Si de- by- Si de Moori ng Bay Background Technical Field Enbodi nents of the

I nvention relate generally to systens and nethods for side-by-side nooring
of vesselwoabicaa2wif shore | ocation to mnimze rel ati vepowiSicaow/obesrween t he
vessel s and reduce undesirable forces i nduced by weat her conditions.
Description of Related Art O fsifensy-Shiy ModriwpBays have been used to
secure two vessels in a side-byside configuration. In a side-by-side
nooring configuration, the vessels respond to changes in environnental
conditi onsP%% Qr&iuﬂgl e vessel. One conmmon problemis the dynam c
directiona c# nges in environnmental conditions, e.g. w nd, wave and/or
current, wlechnigdilFielodcr ease rel ati ve noti ons between the vessels and
nooring forces acting on the fenders and nooring |lines between the vessels.
I n order t&mbodimmests oéltheiineentidn oelstd genermllyt toe systesed ananchetivmis fay

forces acting on the fenders and nooring |jnes hetween the yvessels, it

woul d be dESFFRLFIEE: BOANGWFE N@Sv@gs% & ISR lf@%ﬁ\%@”gmﬁnli“ﬁ’a?et rl?(}tl’(&ad! ng
of the nooheflioRENbEEKEEH ItAB EssdIs 9adl relubtd eumiyiaible n@r&@@tm&ﬁc i tion.
This alignment mnimses the vessel area exposed to w nd, wave and currents
whi ch, in weathertonditionss the | oad on the nooring. U S. Patent Application

Publ i cati on No. US 2007/0289517 A 1 (Pol dervaart et al.) (hereinafter '517)
relates to a nooring systemwth a first vessel for containing hydrocarbons

havi ng at Deschiptionéf Relstbdmm transverse armand a fluid transfer
mechani sm of _a duct connected to a tank on the first vessel and a coupling
end for coffsberaacsing sxséemg Raveskaen g$Rd et e Os\Wssels ifpd skie-by-

Shroal o PRE OIBAWEBRS! 1 Suahl SRS KL g co BRI, Y ool g
end of therespondThe changes in environmental conditions as a single vessel. One
common problem is the dynamic directional changes in environmental
conditions, e.g. wind, wave and/or current, which will increase relative motions
between the vessels and mooring forces acting on the fenders and mooring
lines between the vessels. In order to minirﬁise relative motions between the
vessels and mooring forces acting on the fenders and mooring lines between
the vessels, it would be desirable to allow the vessels weather vane such that
the heading of the moored configuration is aligned to the prevailing weather
condition. This alignment minimises the vessel area exposed to wind, wave and

currents which, in turn, minimizes the load on the mooring.

U.S. Patent Application Publication No. US 2007/0289517 A1 (Poldervaart et
al.) (hereinafter ‘517) relates to a mooring system with a first vessel for
containing hydrocarbons having at its bow and/or stem a transverse arm and a
fluid transfer mechanism of a duct connected to a tank on the first vessel and a
coupling end for connecting to a second vessel. The second vessel is moored
alongside the first vessel and is attached via at least one cable, extending from
its bow in the length direction of the vessel, to a mooring end of the arm. The
mooring end of the arm is situated at or near a longitudinal centerline of the
second vessel. The arm, during use, is in a fixed position and a pulling force

element is attached to the cable for applying a pulling force on the cable upon
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nooring end of the armis situated at or near a |ongitudinal centerline of
the second vessel. The arm during use, is in a fixed position and a

pul Ii ng fwoceloal4eement is attached to the cable for appl ycmgcaopwbéi’ng force
on the cabl e uponrel ative novenent of the second vessel with respect to the

arm The frarfifeSnelEientldfane sedonadessieriviad régpdotua thes atrac amenfored t he
second vessel. However, the nooring systemof '517 suffers froma nunber of

probl ens. aemeskalipyea pradeiepdinasymayinmdisplacamenbel HeRACoRAIVERERlonpl et e
al i gnment of the noored configuration to the dom nant environnent al

dition. Furth th ' ‘ 'S5 ' oY ' bjiect t
P o BN e B P R 21T Rl el St A ob st
sway, Ppit@xanfislel theéhavengadsieavof BNE widmdd indg aldéw dosngletenaigneneiaroigiee and
breakage. Accordingly, a nooring systemthat elimnates the above and ot her
probl ens dNORSECSERH iUt thl‘@yfg@r@rf’@m§nmrgmn9nt?é§pnéﬂ'9ns RS BRHRI ment s

of the iny L OV « Shdea By y of
fuo. vessel BOaTe AR 87 Lo s A, e By Ve R B 2 s
of the i nvangik adegrees-iofdresiddm, biye.ssulgemswrayn gitchnfrofjuheave mmdiwiawh tise e
capabl e of al i,lg]ni nr%eiand re- alj@% in% % headi ng of the nooring configuration
with a prdPaPIiNggrids PRYe tn dRTRPERNIRIEEKAYRi ng t he headi ng of the mooring
configuration nmay be required in situations including, but not limted to,

changes in i | ; the. I igfi NQ
weat her dF%é%#?@ﬁﬁﬁﬁgggghﬁg§g§%%5ﬁ%ﬂ§%§3§?%éﬁﬁe§?6§ﬁgﬁﬁﬁggéngﬂﬁéggﬁ%oring
syst em comistiresm@osingtsiystente sphighlyaggsiredt us whi ch, in turn, includes a
turntable rotatably nounted thereon. In a nooring configuration, the
station keeping apparatus is operable to novably couple to a first vessel
and to a se¥BW@aRkessel for providing a sideby- side nooring configuration.

Further, thgy Hfrﬂéﬁtglc?faﬂtl)]% mwsh@m pa\ﬂdé r%{éﬁmé Uridt BB Fdresifibstsiygssel

and the second vessel out t station epl ng appar at us.
mooring of two vessels which would overcome the above and other problems.

Embodiments of the invention provide side-by-side mooring configurations
which are capable of aligning and re-aligning a heading of the mooring
configuration with a prevailing weather direction. Re-aligning the heading of
the mooring configuration may be required in situations including, but not
limited to, changes in relative displacement of the moored vessels and/or
prevailing weather direction.

According to one embodiment of the invention, a mooring system comprises a
station keeping apparatus which, in turn, includes a turntable rotatably mounted
thereon. In a mooring configuration, the station keeping apparatus is operable
to movably couple fo a first vessel and to a second vessel for providing a side-
by-side mooring configuration. Further, the turntable is operable to freely rotate
both the first vessel and the second vessel about the station keeping apparatus.
Further, the station keeping apparatus is securable to the second vessel using
a head mooring line having a length which is adjustable for aligning a heading
of both the first vessel and the second vessel with a prevailing weather
direction. Yet further, the mooring system may comprise a yoke movably
coupling the turntable to the first vessel for providing adjustable angular
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Further, the station keeping apparatus is securable to the second vessel
using a head nooring line having a length which is adjustable for aligning
a headi ngwof2otuasbo7uhe first vessel and the second vesselPChsGom/opssgyai |l i ng
weat her direction. Yet further, the nmporing systemmay conprise a yoke

novably cogigpiaB8nidit betaémithe sttiohn@dpirid bppaeted ahra Rryitudinag cadiraist abl e
angul ar di spl acenment between the station keeping apparatus and a

| ongi t udi nif1e ebke Brstivesselfanchpravidisg a/wealleramaing swatingganiwhendhe vani ng
noori ng poﬁrg{ \t,gv?tgeé? i%gﬁgfé;,-\g@ht %%%?(?A. i s single-point noored. According to
or dee

one enbodi nmen er appfications, the station keepi ng apparatus
conpri ses a buoy upon which the turntable is nounted, and the buoy is

attached to a sea bed b nchor |egs, Further, a rigid yoke is used to
nmovabl y Co'g Qdingkta,8a¢ ieﬁ%‘%‘{}@?@ﬁﬁ% daen Watsfi %I%Q"C@B‘g%%ﬂ%e %%F‘F@O'E‘%
anot her en@agg I i i j hag
appar at us | nclrgﬁ{}s Cé%%@%% i?ygmﬁn ?@ﬁ%ﬂagﬁéoﬁﬂgagfgg%be , zgér?:i gﬁﬁfﬁpﬁt abl e

rot at abl y buwepiseatiacheachto &iseadext byi@ncher legsr t Funthera asigid yplkds uahd db
i ncludes ball joint, upiversal joints, . i.ng beans, counterwei ghts and
soft yoke @Px?bﬁ/sc%@é%ﬂleomHBUB%|Syst88hi%'tg%ﬁﬁé“ﬁa’§??% systemto the first
vessel . Further, the first vessel and the second vessel nmay be noored at a
bow or a stern of each respective vessel. Brief Description of the Draw ngs
Enbodi ment Aceardinge to anetharopmapdingn ciop shallewr waisif arplioations.r wres@tior to

the drawi ngsyihd MBS Bioek A SNBALE LS @It offP8" {08 LRUS LR L 2
nmoor i ng confi'guy atii'on accordi ng to one enbodi ment of the inhvention, FlGs.
2A and 2B furhtablg edtatablyromsunted systhenfiead struatord. rifurtenf agsofayolke) wlsichr di ng
t o one enbodj nent o‘ .the invent Lon; illustrates a first ve se%t

or

FIG 3
moor ed to 'BCHO&S Bal R@Bbi%v%rﬁ_ﬁ iolRigs hapgmg Repmsy foupierweighis §O
mooring a sR&PRn Vsl thinévdbly 8bupi8$R€mooring system to the first vessel.

Further, the first vessel and the second vessel may be moored at a bow or a

stern of each respective vessel.
Brief Description of the Drawings
Embodiments of the invention are disclosed hereinafter with reference to the

drawings, in which:

FIGs. 1A and 1B illustrate a mooring system in a mooring configuration
according to one embodiment of the invention;

FIGs. 2A and 2B illustrate a mooring system in a mooring configuration

according to one embodiment of the invention;
FIG. 3 illustrates a first vessel moored to a station keeping apparatus;

FIG. 4 illustrates a process for mooring a second vessel to a first vessel

according to one embodiment of the invention;



according to one enbodi mrent of the invention;FIG 5 illustrates a nooring
configuration of two vessels according to one enbodi nent of the invention;
FI G 6A iwbustweEr@s a nooring systemin a nooring confi gorsGen/caescor di ng
to one enbodi nent of the invention; FIG 6B is a side viewof FIG 6A

Detai | ed [gecrs phustiatks & Wﬁoéﬁ&hg% QBhAGUISEIBAT bP Ve Nved¥eIE IREErdME b f orie
details are set forth in order 1o provide a thorough understandi ng of
vari ous i larokedigtaniof émpinvention;s of the invention. It will be understood,
however, to one skilled in the art, that enbodi nents of the invention may
be practiced without sonme or all of these specific details. In other

i nst ances,FI@eI8A Knstvates @Cﬁﬁﬁ)riﬂg@y@térﬁﬂﬁ davsoringf coefgurdtse icbeding talet ai |
in order not to unnecessarily obscure pertinent aspects of enbodi nments

bei ng descermbodimeniofdhaiiveidion] j ke reference nunerals refer to sane or
simlar functionalities or features throughout the several views. FIGs. 1A
and 1B show a nooring system 100 in a nooring configuration according to
one enbodiFent6Bois a biglei viewrdfiFdG. 6An t he nooring configuration, a station
keepi ng apparatus 110 conprises a single buoy 114 or a fl oatabl e device
whi ch provi des buoyancy, for deep water applications. The single buoy 114
I's securedpgfajRl DESERpEiBN! Ocation using anchor legs 112 connecting the
single buoy 114 to a sea bed. A turntable 116 is rotat abI%/ mount ed on the
buoy 114 tlo thelfellowingedeseriptionn aumeseus speeifie wietailsypee sef forthelbgeiteaiout a

vertical ce [ fh , SeL. als .n. F : oring
confi gur at %S{{G%t Lﬁ’e{ht%ﬂé)lﬁﬁiﬁ%ggﬁén%élér \Z%lcgfv\s/ ﬁ gﬁﬁ%\ger' éﬁ/%i’@?%é 'Ita g%mggt her
vane aboutinyéstict.at itowilk épiundesgtved, ahoweddl). tollomediskitlet i ion trenchartrativait t ude
of weat her vani ng depend on the prevajling weather direction g& For ces
acting on @MRBodiaenisof ther WN@PE‘O’{)H@W Q?rﬁrgﬁﬁ‘@ Yathout $80MeHLPY aﬁ ph&sto a

first end Qlodid HetsY OkP ot ihStaRte S WWERIAbWHEpRICE’E @perations have not
been described in detail in order not to unnecessarily obscure pertinent aspects
of embodiments being described. In the drawings, like reference numerals

refer to same or similar functionalities or features throughout the several views.

FIGs. 1A and 1B show a mooring system 100 in a mooring configuration

according to one embodiment of the invention.

In the mooring configuration, a station keeping apparatus 110 comprises a
single buoy 114 or a floatable device which provides buoyancy, for deep water
applications. The single buoy 114 is secured at an offshore location using
anchor legs 112 connecting the single buoy 114 to a sea bed. A turntable 116
is rotatably mounted on the buoy 114 to allow free rotational motion or one
degree of freedom about a vertical centre line of the buoy 114 (see arrow A in
FIG. 1B). In a mooring configuration, the turntable 116 would allow the moored
vessels to weather vane about the station keeping apparatus 110. The
direction and magnitude of weather vaning depend on the prevailing weather
direction and forces acting on the vessels. Further, the turntable 116 is
movably coupled to a first end of a rigid yoke 120 to allow relative pivotal
motion or one additional degree of freedom about a horizontal centre line
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notion or one additional degree of freedom about a horizontal centre

| i net hrough the turntable 116 (see arrow B in FIG 1B). For this purpose, a
pi vot or Worgw/@estaect or 160 may be provided. At a secordTdiGé@iooexid of the
rigid yoke 120, the rigid yoke 120 is novably coupled to a first vessel 10,

ei ther at troQyh Bie @rstadlie1 96 ($deafrows iV ERS.e1B)LOFofFthis pOfpdseUA pRs ora bal |
joint 162, e.g. a ginball assénbly, may be prov)ilded. Thg ball joint 162

woul d al | olingBtcaNNBRIRr 188 Mak e providede A 3 secpm distal enfhiet ihenigid yakee

degr f ; [ . ' ly,
the Torar b0 REIRId Y8Re M mbyadly BBpfec) 8, St vihel 1! GURATE bty

I ﬁngi tﬁdi Eaﬂ ?)sltelrh@f!tlzenﬁrlsglzveseglt @& anthis herlp‘ds!esa beélq‘s'mtgm, e@b\alegl‘im!ba;ll i ne
t hrou t he ba oi nt a _horj zont ne rqu j oi nt
162 ver SOl abE PRovidsdpd T RABIP: e Meuld 5% deltoeabmathBssi ngi e
buoy 114. jRhfedBiteBOrRACHY SY@HoR! tﬁfé_évdcfbrags%f *ﬁ%'e@ohh{lﬁ&é‘rré\/\@@?tﬂ gn@f the

turntable 116 and disposing the vertical colum 118 through the hole to be
fixedly cobph &Gt $B).hddsepartiaudarlyrilee veiatiorall mebdnsmprovidedoby thedea)! jgint

supporting ructure for a [ [l .13 ich i.s r I ted or
Fitbed ar ol BGGaatE A oBRAR: ob RS FaRab Gorie iher e T8 Va9, &1 e
around t heyygital IFR) theelghithe ball fsimetdZzand o drddneadineiirowgh thedediejodent of
the turntable 116. A quick rel ease hook may be provided at the nooring ring

130 to act 184 a nooring point to which one end of a head nmooring |ine 140
may be attached to. The quick rel ease hook may allow instant rel ease of the
head nooring |line 140 during energency situations. In a nooring

conf i gur at Aorertical fcotushn €@ roay delfe@dlynacoupled)td amentréfithe sémle bdoy d14he

nooring ring. 130 and g .secopd end of the head oring |i 40 i ured,
Ve b fal r Kiscngy BeachiSth By YOG heedfrauel Scedita aledimepe HE
control w ggh d?s%o@mfd‘ﬂ*@ Vsrtiasl GMAPI 1ol fHePRoleNto! e fikedd cobgeting | i ne
140 to dispose the first vessel 10 and the second vessel 20 in a
si de- by- si the paowllllé4l af havgeinahcolied 18 inyidesiasuprorisg sdlustuadrop
weat her 'n%%%%na Hﬁﬁv 130 which is rotatably mounted or fitted around the vertical
column 118. The mooring ring 130, when fitted around the vertical column, is
capable of rotational motion independent of the turntable 116. A quick release
hook may be provided at the mooring ring 130 to act as a mooring point to
which one end of a head mooring line 140 may be attached to. The quick
release hook may allow instant release of the head mooring line 140 during

emergency situations.

In a mooring configuration, a first end of a head mooring line 140 is secured to
the mooring ring 130 and a second end of the head mooring line 140 is secured,
via a fairlead 24, to a control winch 22 on the second vessel 20. The control
winch 22 maintains an appropriate tension in the head mooring line 140 to
dispose the first vessel 10 and the second vessel 20 in a side-by-side paraliel
arrangement. When changes in the vessels and/or weather induce a new
equilibrium position which is misaligned with the prevailing weather direction, a
length of the head mooring line 140 may be adjusted, such as through the
control winch 22, to align a heading of both the first vessel 10 and the second
vessel 20 with the prevailing weather direction. While adjusting the length of
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equi libriumposition which is msaligned with the prevailing weat her

direction, a length of the head nooring |ine 140 nay be adjusted, such as
t hrough twe 2eovit4eark Wi nch 22, to align a headi ng of bot rCtrise26d9rsa37vessel
10 and the second vessel 20 with the prevailing weather direction. Wile

adj usting tihe hexptrhominddineeddopeaT ianguldrndispélentsht apaiwledn he RitagTENt
bet ween th&@stat I on keﬁgﬂi gg apparatus, 110 and a | ongi tudinal centre |ine of
the first WEEREY 3pPgra Oa@f%& lopgiudipplcantre lipe s, thanfirst xessel 10 i 150

may connecty&AsMubRY R'thslBiik finge of the first vessel 10 to each
correspondi ng sdiﬁde of tne turntabl e 116. The elastic line 150 is operable

to prevent over-rotation of the rigid yoke 120 relative to the first vessel
10. In a ri .confi.guration, when an angul ar di.spl acenent between the
stati on kedBl RESHpPH? dE0eNe GonnacteaghbPv i slem HaRel e A versehid ia o st
vessel 10 (g3eh coM@spoRding $iH&of e RGNS 18 6CEThE %léétquT%;w@?s 6%@%919\’0“

120 and a longitudinal centre line of the first vesse excee

pr edet er mi fe@renani@vetrepfatianof the: rigicaxakec126 reiativest thecfirst vessshd@. Ueyond
t hei [ s0f ' t ' 52 h el i,c li
150 1o enct ool Ealfgp ARl el g AR IRGHGERR PR BE, i Staton | "°

i ncrease t lkeepimgsapparbiusct! 0 andat longitadinat cénthe 1ind ®f ttige Iﬁfﬁ\&/@%bep’ll(?gssee o

rotation of tpe ri_gi 05 #20 relative to the first vessel 10. FlI
and 2B sho®@"8'Snsbrl ngléy ge eHEBeN na oM iliRg ebirihe glivigt yeke at2drancha t o

anot her  emieyHifiRiiHal ‘B‘en‘cr@eliﬁ'zé‘lg)? fhé st \'/ébsrehemg‘gé?éétgg% %Ogﬁléﬁgéﬁrﬁihgﬂl vafte

station keeping apparatus conprises a si oat a
devi ce and ssachtbaisthet elasticitine®d50rargi sttatcleed bayomd thieiomaximanelengtlge 2of t he

buoy 214, f ep wat er appl i ions., The .single buoy 214 is secured at an
of f shor e I3@&“?‘%&9@9?@5%@9&@8@&2f?slﬁSHFlgg'?’lon@‘? Q?Wgsl"fee Bﬁ B8l 1o a
sea bed. Thessslussisdpeatablertd gtadulfFindrdaticafe tEhaibR6ice!l iRaach8aditohe2 14 to
provide stability to the station keeping apparatus 2 10. A turntable 216 is

rot at abl y rdQrieduewrntiaver pefgyion pf the rigid wsuer t2relative iodhelfirstotdssal 9. one
degree of freedom about a vertical centre line of the buoy 214
FIGs. 2A and 2B show a mooring system 200 in a mooring configuration

according to another embodiment of the invention.

In the mooring configuration, a station keeping apparatus 210 comprises a
single buoy 214 or floatable device and a truss structure 202 rigidly extending
from a lower edge of the buoy 214, for deep water applications. The single
buoy 214 is secured at an offshore location using anchor legs 212 connecting
the single buoy 214 to a sea bed. The truss structure 202 has a larger diameter
than the buoy 214 to provide stability to the station keeping apparatus 210.

A turntable 216 is rotatably mounted on the buoy 214 to allow free rotational
motion or one degree of freedom about a vertical centre line of the buoy 214
(see arrow F in FIG. 2B). Two side arms, e.g. Y-arm 232 and M-arm 230, are
fixedly coupled to the turntable 216. The Y-arm 232 or first side arm extends
generally in the direction of a first vessel 10 while the M-arm 230 or second
side arm extends generally in the direction of a second vessel 20. The Y-arm
232 and the M-arm 230 are suitably disposed relative to the turntable 216 such
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(see arrow Fin FIG 2B). Two side arnms, e.g. Y-arm 232 and Marm 230, are
fixedly coupled to the turntable 216. The Y-arm 232 or first side arm

ext ends g®oensldsgo7en the direction of a first vessel 10PeamiSGeowlveo3vk ar m 230
or second side armextends generally in the direction of a second vessel

20. The Y- gian 232 centletiiiesMofiitie 288 rar QSQ%ﬁcﬁbhé MighP 230 fehtdnvange the
turntable 216 suchthat the centre lines of the Y-arm 232 and the Marm 230

form an anfluehbabyeaivlseeangied Ehdile. #Bn IE"'IhG apgp. O THepeNds engseMgsahds on
several faglgos imldidy, T8 haf liffted! taﬂ& %1z| o RCLomlifiSn Gid hilfid L' on

and weat her condition. the’an egrees
The Y-arm 28aditionf |Try$>ic$y,dbeangldness atﬁerrtlaan dBd deigueel.y extending fromthe
turntabl e 216, and a second distal end novably coupled to a first end of a
rigid yoke 220. Mre particularly, a first beam nenber 260 is vertically

di sposed atrhbhe-s8¢ 232 8ndir&tf sidBearfn 348 438rst MY 'r'rgud? ré?&éh’diﬁgc\‘ré\ﬂdthe .

arranged to receive therein a second beam nenber 2 of a uniVversal joint
264. Coupl turgtaifle 2116, And & sensme disiabendavovaliy cohplesidioon tirdb each ofentigid 262

f th I al onhe deqr ee of

Pt cedom anyke 220 Bl paichler b3 gt B a0 Rer e 2308 P&t diater 200
(see arrowtie sbcdthdEendBf.théhe-akii 332, sirld jsocdrstRfedvar trfatidedelo RiceRw
rotational notjons in two directjons or two additional degrees of notion

(see arr ondglieliha seconiiieany membar 262 of & H@'V%‘-t«’v&th)lah354rm(t7@‘dm§19p®fo’&h|6ded by
the uni Verﬁﬁét %}@érﬁtmé%e?%obﬁggbcﬂ@ts@con@n%él’f”\dﬁ%ﬂi%e?rz o'f%f?é‘ttﬁ'hva?crgglt re
the , th

line throug i rst vessel vertica i ne roug e firs eam
260 and a font 2&hakdws xotatiomal ongtiort beose degredemineafin a@mu&at\ﬁefmaatl alkison

t nber, 250 b ta di Y-
over- oot tnyfigh B ertre B e fist b5l P2t d foob A et dn 535" 3B)1 1ihet si de
armin anyypRriepddl 9BintliZeacivolrs flViHe? SR 'r@tlahaﬁélymoﬁanéﬁﬁ HoOdipd dtRRsSEOP

menber 250 nay be "arranged on the Y-arm 232 such that the anti-rotation
st op menbefwosglditiorabsegraas obmetien (aeerarrdws Steaoad). bé@mmtmuleriy,aﬂne

angul ar di ;@'ag@ﬁge E Mot RrOViBES By AL UniRSRAN biRP P A RSy 200 8PS a

| ongi tudin
longitudinal or horizontal centre line through the first vessel 10, a vertical line

through the first beam 260 and a horizontal axis through the second beam 262.

An anti-rotation stop member 250 may be suitably disposed on the Y-arm 232
to prevent over-rotation of the rigid yoke 220 relative to the Y-arm 232 or first
side arm in any rotation direction. More particularly, an anti-rotation stop
member 250 may be arranged on the Y-arm 232 such that the anti-rotation stop
member 250 is operable to meet with the second beam 262 when an angular
displacement between the station keeping apparatus 210 and a longitudinal or
horizontal centre line of the first vessel 10 (see an angle B in FIG. 2B between
a centre line of the Y-arm 232 and a longitudinal centre line of the rigid yoke
220 or the first vessel 10) exceeds a predetermined value.

The second distal end of the rigid yoke 220 is movably coupled to the first
vessel 10 to allow pivotal motion or one additional freedom of motion (see

arrow J in FIG. 2B). For this purpose, a hinge or pivot connector 266 may be
provided.



hori zontal centre line of the first vessel 10 (see an angle b in FIG 2B
between a centre line of the Y-arm 232 and a | ongitudinal centre |ine of
the rigi dwpakm/@2@4or the first vessel 10) exceeds a predeisezmomeas7val ue.
The second distal end of the rigid yoke 220 is novably coupled to the first
vessel 10 to allow pivotal notion or one additional freedom of notion (see
arrow J in FIG 2B). For this purpose, a hinge or pivot connector 266 may
be provi detherb-anna2d 2eeespnd sidmarsi s arfirshasd 1gidly gxtending ifgpnathe

ext endi ng h u b | I nakly

ext endi ng tpér\ﬁgb%sﬁgéeé@%oégcéﬁg%?gzﬁgé%ﬁ%‘;g? g{a:'?\at#gn?}t%@?ﬁﬂgn%?@% t@‘J? ovi ded

on the M aggvondOvéssen2aghi @m attheratemopsinhendy be Fé0idedyoehati-acimed300 in
order to connect, the second vessel 20 to the nooring, s%rstem The e%héachmant

poi nt may ERHWRiEh 2 herd maxingdie FHbRaydre Alaphed G i) @A6E 1 FORMRCI{Rad
mooring | 'é?qr]o%ﬁove§sfel EPgH'thig%o&i e@)ﬁt@r‘r@ ﬁ’i’é‘étt%@ﬁm Y Pgtﬁ’rc grﬁ]égc’bl%ﬂie a

connecting the turnta to t rst vessel 10 to erring fluids
from t he sauibledeleasethioek feninstant releasdef ther lsead sameinglide 240. alf nequiraty
configurati

.a first d_of h ' iy 40 i ta th
W ar m 230 Al dest@haay bF miohdad wobrried thadisiede Bldhe i a o
fairlead 2fesdep 18 fRNFaMfemingCiiid? fi tthe seepeddor eHeelsodfcesT e t fitgtol
wi nch 22 maintains an appropriate tension in the head nmooring line 240 to

di spose t heegsiet 40. vessel 10 and the second vessel 20 in a side-by-side
paral | el arrangenent. Wen changes in the vessels and/or weather induce a
new equi librium position which is msaligned with the prevailing weat her
di recti on, Inaa Inedtginy odnfiqieatierac filsdenddfld hea@#tbormy lire 24l issseclredioh as
t hrough the control _wi nch 22, to al i?n hec_'aldi ng, of . bath the first vessel
10 and t hethed¥girn ¢ad@sd 2 8esanchenda’ fedad MegTnE g tisrectesh Viasmi | o

cetvoen'sHEVGAT 2, Iy SR Ach 2205 1, bR dPsednd sbndaheporen,
the first 22snaintdifsias appropriate tension in the head mooring line 240 to dispose
the first vessel 10 and the second vessel 20 in a side-by-side parallel
arrangement. When changes in the vessels and/or weather induce a new
equilibrium position which is misaligned with the prevailing weather direction, a
length of the head mooring line 240 may be adjusted, such as through the
control winch 22, to align a heading of both the first vessel 10 and the second
vessel 20 with the prevailing weather direction. While adjusting the length of
the head mooring line 240, an angular displacement between the station
keeping apparatus 110 and a longitudinal centre line of the first vessel 10 is

also adjusted at the same time.

In both embodiments illustrated by FIGS. 1A to 1B and 2A to 2B, a control
winch 22 and a fairlead 24 are provided on the second vessel 20. A head
mooring line connecting from the station keeping apparatus is passed through
the fairlead 24 and secured to the control winch 22. Using the control winch 22,
a length of the head mooring line can be adjusted which, in turn, adjusts a
heading of the two vessels 10, 20 to align with the prevailing weather direction
when weather conditions and/or relative wdisplacement between vessels 10, 20

are changed.



al so adjusted at the sanme tinme. In both enbodinents illustrated by FIGS. 1A
to 1B and 2A to 2B, a control winch 22 and a fairlead 24 are provided on

t he secormioves®ako720. A head nooring |ine connecting frecTiSceo®I0AII7TON

keepi ng apparatus is passed through the fairlead 24 and secured to the
control winch 22. Using the control winch 22, a |ength of the head nooring
| ine can be adjusted which, in turn, adjusts _a heading of the two vessels

10, 20 t o Randgrs iQ mahdep peipaoed eetweshnthe firstevesseh \thandwidg gegond

condi tion e dl |

changed. ler?ggglls 66%%“&%@1& %gé%%ﬂg@? Q%%E’EW%&? :{(‘r?z)? g\’/ezg se m%ge g%\lgs%%e
secong \t;emailelamefmovemem af th%eng?]mnzan a,t?@rﬁidbd:rye@i%vngeorimg)lim%saﬂé mhaylamage
cause y rel ative novenent of the vessels 1Q, 20. Side-by-side nooring

[ Tes. 40" AP DERITHII0N (o 9B0ePbATBRAR T IaR R LaR VO, (Sl ThESri Wessel s.
In part'“ﬂr@é?tirﬁj RASIINROIIMB FidiObb 13RS iIRBoWE drestelis BPYSe aNE \alsgers of
the two vessels;” spring mooring lines nay al so be used between the two
vessel s. HEp@ng5nidoringt liressnay alsehal usedyhrivveeh thendee sveasglssi ddGhys si de

[ |, . h d i ptJ . fi 0 h
vessel myliaraterebdveRy SR ACRER A B g Srulohed i floes Frso) Vesser
Fl oating Production Unit (FPU), Floating Storage and O fl oadi ng vessel,

of fshore floating gas terminal, or other floating structures. The second
vessel 20 Iraiheneresestidesasiptian itee fissls yessalr 1Qtafematen yessRlseay. Peidwever

it isto eq . t hat di t ) i i o .
appl i cabl o3 hégrra{@%é&sm o SEEREL) 8T Dffoadiff, (I etk H6AhY
modi f i cat i Pregluction t Usitd(RRUNg FleatiigpiStsmue desic Ofioading vesssleraftshose e made

t ling the b f_the first |, 10 and d 20 to th
Svati on kalbstg eppiaInel or e MRyl e SER) R B tRui e

that the Sﬁéard“%hgftlet *&%Hfiérf Fbs¥SISEE otHEt AHffineNGeSEAONHYRERSE! iRE TBYb&e
coupl ed or nmoored to the station keeping apparatus of the nooring system
appreciated that embodiments of the invention are equally applicable to other

types of vessels or structures with suitable modifications.

In the drawings and present description, references are made to coupling the
bows of the first vessel 10 and the second vessel 20 to the station keeping
apparatus of the mooring system. It is to be appreciated that the sterns of the
first vessel 10 .and the second vessel 20 may be coupled or moored to the

station keeping apparatus of the mooring system.

The mooring system of FIGs. 1A and 1B, and FIGs. 2A and 2B may be suitably
modified for shallow water applications. Reference is made to FIGs. 6A and 6B
illustrating a mooring system according to one embodiment of the invention.
The mooring system of FIGs. 6A and 6B has some similarities to the mooring
system of FIGs. 1A and 1B. However, suitable modifications may include, but
are not limited to, replacing the buoy of the station keeping apparatus with a
fixed structure or tower founded on a sea bed; rotatably mounting the turntable

on the fixed structure; and replacing the rigid yoke by a soft yoke.



The nmooring systemof FIGs. 1A and 1B, and FI Gs. 2A and 2B may be suitably
nodi fied for shall ow water applications. Reference is nade to FIGs. 6A and
6B i | | ustwatzorign4a07ao0ri ng system accordi ng to one enbodiPUersiG2ai/0béBe1

i nvention. The nmooring systemof FIGs. 6A and 6B has sone simlarities to

the moori ngs skeWAMPCFIGECBA Bhdass, éﬁmddﬁwngste@umabbsmmbfécﬁéﬂiaﬂs may

include, but are not limted to, replacing the buoy of the station keeping
appar at us ksiepingaapparetus whigh includes a fived stroghude BOgnfosnded aied;seadved abl y

nounting t turntable on the fix t e; and_r Ay 1gi d yoke
by a soft %e?h@ Sgﬂtb%ﬂ?ﬁb'lgﬁcgpp%%t@n@%épEr}fllﬁ%osrFﬁg%géf[eeﬁqéng@ta@gﬂ)ri }s/e a
station kefpgimedanpiiefis vihictore 607 Udhe SafidrkReesihg Epparatue (s opetadtted on a
sea bed 608. The station keeping apparatus further i1ncludes a turntable 605

rot at abl % ltmm\faédw sAUPleetora fiesd vepselckluard Boa seeard yeaeelrl IEdsPYIgingpbar at us
IS O r .
pera ﬁdé-sxlé?a;@gacydoerﬁ@g{aéﬁde&%goﬁ,!m HERARbR 68745 dhoaRB A8 ke =

20 for providi | oring configura e turntable
607 i s opeavtditebdth theefitst vastsal € Cbant thbesdcarst vessalel0 Idbandhe hda@tond

vessel 20 about the stati keepj tus. Further,. th tati k [
appar at us Ke§p§”&:BPB‘BW%U?-L)@%%E%%S%EE%&EQ %@t{%@te”er? 'ﬁesoﬁ?j’us ?:tﬁ(’)igh‘? ieﬁgl "

having a |&nghh \)é{@gémé NG| é’ﬁbé@'n@o&rﬁfgolmvﬁ Iﬁ]\}ilﬁ@ adeR§BAVARHIS abﬁlfesfhﬂlé‘e

first vessel 10 and the secCond vessel a prevailing weat _
di r ect i on.foFaligrieg a héading@fibeih dhe fiesthveasel 1o ﬁlh@ﬂh%§ﬁp®m<g¥eased&0tw%ke 601

novably coupling.the turnta 5t fgrst v el 0 rpyidi.ng
adj ust abl ? a[?{SM%QPngvg%frheéeakﬁ?t? tmgﬁ'%n%heﬂhgt Eﬂ?@ﬂ"@gg%&ﬁé '5118 arah%g and a
| ongi t udi Nn@mEREY A &oft Yisked601 goviablys towsimgeathe kQrntdble 68 to fhekfrsbOdssabvabl y
couples the turntable 605 to the first vessel 10. For this purpose, side

arms 610 nHY for poiding editriablecarguirr digplacament hetwesn fpe APTEERRINIBIt o t he
SOT YOKke' Gk ML BRAGEMIRH i8Sl 86 FEATSGBA e VDI y coupl e

e.g. by a | Oi nt to a hangli ng beam 1. Alower end of the
hangi ng beam 6 11 may be novably coupled, e.g. by a universal joint 604, to

a counter '\I',\ﬁelz gQﬁ yggg '60'%\ %B(/gltt)lyec%%p?gs tﬁestggnttaglg%ﬁ%@h@%ﬁsp\?gss%?1B.i )f:%gl y
this purpose, side arms 610 may rigidly extend from the turntable 605 to
movably couple to the soft yoke 601. More particularly, the side arms 610 are
movably coupled, e.g. by a universal joint 604, to a hanging beam 611. A lower
end of the hanging beam 611 may be movably coupled, e.g. by a universal joint
604, to a counter weight 606. A first end of a soft yoke arm 613 may be fixedly
coupled to the counter weight 606, while a second distal end of the soft yoke
arm 613 is movably coupled, e.g. by a ball joint 603, to a first vessel 10. A
vertical column may be fixedly coupled to the fixed structure 607 to provide a
supporting structure for a mooring ring which is rotatably mounted or fitted
around the vertical column. The mooring ring, when fitted around the vertical

column, is capable of rotational motion independent of the turntable 605.

In the following paragraphs, berthing, offloading and un-berthing operations are
described with reference to the embodiment of FIGs. 1A and 1B. It is to be
appreciated that the described operations are applicable to the embodiments of
FiGs. 2A and 2B, and FIGs. 6A and 6B with suitable modifications.
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coupled to the counter weight 606, while a second distal end of the soft
yoke arm 613 is novably coupled, e.g. by a ball joint 603, to a first
vessel 10woAowanei7éal col umm may be fixedly coupled to Phe/sGesedosstruct ure
607 to provide a supporting structure for a nmooring ring which is rotatably
mount ed or Berthiy twowedselse vertical colum. The nmooring ring, when fitted
around t he GS'rtiC%lert?;tol umm, i s capable of rotational notion independent of

the turnt ad?&ob8 Inghepesitiopwalsiassst 1 issinpla-peinh groased Ite acstatorand

un-berthin | e [ | t f o,th | of
Flco, 1A and DR PR 818°6E0 RS 3 (Mg P RRa0 e s IR TR "o e
appl i cabl e movakiy cerpledi tvemturntdbl&loBihe 2fationckepingagphidtss 166 Bnd g wi t h
sui tabl e ikfi ti Onei' Bcirt hierr%t% two vessels Before a berthing operation, a
first vessalPffo 1€ QISP PRissdsHsTesiTng altiuarirglatieadmesOrplaaiatings 110
(see FIG Hetwdbi ehdffst vedt@10/and ' | ! dto
a turntable of the station keepi nghgep{uéﬁgphééﬁi@%bgép%\yérri gﬁ%@o{féﬁgw&e

net hod pr od®kadela§ve e the fitpt xasseloher As shawndm FIGn3sther elastistines dienesa

between th h e . an r ble to,. prevent, o rotatjop of
the rigid ﬁgéféﬁq?épéﬁﬁéeh %Vﬂfcﬁ]eﬂ?% %iqst@e@i% a%o.“"ké"?ﬁ%&?-i \éﬁ[ﬂ?@iﬁ”g,ﬁr?ﬂe

el astic |invesselr ¢0iis apprepiiataly prmiréd a0 the stbiieh keBeing! agpa@tld nes, ae not
stretched. Wen th %ir .t vessel 10 is appropriately nmoored to the station
keepi ng app@eding of e ?‘Fﬁi YRssdl ntP dhay hee fselfsadiysiedepr eathpr ieaned in

sel f - adj ust wWeat i : TS | . ELing
weat her di rrgg%(igf)sr? by Iﬁ@f&geéé?@?glf i @r?R/ gﬁlﬁgh%é t|P“F@rst8 ngesseP&?Eéé;rﬁoggﬁﬁ%/? Fhﬂe
stati on kedipsiniesspbaParosndibe staion Reepingsapparatwmisal 10.eFG! i3ngusieatcber

direction not.ed b rrows X and the headin f the first vessel 10

al i gned to%t?ﬁ\zé'@?%\y‘éal?]??fgd\ﬁ%é{%aeﬁ?%gzw 3”9‘%%*&%3@ F‘?aﬁ@SeOftWeFfF@ 4 to
i 11 ustrat e vasbelrt0naiighe@Pry ki RBvaifing WeatiesfilettioRer t hi ng of the two vessels
may proceed under benign weather conditions at field site. A head nooring

line 140 may have a first end secured to the station keeping apparatus 110,

more parti laard etiQ Radd 6 I £85 F108031 &lbHiiR roiprégation of two vessels.

Berthing of the two vessels may proceed under benign weather conditions at
field site. A head mooring line 140 may have a first end secured to the station
keeping apparatus 110, more particularly to a quick release hook at a mooring
ring of FIGs. 1A and 1B (or to a second side arm of the embodiment in FIGs.
2A and 2B, or to a mooring ring of the embodiment in FIGs. 6A and 6B). A
distal free end or second end of the head mooring line 140 may be guided by a
tug 50. The tug 50 may be generally located at a safe distance from the first

vessel 10 and appropriately oriented to receive an approaching second vessel
20.

When the second vessel 20 approaches the first vessel 10, the tug 50
approaches the second vessel 20 to secure a free end of the head mooring line
140 to a control winch on the second vessel 20 through a fairlead, thereby
securing the second vessel 20 to the station keeping apparatus 110 using the
head mooring line 140. After the head mooring line 140 is secured to second
vessel 20, the main engine of the second vessel 20 may be powered down.

The tug 50 may then push a starboard side of the second vessel 20 towards

11



ring of FIGs. 1A and 1B (or to a second side armof the enbodinent in FIGs.
2A and 2B, or to a nooring ring of the enbodinent in FIG. 6A and 6B). A

di stal frweerdh4e074second end of the head nooring |ine Ped/SGagomeosgui ded by
a tug 50. The tug 50 may be generally located at a safe distance fromthe
first vessdhelfirshndesspbri@omitilee by contreintivinth @2r eethee sazofl PVesi 2 jsecond
vessel 20. Wen the second vessel approaches the first vessel 10, the
tug 50 appr%@é'ﬂ@ge?‘ﬁ%yé’é’@Bﬂqe\;@s@@‘zﬁ'@OB&U lbgr seeondr vesseh&0ctovasds faaid
nmoori ng | i fkstlddsdeP16. control w nch on the second vessel 20 through a
fairlead, thereby securing the second vessel 20 to the station keeping
apparatus 110 using the head nooring |ine 140. After the head nooring |ine

140 is sec e el t he i n_engine of the second vessel 20

may be povel S A StrABPEEERCaaRrd: AR Th SR e eh ) saabial e

second vess®icedSivepiiar thet dszohidndssep30 &holifd Wbt &hraacR thé GirstWedeB| 2@ jpn t he
I s, si mul taneously operable to pull the bow of the second

second vesse{l%&g 2 to

vessel 20 t& tantiady r irargveyer <@ hegd-omdlirgatior oOngpnethed afidiertindy t he
second vessgg) t ess iooeg |t e |,. 20 shoul d
not appr oaiﬁvglﬁ% ? F?ngteqz\cl)ggs\é%%%fgé?naébr?‘éggltngnmeaﬁ'I%;/%t%(régﬁg\‘llé’r 2‘@‘?%} %ﬁﬁa%l- on

di rection. constardtheading, fiven the quaritenvan tessidbefbesibing. vopsabseta@mneagachi ng
the first \{ﬁssel 10, whi ggph ) a} consha\né headi ng, fromthe quarter on the
side of ber't'RiFRFONENVEISS: g‘b%ﬁa‘?f”ﬂ? ¢hideseryse Qfeliistvessels O @At safal | el
t he course gitahbé Sthav¥ g i [ 1S n?r&ﬁf [ nder
the weather and site c%n Ig{r%@rrllagb gg?%ﬁ ?%o@%@ﬁ%ﬁi%@aﬁ%eﬁ: ré@ﬁ’i@%ﬁ{%
first vessdlosit®ningitselpratatussio; first veasel f @t diis proeess igtillusthatgidsh #Gedbet ween
the first vessel 10 and the second vessel 20 is reduced by pushing of the
tug 50 and pulling of the head nooring Iine 140 by the controlling w nch

unti | fendex gist@haobetwesnotheditsbéssal 1D dritptreessuphavasssel 28Gs rddlicedsy. the
head noorin ine 140 is tensined for disposing the first vessel
pushing of the tug 50 and pulling of the head mooring line 140 by the
controliing winch until fenders 30 come into contact with the second vessel 20.
This way, the head mooring line 140 is tensioned for disposing the first vessel
10 and the second vessel 20 in a side-by-side arrangement, where the first

vessel 10 and the second vessel 20 may be substantially parallel to each other.

After the second vessel 20 comes into contact with the fenders 30, side-by-side
mooring lines 40, e.g. breasting mooring lines and spring mooring lines, may

also be arranged to connect adjacent sides of the two vessels.

When all head and side-by-side mooring lines are secured and tightened at a
desired tension, a heading of both the first vessel 10 and the second vessel 20,
as a single system, may not be aligned with the prevailing weather direction.
Consequently, a length of the head mooring line 140 secured between the
station keeping apparatus 110 and the second vessel 20 may be adjusted for
aligning a heading of both the first vessel 10 and the second vessel 20 with the
prevailing weather direction. More particularly, the tug 50 may continue to push
the starboard side of the second vessel 20 while the control winch of the
second vessel 20 continues to pull the head mooring line 140. The tug 50 and
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10 and the second vessel 20 in a side-by-side arrangement, where the first
vessel 10 and the second vessel 20 may be substantially parallel to each
ot her. Afwenotime2®econd vessel 20 cones .into contact w PhTiSGeod®neers 30,
si de-by-side mooring lines 40, e.g. breasting nooring lines and spring
moor i ng | i restralenineh 22 4re eperabligeid adjuﬁtodirnleﬂéteaelﬁij_c@ﬁﬁétlinél &‘Qﬁeﬂg&d %Iééwo
vessel s. Wien all, head. and si de-by-sjde nooring lines are secured an
ti ght ened acfrntéf”btgg[ér @)dfo[rglngri\ &le%gl’f\é' 2 hengitudiealicantie line et theefystvessel and
t he second : | t4y the
MESEEh t74, thashéhding of et @tgﬁléi%a ?@% é{?ﬁ sgkb,gﬁg,gﬁgé% Gﬁb m)agr? ng

prevailing weather direction.” Consequently, th .
line 140 sedgledysianenalignedsiostheqrekaiting neadperadistation] 1FIGNG ifwstratesond

. he . . |
10" and the Zogam IEChPohS oo Rbo Syt adhalnd et Dalh B frshvestor o

arti cul ar 140 andi¢he sgcStY vBYSset 0t BligndPwitH he eV aifiRy Reatidrsiders t he
gecond vess1<)aol 20 while the control v“m@r:]ch of thtg seconr?]% vessel %g conti nues

to pull the head nooring Iine 140. The tug 50 and. control wi nch 22 are

operabl e t | a centre line of the rigid yoke or turntable
tg form angﬁ&égﬁg\%ﬁ@% ongi tudi nal centre line of the first vessel 10

such that tAftertibadiinsg vesselht0 Bindsthe \sessal viddsahdotdre sessish ¥easaledy. as a

' ' l to,.th il weat her direction. FIG
S TaLe YOS o, OBl S aS R Bl an oty e Sevhmeskni g bot
the Tirst \sHGaling e dnbTRsRERRT 18982 Lol Ye85409F ithihleliafy BE B2 | | N9
weat her direction. O floading operation ter the first vessel “a t he
second vesdiEst vapsgt 804ds deateasedgradgaltyewbije displamsmnéntdor td seporat veusel

' at | ) ' .of fl oading fromthe first
vessel 1002 & BLleBRB BaaBEng o0 e eRE R reled Vi nedant dShiapSment <
decreased @fddeaiesgelshieheirdhmehit anRited fofcdp GRCAML YERREfirs?VekSel 10

increased gradyally. Due to the changes in relative height displacenment of
t he vessel %,“%eﬁ\ﬁ ?éﬁﬂ%tvﬁssﬂnaﬁc%@ alse changrdt aecdidingly. of Thisecauses theessel

10 second vessel 20 to push the first vessel 10, such that both the first vessel 10
and the second vessel 20 rotate about the centre of the station keeping
apparatus 110 to take on a new equilibrium position. With the new equilibrium
position, a heading of both the first vessel 10 and the second vessel 20 is
misaligned with the prevailing weather direction.

[n order to re-align a heading of both the first vessel 10 and the second vessel
20 with the prevailing weather direction, the length of the head mooring line 140
secured between the station keeping apparatus 110 and the second vessel 20
is adjusted for re-aligning the heading of both the first vessel 10 and the second
vessel 20 with the prevailing weather direction. More particularly, the control
winch 22 on the second vessel 20 is operable to pull the head mooring line 140
to reduce the angle & to an appropriate value. Positioning a heading of both the
first vessel 10 and the second vessel 20 in line with the prevailing weather
direction would significantly reduce relative motions between the first vessel 10
and the second vessel 20 which, in turn, would increase efficiency of side-by-
side offloading operations between the two vessels.
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and the second vessel 20 are al so changed accordingly. This causes the
second vessel 20 to push the first vessel 10, such that both the first
vessel 10wendiodigo7second vessel 20 rotate about the centce/scRomheosst ati on
keepi ng apparatus 110 to take on a new equilibriumposition. Wth the new
equi | i bri urhidart ifdhe preveiisgnyeathebeonditibe ¢hargesvesstethatGharibddiey econd
vessel 20 i ' ' ] the prevaili weat her direction. In order to
re-align a tﬁ%a‘dsls( ?gé S%E F@%\tghh?[ng SPFS'_%‘?"@%%%%% bRFORMR W'ﬁ%"%\?@dﬂd’r\%@'_@' 20

Wi th the prthegirbvaiingveaidiiesr diréctiohi g aﬁd\%—&&&%docﬁpéraﬁoﬁ%@gdﬂ@ﬂﬁggge' | ne
140 secureﬂ be wegn the station ke_epl%appar atus 110 and the 'seco vessel
20 is adj ustedfns 8f the-headyineeringdnactil rgcurethdisiwerr ther stationskaspid® and

t he second 2 ] Ldd . di ian.. Nor

par 1 cul ar | 3P Rusc oI ot the' GeRbis Recddl 30 YIS Rl Tha it MRy Wrarathe <o
pul | the hdust vessel 1§ andehd 4@cond vedsele2 hdthaihg! predallinganeaiper ARetade

val ue. Positionin headi ng of both the first vessel 10 and the second
vessel 20 &Y Bﬁé’%‘ﬂ%{ﬂ‘ e prevailing weather direction would significantly
reduce rel ative notions between the first vessel 10 and the second vessel
20 which, in turn, would increase efficiency of side-byside offloading

oper at i ons WebgetingHfwa vesse/ssel s.. Further, if the prevailing weat her

cocond vos U pHERIG BhelatErn GO OhiEL varsel 2d B ERRE dhatiititesieht her
di rection, 1Che Tabibise pdasssd, RetigoBe iy appiiachdh Usthivdard Redd epdid seéoride

head nooring |line 140 secured between the station keeping apparatus 110 and

the second W&ge40.28 tpying Eﬂ%mag'rﬁqweph@mmyigaﬁomdm mesringrstintassel
por o e TS SERGHRE P byent ol i, RGN BicdELSLq T SGbL TR °
second vesdiest EGsehyi0l etive bréastinigr mborirg siaks Hhd JierindintodtiNgPifes maytseg 50
ey appr Oa%sc%n%te% e%oe}rrldsgciqggngef, Dte tﬁgcﬁggd mooring line 140 may remain
connected. After the breasting mooring lines and spring mooring lines are
disconnected, the engine of the tug 50 may be powered on for operation. The
control winch of the second vessel 20 gradually releases tension in the head
mooring line 140, and releases some control of the heading of the second
vessel 20. When the second vessel 20 is pulled to a safe distance from the
first vessel 10, the head mooring line 140 and towing line from the tug 50 may
be disconnected. The tug 50 may also be navigated away from the second
vessel 20. After the tug 50 moves to a safe distance from the second vessel 20,
main engine of the second vessel 20 can be powered on and navigated

towards its next destination.

Other embodiments will be apparent to those skilled in the art from
consideration of the specification and practice of the invention. Furthermore,
certain terminology has been used for the purposes of descriptive clarity, and
not to limit the disclosed embodiments of the invention. The embodiments and
features described above should be considered exemplary, with the invention
being defined by the appended claims.
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vessel 20. Atowing line may connect the bow of tug 50 and a nooring point
on the starboard of shuttle carrier, for pulling the second vessel 20 away
from t he worsto/osewwsel 10. The breasting nooring |ines amrd¢TSEROMIPOEBIOr i NQ

| ines may be di sconnected in sequence, but the head nmooring |line 140 may
remai n conrfdaim=zl. After the breasting nooring |lines and spring nooring

| ines are di sconnected, the engine of the tug 50 may be powered on for
operation. The control winch of the second vessel 20 gradually rel eases

tension inqhe heahorRardvater icotpkithqg:and rel eases sone control of the
headi ng of the second \Q/esygel 20. p1|tV\flser’?the second vessel 20 is pulled to a

saf e di stance f rorgtatien f kegpingeapparatds whighhéacludesr antuiniaide 1¢4datably

towing lin r g 50 may be di sconnected. The tug 50 may al so be
navi gat ed ?mé@'ﬁgbg%rﬁhé second vessel 20. After the tug 50 noves to a safe

di stance from t heteipothd statse lkedPing@phraei BopgdrablBeosheasly @epfl 120 can
be powered on and navigated towards its next destination. Qhéer enbodi nents

will be apfafisitivassel mhsetaia speand vesrel fart provisting onsidr-btsidm nodoringe

Ficat Lane _ . tbe.i .. o
7 er i ol ooy hg-auan: ded §efin g VTR ke Bosraid U FERY TR ROM o ity o
to linit tivessélsridothedsemobddiesssl abmit thé stationeisping agperatudodi ment s and

features descri bed above shoul d be consi dered exenplary, with the invention
bei ng defined by the appended clains.Clains 1. A nporing system conprising:

a station keepi r{%e&ﬁ@éﬁg«fﬁ 4§ st Qf'_ciaﬂﬁ'eréinttHé%tté%rPk%%gﬁ@ ?Bhé(ﬁéﬁ# g}t ed

t hereon, wherein the station keeping apparatus is opera
coupl e to &efuiable Jedbel segand yeasel cesingl av deadl mooringr ling dianingaa length

To 7oy EiGT o AR F Bo0Ha S At e hlons RS Sel St e °

stati on kesptod gpesel atitkba prevailing weather direction.

3. The mooring system of claim 2, further comprising: one of a rigid yoke
and a soft yoke movably coupling the turntable to the first vessel for providing
adjustable angular displacement between the station keeping apparatus and a

longitudinal centre line of the first vessel.

4, The mooring system of claim 2, wherein the station keeping apparatus
further includes:

a buoy upon which the turntable is rotatably mounted, wherein the buoy
is secured to a sea bed using a plurality of anchor legs; and

a ring rotatably mounted on the buoy, wherein the ring is operable to
rotate independently of the turntable and to secure a first end of the head
mooring line.

5. The mooring system of claim 4, further comprising a rigid yoke having a

first end movably coupled to the turntable and a second distal end operable to
movably couple to the first vessel.
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2. The nooring systemof claiml1l, wherein the station keeping apparatus is
securable to the second vessel using a head nooring line having a |length
whi ch i s wOoj2osvebd7e for aligning a heading of both the PrrsGemwsse’i and t he
second vessel with a prevailing weather direction. 3 . The noporing system

of claim 2, furtThe sy systere of UMinPh, @heidih @ sedondafistapef@iof thekeadovabl y
coupling the turntable to the first vessel for providing adjustable angul ar

di spl aceneMOEOHBY ienist fecwable ih akeepielgWishaeaithe sarend YorRglt and ibe
g . o . o aher ei
Cho.crat | oot RS ¥ GlertoRlacife BT e UL ARGt oo

t he station Keepi us fu uoy ich the
turntable is rotatably nounted, wherein the buoy Ls secured to a sea bed

using a plyrali of apchor .l egs, ,and,a ring rotatably nounted on the buoy,
Whersin L 11 e SR RDIReT SR 6 Mhate ke Rrniptls 'S REte ol and
to secure @ ddupid t& e @Bkt 9«5%%@%%9&@%@&%'&!é?asti%-lip@@ean@é’glur?rgl\i/tzﬁ'iiﬁ‘é“ of

claim4, further conprising a rigrd yoke having a first en y coupl ed
to the turstoppess, dhd pluslitored elasiiallineadanpdhalplerality wbvime! ptappeps @réo t he

first vessel .6, The nooring syste f claim4 . wherejn a second distal end
of the hestPaiaBIa i PRvRDt; h BBl Hafledh, 2kl 1RO 1, R VRRE ebecha
vessel , an@nghediaantdmte Md6hthesfirePessddl &rohPeredaiig bhtetierR@imihe vaing. head
nooring line. 7 . The nooring systemof claim4, wherein the turntable is

further operable to couple to the first vessel using a plurality of elastic

lines and @ pl uTﬁ% irﬁ%org{go%}s@&n%f%mg,,fubpgr ?{))Mgﬁgiin y of elastic lines and

the plurality o In pers are opera revént an angl e between a
centre |ine of a&hgvatijoind prddeallyarcduplihgtine tuditatsdé toetherfast end aff thehdgidi r st
vessel from exceeding a predeterm ned value. 8 The nooring systemof claim
4, furtherY¥mAOsing: a pivot joint pivotally coupling the turntable to

the first end of g§oink $rdmovably coupling the second end of the rigid yoke to the
first vessel, wherein the pivot joint and the ball joint are operable to provide four

degrees of freedom.

9. The mooring system of claim 2, wherein the station keeping apparatus
further includes a buoy upon which the turntable is rotatably mounted, wherein
the buoy is secured to a sea bed using a plurality of anchor legs, the mooring
system further comprising:

a first side arm rigidly extending from the turntable;

a second side arm rigidly extending from the turntable, wherein an
angular displacement between the first side arm and the second side arm is
other than 180 degrees, and the second side arm is operable to secure a first
end of the head mooring line; and

a rigid yoke having a first end movably coupled to the first side arm and
a second distal end operable to movably couple to the first vessel.

10.  The mooring system of claim 9, wherein a second distal end of the head

mooring line is securable to a control winch on the second vessel, and the
control winch is operable to adjust the length of the head mooring line.
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yoke; and a ball joint for novably coupling the second end of the rigid
yoke to the first vessel, wherein the pivot joint and the ball joint are
oper abl e wo 2prooeate f our degrees of freedom 9. The noorCcmEceywoess’of cl ai m
2, wherein the station keeping apparatus further includes a buoy upon which
the turntablle i Sheoraaiigy systen ed, clainer®i furthee durprisings ecstopd niembBesea

bed using a.plurality of anchor |egs, the nporin ystem further

conpri si ng?"%ql‘s?asqn é]%_ﬁ"sgﬁﬂer%@?,dﬁgﬁ@ﬂ ‘iﬁﬁtﬁa r\“g%‘i??_f FeOR]IARIAD Rrevankecond
si de arm riggi dhgle DEtWEsH BLntreMnd & thérr@ﬁ'@gbﬁ'e ahB el I%hgit@cﬂ NBHA line of

di spl acenent between the first side arm™and the second si (r:]e armis other
than 180 dé&g Hest veand from exeeeding < predaterniisedpaluabl e to secure a first end

of the head nooring line; and a rigid yoke having a first end novably
coupled to the first side armand a second distal end operable to novably

couple to tiRe fiThet moesiaglsysteth off QIO fUrtHEressimmigy: claim 9, wherein a
second distal end of the head nooring line is securable to a control w nch
on the second v&Ream ragmbenextiesdingdromithedirstsidparabl e to adj ust the

| ength of the h : i i : ' Al :
fur tg her conpri s%ﬁgnﬁg&rsdtl %nfmﬁgplyhuggggcﬁgﬁdéﬁ 'ﬁ%{@?g P;(?Igﬁé&i{fértn@n%%fr ein
the stop mimbeigid yobpewhbtan tuniversalgoint @mdatigl bedvet meetber arensperabientd of

the rigid )éoke aggﬂj a onaituﬂjnal centre line of the first vessel from
exceedi ng RTOMERhTERAGAERS 8 182da®; @Rfle mooring system of claim9, further
compri sing: a beasivEEdIfor ShBRIN EBUDIIRGthE 8cbbhd bnd! HHGh&Ti ' al
joint novably coupling the Eeam %enbgr % thg fi rstn engh%fr@t%zowg?/g{e;oke,
wher ei n unfii@vessel oi nt and the beam nmenber are operable to provide three
degrees of freedom and

13.  The mooring system of claim 1, wherein the station keeping apparatus is
operable to movably couple to one of a bow and a stern of the first vessel, and
to one of a bow and a stern of the second vessel for providing the side-by-side

mooring configuration.

14.  The mooring system of claim 2, wherein the station keeping apparatus
includes a fixed structure founded on a sea bed, the mooring system further
comprising:

a ring rotatably mounted on the fixed structure, wherein the ring is
operable to rotate independently of the turntable and to secure a first end of the
head mooring line; and

a soft yoke movably coupling the turntable to the first vessel.

15.  The mooring system of claim 14, wherein the station keeping apparatus
further includes a plurality of side arms extending from the turntable, each of
the plurality of side arms movably coupled to a hanging beam which is movably
coupled to a counter weight which is fixedly coupled to the soft yoke arm,
wherein the soft yoke arm is movably coupled to the first vessel.
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a pivot joint for pivotally coupling the second end of the rigid yoke to
the first vessel. 13. The nporing systemof claiml, wherein the station
keepi ng awpanerms074s operabl e to novably couple to one eCTsGhowoarsdla stern
of the first vessel, and to one of a bow and a stern of the second vessel
for providi 1t th'Ehemtmrb;gsysﬂernmfmléiMfonfth@UdS@hpﬂ@in?:M- _ ThF (roDOFI n?i ced
systemof claim2,  wherein the station keeping apparatus includes a
s%/ructure founde%i’pMagtyngd”B\éﬂ,saltlﬁ@tW?HB' aHliag the eaesrof doerpiurslity gf abl
ring rotat adiby afPetbele PRNGIRY héarRdas p\%ﬁla%'i lgth8 HAAGird grabl e
to ?ot ate independently of bm?e turn?a(g) e anf?%d@egure aghﬁlI ri?g%'hgog ©the
head noori mgPUriterewelshf andoft yoke novably coupling the turntable to the

first vessel. 15 : ri system aof claim 14 ein the station
keepi ng appar at U® b%E‘fqlﬁgr%ozvﬁg‘yt%@gﬁ%g &%?%I iy%e é‘fmgsgéem%em'end. ng from
the turntable, each of the plurality of side arns novably coupled to a

I s nmovably coupled to a counter weight which is fixedly

h i ng bea whi ¢ch i ] ] ( t

cgﬂg: eg to {%e s‘gﬁets‘eﬂéo%ﬁlﬁ’?'%ﬁﬂémpqrmyéhﬁ?m@bqﬁci?rfﬁmg?bLgng?Fg! ﬁg
to the first ve ; ; 3 | ) i ng:
a plurality of fﬁ?égﬁ@ﬁfﬁgg\( n%sltﬁgggﬁ@%g@fgﬁ'qiés%@ lésétch of the plurality

of side arms to seneringraysegoitaessehi thosaiby keepiMd appaktudasal ohesam t o
t he counter llrggm and a ball joint novably coupling the soft yoke armto
the first \fggéél. . A method for si de- by-si de nooring, the nethod

conpri sing: nortsAgionird tHd h¥88 SRboriy Anstal HRPOSHRPIHIAAPRALELUSq FESUT i ng
a ggcond 8esse| to the_gsta_tion k_eepir?]gg appar aj(%{goso E@?ng alt'%heaé m)o'?q E@el I ne;
t ensi oni ng SEFENH¥2ESAIIOE pigethyneide arratigepusitnand he first vessel and the
adjusting a length of the head mooring line secured between the station
keeping apparatus and the second vessel for aligning a heading of both the first

vessel and the second vessel with a prevailing weather direction.

18.  The method of claim 17, further comprising:

in response to a change in a relative displacement between the first
vessel and the second vessel inducing a misalignment of the heading of both
the first vessel and the second vessel with the prevailing weather direction,
adjusting the length of the head mooring line secured between the station
keeping apparatus and the second vessel for re-aligning the heading of both
the first vessel and the second vessel with the prevailing weather direction.

19.  The method of claim 17, further comprising:

in response to a change in the prevailing weather direction inducing a
misalignment of the heading of both the first vessel and the second vessel with
the changed prevailing weather direction, adjusting the length of the head
mooring line secured between the station keeping apparatus and the second
vessel for re-aligning the heading of both the first vessel and the second vessel
with the changed prevailing weather direction.
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second vessel in a side-by-side arrangenent; and adjusting a |length of the
head nooring |line secured between the station keepi ng apparatus and the
second veseeabiomeoral i gni ng a headi ng of both the first wessekommudoszhe
second vessel with a prevailing weather direction. 18. The nethod of claim

17, further2GonpFhiemahod of ckdmotideviiareim adjasiyey breragthedfahe tadi rapbaegment
between the. first ve s%ﬁ and.th@yggﬁag%,v%s el indgcing a m salignnment of

t he headi na'n&u%ﬁgﬁ FRC fReQitng, dngludes agiisEing &% sentrqli winch wehich
prevai | i ng suatdeond cha@fited headintssimpind'® thendbnafvdsig head nooring line

secured between the station keeping apparatus and the second vessel for
re-aligning the heading of both the first vessel and the second vessel with

th i 14 irect] 9. .The. nethod of claimi17,. furth
corpri o1 ng-2 1 ¢ Bsertd 88 Al 92 i Fin Bioiier 7. ShaBesd togfr Lo
i nduci ng a keepilg gpparatusofurthee ifgadidmodfingohe dfkebdwiiid ¥ 8&sh lof atridshe

second vessel wth the changed prevailing weather direction, adjusting the
|l ength of t¥&SSRERENFUIRIIONY KEPRBINAralyshandwdereiRcsansingdh skewsl vepse

appar at us h resal i-gni : i.n f he
first vess3quﬁdg?ﬁ§ﬁ§§%§ﬁ§f3§§?§?D3H$W%%ﬁ%ﬂéﬁgdggﬁ“@fgﬁsiﬂFﬁEraﬁﬁpﬂ%$

di recti on. 2&@culihg anet dfoa bolwv ahdiarstern oittes secoratlyessal g the lsest@inhkedpitdie
head mooring |ine using a head nooring line further includes adjusting a
control w aﬁﬂyéh secures one end of the head nmooring |line to the second
vessel. 2 1. The nethod of claim 17, wherein nooring a first vessel to a
station keeping apparatus further includes nooring one of a bow and a stern
of the first vessel to the station keeping apparatus, and wherein securing
a second vessel to the station keepi ng apparatus using a head nooring line
further includes securing one of a bow and a stern of the second vessel to
the station keepi ng apparat us.
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