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WO 2004/ 099508 PCT/ US2004/ 012992 BERTH NG METHOD AND
SYSTEM This application clains the priority benefit

wW@R00409950i t ed St ates Provisional Applicati on Ber/U§1004/012992

No. 60/468,137, filed on May 1, 2003; and 5 2. United

States Utilit r ) i cation
Serial No. ( m\@éM‘?gE‘@ %Eﬁ SVZ%.PE%

entitl ed BERTH NG METHOD AND SYSTEM by

App! i Tusepplicatiencleins bayirigrigreaneditofandry et al . FIELD
OF THE I NVENTION This invention relates to a nethod

and syst erdrfiled States Feevisiong Applieaticinrerial Dloy@e/468.d 37 rfiled on
open waters. Particularly, this invention relates to

t he bert hiviay 6f2008panche vessel s in open waters in
spatial relationship to fixed structures. More

par t i cubarUnitedtSiates hititityt(hom-pradiisiores) Pateat AplicatioraSdrial No.
system for the berthing of ships in spatial

rel at i onshupkriown)citgoan Aprij2g, 2004y entitlat B ERIKHISICMETHOD
of fshore structures. Specifically, the invention

rel ates t aND SYSIEM,ashxpplioaenttdvepesrt Daviy Ohadesrigmdhbet al.
vessels in spatial relationship to termnals and

simlar platfornms FELBDIOETHE IBBW/ENTION stand fixed in
unprotected waters, such as the open waters of the

Qul f s ilVeKiieProldiBe1d AWRMGPANd @s@ém%ﬁthébbﬂhmg of marine
applicable to berthing ships that carry liquefied

(edddlsAh dﬂ)‘éﬁ v@d?é*'somﬁcu%&?@\%smb@nt%eﬁlé@ésetb tRé Béhﬁ’ihg of

termnals, which termnals may be further equippe

bl lné'ilgééé]?lrp éi‘ﬂﬁétefs IE%PI onrr?lﬁﬁ&%?ps’ﬂor’fg(eefstragtu?éﬁ dMore

car goes and f di stri rom such deepwat er

@oﬁé&aw th@"ﬁveﬂ%rirelat %:d & & th Wﬁh@_ nln%)é tshlps

nvent’onal berthing methods an ens use

\fl?\)né\otaftlgﬂiemtl%ggﬁg t#ﬁé’@é’vll%?w& prfra%\e/elugfg m@MBE ﬁff%?é‘ str®tures.
BB AV SRR P Yo b BB BE S P R REE B Ge

\r//\ﬁ?%lsf I%rs%%t?él refé{ionsrhlp toatrégml\ll\‘l%l\éeasnd sllzr(r)nrlar pe}atgorms a%%leétﬁrctures

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
liguefied natural gas and other cargoes to deepwater offshore terminals, which
terminals may be further equipped for storage on and/or further processing of
said cargoes and for distribution from such deepwater offshore terminals.

BACKGROUND OF THE INVENTION

Conventional berthing methods and systems used in most port terminals
usually involve the use of a dock, or wharf, fixed 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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WD 2004/ 099508 PCT/ US2004/ 012992 the ones that
transport petrol eum products and ot her specialized
gas and coP@r/Esxed012992
natural gas, berthing dol phins are often placed
adj acent to or separately fromthe dock ip_order to

[ Bﬁ)cl)pp Pz rpﬂycﬂta such

the eRastBakirnsPeE pairoleympriodpets ang okt SPRFIE!
dol phins are freestandin% mari ne struyctyres ﬁgenbeddqg
apHguetiadenalet 97t it CHPBIPSaRANGIUIA SperRRITINRIOIBRIRS 3fppTten
absorbing environnental |oads during berthing. ..

plasgd @dincanitoqr separately fem the dosl INrO8H 0 perségdaﬁf@“a'
passed through hawsehol es | ocated in the bow of the
sighiljty tnitie ships BertbingSipiriing FertrestandindsRrNg BirYdigedock
and hold the ship in proper relationship with the,
erdradidad into the bottare and Rreyidask il iegdedethmegns for abgarbing
vessel 1o being berthed is made to cone into and
engimerimeiital loats digingiberthingseHawserd andrsimitar tyres@ficgbles and
i.e., the dock term nal and the berthing dol phins.

rihed aretdassed treougtbeawsshotpstlecdied iuibs bemyoiibe shieqigt e
for | oading and unloading cargo to and fromwharfs
fastdnetbsdk as tompopthecthimlitothe eosk andbgiddhe shiptin piepeguat e
for the | oading and unl oadi ng of cargoes in
reRpomSHE il tateemmatl Un trege Ihamitenthify” téohnEues s havesseall
conditions that prevail in such |ocations. Loading or
BEMIG6HHRE i nariartg @eme intolemar retradrt icconteioe méthdiie Bxed marine
requires that the berthing operation be conducted
SNcRIfbY i.eWithdds i icFHimab atfihatbepthingl ddigiies:  bet ween t he
vessel ‘and the offshore platformand with high degree

of agPkilcAR¥se Rhldesatni®y techi§udd mag beradepesietiboibading and
the risks of causing accidental cargo spills and

Jrﬂ@%ﬁﬁ%gnégﬁb gcf‘ﬁﬁd iréhd Whakeardd dddike sl pritedtad daYerdtdley are not

enviro t hazards, not to nention expensive

&fe‘&%fétfﬁ} %ﬁ@éding gﬁ% ;ﬁﬁ%aefng%'f _’&Qllg%leg‘m DiproRRtddgatekNiFing

I'S ‘anot her exanp convéentional berthing nethods

A0&h, S¥RE %Wh?ébﬁlgggémiit@hé R VR By Q¥ch loBQtlYBﬂé? L@%(ﬁtﬁ@or

used™ only a ow of the vessels, not al ongside

langaafr?S 3f clza%goé’j%niﬂ L}nla%tgctgé et léift[eﬁ ?equ%res that the berthing

operation be conducted quickly, with minimum separation distance between the
vessel and the offshore platform and with high degree of accuracy. Otherwise,
the transfer operation runs the risks of causing accidental cargo spills and frozen
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
berthing 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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WO 2004/ 099508 PCT/ US2004/ 012992 that specialized
fittings and mani folds be installed on the vessels in

wo@er@en9eses | oad and unl oad the vessels. |t i s BOEPHESINL/012992

that a need exists for a techni que whereby an of fshore
structure in unprotected ters,, such ,as a deepwate

Vil siraciaizes Thgs RoR Fary cloRBeans ST WEFsOE T gt flprd
| arge vessels in a safe and efficient manner wi thout
anthdnlgad the veseeldods of shut down due to normal
environnmental conditions, The present jnvention js

di r edt sPPalRN thab ad\gediaxtpisior A tachniqus iereby pp qffshare
object of the present invention to provide a nethod
giflérturedy yppipiectast welges, spepap WDW&?% teyayingiasglagiorm, is able
ships in unprotected waters during nost to _

orreceive sargodions ige vesnels inja safe apd eficiant sineet withouthe
present invention to provide a nmethod and a system
subystardiat permylsred shutedayesdes to novohal erviionaenta eaaditipemsThe
that require high degrees of safety, efficiency and
pfeSent invanties s direntedhtawant pepviding suchha technigéat i on is to
provide a comercially practicable nethod for the

ber t hit isgarodbjeat oflitef presént-inertiandd provmlegomettios and a system
al ongside in unprotected waters, which nethod 15

foe thee propbhandceédfe begthioty of Biips dm oeprotdctddadierddnmgemosthe
ship and the berth while wutilizing conventi onal
eaVirPRRIMital conditlomgVviels digs h objecfofshe prdsieat inbemstin tofprovide a
the invention is to provide an environnmentally
Aetirdnd/g sygémaer harthimeriafiha gesstigender ambient conditions that
cryogeni c-fluid-transport tankers in spatial

FRuireinfiib e PeéPoldi D OsiAcIBhA! Al SffectiBhessi Mrloifer object of
structures that serve as deepwater port termnals. A

tHig i8Rtk %’Ero_@fdeteht?oralgweﬂ’,‘iﬁﬁ/%?écticﬁhﬂ%%émad i6r the berthing of
provi de a technique that increases the time-avail abl e

Wi fivelWM-foXHarRRd Edtho thg egld;]?gﬂ%ﬁfe iftunBrdtbeted waitdrd GUMER method

open waters 1 n a"saf cost-effective manner.

riducks thd éﬁéclike{) é?’nk’/irglﬁﬁ'ngﬂtfal &)Q@S BEfRRALths QVigyrgnid,qge bgrth Yhile

f
provide a syste erthing vessel's al ongsi de in

ﬁﬁl%eq:@n%ﬁiiion% b&lﬂpér}@gg ‘ﬂ % gg\?ér?] gé‘sh'i . uﬁ%gg@f@g&]gﬁt pf the

gonv 1 Oha vesse an !
GRS P BolBmiog S in s ke

cryogenic-fluid-transport tankers 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 vessels for loading and unloading and does not

require the vessels to have special bow or stern loading manifolds or fittings.
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3 WO 2004/ 099508 PCT/ US2004/ 012992 These and ot her
objects of the invention will be apparent to those

W@ Rioklogdos n the art fromthe description that POI/USAE4/012992
SUMVARY OF THE | NVENTI ON The nethod and the system of

this invention center aroynd the innovativye 5 t
Trosgrash b s 61D RuE T POl He et ot doss R e
with fenderin nmeans and placed in a prescribed
afptremdhe desertption &t JoI9ME- ori entation with a narine

structure, and using such one or nore floating

dol phi ns for bertﬂﬁW@MﬁMe in said
spatial relationship to the marine structure in open
wat erhe Mmeidop g tite system|chitts mvpaliqecandersrpurgthgdnnovative
berthed al ongside in close 10 enough proximty to the
mcepbofslro‘ddinpeetOhmor@ﬁﬁ&m(ﬂ@lﬁ%ins,lnﬁ@‘dd@tfbwﬁh¥ﬁ‘nde“n9
equi pnent may be used to | oad and unl oad the vessel. A
ikaas and pokg i @ piescibecbspajiahtelasionsiip @ind origatatipg with a
noored to the bottom of the sea. The floating dol phin
maring birscturey end usingisscippeé er aiory fleatingrdolphimsier SpBiniag a
noor ed buoyant structure conprising several buoyant
vassehalongsitieinsaidispaiiabethtionshiprto theamafiae birdsiyrelis open
several buoyant hull segnents, or "pontoons", that
wieper Thamdestpadiaive d lhee vasisahto bedrdrihed adorgsiglednictbse
heave danpi ng, and several horizontal bracing nenbers
éhdigh' brifity td thel rapsneétridiereabhisonyemtidrer wading@race.

I nside the colum nenbers and pontoons, water, or any
eGligheki Mey 8k Usb@W Wa@ran8ainichdltpk vasdel. Atidatingadolsais a
consunabl e materials, may be stored in such fashion as

%&bﬁ%& allidisfa RS it hfooresio 1ne bekatoffies séd1eTihé Bedtingdiolphin of

ol’'phin. Preferably, the ballast material is

?ﬁsﬁ?ﬁ@érﬂon iﬁgé}&'&%@/ 4 Serhsubrh &bl @ oditdMiiodamstructure

deri ng ans, nade of a strong inpact absorbing

EBhBidil sofdhd IRy BH IR nidhnd e, LB déiedlriiorns

_ ransfer and absorb the environnental
ARSI bR, B RS, R st
E&Smn members and provide heave damping, and several horizontal bracing
members that retain the tops of the column members in place. Inside the
column members and pontoons, water, or any other kind of liquid or solid ballast
material and consumable materials, may 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 shi‘p. 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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25 col umm nenbers, to the pontoons, or to both the
col umm nenbers and the 4 WO 2004/ 099508

WEDABBMO4/ 012992 pontoons. Preferably, two BCT/IB2084/012992

fenders are attached to two of the colum nenbers. In

bert hi ng. a_vessel in accordance with th t of
BREOR R RiarahlY. ThROT AR SaAtaghes Ty esof e Botumn
mai nt ai ned such that it provides a secure attachnent
B¥eMEerg-ne 1 oati ng dol phins and vessel. This

attachnment permts the do| phins and the vessel to nove
i n coldRartning a Negseb it apcArianga withithe Meihed phibis iyentige the
first order wave forces. The responses of the vessel .
Aaywsenfends ysiens is mainiained suehdingd it Rrovides asgcuie atigghment of
moori ng and hawser/fender system nust work in harnon
the flogting dephinscansbwspeld Thisdttashmens perejisthe dopkins and the
sharing. Since neither the vessel 1o notions nor the
yesset tamexe inernsertydingashiodtpr andedissipaie miwh ajtthe tist order
system nust be tuned for the desired station keeping
aae feraes. Slirer ieaorsiea oh thearass el ansl, th&idelphinst aemell as the
characteristics of the floating dol phins nust be

stiffreasn of thecrmoptirgrand hawser/feredss sy steot, intuss wandintt@rmenpin
coupled with the vessel during first order wave
achipvanthe ddsired isyatioadkeeping aht dod dostasing mBirsstheaithenthehessel
vessel at the 15 hawser/fender connection points. Wen
ojioas edr ihe dehestaras oan bp cosieslicdethelrgntaireienef thedystem must
stipulated herein, the berthing systemof this

bB\@idd fontrR @ddired stdientkeapiaf @hd ddad@hringichb _ictdtistity. PEise
of cargo froma vessel to a marine structure in open

Wedtieh Tharitebriéti6SoMAE Fidating ddiphid Riusebe BRbSYStoGRHFASMEN the
the i nfluence of wi nds, waves and currents, and with

$BsSek fHtibh® Bnd o Fnfail 861N With BRsiGedaet firBEoroBy Wake

structure and the vessel. The nethod of this

BBAL,| tABreb§ re@idind iheadddé iﬁlﬁbg&ﬂuﬁ&ﬁ tRafdsBbing tienker s
that ‘transport and unload LNG (1 quefied natural gas)

h
ﬂg@s%an@ S@kural  gas); however the method
SO

IS a suited for berthing ships that transports many
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.
The 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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ot her types of cargoes, such as coal, refined and
unrefined petrol eum crude, 25 certain manufactured

w@omds99segs c. 5 WO 2004/ 099508 PCT/ US2004/ 012992CT/TkI04/012992

present invention advances the art of berthing ships
al ongfi de in sp'ati al relati

- hi i e
St ructt BeesenhRgersbadypBiasiie gricy oA GehiRsongside in
Shret S st 1o ST sttt o EloBeq PIaHIIRGID Tk aring

addition, provides an inproved nethod and system5 for
SHEctEgSeany aﬂ%erﬁ'awaa@ia PheRnAoNe SRR A8 itgefopRdBuced
LNG, CNG and other, types of cargoes by conventi onal

RV TR E N M?F%lcﬁ%ns BrswidgsiangdmereY edfaethed ad system
costs, mnimal inventory |osses and greatly reduced
&nihe sefedrangfer apghsierage pRearrmpretivipraduoRd NG HENG and other
DRAW NGS 10 A cl ear understanding of the key features
diPes|oé crrigpes by anveTieanl loeding ampy withwyiniwl paerating and
reference to the appended draw ngs, which illustrate
maintensndecedstan anigipeal iveotory leesemanrdhgieaily reduchd ggrir¢rimental
wi |l be understood that such draw ngs depict

pnedctr red enbodi nents of the invention and, therefore,
are not to be considered as limting its scope with
regard to ot her BRIEFIDESORIPMONCOF (THE DRAWINGS i on i s
capabl e of contenplating. Accordingly: FIG 1 is an

i | | usArchdar andefstdrivingweftthe depfedtieys betnedfivariioa summarized

i nvention showng a sinplified end-view diagramof a

\ubesemal hathdaas) leferendetolthe dppérdgisdre®ingsi whichdngtrate the
floating dolphin. FIG 2 is an illustration of the

Rsthela g Sy siorator Meinvemtion, hIteRighiionill PeQirdegstodPihat such
sinmplified end-view di agram of a |arge vessel that has

lgféé/ﬂngéfﬂéﬁ]@lcbréfe‘?ﬁéﬂsén%dwéﬁt@%f teDinldrahi dhe, BHlrdBid)are not to
is an illustration of the nmethod and system of
i conbiB¥ R ARG WS BEope with regard to other embodiments which the
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 illustration 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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a sinplified end-view diagramof a cryogenic fluid
tanker that has been berthed al ongside using two

WO b@anyesgs dol phins in close proximty to a marP@EUS2004/012992

structure, and 25 showing the marine structure. 6 WO
2004/ 099508 PCT/ US2004/012992 FIG 4 is a toR-vi % .
di agridfh #1i adan-devitiagrapdiiatiating aaonMentioss! BanRRQ Vﬁ\ieﬁta'”g
a large vessel at a port dock, or wharf, in protected
uaree ¥essehat & ROROAGK O Avhads ndiroigstaskvataisy ang spwingithe 5
top-view diagramillustrating a preferred enbodi nent
vassehas Beriedhod and system of this invention using two
of the preferred sem -subnersi ble dol phins that have
been Gabdela top-waviviagram ibesteting pfeisriedanmaagimentaf ieg
to berth a large vessel at the termnal, and show ng
miethodemwiedystesn biethisHadientioh @Singdwoani thesprefgreedsegieimubimersible
di agranms of the preferred enbodi nrent of the invention
dolphiss trett dvé hedh Bacéd os lsavh nigletdianwdisbere fixed veminado berth
10 FIGS. 7a and 7b are schematic diagrans of a
platevessd| entbhedenmendl, afd shhevingEtehasbsabab Bgriitesim of thi s

i nvention using two triangular sem -submersible

dol ph¥IGS. BhanhdBdvee sekempliadiagraoms efdhé pefeieed émbodiment of
of fshore fixed term nal, before the vessel arrives,

the iavaition fiishetetin &1G.95, 3howRRthe vassdl he beehead.nal .

FIGS. 8a and 8b are schematic diagrans of one of the

pr ef eFiGa 7hrdnd i raischdrhatie diag Sk el Speferatbérabodiment of the
prescri bed by the nethod and systemof this

ies driefsystdad 61 ki in{stien! Ui (M oGrarddifar SdviNTbNYrsible
Referringto FIG 1, vessel 101 is shown berthed by

gEBARs Hathaabboy Bla‘é@b RRidach Qe oMinCishsredh@Yitei@sini b&fore
fendering neans 104. Relatively stiff hawser 20 |ines

KOS LS (RS REod ARB R no

and vesse 10 nd conpl enent the

nggte{:-'lgﬁs. Qb nQHLE kN ERARS dibghnhSoftsH Brithd PRbi&MEd triangular
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 703 provide a secure attachment between floating dolphin 702 and vessel
1071 and complement the function of fendering means 104 in permitting the vessel
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 702 is attached to
bottom 108 by means of relatively soft mooring lines 705 and anchors, or piles,

106.
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and the dol phin to nove in concert with each other and
di ssi pate nuch of the first order wave forces from

wowRi0e09sws f ace 107. Floating dol phin 102 is atPemoszol/e12992

bottom 108 by neans of relatively soft nooring |lines

105 a nchors r piles, 25 106. 7 200 99508

per (b Giepists bafind S aefie vesseh s U8t A AR Roed t

e vessel a tanker to tra ort
Eﬂﬁ?&ﬂﬁ%f%@b‘ﬁﬂ%@@ Fpryogenie s, 3RS Frggfiod bt the
of the invention. In this de |ct|on a

Wf”i'@ siRdts %BH'ﬂ%da%h% 794 |'§j§hw %pngstl%gy means of
floating dol phins 202, provided with fenderin
ey flogdino-dalriins 263, .prqw@qq\ﬁm tandefing meaps Zeﬁioﬁge&élvey stiff
secure way of attaching floating dol phins 202
hawrerlineg ﬁogrmow%g SEHER Wak of aﬂeﬁ@@g n‘lﬁgﬂn@e@e{@hlze@? to
ermt the tanker and the dolphins to nove in concert

nker 88t andtipgethenuitiifendpiing mepns £04.gradent thalankebanethe
on water surface 207. Tanker 201 is provided wth
delphinste arvedn cangert withieadpotheoand digaiptierirsipyder wave forces
cryogenic fluids and other cargoes to and from mari ne
oh medensustace 207\ aaokerc2d1d$ pravidedrwily eargatransier manifold 209

I magi nary area in space, fixed relative to the earth,
for tramsihrindherybyenigiuidé andotteolcdrgd@s to anaréromt raarezstructures.
during the cargo transfer operation when the vessel
ivatels cingle @10 refmeserds aa imaginaty aréa irhspaeeyiixeameiativato the

| oads. Fl oating dol phins 202 are attached to bottom
288h by whiehitedlange bhinavigdlsl 20904 naimained gutingnite c20go wankier
anchors, or piles, 206. 15 In FIG 3, cryogenic fluid
bparetion 3hbnithe SEE8ANMBOES DS dnaldonBHsderda)it GEBRSenvitbnmental
floating dol phin 302, near the aft section of tanker

fiabs. Fnshting AolpPins’ 2028dreRftachsd BdtolN208 By Mdahs of Rdditively

the fore section of tanker 301, in close proximty

%ﬁ%oJrnhé%ﬂe@bSﬁﬁd ahéntrs Wrpildd,12oeTanker 301 is a
cargo veSsel and, as such, is ‘equi pped with cargo

tr ansfanleo'3?&99/9%&?’1@“&9"[9%&: Fl30atid SbvHPhEHJY a'f] |<§3e by means

provi ded 20 wi't nderi ng nmeans 304, nade of

o REGHgRRHiIP30S HAPRRY aft 88tioh Bf tanker 307, and another floating
dolphin (not shown), near the fore section of tanker 301, in close proximity with
fixed marine structure 371. Tanker 3017 is a cargo vessel and, as soch, is
equipped with cargo transfer piping manifold. Floating dolphin 302 is 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 employed 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 3071 is
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attached to bottom 308 by neans of relatively soft
nmooring lines 305 and anchors 306. Relatively stiff

whams 9958 nes 303 are enployed to attach fl oatPemyUS2004/012992
dol phin 302 to tanker 301. The second fl oating

crBHlRge i s doamhr renfyd ol sCen hdoguR afifaite

securely attached 25 to the tapker, b ans _sinml ar
Wioh R4k 6 TerbinBri S StBure Tak barge Brags B 15

2004/ 099508 PCT/ US2004/ 012992 equi pped wi th cargo.
qauiRpedayithpiMpting meansyfor LO@HH@&%F%OEF g H‘&cﬁfwggem%@"ds or
312, which are attached to fixed narine structure
ghar. cavepeisanapered gy dankel 30T el Riptnolpadingpoguniegding
means for |oadi ng and unl oadi ng the cryogenic fl uids
reanotdrebe bingge dndingaresdrrowded with pinlied fozdransfeyyéing cargo, or
pi voting | oadi ng-and-unl oadi ng 5 neans can be hi nged
impaoiiows soses, made iof sliong matepialsi angl gapebteraiiaipéing, aidooms
cargo, or inpervious hoses, nade of strong materials
vihcswisel-jeintdd eryoganinpipe systbmsirer amasthagsuch similar type of
swi vel -joi nted cryogeni c pi pe systenms, or any other
leadihg sindi-urdwadirypequipmehiczdi eficanally usedind hagdleguihesent
conventionally used for handling these cargoes. Watch
crgode Which eeieS Hhtepresentsnagimeinaraaes inspapadixed relative
fixed relative to to the earth, in which the flange
tofthaeaith ohaviiéPthiedlangé bf mianifold Bogiiswgatriened dadgrigthe tasier
cryogenic fluids through manifold 309 and | oadi ng arns
Stlatysgenickies thadlgh ranifsd 309 and ésdirg arnsesind atanmkert 207

| oads in concert with the floating dol phins, thereby
Ro§ed RabirasuIf difeplvirerirflEitaMaN@s hopesrt Wwitathavilbatingsdolbraes
307. The operating envelop of the systemdepicted in

frkbfebydiSayatRRRSRbrdé waRAdEceBAfdm WatePBuiiiée 367.1 BNgbpPerating
and flexibility of the loading arns. (The term

?@}bgéé@&f e sgée‘t\égil Aictb§ insied aifay b&SeriREL Féb%ef?ﬂ'ﬁ'd’r‘ﬁﬁé

ote t stance or radius that a vessel may

ERYth adb“ﬂ%éﬁilﬂt?@%e 18 g@éﬁﬁé’ﬁ%@e teih ‘3pé%‘ﬁHbfen9élo§’ti§?J§9d in

I ronne orce ore t oadi ng arns have
i FAAERARAEFE B PR R R 8 2,006 IR e
up and down, and sideways, as a result of strong environmental forces before the
loading arms have to be disconnected from the manifold in order to prevent an
accidental 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 407 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

protect the wharf and the vessel during berthing. Fixed berthing dolphin 406,
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20 Referring to FIG 4, conventional port wharf 401
has been erected in protected waters and is in direct

W@ owtaeesosv t h 950- f oot -1 ong vessel 402, bert heRCHUS20041€12992

wharf. A fluid cargo, such as crude oil or a cryogenic
R U T e
thad %L%Saf*vgrﬂﬁ’”m?e 35 oG FRutg anf Used i ?r%&ﬁs%@o%l
HE006b 4 HeeBBs" %@%@Wéqﬁ' B8 Satat Jodebr neer

ern of th IS e ed, wi ender i

ﬁ?@ﬁ’n@ %“rdar%’sgﬁ OéH\ﬁ ‘fei§ ﬁ@sW'aeoi\é%J@ePw'%dgphlnS 410
bert hi_.ng and used to provide additional stabjlity

end&d 7@%% fied o H‘%ﬁsﬁhi’?éatﬁﬁeéhateﬂ’by%?@d 9reeﬁsqdoto\r@%%réhe
402 at _or near 9 and are used to noo
VESSRH Benhmquown fii%lafemwe@ﬂam ﬁw@ﬁ@h&@@o whaﬁdmiiard is
are tied to vessel 402 at or near stern 412 and are

Wsed ta absase petthiag forees diold Beshif eryberdh pRd Add sibility tedhe
to the bottom is attached to wharf 401 and is wused
berthibg eneraiont hiegringmeeelin 414| ixecHe tae bptiem, isantduxdinty
add stability to the berthing operation. Mooring
arAqsing dolphin that iscubed@strieedbdt depending arvesarl dizea meather
noori ng dol phin that is used as needed, dependi ng on
vesditidns; itype, ofveaagdhamd othecsuntii factorss Theygpier aft beghing testthique
ot her such factors. The prior art berthing technique
illustratedan &G i 41 nfalyGe atlenaytelfer laddigg @ind untoadirgpebnvgnitorzl
unl oadi ng conventional cargo to and fromwharfs and
dago tb enaiifromh svhiarfs phodeck emimalsinprotebiad viatbrsl t her
illustrates the berthing technique of the nethod and

syst eAIG.d furiher HusrRed theMeethingaBehrifglie b thendtRodrbie spstem
fi xed of fshore platformdeck-port 15 term nal 501 has

et fraléntGaletion Réfefingns Fib. 5 dixkd oHBRGreiphitdRM-deck-port
wat ers, about 200 feet deep, and is not in direct

¢S 1500 HaR HeaR K%rncﬁﬁa%ﬁﬁd/oﬁqgstalmwun%ﬁﬁeét@&‘waté@ Ngbout

bert hed ‘al ongside at the termnal. (The size of
bb iR depsafd P}. rﬂ‘ﬂ‘ﬂw diRRt cORRERNif taH@é‘f \#H%Qéloé@méﬁ&t 950 feet
waters 1 n which the berthing technique ilTustfated In

'l:dng‘, berthed alongside at the terminal. (The size of the berthed vessels and the
depth of the unprotected waters in which the berthing technique illustrated 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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5 takes place may vary considerably.) Fluid cargo is

unl oaded from vessel 502 20 onto term nal 501 through
w@20va9dse8 d on vessel 502 and a set of conventPONEE2004/012992

swi vel | oadi ng arrrs 503 attached to the term nal.

a?cﬁp*aﬂié‘%c[m rs%'g sBalio0 ARG perodia i et Sebih o eeSigp
woe P i Eh%”i%%ﬁ%wtn?,%wbﬁv %”g@%%rmgerga 'g respgtiom.
t?é%ﬁeé’r{fa%c@“%ﬁ%?%? of %&nﬁ% CaPRel i SR St S40°
S a0isGap e AR DERD %@9% veﬁréﬁtsrﬁ%ﬁ% OigfaacP roBlg side o
E@SIU on as to accommdate he aft section of vessel

dermjipal{beteepabosi 8@ ang 0@% feetfrpm WgiiRsest poiat %ihﬁm n

505, noored to the bottom has been aced on t
dolgkinhand iy sHCha10sBion aspassarampsiaiedne g)raﬁéﬁf@rs%frﬁesse' 502
subner si bl e dol phin 504 has been placed, within a safe
when ihecesselaiivemiSemigebeprsiple ﬂ@lpthtﬂ 89haas @@é@ﬁe’w and 507
about 80 and 100 feet fromthe closest point on the
iadopkeich yvith tioe pertside bf yreset 5§82 whlle semisdnaisive dolphia 505
fore section of vessel 502 when the vessel arrives.
Sasriendetsn®18irsl 8020l qoniact Bk thesporisidriel wssele5ag: drieomnly

in contact with the portside of vessel 502, while
senemsotivawseb ke dedsphamd the Slolphirsisfdmede tise 8@BpERsaiblitydof the
in contact with the portside of vessel 502. The only
tisiphinemnaors, witithvweapdrodmats & feedahd dtenadiirhe ia theiterndoa in
to the conpressibility of the dolphin fenders, which
tised@ RphiRxi With Heyvdssble ahichdgRepttat azalé distanse tofibetween about
termnal in direct contact with the vessel, which is

ke Bhd &b feetFaing it Btraimal (The hesse amyediswibe ofibntatidobRat the
feet fromthe termnal. (The vessel may al so be

findery &t thdatarddagd side ol 8lesvesealt)aborinitires B 1eas d
side of the vessel.) Mworing lines 510 are 15

EMRELP tﬁ@fénh@acfe‘?é Ed PaPeES obberhitubARS8ibRS dolphins 504 and

sem - subnersi bl e dol phins 504 and 505 and are

%ﬁg %h? QF‘éjtekﬁléloHE@ rﬁ" ANl lor Wirtilh 38 §8ot(dhBlvn). A
shown) . chain

syst em 0 W re rope and/or synt?wetl c

ERIELY chélﬂ,e\ﬁnré ?oﬁbsgﬁd/BPsJﬁﬂ%rtlc%rmg lines is used to moor the

dolphins to the seafloor by anchors and/or suction piles (not shown). This
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 512, 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 515 and 576 are
used to hold the vessel to the floating dolphins. Optionally, tugboats (nhot shown)

may also be employed to assist with the mooring of the vessel.
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dol phins to the seafl oor by anchors and/or suction

piles (not shown). This nooring systemis tuned to be
wa@edonee9svhan t he hawser/fender system such tharCt/0s2080012992

envi ronnental |oads will be shared in an equitable

fashi on. Conventional hawser A |ines tach

531 ety gt Heeted anitptinalt el B Eeriy et
.one_ or nore i uoys hown),.~A.f._Nnece

18Fa o5 besonhun ek TRy PR RS fre P EERE Bok e =
and 514 and breastin awser Jines.515 and 516 are
fa@e&ffﬁaorﬁcﬂlf&fq"wéé%?kﬁ)&t}efra'nﬁ'hébfWi"ﬁ\lb?&%&“p?{ FRgd on
Optionally, tugboats (not shown may al so_pe
sePfpeiyembedsied dings qA% haplges Vﬁ%%ﬁzi .5% h&P%PﬁB%\%E@% py mepps
WD 2004/ 099508 PCT/ US2004/ 012992 A schematj c di agram
Qffsemigplmersiie dalphihgi GA4ANdF0% MOor %@&F? 6ﬁa‘4i'cr%d?é’tfﬁ%ﬂ'§o°f
in FIG 5 is shown in FIG 6. Referring to FIG 6,
weerng lirps 606awhish&vie sannasias igrthe pase gl BiettwAolphins by means
pl at form deck-port term nal 601, which has been
efifeideaders tnotsbavnband insienae 8y preans i wWitehes payirglasses.
vessel 602 has been berthed by means 5 of.

Benderisg bremnsi607and 308 on sepdaukmersiis dolphies &4 andt 625,
seafl oor by nmeans of nooring |lines 606, which are
espeaivelydatedn thetabheith uésseh602 and deivplio herth jhareesssl asf
fairl eaders (not shown) and tensioned by neans of
déseribed aboveniTods 809asd 61Pehdemi-supmersibie daphine $04G8d 605
on semn -submersi bl e dol phins 604 and 605,

ey Pechain@ined amepioximatelyahé sambhevet as tie G6&thandeckeohibe
to berth the vessel as to described above. Tops 609

verdefthPedHirofivgiths werght 8 ihedatladtpinidreansihabled irtide seraly
be mai ntai ned at approximately the sanme | evel as the

YR E8IbICEsBhiAE 6DBand \6BES ¢ thiymaanéritne diesiged traftws gt
of the ballast and consumabl es i nsi de sem -

BoHE IR e BRicatabfiSedTHe @@5ired drafthdf Shemhceimy dolphi
des?ﬁ?ed 63"} af t %f the fl oati‘re]g dlgle phians may be o e

%L@ﬁbé %Bg%xin:m@lygﬁ%iaf br Gréttbr tﬂfa? itediahiQ thdgessels being

I ns shoul e approxinmately equal to or

%n%?éo? Fﬁi@@[ﬂ él&?ré%bﬁ{iﬁ th%fmﬁﬂﬁ\%iﬁl%%lf ﬁwebé‘cilmn? Elt%ﬁFeiﬁ@ﬂ'ne keel

I'S W SO resu Int oring lines o

gf){her\])egsc‘eléj.lAes%w getsggn KPfls 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 vessel 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
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of the vessels. As may be seen in this illustration,
and as is the case in the berthing of vessels

w@bdognebsos by t he met hod and system of this i nvRCIL/US2904/012992

at no tineis theterm’nal in direct contact vvith t he

Vv t hus avoi di m.zing 20 the rq

i35 debarweesicant o0 Mighdts ShaoETnand = ffher

ci rcunstances attendant to | oadi n and unl o

qliashed by eriieededatiags 702 e lankackby,s h%?m%fe'%% @@Pmﬂ? 704
of a preferred enbodi nent of the nethod em of
ang Z0 g moeaied ¥hthgsSeatoeniy m?a%@&mafeﬂ%meﬁ?@%nw%@fﬂw%

dol phins that have been placed on each side of an |
efrneRtaddo tiveleapet @rthe B dolpBing by reens\of dajdeadars apd tgpsioned
in order to berth a vessel to the termnal. Referring
pywincties or wirdiesges (ot sipwol Fendesmgmeans (82 02992

of fshore platform deck-port termnal 701, which sits
subrersibimaelphini794radferderingtreeartseobshasm encsmisbmesible
702, is flanked by sem -subnersi bl e dol phins 704 and
daIphinrnsy serve to alsorls gasded berthjmpaci and dd ackas @ hygfferihabygeen
706, which are connected to the base of the two

thel yelsseisandythesemisuifméraibte deldieins ferrichnsenissiameiceryirpgmental
wi nches or w ndl asses (not shown). Fendering neans

[6ads. The seviring b berai-stildvhersithéd @dipning @04 and 7061 &a sepfloor by
means (not shown) on sem -subnersible dol phin 705,
freave of moahs@litkesvEGG@by be raichompiishet bynedrs afct “castemary
buf fer between the vessel and the sem -subnersible
HRloRhBchmgud bit\Siieans 6Na centinteiil MEoRNY tchniqadih a The
noori ng of sem -submersi bl e dol phins 704 and 705 to

EQﬂeﬁ&?fﬁ&ﬂfng A hdavyRaiisle @haifDath BE abpripsiatedsrerengiongis

acconpl'i shed y means of a cantenary

08&Y 1otk ﬁn@%‘&@é %Hfhe%lﬁh{n MR DoRbrA Treesdmittaut moBerd Ry
t echni que. cantenary nooring, a heavy flexible

f\ﬁ@'\dg’a d’éﬂn&%ﬁaﬁﬂ m%gﬁqi% EBI‘ A @uPFHBbARY | (RRerd StautiSRY thRsd fidd,

ase o into the bottom The sem -t aut

HQ&E'\H% Uifuaehd 88k Eé’éHt%f}%ré’ﬂéS%%%'s%c ét@thettf@iﬁbm but
S 98T e 1

I.e., tense

gith&gr@f c{aﬂéé?)lt Wnﬁne Ighgﬁlr% ?fibEJalfé ‘F\ga\tlypﬂ&ltﬁe %hél'noa"i"n'd' el“ﬂmse rigid

Ot to
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 under 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 807 is comprised of
three enclosed, hollow buoyant column members, or “caissons”, 802, arranged in

vertical fashion, three horizontal hull members, or “pontoons”, 803 that support
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a hybrid concept where el enents of both a heavy

flexible chain and a tense rigid wre rope or
w@vhetsig | i ne are used to noor the dol phin tRCT/082004/012992

anchor or pile enbedded in t he botton1 e.g., a heavy

chai ,or rope is_attache 1o e.un

A Ffefay e GG PR I Hage ?a%rr eeaBaRmPi a6 tyee
chain or rope 20 and s g he I turn

R e aRh e Lot e S Pl el ace and
di agram of one of the referred trlan ul ar se

PP ar eak Bl rinesbuaent s@ameyn%rﬁgerﬁe%%ssma in this
systemof this invention. Referrin |G, 8,
parieuigigapodi@ant slmakquliiBP ée%&'qjh@ﬁﬁg %%fe%t i %W&Hfs&e

of three encl osed, holl ow buoyant col um nenbers
bucypBkllmemBers, orpeARR I Wlszrgam@rlar eaboqlla@m @ﬁe abolit 140
three horizontal hull nmenbers, “pont oons", 803 t hat
feaploog by 21)3evtrwge@4/1éggetdagrpdﬁmed9ms@m¢wﬂ ‘meqners are
retain the colum nenbers in place and provi de heave
madpohgteckant! cantaie enpugh balleshandipaeensymablasdnet gwavn) so as
that retain the tops of the colums in place and

mugzapee the draftcd the dalphiv tamaintgihslesly oyeans &ddlalerproper
menbers, or caissons, in this particular enbodi nent,
@leeatiponith 2pedtae thdwepselaiRtetRalilgdhe iballakt amateral is Feayvager,
buoyant hul|l nenbers, or pontoons, in this particular
whichdd sethinedireballasttanistdcafeddnsiteiite dojurdd ahder hull dembers
by 14 feet high. The colums and hull nenbers are
awdlequbpsd with hassh, pipebaingd perpigdetapinant foaadding or
consunabl es (not shovvn) so as to cause the draft of

WiRdre @Arigivatet o thBidaiphimanstemlerabyedtmitr80its avaftqdegrep of
el evation wth respect to the vessel. Preferably, the

Yadrhéslon ?%t%r BAllasBmaRFWR! Riitabibdorimisiurbseinblude kefcrete,
baI I ast nks | ocated inside the colum and/or hull

%6Sid rﬁr@aﬁ&%r@&%bﬂé&hcﬁ%%el dil, pebrRNGatBH flRsA Water,
equrp nt for adding or wthdrawing water to the

i ubn&r&r@%rsﬁ:%%{q@gu 8%&0@5 ahbi Stétea HodBae BmckHg members

|Tast nmaterials suitable for this

Bb4 BPHE t})ﬁ% Haﬁhﬁfg;ﬁﬁr % Oc?;?r?rq 801/ 'h%}w‘é d rgﬁgnﬁlﬂéir shape in this

consunables suc pot a wat er; fresh
parLucuI‘ar embodiment, and are approximately 140 feet long, 4 feet wide and 4

feet high. Attached to triangular semi-submersible dolphin 801 are fendering
means 806, made of rubber or some other impact absorbing material and so
incorporated 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 fendering means 806 on the dolphin and provide additional strength to
the fendering system in order to handle extreme environmental loads. Triangular-

shape deck 805 may be conveniently incorporated into the dolphin structure to
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1s firewater and m scel |l aneous dry goods and stores.
Hori zontal bracing nmenbers 804 at the top of

W@ eosm/ogssrer si bl e dol phin 801 have a rect angul BCT/BRzP4012992

in this particular enbodi nent, and are approxi mtely

40 feet long, 4 feet wde and 4, feet high. Attache
3ot pESorsu at ot inp T SupbEEr et prfiondls§egs bt 85
fenderin neans 80 made of . ruhbber or sonme qgther .
PRASaLansal 58 RIRGE ARR el SFteRngl s DR R Fatle e Resthing
t he dol phin structure as tg allow it to trapsfer and
GRATBEN 1orfake Blage iTohFEMPIAN TSLA FEASTIIREME 4 e tepaon. and
contacts between the dol phin and the vessel. St ?,e,l
Bis igdueruberiingenack issrs ABresyliyfysaipranthmngre efficient
particul ar enbodi rent, to nount fendering nmeans 806
erthing thed cam Meaiial the yessgbalanasitde en e BetiHader mere senere
fendering systemin order to handle extrene
emviionoremtal canditiergiibian for alitegd karthp5 shape deck 805 may
be conveniently incorporated into the dol phin
st r udnur prefesredlemingineni oD sBVBSUROTEIEIBIE0GA PN ggpUSsed, each
afford access to it for repairs, maintenance and
plddéd boeath aidead thef terminal ortfixed struplrerei aprsoximatelyrtiergsine
and the systemof this invention then enable the
tistanbe figpm thedeaninalrortfised akectpiedoeniimr tasbionpThiaembodiment
fashion rather than in a fixed fashion, and this
aksvecesssbisl bimas cerize lardetankarsatindt hawaitarsentiorsl sxaiding-
and nore efficient 5 berthing that can maintain the
¥es-sAloadingrashifbidsodt dr neabmdid-ship telesnveniently erh at a location
envi ronnental conditions than for a fixed berth. In a
Riosi Stk RIidbaBiIAg-antiwplceifg codvatkors iAbbthed thysditams feature
are used, each placed on each side of the term nal or

bi tredsystdrt ¢4 hREit 8hn abdnMibaEE @bivériienslavERseldiastiaives not

fromthe termnal or fixed structure in mrror

faRite Qpeciblbow SrBREH F@Sﬁﬂﬁﬁtn%rﬁﬂoldy& fitP8eInS prefsifeds

certain large tankers, that have conventional |oading-

BRoHmGR! @%ommﬁ%h%rﬁaéf tRE sBRREUBThErsité BolpRins number
v _ E/bert|iH 4 ocation nost sublta!efor' t

iige) ARG ARACHT 23T CRLIdEra) RRALIEF colARIBA! A

eaf’'ure ~of thrs systemis t can acconmb

%Parﬁ\éﬁ% ic8nﬁéur¥t?&sﬁb§id@§%b98§tfbm(%st savings and increased motion

stability when the dolphin is subjected to the forces of high winds, waves and

conveni ent at a [ [

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 dolphin.

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
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require special bow or stern | oadi ng manifol ds of
fittings. In a preferred 15 enbodi nent, the col um
wOoreeBeysoof the sem - submersi bl e dol phi ns nunbEECT/US2004/012992
three, and are arranged in a substantially equilateral
[ uration. ar_.conf i

| f
ol e serotoPma Ay Ro A eHSyEH SO R miGe Bl of
%%%r{%t %wme%/%v@t Sl g eBver SqPe Culimery BB

col umm may be used. The colu nenber? 20 are
nuangviﬂu@wr%ihaétk@r@ﬁihwoqpem@%? USted FHCK WY i on
and all ow the fenderi n% nmeans to be mounted on }
T SepRRion. distRrRCERATHRRAN HsnBBKY's aNddhe PHYIUR PlatigEms
necessary buoyancy to the dol phin. The present

ant/with high dearemel ageeracyr &tbervise ﬁhﬁﬁ%ﬂﬁfrﬁrdmr@m%%?‘ &fn
of LNG CNG and simlar cryogenic fluids from|arge
tharielss of cansiig adnidantalicatdootnifs and fazenripes: with gir atiendant
waters. The transfer of such fluids in these
safeiyrandrenvironmeolati hazegdsppol RoneodEE@densive product losses. The
PCT/ US2004/ 012992 entail the use of boons having
bevithing tgchhigque of theyiogention aiiowe the/kerthieg obipese iankefs to be
cryogeni ¢ hoses and/or simlar cold fluid industrial

cerl duetdyguiekly, wittrininirih separation distanceldetivearythertenkeraand
the berthing operation be conducted quickly, with
hendfistioresgpidcrais and witts high degteet ofeenurabe. t anker s and

the offshore platfornms 5 and with high degree of
accuraee tHa fresenmtdeventive has baeh desaipedat teomswbd padiculan
the risks of causing accidental cargo spills and

EMmBEEIhdnitd8sd aﬁ{oltobtlél’ﬂﬁ'frf béth lsemiiediized satiefeyaileddorms, it is not
envi ronnent al hazards, not to nention expensive

ﬁﬁ&ﬁiéﬁtthéﬁﬁ{i@édeéﬂﬁﬁtloﬁ%eihtdﬁy RehytIReihitd SBopeab ahheuch

invention allows the berthing of these tankers to be

tWilMBEUREBREGH B8t bRy Bsitut]
e@&é’ﬁl&ﬁ%gh&% ggélbé:?g&’één%n?‘é tlhe of fshore platf o§rl ns anudIonS

@g'a(?\la \%ﬁgﬁ lﬂft é‘eéé{frrﬁgg emdlrferit8 S i8INS and details of

tion has escrlbe In ternms of particul ar

ﬁﬁmﬁ? hgg%grs&ggn?ﬁm%ﬂéﬁﬁ% b@l%?ﬂ ahdoPRER opHIHBR 4R BedRste by

those skilled in the art without departing from the spirit of this invention.
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i ntended that these descriptions in any way |imt its
scope to any such enbodi nents and applications, and

w0 poowioddsobe under st ood that many substituti onsPCBS2004/012992

changes and variations in the described enbodi nents,
applications and details 81‘ éEe nmet hod and system
illustrated herein and of operation can be nmade
by those skilled in the art w thout departing from
the ¥peeleimof this invention. 16 WD 2004/ 099508

PCT/ US2004/ 012992 CLAIMS We claim 1. A nethod for
beilt hi iy methedstos betthing arxespeldo smaie stEGtyedn gRBrotratet
waters, conprising: 5 (a) providing at |east one

f | oat i nyatgw, ghMPripiNgyvi ded wi th fendering neans; (b)
placing said floating dol phin in close proximty and
in a fi(stpreydingat leastpra ﬁw@§i®|mpWI®dtmth fendering
said marine structure in said unprotected waters; 10
(c) bringmegpnsai d vessel alongside in close proximty
and in a second spatial relationship and orientation
t 0 sai d(bijrplicing ssid ficatingetolpnindin dlele preximilyrapdgaiadirst spatial
vessel to said floating dol phin so that conventi onal

| oadi ng argtaunshjpnand onayation taseid rharinesiduciure inshidad
said vessel to and fromsaid marine structure. 15 2.
The net hodnpifotedied wafers;wher ei n sai d floating dol phin
conprises a sem - subnersibl-e noored buoyant structure
conpri sid)rrigngisdii vesdel apngdide Miciyseproxiphiynandhiarzbescend
or "caissons", arranged in vertical fashion, (ii) a
pl ural ity sphtid)yeadrishipiaid 6Rgi@UnSo SHid nideintemsture; and
supporting and separating said buoyant colum nenbers

and pr oyddieRGriM§ 8418 vessel to said floating dolphin so that conventional
loading arm equipment may be used to load and unload said vessel
to and from said marine structure.

2. The method of claim 1, wherein said floating dolphin comprises a semi-
submersible moored buoyant structure comprising (i) a plurality of
buoyant column members, or “caissons”, arranged in vertical fashion,
(i) a plurality of buoyant hull segments, or “pontoons”, supporting and
separating said buoyant column members and providing heave
damping to said moored buoyant structure, and (iii) a plurality of
horizontal bracing members retaining the tops of said buoyant column
members in place.

3. The method of claim 1, wherein said floating dolphin comprises a
triangular deck structure comprised of (i) three enclosed buoyant

column members, or “caissons”, arranged in vertical fashion, (ji) three
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20 danping to said noored buoyant structure, and (iii)
a plurality of horizontal bracing nenbers retaining

wao b@4veyses of sai d buoyant colum nenbers in pPEDES2084/012992

The nmethod of claim1, wherein said floating dolphin
conprises . a tri Iar deck strugture co e

(1) "t nteazariel BACHORRRYe ot PoBRobb e ey end G the
‘cal ssons arranged in vertical fashi .
17 WO Maﬁmg ﬁ@ﬁﬂ?ﬁ%@b&?%@%@m"ﬁ&%ﬁ& Czﬂmﬁt'ﬂﬁf%sa'd
menbers, "pont oons”", that sup ort and retain th
buoyanttflémtﬁﬁfi%@ﬁé‘?’é‘r? @ng) (g reg, por | pEAgiRg, (Rgmbers
danmping to said triangular deck structure and (iii)

three Hbei retgin e BPaef g hvowpricolurpamemniess in RIAeS pBDSs

of the buoyant colum menbers in place and 5 support

t he trisupgattdhe Hispruler deek sfrustura. The nethod of claim
1, wherein at least two floating dol phins are

pr évi dethe MethPideof eimadld wherein ai leadt ’fW\QH@taBWt deiphinsare st
spatial relationship and orientation in which said

fl oat i ngrodide@ghi ns are placed in relation to said 10
marine structure is in line with one of the sides of

sabd veBsemettaubfsidin 4 edenain spidtfirst| spatidlaeiatiogstiipand
orientation in which said vessel is brought in

rel at i oprigroatiniid which seid doatingtdoiphinsamqpaced inaelatign to said
beamon and in line with said fendering nmeans with

whi ch sgiaeiné bpadtureds doligEwitts on@bethprsiddscd daidl\iessel, he said
met hod of claim2, wherein said fendering neans are

at t achegkdond spatial rbluﬂdrfmﬁp atd onentanorianvhictosaid vessel is
“cai ssons". 7. The nethod of claim®6, wherein said

fenderi B@u@ﬁﬁﬁ&eléﬁé@ﬁﬂ"‘%ﬂd hrarigaistructroipaipbraxirhetely beam on
menbers, or "caissons", conprise one or nore
and in line with said fenderlng means with which said floating dolphins
are provided.

6. The method of claim 2, wherein said fendering means are attached to
said buoyant column members, or “caissons”.

7. The method of claim 6, wherein said fendering means attached to said
buoyant column members, or “caissons”, comprise one or more
fenders made of rubber-like impact-absorbing material and so attached
to the caissons as to allow the dolphin structure to transfer and absorb
the environmental loads resulting from the contacts between the
dolphin structure and the vessel.

8. The method of claim 7, 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.
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fenders made of rubber-1like inpact-absorbing materi al
and so attached 20 to the caissons as to allow the

wa@ledopldasost ructure to transfer and absorb thePCT/US2004/012992

envi ronnental |oads resulting fromthe contacts
b th hi ct d.th .. 8. T
pee e LR RN e

m“ Br oo resteds ?qriﬁegnﬁéfe'ogairg? Sered b 3EMIne TR,
d ft for the f|oat . 2004/ 099508
PE:% Uszgé}«ilp@eidz%*g%'Véﬂg@rﬁ?é‘dﬁ'ﬂtad’ts’a“’é‘?a D [M&egS I Haprafegted

said ballast materjal is seawater. 10. A nethod for

bert hi nya@r%aqowk?wsel to a marine port termnnal

equi pped wi th pivoting | oadi ng-and-unl oadi ng nmeans in
unpr ot e &) eRFoVigkGeF deast Hip pers|-piPmesioly mpp Qygntat

| east two sem -subnersibl e noored buoyant structures,

or "fl oat istiycigeaspRr ripating 6ﬁlphin§ ﬁ@m(ﬂ“?'”a (Pl aeiiiyypf Spoyant
buoyant col umm nenbers, or "cai ssons anged in
vertical ®olusm memrs @i 9a|ssa>n9i @rrang@@lrb\rem%@aﬁ@tatlon (ii)
hul | segments, or "pontoons", supporting and

separati n@ ;gauadjtmfcbylamntdwll@ﬁgmﬁﬁm@r ‘Poatpnshsappergg and
heave 10 danping to said noored buoyant structures,

and (iii) sepptainglsaidybuoyanteaiumiomembess aodmgpﬂ@n@él%ve
retai ning the upper portions of said caissons in

pl ace, saiddnigingtd said dwopdd mgoyanbstrubieresy and (iiperurality of
absorbing fenders attached to said caissons as to

al | ow t he Hdrigahtahigracithglnpdrberstretatnirmthieamppandodibas pbsaid
the environnental |oads resulting 15 fromthe contacts

bet ween t hridsbagin plgceldarhiiomtingidiphivs praviged with srapact-

(b) placing said floating dol phins in close proximty

and in a fdysstbigoRindats 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;

(b) placing said floating dolphins in close proximity and in a first spatial
relationship and orientation to said marine port terminal in said
unprotected waters;

(c) maneuvering said cargo vessel alongside in close proximity and in
a second spatial relationship and orientation to said marine port
terminal; and

(d) 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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rel ati onship and orientation to said marine port
termnal in said wunprotected waters; 20 (c)

woraiweysns ng sai d cargo vessel al ongside in clPGEUS2004/012992

proximty and in a second spatial relationship and
jentati 1 d. [ t. L ] :
atthchi g eaihad BEFgen LxuBrBPrae it PR reid¥ishians

so that said pivotjng.]onadi ng-and-unl oadi :
be usedrieatatigai Wish Sl faraadoEars e phtedd BAth S ¥k
and fromsaid maripe paort term nal 19 VWO 2004/ 099508
T UsTowrimeoserbigrming B i fies R 08 cbinec P o e 6P aeRe
said first spatial relationship and orientatiqn.,n.

whi ch Saoeeid sraondgratial selahansiynangt guargalion 'Péﬁa‘%h #Rid cgreo
said marine port termnal is in |ine wth one of, the

si des ofesseligimeapyeree ds@lationdp gaigdnarngRAhiprafdy sy

rel ationship and orientation in which said cargo 5
vessel approrimeisheheam ion andlintingith éa@dﬂ’cﬂ’aﬁb@bﬁ?&'ﬂ% fgnders
termnal is approxinmately beamon and in line with

sai d i rgitacheditssemidcaigsdnmders attached to said

cai ssons. 12. The nethod of claim10, wherein said

i mpact - Eesmethiodwf Claird di0s whareiragdid impactadisarbing iesders
conprise one or nore fenders made of 10 rubber-1ike

i npact -ateshedinspiduaissord com@iseTne orandredenders Imade afo,
wherein solid or liquid ballast material is stored

i nsi de rsiBber-ltik@i ispanisatzadbipg maderied. | N amount s

sufficient to establish the desired draft for the

f1 @at i Mha@leMiidns clal. 10T vberat balil afliqoiddhatiasBmatenieriei n
said ballast material is seawater. 15 15. A system

f or ber éibidddngidy esisialaidsons apd poetobeslinaheurss sufficient to

conprising: (a) a marine structure, attached to the
bot t om gdiaihifa thE&aesired draft for the floating dolphins.

14. The method of claim 13, wherein said ballast material is seawater.
15. A system for berthing a vessel in unprotected waters, comprising:
(a) a mérine structure, attached to the bottom of the sea;

(b) at least one floating dolphin provided with fendering means and
placed in close proximity and in a first spatial relationship and
orientation to said marine structure in said unprotected waters;

(c) means for bringing said vessel alongside in close proximity and in
a second spatial relationship and orientation to said marine
structure; and

(d) means for securing said vessel to said floating dolphin so that

conventional loading arm equipment may be used to load and

unload said vessel to and from said marine structure.
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(b) at least one floating dol phin provided wth
fendering nmeans and placed in close proximty and in

wa@2donstsospati al rel ati onship and ori ent ati onP€DUSAD4012992

e et [ sal unpr o ectod vater s 20 (0
oy el PR AR D
I g; t s eg g L L‘L}’%‘I?’fﬁiﬁﬁ@f@?“&%@g%nﬁ%gP F%%é %ﬁ%ﬁtgﬁeas 0
to | oad an@m@i?irlﬂwqi)@ag] ”?ﬁﬂ’d&\r@g@ g’l%l ({%gderﬁﬁ 81%%(%&3%{-? Sd
16, The belaRPAG sGETEIRIGN VENERHATIOnE? B L POV

floating dol phin conprises a sem -sub i bl ]
buoyant st ul qgn&entgp&&ﬁwqrg?w”,(eﬁ%pgr%ﬁgelﬁ@qepgragﬁgrs%%

buoyant col um nenbers, or "caissons", arr nr%ed in_ .
vertical flwiaphcolgmpmempergandirroviding @@ay%ﬁ? BIng jp said

segnents, or "pontoons", supporting and [
sai d buoymor“?kﬁumnh@imﬂg,p@?ﬂj("iﬂ%&)W@fi&gﬁ%g%@qgl bracing
damping to said noored buoyant structure, and (iii) a
plurality ofenibers rbainiag the iapsej saldd1uoyaRt GOMNAD MERPERE
tops of said buoyant columm nenbers in place. 10 17.
The berthi pgceystem of claim15, wherein said floating
dol phin conprises a triangular deck structure

compri sed The bijthingrsgstemeofadlaiseth, mineyein saigdloging dolphin
menbers, or "caissons”, arranged in vertical fashion,
(ii) threechpiigseyd alangular desinsterciyreaomppised obfisthree

that support and retain the buoyant col um nenbers in

pl ace and ieRclpE&Ybagyanessiemiananhberst or ‘Saisdons’j amangeskin

deck structure, and (iii)

vertical fashion, (ii) three horizontal hull members, or “pontoons”,
that support and retain the buoyant column members in place and
provide heave damping to said triangular deck structure, and (iii)
three horizontal bracing members that retain the tops of the
buoyant column members in place and support the triangular deck
structure.

18. The berthing system of claim 15, wherein at least two floating
dolphins are provided.

19. The berthing system of claim 18, wherein said first spatial

relationship and orientation in which said floating dolphins are
placed in relation to said marine structure is in line with one of the

sides of said vessel, and said second spatial relationship and

orientation in which said vessel is brought in relation to said
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three horizontal bracing nenbers that retain the tops
of the buoyant colum nenbers in place and support

wao b@4pvdsesigul ar deck structure. 18. The bert hP@IyUS2004/012992

system of claim 15, wherein at least two floating 20

Clatm 15, MBS HTP s fpmefinEidy Phrn thAER IR R set
ol acod | n pedtinbgheats G yhih Rrisrelify B4 proyides,
Spil ol r cTna Ui S 053t 1A ebr S feln BEES

vessel is brought in relation to said 1 VWO . . "
2004/ 099508cREFFRSHHEHI ORIV FH C?#HF‘MQG'E%?"&% FgISegns
approxi mately beamon and in line wth sai g ender i ng
ToCRe. i ¢ T PEH g Pyt EIRiT Zon BRetts Sl denslegDf dus?
20. The bert hi ng system of claim 16, wherein, said,
fenderi ng atashed tapaid hupkamegiuy BeMPeRt & SRS um
menbers, or "caissons". 5 21. The berthi ng system of

cl ai m 20, mriﬁaﬁlmfdn@l@n‘é@%fﬁ@%?@dﬂé‘-’b%?"t“;@ﬂ"éaa%
sai d buoyant colum nenbers, or "caissons", conprise
one or nor abdoebidg matetal @ndisoraiisbled 10 ke criFsaks as to allow the
absorbing material and so attached to the caissons as

to al | ow t delphialsirbiciurs to trnsiereandeahspinbeanvisaamapiablogds
the environnental loads 10 resulting fromthe

contacts befsuitieg fronhthedminedtsbeitvean the dolphia sityeture and the
vessel . 22. The berthing systemof claim 21, wherein
solid or |iedgetl ballast material is stored inside

sai d cai ssons and pontoons in ampunts sufficient to

~estapl i sh trhg berRingeYsnadicldior2t, nnef¢inadlicgr litpligbaltast

material is stored inside said caissons and pontoons in amounts

sufficient to establish the desired draft for the floating dolphin.

23. The berthing system of claim 22, wherein said ballast material is
seawater.
24. 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;

(b) at least two semi-submersible moored buoyant structures, or
“floating dolphins”, comprising (i) a plurality of buoyant
column members, or “caissons”, arranged in vertical

orientation, (i) a plurality of buoyant hull segments, or
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15 23. The berthing systemof claim 22, wherein said
bal l ast material is seawater. 24. A systemfor

wheooth99sgs a cargo vessel to a marine port ter mPCEIUS2004/012992

equi pped with pivoting | oadi ng and- unl oadi ng neans in
unprotected waters, conprising: 20 (a) a marine port
terninal, attadPRHons ,twpeemeawcﬁppaw&ngéa'wyant column
provided with pivoting | oadi ng-and-unl oadi ng neans;

(b) at |east tWmenaRas a@dwﬁﬁa@ng|héavm6@@a'nsd@§aﬁ!tmoored
structures, or "floating dol phins", conprising %
plurality of bbggyait stroelliasm ane ied B'Uraillty ofdrizepigs bracing
arranged in vertical 25 orientation, (ii) a plurality

of buoyant hul Im@'@@efem@temmgthemr)mmw ologHd gaissons in
PCT/ US2004/ 012992 "pont oons", supporting and

separating sai @Ia@ao%idtﬂoamgﬁmmin%mi@damim impaat-absmbing
heave danping to said nobored buoyant structures, and
(iii) a plural ffendeos attemhieddntaid daissonsgs torelidyethe floating
retaining the upper portions of said caissons in 5

pl ace, sai d fl dalphing tddlapsienangabsortdide vntitonmental loads

i mpact - absorbing fenders attached to said cai ssons as
to allow the flrealtingfrorddheptormacts betwemnsthe floatiey adlsisindand
the environnental loads resulting fromthe contacts
between the fl ¢igd targodebsdni ns and the cargo vessel;

10 (c) neans for placing said floating dol phins in

cl ose proxi @) t bhead§tbriphacthd édid Ho& Mt dodhifisinadbsEsiakitity
and orientation to said marine port termnal in said

unpr ot ect ed Walg@fsn a fiest sB&ﬁdﬁelE%ns‘WW@ﬂ‘ ériisticretotaid
cargo vessel alongside in close
marine port terminal in said unprotected waters;

(d) means for maneuvering said cargo vessel alongside in close
proximity and in a second spatial relationship and orientation
to said marine port terminal; and |

(e) means 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.

25. The berthing system of claim 24, wherein said first spatial
relationship and orientation in which said floating dolphins are
placed in relation to said marine port terminal is in line with one of
the sides of said cargo vessel, and said second spatial relationship

and orientation in which said cargo vessel is maneuvered in

relation to said marine port terminal is approximately beam on and
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proximty and in a second spatial relationship and
orientation 15 to said marine port termnal; and (e)

worean®99se8 attachi ng said cargo vessel to sai dPET/0820041012992

dol phins so that said pivoting | oadi ng-and-unl oadi ng

nmeans may b used to | oad and .unlko . d. car .
vessel to 'aﬁaewtﬁrﬁayg'm?ac' ??%@ngé?q%%tr%%ﬁ?pfﬁtg%8'd25.
The bert hi ng? s%st em of claim24, wherein said first
spati al $ONnship and orientation in which said
floating dol phins are laced in relation to sai ,
mardte porthe @Wﬁ'%?yqt‘%’%i‘ﬁCiai"ﬂ34W6ﬁregh%a'%fmp?cﬁ'@%§?@5§
of said cargo vessel, and said second spati al

r el at i onsHepdergeitaghediorsaid 6@1%%%'%29“& Qg fenders
vessel is maneuvered in 25 relation to said marine
port ter nimade pErusppi-tisa inpast-gbsnshing Mataidl: 23 wWo
2004/ 099508 PCT/ US2004/012992 in line with said

i NPt - absBrebeithing AYRieR of clalp RddwWharednpelidQiligkishallast
26. The berthing systemof claim24, wherein said

i npact - abswetsriabis sterad énsidesaid eaissPisAnEHpNieIsis GHroUNts
conprise one or nore fenders 5 made of rubber-1ike

i npact - abssufticien} terestablish theXiesirgt drajidlior Hierfipaiing delphivy:
claim 24, wherein solid or liquid ballast mterial is
st c2&d i nsThiebsuiidg spstemaislam@7pwhetsimsaid haliasunatgrial is
sufficient to establish the desired draft for the
floati ng dedgwdter. 28. The berthing system of claim 27,
wherein said ballast material is to seawater. 24
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