting and separating .

sai d dfboyyant huld ségmentsrentieontoensd supperting ar sppataing said buoyant
danpi ng to said noored buoyant structures, and (iii)

a pl woRlnhit ymehibérer arabritmphrting ahéavg dempiegsto etidi mooged buoyant
the upper portions of said caissons in place, said

f1 oatgRgneal A GF) Pf)l@ll/dligﬁ gf MéridontalBAReing therabe&rd kdtainthg the upper

fenders attached to said caissons as to allow the
f oatﬂorlltgonqoéfpéalicpéaigs‘ans in place, said floating dolphins provided with impact-
15 absorbing fenders attached to said caissons as to allow the floating dolphins to
transfer and absorb the environmental loads resulting from the contacts between
the floating dolphins and the cargo vessel;
(c) means for placing said floating dolphins in close proximity and_ in a first
spatial relationship and orientation to said marine port terminal in said
20 unprotected waters;
(d) positioning means for maneuvering said cargo vessel alongside in close

proximity and in a second spatial relationship and orientation to said marine port

terminal approximately beam on and in line with said fenders with which said
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transfer and absorb the environnental |oads resulting
fromthe contacts between the floating dol phins ?MDWISE
the cargo vessel; (c) neans for placing said floating

dol phins in close proximty and in a first spatial

rel ati onship and orientation to said marine port

termnal in said 20 unprotected waters; (d)

POSI §d19RE drd BraR fefl Gind e Bttt i0f ghes hitetalcddgoofthe siebsel and the
alongside in close proximty and in a second spati al

el ak 003 Mo AhoRrxERARIY iAitd Aniaiekicamplane; it

termnal approxi ely beamon and in line wwth said
fenders w.t ' [ o ' atin
pr oviedae el i RaS M linektFol sEPnE g i RUNSBE(oPaR floaring
vessel and the fenders di sposed, appr oxi '

S o AR AN SE IV TPRng PN e R Prepb Bl B8 used to
lines for securing said cargo vessel to said float. ng herei
dol phiadgnd gnload said £prgopiessst g‘h"dldl isﬁa-f%ﬁﬁal-elﬂf?ﬁotslaﬁ“ﬁg" whereln
equi pnmrent may be used to 5 load and unload said cargo .
vessedid trelativly fstiffrmeeriing Heasi ave splostantigHy siif{gelatiyp & genmooring
said relatively stiff nmooring |lines are substantially
stiffpeagd.ative to the nooring neans. 3. A systemfor
berthing a vessel in unprotected waters, conprising:

3( ) %%@f&ﬁﬁr%ﬁuﬁgw@mﬂd@@faect_e@wms, botaprisingf t he
sea and provided wth 10 conventional |oading arm

equi t i entdcRBRko 1R Bh ARG A6 MR ek PARINbrovided with
confi%ﬁ?e g orag%?lg}éhgrr%dr??&?éo etlﬁj@rrani fold on said brovide

vessel ; (h) at, |l east two floatin { 0St, ’ :
spac éan‘é‘%’ﬂf’?ﬁfl%(ﬁw AE™ SHARMEh d ngacc L/Qlﬁrritg) g ?lelg‘ei?lg@ {3 equipment
bottom of the sea by rel ativetj %’}ufno” cat enary noori ng
neansonfigypd forattaghientjo & gnilp b¥ss) means, each

of said floating dolphins conprising a 15 h

seni (bubiieasi tyceflbatingadelphing. rach spaccdnnartshiery the yother and eac

plurality of buoyant colum nenbers, or caissons,

ar r angested fo the hottoml offts ftadry ralatively soft detgnasytnpooring means or by
relatively semi-taut mooring means, each of said floating dolphins comprising a
semi-submersible buoyant structure comprising (i) a plurality of buoyant
column members, or caissons, arranged in vertical fashion and provided with
fendering means attached to said caissons, (ii) a plurality of buoyant hull
segments, or pontoons, supporting and separating said caissons and providing
heave damping to said buoyant structure, and (iii) a plurality of horizontal
bracing members retaining the tops of said caissons in place, said floating
dolphins placed in closed proximity and in a first fixed spatial relationship and

orientation to said marine structure in line with either of the sides of said vessel

in said unprotected waters;
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fendering neans attached to said caissons, (ii) a
plurality of buoyant hull segnents, or pontoons,
supporting and separating said cai ssons and provLdd¥yWISE
heave danping to said buoyant structure, and (iii) a
plurality of horizontal 20 bracing nenbers retaining

the tops of said caissons in place, said floating

dol pl) BosiBbadnédhs Fhobing saill Wedsgl alodgside m ¢losesproximity and
fixed spatial relationship and orientation to said

Mari 0e, SEEA HL& sphtlal RatiMnkkip€lddhérientdtion® Siidl@sariat structure
sai d vesse I'n said unprot ecFed waters; 19 LLOYD W SE

(c) )tulng)art]élg%egﬁlagﬁ afnﬁrlnbﬁﬂen%dyﬁgsaﬁﬁlf&d‘éﬁﬁé @heans and with the

al on |'0se proximt I'n a second fixed

spat | el.at L gnshi tatlon

o T LSS Peaenl B B darieone anant HispFisd fpidiiely in the
fenderl ng nmeans and ith the Iateral side of the

vesssame Merticplans; i ng means di sposed approxi mately

in the 5 sanme vertical plane; and (d)_ relatively

sti f {d)relatively stiffresotingakines adapsed fucapuring ssid YﬁFS\“ﬁié% &3id floating
to said floating dolphins so that said conventi onal

| oadidolphittsnsoethai ik nonventioraé lorsleg aro eqapmentrrdayhé gsed to load
said vessel to and fromsaid marine vessel, wherein

sai d ah@ oY Saiviebdel oMot shil heBinenesslbalieasinisaidirylative stiff
stiff relative to the nooring neans. 10 4. The

ber t hi in gﬁﬁ%& Hﬁe%ﬁlbahﬂiaﬁg%ﬁffw’eﬁﬁ% 1 theifdotifp dRahg

means att d to sald Calssons conprise one or nore

f end e ubb [ ri hed t
%5 PR o URCSE b, TRAGE P TP R honed o
dol phin structure to transfer a bsor o

envi rsqul,-,gzm;g;nq ERIPRI$% SF 19T N OFF E?‘Hcgﬁge magsn(e Eqbg)er-hke impact-
bet ween each dol phin structure and the vessel 5.

The kaés(prhmggmggpg{abﬁp@fsocqt@phﬁdglto the c5adSSANS; 85 itQy apr each dolphin
l'iquid ballast material is stored inside said

cai sstustuado pransfeonasd iabserbotha teanvirohmeniab headsoresulting from the
establish the desired draft for the floating

dol phjongacts between each dolphin structure and the vessel.

o

5. The berthing system of claim 4, wherein solid or liquid ballast material is
stored inside said caissons and pontoons in amounts sufficient to establish the
desired draft for the floating dolphins.

6. The berthing system of claim 5, wherein said ballast material is seawater.

7. A system for berthing a cargo vessel to a marine port terminal equipped with
pivoting loading-and-unloading means in unprotected waters, comprising:

(a) a marine port terminal, attached to the bottom of the sea and provided with
pivoting loading-and-unloading means, said pivoting loading-and-unloading

means attachable to a manifold on said cargo vessel;
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6. The berthing systemof claim5, wherein said

bal | ast material is seawater. 7. A systemfor ber&&bgﬂVWSE
a cargo vessel to a marine port term nal equi pped

20 pivoting | oadi ng-and-unl oadi ng neans i n unprotected
waters, conprising: (a) a marine port term nal,

attached to the bottom of the sea and provided with

pi voriyng 1ksadivagseatlchubileasiblie ipatingrdvlplsias thquiredtd g bottom of
| oadi ng- and- unl oadi ng neans attachable to a manifold

on _Sﬁ{ed%e%aﬁ}g Q@i soft ZBtdnbYRoWiBE mdady o2tby edsivelyeemi-taut

sem - subner’si bl e f1oating dol phins noored to the

bot t %@o%%gy&%‘g)ﬁ??ﬁd kfroafiﬁ% %fo'l;%‘}gllllﬁt/ cofd lgsiﬁgt(ﬁnﬁrpl'urm@r é:)igguoyant

nmeans oOf atively s rihg ‘'means, Sa
floati ng dol phins conprisin i) - Lurali. ‘s .
buoy S el o faRsort popdcl f vBaf blibkafibn, i) a pluralicy
vertical orientation, (ii) a plurality 5 of bupyant .. d
hul | of jjipyans hully sSeEREEHNET RABHHBYSL iSHéP%fﬂags SEPAYne sat
said caissons and inparting heave danping to said ...

f | oachissprgoinshimearting degyd #3mpingppsaid floptipg dolphins, and (iii) a
hori zontal bracing or deck nenbers retaining the upper

por t iphuralityodf Isarizbntditsscing or deglt meebessaietaifiingathe ngper portions
dol phi ns provided with inpact- absorbing fenders

at t aglpeghid Ca$Rbhs G placd)Ssad fleutinlgl avlphhie ptovaédddgvith impact-
dol phins 10 to transfer and absorb the environnent al

| Oadsabgc?rﬁg‘l&t feﬁgexfsra‘?ﬂl:ﬁ t Sl @4isSonsBIHEERW IR floating dolphins
t1ng p

fl oa I'ns and the cargo vessel; (c) nmeans for

| 0afing ddl phrs and the car go ves neans T or
'’ a R e andCibsopR e liqHinenial ToRAF i Rbla i, A contacts

to said marine part termnal, in |ine th either of
the dieHEeendhe aH“%QPE@"Vé@@é eFﬂgggfﬁghnprotected
waters; 15 (d) neans for _maneuvering sajid cargo, vessel
al onds) teannfar plading saidi fleating dolphing, iny cloge FFRKIMItY pd 1n a first
spatial relationship and orientation to said narine
port fistedrspatiall retgpionship redeirientasiom torsaith tharine |fonteteyinal in line
sai d i npact-absorbing fenders attached to said
cai SsQiils eARel ofithé sideeof adi¢ calgosieske] of sdithenpmtgted wseed;
(d) means for maneuvering said cargo vessel alongside in close proximity
and in a second fixed spatial relationship and orientation to said marine port
terminal approximately beam on and in line with said impact-absorbing
fenders attached to said caissons and with the lateral side of the cargo vessel
and the fenders disposed approximately in the same vertical plane; and
(e) relatively stiff mooring lines for attaching said cargo vessel to said
floating dolphins so that said pivoting loading-and-unloading means may be

used to load and unload said cargo vessel to and from said marine port

terminal.
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and the fenders disposed approximately in the sanme

vertical plane; and 20 (e) relatively stiff nporing

lines for attaching said cargo vessel to said L

fl oati ng dol phins so that said pivoting LOYD WiSE
| oadi ng- and- unl oadi ng neans nmay be wused to | oad and

unl oad said cargo vessel to and from said narine port

gt er mrRal berthing lsMOmNoBEclaitn 7Thehéreid Bhidgimyaitasabing fenders
claim7, wherein said inpact-absorbing fenders

at t aghed el Qo $adcAdons @BMpFRYRBhE BE I8 fRhddIP tadeesti@bber-like
made of rubber-like inpact-absorbing material. 9. The

bert mln&t_sa%%r%amgo&a&lrigi.m 7, wherein solid or liquid

bal | ast mat eri i'S stored inside said cai ssons and

pont Qons i n.anmounts f.iicient to est.gblish.the s
9tesi 158 BEFQINE PETCRHY GIRERY: ﬁ”d‘e&%f’psﬁuhﬁs‘?r Ii%‘f‘h%aéla“ material is
berthing systemof claim9, wherein said ball ast :

at eptogd inbids aubgaseons A0 POHEETIH aF‘Eﬂ““BSe%“ﬁJﬂF‘ﬁﬁt o establish the
vessel in unprotected waters to a marine structure,
conpdesiadgdrafidor theftoaping dotphisg provi di ng a narine
structure attached to the bottom of the sea and

1pr oviTte bewhirg sysreveof ¢lamab, Wherimspidbahlast) viatereal tis senaater.
conventional |oading arm equipnment configured for

13t t aghRMod fordbeiibid 8lvdsRN i ahprot@sedvatdrdlo prmamink Mgucture,
at least two floating dol phins, each spaced apart from

t he %BE§P§h%2ﬁe§égp°ﬁDored to the bottom of the sea by

relativ t catenary nooring 15 neans or by

relatjvel y.sem -t aut. i ig f -

doi grq?lngrcyvmi B etind Wil SR 36 e SRR AT the sea and
sai Qatj ng. dol phins | lose proximty and i .
Fir Pt senvetionel RefipgmCaiRme #id SPntRlope! loading
said marine structure in line with either of the

si degrmfequipmeny eandigurad fos aitashmept o adeatpldian s3id vessel;

(b) providing at least two floating dolphins, each spaced apart from the other
and each moored to the bottom of the sea by relatively soft catenary mooring
means or by relatively semi-taut mooring means, said floating dolphins
provided with fendering means

(c) placing said floating dolphins in close proximity and in a first fixed
spatial relationship and orientation to said marine structure in line with either
of the sides of said vessel in said unprotected waters;

(d) positioning said vessel alongside in close proximity and in a second fixed
spatial relationship and orientation to said marine structure approximately
beam on and in line with said fendering means with which said floating dolphins
are provided and with the lateral side of the vessel and the fendering means

disposed approximately in the same vertical plane; and
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20 (d) positioning said vessel alongside in close
proximty and in a second fixed spatial relationship
and orientation to said marine structure approxinatelx
beamon and in line with said fendering means with LEOYDWISE
whi ch said floating dol phins are provided and with
the lateral side of the vessel and the fendering neans

di Sp@%e&cﬂﬂg%‘?,ﬁi(dg?és@él%oi faid ﬂ@aﬁ?”fsohpﬂ[dsl BanephaoLielaRdly stiff

22 LLOYD W securing sai essel to said

fl oa&ﬂd&lngqingpisG%h%ysam?@&ﬁleﬂﬁoﬁaﬁllaﬁdl}igla)‘mséduflﬁment may be used

noorin nes so t sal d conventional | oadi ng arm

equi cg'lac}aldoe}r%%{ %rgo%ﬁgae eg) e ?63 n@ﬁg \Aﬁeqﬁgrlr?eak dp\fgl%s%erem said

to a nes ructure, erei

relatlve st ff moor | ines a I

ol afsEv St MeOTgR insr Sibne e ST e g e Fpiride means.
berthing a cargo vessel to a marine port term nal

13t t achawthed fonderthingtaoeres vesiel oamariee BeitppEaal4tiaghed to the
pi voti ng | oadi ng- and-unl oadi ng equi pnment in

unpr dbtiomerf theser sd emipped odth piyotingiopdivgtand amidadingequipment
for attachnent to a manifold on said vessel, the

met hqgl uapraedied R@terd, ahidoloatingi eagipaient eaﬁﬁgdrttd) for attachment to a
sen1 subner si bl e noored buoyant structures, or 10

"f1 034 iPBIdIOh PRl PSssel, ARGHeRARERRprRAst from the ot her
and each noored to the bottom of the sea by

rel at(!a)vg}'é@l&’ gét atC LENRLY s%?gﬁﬁ?&r%l@n o%fe b)ﬂuoyant structures, or
atl ng

rel at aut noori ng means, o

memborgatgy doiphisSCketh ol tal i t@ h%r“% et FloB to the

orientation (||) a Iur of buo ant huII

Segrberiom 8 theoish DoFRetNeDy B R aoTd ety fg DY gelatively
sai d buoyant columm nenbers and inparting heave

danpisegitant saetingoeans, theidlpating dgﬁxbmsmrlsarr&j (i phurality of
a plurality of horizontal bracing nenbers retaining

t he UpP§intpoiim® AEentfers ar ¢caissoashasrangedpinaceticad aridntation, (ii) a
floating dol phins provided with inpact-absorbing

f endgligrafityt 8F BRSYIn® hafi gmBhES 6N SpafiodrR”; akd}%ﬂﬁdgeand separating

floating “dol phins to transfer and absorb t

envi rangRsahe ORAR fieRibels' i {nhRARidd Reave damping to said moored
buoyant structures, and (iii) a plurality of horizontal bracing members retaining
the upper portions of said caissons in place, said floating dolphins provided with
impact-absorbing fenders attached to said caissbns as to allow the floating
dolphins to transfer and absorb the environmental loads resulting from the
contacts between the floating dolphins and the cargo vessel;
(b) placing said floating dolphins in close proximity and in a first spatial

relationship and orientation to said marine port terminal in line with either of the

lateral sides of said vessel in said unprotected waters;
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20 contacts between the floating dol phins and the

cargo vessel; (b) placing said floating dol phins in

close proximty and in a first spatial relationshi

and orientation to said marine port termnal in I|n@£WDVWSE
with either of the Ilateral sides of said vessel in

said unprotected waters; 23 LLOYD WSE (c¢)

mneW%éﬁé@v&ﬂleMEQ@o%&‘éEhloﬁQMﬁﬂ desel progintigeand in a second
proxinmty and in a second spatial relationship and

orie QI(S) difal Qélattl&lsﬁﬂi Shd "B d &I A0t sal Ehnatine |poﬁﬁ9frﬁ’ihhﬂ'§§;ﬁb)&imately
beamon and in Iine wth said fenderlng means with

whi cly. 58108 Jhli 97 1{19?"1@%[«1&%&?& 5 RS Qythdedc dl‘g@ﬂd ‘ﬂ'oﬁpng dolphins

the l'ateral side o e vessel 4 the fen r|ng nmeans

5 di sposed. app .

and @) goag%ﬁ i el gl o s@ssoiatﬁ?ae%ae? 4 a8 ring means
dol phi ns by neans oklre ativel ? hP orlng Ilnes

so t 14EPoses apPRXIBRtehgint %ﬁﬁ“ﬁg"%\’ﬁ? &g equi pnent

may be used to | oad and unl oad said cargo vessel tao

and fdosecuring saidrdargs pessel torseichflonting delptiias Ry gegags of relatively
relatively stiff nmooring lines are substantially stiff

10 r stiffthveringlihdsesonthar said) piveting loalihg-andreilbating equipment may
berthing a vessel in unprotected waters to a marine

St I UGeUised toCloR®rangd i iloddNGidtlca® dssel (@) ard @oirds4ld rBarine port
mari ne structure attached to the bottom of the sea and

Pr oVigdena Wiy éxﬁagj‘i Q‘eﬁﬁ%l? NB{H  moGtirk 1i28didRg substantially stiff
eqU|pnent ton |gure for attachnment to a 15 manifold

said.ve rowdlng at least two floating
doI pﬁFlﬁg %’ gﬁ“&%&%‘%%‘%ﬁart fromthe other and each
noored to m of th sea béFrelatlve

tt I
1e"at enfr ‘FeWBBrfPﬁg’ fs? VEﬁS i pRAraiepted | wat ?ér#g 4 El?lrme structure,
noori ng neans, each of said floating dol phins
corrprqogmﬁlgmﬁ thestepsefbrrer si bl e buoyant structure
conprising (i) a plurality of 20 buoyant col um
menbep)providinga sswine, stractuemataghedtosthe thottam ¢fathhisemanchprovided

with loading equipment, said loading equipment configured for attachment to a
manifold on said vessel;

(b) providing at least two floating dolphins, each spaced apart from the other and
each moored to the bottom of the sea by relatively soft catenary mooring means
or by relatively semi-taut mooring means, each of said floating dolphins
comprising a semi-submersible buoyant structure comprising (i) a plurality of
buoyant column members, or caissons, arranged in vertical fashion and
provided with fendering means attached to said caissons, (ii) a plurality of
buoyant hull segments, or pontoons, supporting and separating said caissons
and providing heave damping to said buoyant structure, and (iii) a plurality of

horizontal bracing members retaining the tops of said caissons in place,
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provided with fendering nmeans attached to said
caissons, (ii) a plurality of buoyant hull segnents,
or pontoons, supporting and separating said caissonﬁlOYDVWSE
and providing heave danping to said buoyant structure,

and (iii) a plurality of horizontal bracing nmenbers
retaining the tops of said caissons in place, 24 LLOYD

W SE (¢)( lacing 8sidrfipasiag dofphivat inndosdqirpkintity amd il 2 fiest fixed spatial
proximty and in a first fixed spatial relationship

and Qglh@stshiy MY bRewAich REdidendineUkiudfle i link RethVeither of the
either of the sides of said vessel in said

Unpr QfRELRMALEL S ssﬂ)ung]fbtﬁéy&émw&; sai d vessel

al ongside 1n close proxi and 1n a second fixed 5

spati relationship _and .orientation ' [

str uc?ﬁh}r%osgm%(f’%g gﬁsflldal%%s R %%3 érﬁx@hﬁaﬂﬁ{nhyg%cpad fixed
fendering neans and with the | ateral side of the .
vesseFPHRY TFHEOIP-%\%@H‘ rigfiGRtation i S8 BTN SITBSH e pRprgXimately
in the sane vertical _ plane; and (e) securin% said .
vesselbeam onnd in|lingtwitlysaid fenderng mpanpaiikwih the lateral side of the
relatively stiff 10 nooring lines so that said

| oadi vgsselyand trenfendenyng ereanedisposetl Gpdraxmatglyl wathe samiedvertical
vessel, wherein said relative stiff nooring lines are

subst pinepdddy stiff relative to the nooring neans.

14. The berthing method of claim 13, wherein said

t endef(é)n&cﬁﬁgégﬁ%fa%@é‘e@ 4l shifl fiGAhE HLHROPY nfe‘AHpbi; %ﬁatively stiff

one or ‘nore ers made of rubbeéer-1i ke i'npact -

o al PSSR oF St Rpdthg BRI Em P BB RO AR unload

Fa and anso

environnental |qQads resulting fram'the contacts . .
bt we dAOGHERlg STSFRTR St e BUEdroonts fifeio S Sihsiapgally stiff
met hod of claim 14, wherein solid or liquid ball ast

mat er iralptiysto t8e BIOSHNE MRB® sai d cai ssons and pont oons

I n amounts sufficient to establish the 20 desired

. af tTheobertling mieshed nf cdinphd, wherein said tendering means attached to

said caissons comprise one or more fenders made of rubber-like impact-
absorbing material and so attached to the caissons as to allow each dolphin to
transfer and absorb the environmental loads resulting from the contacts
between each dolphin and the vessel.

15.  The berthing method of claim 14, wherein solid or liquid ballast material is
stored inside said caissons and pontoons in amounts sufficient to establish the
desired draft for the floating dolphin.

16.  The berthing method of claim 15, wherein said ballast material is seawater.

17. A method for berthing a cargo vessel to a marine port terminal in unprotected

waters, comprising the steps of:
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16. The berthing nmethod of claim 15, wherein said

ball ast material is seawater. 17. A nethod for LLOYD WISE
berthing a cargo vessel to a marine port terminal in
unprotected waters, conprising the steps of: 25 LLOYD

WSE (a) providing a marine port termnal attached to

the bottom of the sea and equipped with pivoting

| oadi(oprRv[ting b GAskifY poRABEMindRkatadhed Qb thg Borei og-the sea and
and- unloadlng means attachable to a manifold on said

g::ng%g{{@?eglsvlvlgf gpvoﬂﬁ ;{?%éﬂ%gﬁ% rl]llhﬁgafngtfﬁ’@ans said Cf)lvotmg loading-

each space

?ﬁ:r tsagfgr o'i'?)adlli?gd?lte ﬁr at@a;&g t?@?ga%)a%ﬁﬁjd L@ sﬁlﬁ%ap% é:ggglof

catenary noori ng ans or

by re| at t aut i df

dol prﬁlohg'r%vg & 5 (o SRR P"%ﬁa}%&ﬁ[ p (g spaced
nmenbers, or caissons, arranged in vertic

or i erepatt ifiyn thej qtherzand|eaehy mopiedde the botinm © ﬁﬁhel sea by relatively soft

segnments, or pontoons, supgprtlng and separating sajd

cai ssoefrsanmodmEmEANsEr Yo tiyely dempiavy mogrisgingans, said floating
floating dolphins, and (iii) a plurality of horizontal

br acidefphitis cateptisingther pluraitpiofiibagydrtt eolipme memibers, corscaissons,
of said caissons in place, said fl oati ng dol phins

provigeds¥a iR verRA¢ brirRRaoR) Flﬂl@éﬂftﬁ oftbuaghvadnilDsegments, or
said cal ssons as to all ow t oating dol phins to

tr ansﬂoﬁﬁocﬁﬁd sﬁE?&rtxgigt Bgd s%P%{]ﬂaﬁ?? BN %aléseﬁsdsanﬁeﬁﬁifirhﬂg heave

fro e cohta t ween oat 1 ng dol phins

ol pife s R FR Rl MR i ofplpligontal bracing or

spati al relstlonshl p and orlentatlon { 3ald mar i.ne

port deskmEmPersHefAIARE {he HIRACE MOFLQRS of prid<qaiseny,dn place, said
said cargo vessel, in said unprotected waters; (d)
maneulleatinggdelphigs qpyided suitle ImppeiraPspibing fendeps attached to said

proximty and in a 20 second fixed spatia

r el atdaissshs msamal atdventhat floating dodphinsretoi trengfor tand absorb the

termnal approxinmately beamon and in line with said

| mpacdmvaddaaichtal Joddsndailtng from the contacts between the floating dolphins
and the cargo vessel;
() placing said floating dolphins in close proximity and in a first fixed spatial
relationship and orientation to said marine port terminal in line with either of
the sides of said cargo vessel. in said unprotected waters;
(d) maneuvering said cargo vessel alongside in close proximity and in a
second fixed spatial relationship and orientation to said marine port terminal
approximately beam on and in line with said impact-absorbing fenders

attached to said caissons and with the lateral side of the cargo vessel and the

fenders disposed approximately in the same vertical plane; and
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attached to said caissons and with the |ateral side of
the cargo vessel and the fenders di sposed
approximately in the sane vertical plane; and 26 LL

WSE (e) attaching said cargo vessel to said floatﬁggYDVWSE
dol phins by nmeans of relatively stiff nooring |lines

so that said pivoting | oadi ng-and-unl oadi ng neans may

be uged attachif@dsaad deaigd oadselaid saidr @lvatigg sédlphimsabyl means of
fromsaid marine port termnal, wherein said relative

St f fe | qRQLIY NGk | AESHRL Gine® sSUihaE ahtd El\flol/ingt Iohlling-and-unloading
relative to the nooring neans. 18. The berthi ng net hod

of cl .eagk Tay ‘ﬁ’ggfsgél o §84 ! ahd R fad ARRP ERBH 58148 shd from said

attac t'0 “sald cai ssons conprise one Or nore fenders

made of . rubber-]ike .inpact-absorbing materdal. 19 ..

The BRI T Thecbgbt CRAFR, P9 sy "0 Mot tines are

l'iquid ball ast ngggrlal [ 10 stored inside said

cai sS8hstantilygHE FOMEVE 19 tAR BRI 88 M ci ent to

establish the desired draft for the floating dol phin.

130. e benthing rmethed hefdclefm cl7aj wherein gaidrignactabsprbing fenders

bal | ast material is seawater. 27
attached to said caissons comprise one or more fenders made of rubber-like
impact-absorbing material.

19.  The berthing method of claim 17, wherein solid or liquid ballast material is
stored inside said caissons and pontoons in amounts sufficient to establish the

desired draft for the floating dolphin.

20.  The berthing method of claim 19, wherein said ballast material is seawater.
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