WD 2010/ 042075PCT/ S&2009/ 000372 HULL CONVERSI ON OF EXI STI NG VESSELS FOR
TANK | NTEGRATI ON Background Technical Field 5Enbodi nents of the invention
rel ate gewenraldos2d7e hul | conversion of an existing vesselTsereonoasozan oil
tanker vessel or a bulk carrier for integrating one or nore tanks for
storing ENANOEBNYERKION'OF EXETING VESSELS FOR PANKINTEGRATION! ated Art
10 Substantial cost savings can be realized by nodifying or converting hull
designs of vessels to extend the life of the vessels rather than
constructjng a new vessel. U S. Patent No. 7,077,071 B2 (Neu) discloses a
net hod f C?‘gﬁeﬁPvﬂi ng a single- hull vessel to a double hull vessel, and

t he convelechdickitfibri hul | vessel. The 15 single hull vessel to be
converted has an outer_ hull surrounding a center cargo tank flanked by a
port wi NErBedinitds af shaimention welate tendraliyitt hullpereersipaiof anrexisting se

bul kheads extendi ng between the port and starpogrd. w ng.tanks tao form one
or more ¥6A%ElHUChaakan gihiagkes ¥eese! or Bg}mlf§a%ﬂﬁ§38r F@Qﬁ@“%’ﬂﬁ%ﬂm%ﬁ go

tanks by inst |r|sit(f}ﬁ.,sd”l€“¥yj,{5ﬁgﬁwpQ{@ﬁémgyamp&&gﬂgiag_transverse bul kheads

and 20 the S1dewa e W ng tanks. Support nenbers are added to
increase the strength of the elevated floor, the cargo tank, and the w ng
tanks, as_needed. A_seal ed, conpartnent is fornmed by the new el evated fl oor,
t he outerD?ﬁHrFPt'%H’fﬁfgaédd | 1's and bul kheads to protect the cargo from
| eaki ng out of the vessel should the integrity of the single hull be

br eaghed. hagdsiachifyes ' ifehg | dtokenbettihgveaisel to a
doublcllg hu%ll;gég%ns Ir‘gd(é?ti %ﬁi/@}j?hgﬁf %ér:ggéﬁiie?gq{yhgﬁ?ﬂm% ty of t heg_

pre- exi stdesigras ofvessrls do axtend thenlifet ofuihel vedsels eathahthamsprstrydingghverti ng
single hull vessels to mnimze cost of conversion and vessel outage.

U.S. Pat difW NBSS®; 708, 636 B1 (Hagner) discloses a rebuilt double hull

tanker 30and a nethod of rebuilding an existing single hull tanker into a

rebuilt I t ra747] 4 | @ethdd for aBkesrtihgd sidgle- a
rebuilt ag.ﬁliatﬁt’t{ IILIO' ?@\ﬁ)027&1%/26513%%‘%%19/@%9('3?0@8/ 000372 co Irlgsi n ga new

doubl e bdtulovedsel lto andovkly hidupessesi and the cenverted davblenbyl yessehufhe doubl e

bottom hul.l includes the, existi e | bott om
hul | ]tshats'f‘gleg?@g\ﬁ%%s(?ﬁ F%P&r%&\veﬂ%ﬂ%a%a%bgagﬁar Ilr%urrton@{aﬂﬂega %Q’l% \gﬁr% Ut er

bot t om hubhk fiHARe8yea PO Wikl dndlauthboaird evihg lthrsk, (withg spages-apamd - 5
starboard) 1 nclude the existing inner side hulls and pew outer_s d«? hul | s
di sposed fsxnsvensg baH@@@ac@@e@cgag petweren the PeL; an ﬁb’vlrgﬂﬁré’rwgigdf@“k& P. The

rebui 't doull & . NARS i 8Bed %o The cahtraNGrgyr n of

t he bil gegérrpooq%ﬁ }rﬁ%%ﬁt@gﬁ%ﬁ% gﬁd%%tﬁpsf%%ﬂ%e%ne?ﬂod i ncl udes f(é)r m ng
the new dgRkyhinstallingelewdboitor platimgispaneng dhe drartsyerseabdkheadsisndl e si de
hulls, over at |east the . .

30.  the sidewalls of the wing tanks. Support members are added to increase the
strength of the elevated floor, the cargo tank, and the wing tanks, as needed. A
sealed compartment is formed by the new elevated floor, the outer hull, and the
sidewalls and bulkheads to protect the cargo from leaking out of the vessel
should the integrity of the single hull be breached. The method achieves

25 conversion of the single hull vessel to a double hull construction without
breaching the integrity of the pre-existing single outer hull, and thus is faster
and easier in converting single hull vessels to minimize cost of conversion and

vessel outage.

U.S. Patent No. 6,708,636 B1 (Hagner) discloses a rebuilt double hull tanker
30 and a method of rebuilding an existing single hull tanker into a rebuilt double
hull tanker. The rebuilt double hull tanker includes a rebuilt double hull

1



10 cargo carrying portion of the tanker by installing the new inner bottom
hull internally over the existing outer bottom hull through access hol es
cut into wbeosvdewsof the tanker and installing the newpdosichegnass2 hul | s
externally over the existing inner side hulls. Additional information

rel ati ng tommisingcamear dowivledyottomb hiull dindarmevb eloUblengiderhllsSThe IGteRadient No.
5,909, 715

Ve | nt i | [ j tion Publi ti No. WD 2007/ 089159
(irano. EnGritbAch 1o Bp o8 BuBelaBE s istibg, ovtsr (Riam i and 3 nownd . .
Pat ent  Nojnrfer b6dtof? Gull HRENRY dRpodbd )nteW&?ﬁ&eH‘SEQﬁ?f&ﬂtth !%ﬁétﬁggrsm T

provi des hull conversion _systens and nethods for tank integrati
be appr ecPHiEdbetiem hulk Jihes enteraaliyc Irelsuilt egowribosidee hulis o.d. headrineedt i on

pydr ocar boarordd aHeheg S SR S kL BhIS el s et Fasegus
l'i quef i eddizposed entergalsar(d-Siacathdpe® RBRNERE Skistinly MAB Sk KAl The rBbGilt
liquid, i auef | %g 2583@ and non- hi/ldrocar bon products, e.g. water, air,

within a B8HRlehalien Byl is conpediedphgaethend ée antdhaduin offthemigentodhei on, a
tank-inte : e L.Sg.L | . for storing
mul tiple %ﬁlgﬁgpgﬁglgreoﬁgggt’/'sﬂ?ﬂgé{hggk@pﬁ@ )éérftghg%q\;gﬁi’le%gﬁﬂp%s@@"at
| east oneincbidling agreve doyblet botkorarillaind3tew easblosideundienvest gdessrtge t ank.

fi <pola FaroPnbdtying ot & bt Ml frelingniie HOW: st hofrh g
i ndependepiternamk odéﬁmé%@sdisuﬁg%u&é\eb&?&ﬁ%mlatﬂ'fo@rpegléérsssf%%&& a0 WRET €1 N

the added i ndependent tank iS operable to store a
2010/ 0420%9penf m@@@walcmwmsrtalﬁmtheadewmmﬂarsmhmlsj esteraally ever the

new y- att gg; . de overlaying the at | east one added i ndependent
tank. An g%\'ggrgﬁ/emri'ﬁggél%aﬁ"gbs'tank I's operable to store a second hydrocarbon
fluid. 5Further, an internedi ate deck plate nay be added to the cargo tank

to provi dadditidaalihforiitioeliting IHUNCIMBrs6n bP rdl A & BAFbtPLRAl support

for the added independent tank.” Further, a space between the added
i nt erhedi Beteni g pi990” t dMenoeXi lstarngtional | Agplicatinr Rublioatibe War Wdi oned

into one Qéoﬁpggﬁgﬁﬁé%ngﬂggﬁﬁg ?\@3' BPYr BedHYNG! ngBth'?S ?fé:é)nnllg et

hydr ocar bon
al.), and U.S. Patent No. 6,170,420 (Hagner et al.).

Summary
20  The present disclosure provides hull conversion systems and n;ethods for tank
integration. As will be appreciated from the present disclosure, embodiments
of the invention allow storage of multiple products including, but not limited to,
h){drocarbon products, e.g., crude oil, liquefied natural gas (LNG), liquefied
petroleum gas (LPG) and condensate, in various forms, e.g. liquid, liquefied
25 gas, and non-hydrocarbon products, e.g. water, air, within a converted vessel.

According to one embodiment of the invention, a tank-integrated vessel,
converted from an existing vessel, for storing multiple hydrocarbon products,
the tank-integrated vessel comprises at least one converted cargo tank and at
30 least one unconverted cargo tank. A converted cargo tank may comprise an
added tank support structure disposed in the at least one converted cargo tank,
at least one added independent tank disposed upon the added tank support

structure, wherein the added independent tank is operable to store a first
2



10hydrocarbon fluid. These enclosures may be provided in fluid

communi cation with an adjacent unconverted cargo tank. Brief Description of
t he Dr awiwiQ=010/04207Enbodi ments of the invention are di sclrassd2tmrediaft er
with reference to the 15drawings, in which: FIG 1A is a plan |ayout of a
single hlﬁgheﬁbd hy@rcarkorFfiGd, ABdiz nawy-attadrmyouppert deckcovartirgitheessel  of

FIG 1A, FIG 1C d-
one emo@a@rqneoaéiﬁln”%ﬂpgﬁﬂpﬁhf Jorhd unserverad petpSiank & od8eBEo onnl’

vi ew of n‘.%g?wll] d?bl: fdnkglig FIG 2B is a md-ship cross-sectional

vi ew of a conver esse of FIG 2A according to one enbodi nent of the
i nvention; FIG 3Ais a plan Iayout of a double hull oil tanker; FIG 3B is

a pl t of ; | ' [
DRI MR AT R I M e e

i nventiony dblifle B&ltdrd RuIMsustord d?rt@ si@@t hgdiabnali ayppuit FrGhe3&ddator di ng
to one enbodi nent of the invention; 3E is a | ongi tu&ll nal

ﬁr ?)lssbsednden%daﬂfi @ankof Fytier, 9§pa@@mec§~eam\th%aad®qi Hpeaggigte G?é%\p@@ﬁubl e
u ul k Lri fi f FIG
4A; FIG eg( S;trllng @‘llll %tﬁcj:(%tgrséz séﬁ t?e g@w\ﬂegvxllng%‘ 8@?@? 'ﬁg%ﬁ@%'régﬁ"ﬁg to one
enbodi n”eﬂthége tdreldsuvent hery, store the second hydrocarbon fluid or a non-

10 hydrocarbon fluid. These enclosures may be provided in fluid communication

with an adjacent unconverted cargo tank.

Brief Description of the Drawings
Embodiments of the invention are disclosed herelnafter with reference to the
15  drawings, in which:
FIG. 1A is a plan layout of a single hull oil tanker;
FIG. 1B is a plan layout of a converted vessel of FIG. 1A;
FIG. 1C is a mid-ship cross-sectional view of FIG. 1B according to one
embodiment of the invention;
20 FIG. 2A is a mid-ship cross-sectional view of a single hull oil tanker;
FIG. 2B is a mid-ship cross-sectional view of a converted vessel of FIG. 2A
according to one embodiment of the invention;
FIG. 3A is a plan layout of a double hull oil tanker;
FIG. 3B is a plan layout of a converted vessel of FIG. 3A;
25 FIG. 3C is a mid-ship cross-sectional view of FIG. 3B according to one
embodiment of the invention;
FIG. 3D is a mid-ship cross-sectional view of FIG. 3B according to one
embodiment of the invention;
FIG. 3E is a longitudinal centre cross-sectional view of FIG. 3B;
30 FIG. 4Ais a plan layout of a double hull bulk carrier;
FIG. 4B is a plan layout of a converted vessel of FIG. 4A;
FIG. 4C is a mid-ship cross-sectional view of FIG. 4B according to one

embodiment of the invention;



WO 2010/ 042075PCT/ SG2009/ 000372 FIG 4D is a md-ship cross-sectional view
of FIG 4B according to one enbodi nent of the invention; and FIG 5

i Il ustratwe 2ppeeedsse arrangenents of independent tanks eOTAGENeEd
vessel. 5 Detailed Description In the follow ng description, nunerous

speci fi crAst aip ﬁsaéem&ﬁbh'b%ﬁd%sl-ébdﬁbﬁ@r Vidw P6OFICe 4B tawoediod tondeest andi ng
of various illustrative enbodi ments of the invention. It will be

under st oethbddimentef thedngmioskBnfled in the art, that 10 enbodi nents of the

e ORI e BB AR BREE s in it B8 aPRCLbivegel .

in detai lygggelorder not to unnecessarlly obscure pertinent aspects of
enbodi ments being described. In the drawi ngs, |ike reference numerals refer
to safre or similar functionalities or features throughout the several

views. 19 descri ption, i sti i
tQ| &‘be@’(ﬁ m ptio exi sting vessels may be an oil
t anker, a ot 1% carri a Floating Product i on, Storage and O fl oadi ng

(ngo) \d/ti:$$l@é foltkovﬁhgaibesngpﬁinmrmgeemm Qddiimdeiays (FFe@et iedh dn ordeleto
i ndependent tan to ted t
Type B oPrayjge & %@HGEd rg@%gﬁkglg %ﬁﬁé%‘?\gﬁ}g‘?ﬁ? g%dﬁrnghoﬂ_ﬁ%e A

Construclgﬂxféhu%ﬂd Bguvin B8t utderStyoas wéwrnqoLoq@eémm (Easme iart, Bhbk (| GC
Code) and International Mritinme Organl zat | on rul es, g as but not

limfed teonboddsents oé theirvendent mguﬁmmaﬁ@eﬁrwgwtu %Om%%r HR§S] ank,
A e Witk 0 > TRRSREH bt Rad kxom%&sggewpératwseﬁé@ npe or

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.
15
In the present description, existing vessels may be an oil tanker, a bulk carrier,
a Floating Production, Storage and Offloading (FPSO) vessel, a Floating
Storage and Offloading (FSO) vessel. The independent tanks to be integrated
into existing vessels may be Type A, Type B or Type C, according to The
20 International Code for the Construction and Equipment of Ships Carrying
Liquefied Gases in Bulk (IGC Code) and International Maritime Organization
(IMO) rules, such as but not limited to, MOSS-type tank, Self-supporting
Prismatic type B (SPB) tank, and pressure tank.

25 Depending on capacity requirements, selected some or all cargo tanks of an
existing vessel may be converted. Although the present disclosure largely
describes the conversion of centre cargo tanks, it is to be appreciated that
other cargo tanks of a vessel, e.g. port side wing tank and starboard side wing
tank, may be converted in a similar manner. Also, one or a combination of the

30 centre cargo tanks, port side wing tank and starboard side wing tank of a

vessel may be converted.



existing vessel may be converted. Al though the present disclosure largely
descri bes the conversion of centre cargo tanks, it is to be appreciated

t hat ot hewocaroga2d7anks of a vessel, e.g. port side w ngPrramsk2emsdostar board
side wing tank, may be converted in a sinmlar manner. Al so, one or a

conbi nat i Genversion BOntar8ingleHUON Takkerport side wing tank and starboard

i i k of . I o] verted. WO _ _
2010/ 0420 BRI B BITS. Gories s # P YSihef @ sige hal il Tanksr
f bSsdrae | A i ' I nal: u
cl?iGI e{ gzﬁg\rlé%sessel h%\%in ar\ﬁimrtll rrmdte?%rjgé'iwn%g)n e%?aiﬁ%cf#g’r? %r?%g@ﬂ%&{l ong a
| ongi t udi Aiggctigin ettheoresselt2re Pesshaiwrg 7n clme eﬁdvmsetﬂibmiien guf% dﬁﬁdsmgt i ;)ns
[ ' ' ' f, th 27, the vesse as a_ por
i do i nobCaeh 23 oL RiE B8 a7 pt VBedE 3 S ARNTNS b (@il 48 aret Aeen ¢ he
port and stassdararsidaviwigg ttamkd210ntek oséd‘BeW{hezaoﬁ%dast‘é%drg.vﬁﬁp90 tank

11 arranged therein. The centre tank 11 may be arranged | ongitudinafly
al ong a c@rkpd0 i17e the vesselad baniapeenite carge 2okof1 atranged diedreltv. Thbe

centre c | ectionsg may be independent each

other. Re %ﬁ{aéngém?s%rm@éy?gé ?—#@Hgleéoilﬁﬁ@ﬁd?'ﬁlyna%ggpPaﬁe'ﬁtg?/gme & Qfge

conver t edamigships p8rtinh 29 Gf thd\veddul @maThe et vargbtERRS A editadjhciae
ed into centre cargo tanks 11. It is to be

tanks, 13 are. installed or ad

appr elcqlat%qﬁlpnatrpay egg&%pq_ SBHBbBARRANETOf the invention, centre cargo
tanks 11 of selected sections are converted depending on the capacity
required. For instance, if production capacity of a |liquefied hydrocarbon
fluid i s Ba@rence i made tedliec 1 Bdilustrating a plapdayeumksf dl domvegtddovdssetagvert ed;

D RS AN VP RO Y B bBE e bt e T e ihled i © *°
cross- seciddmplintei eshpé Edrigo kst #kenjalong ws ra?ﬁrééiﬁ%%l Ht3Gn &gﬁ@rd' ng
to one enbodi nent of the invention. The converted vessel 28 iIncludes one or
mor e o ndepBRadiments pfdhegnvention, centre cargo tanks 11 of selected sections are
converted depending on the capacity required. For instance, if production
capacity of a liquefied hydrocarbon fluid is small, certain selected centre cargo
tanks 11 are to be converted; however, if production capacity is large, all centre
cargo tanks 11 are to be converted.
20
Reference is made to FIG. 1C illustrating a mid-ship cross-sectional view of
FIG. 1B, taken along arrow lines 30-30, according to one embodiment of the
invention. The converted vessel 28 includes one or more independent tanks 13
installed or added in a centre cargo tank 11. The independent tank 13 may be
25 Type B tanks according to The International Code for the Construction and
Equipment of Ships Carrying Liquefied Gases in Bulk (IGC Code), or other
suitable tank types. The converted vessel 28 has an outer bottom hull formed
of an existing outer bottom hull, and an added intermediate deck plate 22
installed in the centre cargo tank 11 to form a double bottom hull structure. The
30 added intermediate deck plate 22 and the outer bottom hull are vertically
spaced apart. In this space between the added intermediate deck plate and
the outer bottom hull, various added support members may be installed for
reinforcement of the intermediate deck plate 22. For example, longitudinal

5



installed or added in a centre cargo tank 11. The independent tank 13 may
be 25 Type B tanks according to The International Code for the Construction
and .Equi pwerioafs28hki ps Carrying Li quefied Gases i n Bul kpCIrSG2@ome)372 or

ot her suitable tank types. The converted vessel 28 has an outer bottom hull
formed of stiffensts &1i mgydes énstaltec omahwiiderside afrtheditieiddi integnmeithitatdecieck

i . k 11 to f doubl e bottom hul |
B Plict or e 25 o Brt e B i SR e foa sy SBam an B B dor Bhet oM
hul | are kesmicibteydssaprieaparhay Ibe @%&i?né@@&%u?ﬁ&ﬂ%ﬂiﬁd@%eﬁﬁ%@dtank

i ntermedi ate deck plate and the outer bottom hul various” a suppor t
menbers niy 2ba MASHM dead epndidipns Additiemaily.osevenel Iargeelomgitdinal gieddespl at e

21"y’ berg oes 1o aaleh Gl HER Y MR CARGE T b R ot s

22 to prosédiena odgus udndato fsuppontg tisy saddad Sarriiddnas Heek thiate 22.
esji gned to support an independent tank

: : | 5

|1gt 3[ ngdlr@‘?ﬁmc'jfﬁc B'S?&ﬂteﬁ%l&m%hage%&ﬁ%{qdowwr,ni@v@rfaﬁgugﬁ@me}gmglufingi nal
> 2 . g a . ' ;

Pncr ease 1 e hulce ey BF oh WEdsPOlcH befilest 6 2dadd SAbIG P HbE Rt o

deck pl at 22 2pd la@jgei lohgidadibabgikdars 250 Fethdretheniehgltudidal centiegind@embie

fatig d i the.service life, at an intersection between the
addedﬂfntgéggggpgﬁéhﬁgg% rs\ngqrgegz and | arge |ongitudinal girders 25.
Further, the longitudinal centre girder may 10 be strengthened or

reinforced At |east one added independent tank 13 may be installed into
t he conveht l&@st oher added dadenandent tardefl risay g instaltey itte the dodveriddpendent

E ﬁgkaégé dég}ﬁréjﬁa@r%nﬁdpﬁ%éﬁ% it ARYY the LRYSEH Ll'ﬁggpe%?ae%?)far&eﬁ,ngﬁg ored on

more added tank support structures 23 may be installed on the added
15 intermediate deck plate 22 to support the independent tank 13 under all load
conditions without any damage resuited from large hull deformation and inertial
load. Further, a portion of an existing upper deck overlaying the centre cargo
tank 11, may be cut or removed to provide temporary access for instaliing the
independent tank 13 into the centre cargo tank 11. Chocks 24 may be installed
20  on the top of the independent tank 13 to restrain the independent tank 13 from
rolling, pitching and floating movement. A hold space 18 between a
longitudinal bulkhead 17 (or a sidewall of the centre cargo tank 11) and an
external surface 19 of an added independent tank 13 may be provided to aliow
access for inspection. An inert gas may be filled in the hold space 18.
25
A newly-attached deck structure that overlays the independent tank 13 to
enclose the independent tank 13 in the centre cargo tank 11 may be a cut
portion from an existing upper deck, or a modified deck from the cut upper deck,
or a newly-constructed upper deck, e.g. a double deck structure. A newly-
30  constructed double deck structure may comprise two new decks 14, several
longitudinal deck girders 16 and longitudinal stiffeners 15 installed between the
decks 14. The newly-constructed double deck structure may increase the

section modulus and support the load of large topside modules. Additionally,

6



15 internmedi ate deck plate 22 to support the independent tank 13 under all

| oad conditions without any damage resulted fromlarge hull deformation and
i nertial woadio/Hen7sher, a portion of an existing upper ®etlsGasmrbay2ng the
centre cargo tank 11, may be cut or renopved to provide tenporary access for
i nst al | i nge haavly-ooiestanstedtdoudik dédk structutdmayeprotectdhedodeperident tardhocks 24

be installed 20 h f the i '
dependdim (ARG IF ARG OF 1CTHRBOTF RURTORTARA TS ERAGToMDy BP0 hol d
space 18nrﬁ8q%§%rr]gallliﬂﬁ@utb%9éﬂ%ls HHSQQ%Q%?.( SEalifhse¥eie Réwidbibkent re

cargo ta an“external surface 1 an added independent tank 13
may be prdeckdstiuciiral hmy deredssigred itos péihistand  Ipngitudinal gdengtly ad il | ed

| ndepandaistortioand soeneit B tahellq RRdpesdERerBlNEd SRakPRE: Cent o Sar go

tank 11 nmay be a cut portion froman existing upper deck, or a nodified
deck fromthe cut upper deck, or a new y-constructed upper deck, e.g. a
doubl e dédker m@ameé.semméﬂnybamerctﬁn&qmadecp%m@Oa%cﬂ{'%ttw%twpg may

conpri se t I Lk Ul K4Qd
ongt t adi Sy S5 ProdieS MR T e PR ISt RechaEr By e, BcaRe
gﬁ\é\,{ y- Cortﬁ-%/ds%%ﬁicldaﬁb(?lb# easke ok tisd talmd ¢cHrgo (rjm?kaigec r'l'gmexieﬁmg $at tsironturesiul us
suppor e load o ar ge . Addjti
2010/@42005&@#@@@9@%0& wﬁfgmﬂfg}gg@asﬁﬁéﬁédght&g ectie 8 R« ur e
may prot eQlicienlNeHa fall@B&Iolv @@ SRRl erhpefedda® afte eOBE&Yration
ul d| eak fr

hydr ocar bon_ . om the topside nodules or falling substances from
t he t opsiafeindSpandéntnigmkf 63. t Ae sioh, doubtideddasulstiondnaiesiah@p Baydesi gned

to withstand, |l ongitudinal strength. and [ ' topsi d
modul es Jhatale I‘ﬁ‘ Poﬁw?%%g%ttﬁ% .'St\mepl@fig@ﬁ@%i%s@éﬁ%igpi&e%@ﬁ b?g)rf iESI ©
requi red, og§hPhullsRuetuld duans (heolow ewiperariye befter avedexdionpoh thée added
i nternedi ate deck plate to collect cryogenic cargo in case of the tank

car gol3 eakdgeendens tank 48i rxamoples $f suiakle desulation materials include, buef\ are
not limited to glass wool, expanded perlite, polyurethane and concrete. The

insulation material may be provided in a fibrous, granular, cellular, or foam form.
Alternatively, a heating system (not shown) may be provided in the hold space
18 to maintain a temperature of existing hull structures within a limited range in
20 case the temperature of the existing hull structure falls below the critical

temperature after integration of independent tank 13.

In the converted vessel 28, a first liquefied hydrocarbon fluid may be stored in
the added independent tank 13, while a second hydrocarbon fluid or a non-
25  hydrocarbon fluid may be stored in an unconverted cargo tank, which can be

any one of a centre cargo tank, a port side tank or a starboard side tank.

Reference is made to FIG. 2A illustrating is a mid-ship cross-sectional view of a
single hull oil tanker. The vessel has port side wing tank 77 and starboard side

30 wing tank 79. Interposed between the port and starboard wing tanks 77, 79 the
vessel has a centre cargo tank 78 arranged therein.



10 in the hold space 18 should be protected in case the tenperature of the

existing hull structures falls belowthe critical tenperature after the

I nt egr at iwo 20fo/i4mayependent .t ank 13. As such, an added i rewissomoosaz eri al

26 may be installed on a surface of the existing hull structures to avoid

r epl aceneRefesenaxissmiadg touFIG. 2B ultitstraéing ue ntid-shipeclose-deptipRakbisneofad t er

I ntegration of the 15 i dent tank,K 13. Exanples of suitable insulation
(SRR SPpore
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fibrous-, granular, cellular, or foamform Alternatively, a heating system
(not shovitt iigytnlee mopreciated that idherolankdypes M@y be instaliediwittasuitatper at ur e
of eXiSStirﬂgdﬁi*%n{i structures within alimted range in 20case the
tenperature o W& exi st i ng hull structure falls below the critical
tenperature after integration of independent tank 13. In the converted

vessel Z&Fna first liquefied hydrocarbon fluid maﬁ be stored in the added
i ndependehit® canveries vegsel of §1GeEBMasgmpeieabeiiant hul foreredoham existing
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Wi ng t anksutér bot8nt REll \RESErtiBAR %PQ@éﬁ BPaftdr 80 thi8Epaled2apat 4histahber €1 n.

Reference is made to FIG 2B ill'ustrating a md-ship cross-sectional view
of a conwatwegny s eaddsgd Fntermediatec dedk nglateo andk theboditere iottofn thnal,

i nventio . cgpv ed ves s aT C j ndependent, tank of
the 1GC QSHQ%U Cﬁﬂ@mﬁlﬁ%@&?ogge%p%&?%S?@Je({]ﬁ%ta%t%@&@@ﬁk O?ytﬁgs aﬁ%é be

i nst al | ednterinediEne taeok eplatenes f bsatiomjitudins centreasilRiteae 87ebr WEDb Fdme 2B has
an outer b_otiom,hull formed of an existing outer bottomhull, and an added

i nt erlfedi Witk longitkdinah shffeners 36 mavdee instalied teanpridecalqp@itudinal fremieg f or m a
doubl e b I - t4-ng 1 I t ank
53 The adae i, suPpo e hgepdhd BRL B Duithe 5 B Be EERSAIF the, o
verti cal |addgsbintatmeubate. ddak pibies83peerticalapaicrs 8BSonrgitoedinat éolkheadadded
I nt er medi at e deck ate and the outer bottaom hull, | gngitudinpal stiffeners
84 may bé“?)ﬁs?%l'?%tg"?% 'Qneﬁ%gygi‘:@ %f@nﬂhb?@dﬁ%dsﬁﬁpﬁmgﬁdfl%@edéeﬂe% ate
83, one lipRgieditt@abesienblats Ped Kifitulina?! stifdheks 2888, longitudinal centre
20  bulkhead 87, webs 85 and vertical girders 88 may be suitably designed to
support the independent tank 63 under maximum load condition without any
failure and damage.

The longitudinal centre bulkhead 87 is suitably arranged to partition a space 89
25  between the added intermediate deck plate 83, the outer bottom hull and side
walls of the centre cargo tank to form one or more added enclosures where
other hydrocarbon or non-hydrocarbon products may be stored. Suitable fluid
channels may be provided between one of the added enclosures and an
adjacent unconverted cargo tank, e.g. port side wing tank 77 or starboard side
30 wing 79, such that the added enclosure is in fluid communication therewith.
This would allow an increase in storage capacity of fluids. According to one
aspect of the invention, multiple products may be stored in a converted vessel,
by storing a first liquefied hydrocarbon fiuid, e.g. LNG, LPG, in the independent
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15 with longitudinal stiffeners 86 nay be installed to provide a

| ongi tudi nal fram ng systemto support the independent tank 63. Wbs 85 nmay
be i nst alweaotom4edie added i nternedi ate deck plate 83; vecTiscaboogooders 88
for | ongitudinal bul kheads may be installed in each typical strength frame.
Scant | i ngenkd33,tdrel Adthed stoirey aedicahe Heledcarbeh g1uiB. e.§ opdideusti, ! non-
stiffenergs (ﬁé Iongjﬂtigdj nal cgntre 20 bul khead 87, webs 85 and verti cal

gi rders g8/dragatnonsividaig) &‘edé dlegh sunciesuses pUreh e i rfbid esnemunicatien 63

under memH@hlé&QC&quEgg%ﬂ%@E?@gtaﬂgy failure and damage. The

| ongi tudi nal centre b sulitably arranged to partition a space
89 25 between the added internedi ate deck plate 83, the outer bottom hull

d si . f th tank t ( dded
ancl odur aylaEbe st Bhlir SuSstonstichis AN AeamsiIad GLche. sdgede
stored. Sutsrafddath! dbek PRrBNES SofMBie RBnPERYH Q%@\tr%ebé‘@%‘ &, ofwé hgnrdded

encl osures and an adjacent unconverted cargo tank, e.'g. port side w ng tank
77 or st afHRertskueitresn8aingy e previdad fameachh indepesdernhtands arfixedstank f | ui d

Star L . | : i &

or 11 ui o VAR AR Sffng 180 SUBMEA ' 4R e TetoB SShimelia e TAV06RR < rmay

be st or ecblooksa8¢ anay hiecidstadied ¢he blew@émmor?eagégg &inkl %mfuﬂaittﬁﬂk fem?ﬁ@ﬁar bon
an an ur er storing a

fluid,, e.g. LNG G in the independent §

Secontd nysrusiliaso B2t pai Bsulaigh "apad® Bravert, ioldiopendent ek (Gaformn t he
added en k& B i ui 2 i 1 j j n
nconver s HEE NS High Sobhdcl ! Sinfiai. 8 ek Ihdiied GBhaueat iy

i nst al | edPveilaysethgdinddpendentniadk 6% td enkigseathe Balepéntidiet tzoives tiedheentre

t T K t struct .82 be, i ded f h
" ndapenderitieafiarad bk 1Bk Be 3 U POTiRr o7 An BRSNS PSS 47K (OB absor b
t he | ar gemdeifietirasdkaom fha waedpHéogdsk %lamly%dn@ﬁhéﬂéd%éé? RRLYREN

i ndependent tank 63 and tank support 10 structures 82 as msﬁq ationm and to

prevddt theovblggrakarictirgnk 63 from damage due to rigid conpact.

Simlarly, a newy-attached upper deck that overlays the independent tank

63 to encl ose the independent tank 63 in the centre cargo tank 78 may be a

cut porti@anvérsiondxomta Doubide EfulbOiikTarmkera odi fied deck fromthe cut

upper de or a new -cons'}ruct ed upper deck, e. 15a doubl e deck
SAdS i

] g.
st ruct ur dXeTEEPRRE & Gootfh ilisti@ting @ | plam dryqut- ofRaf dewdhie ehuls oirade t o
FIG 3A i hakl I (o] : i r sel 76
havi ng m}llaﬂé%f e\éitsﬁggg?nglleaﬁ{hgsZ%@F%lﬁsinad}lp%ﬁgghﬁa%%én% érﬁ%@ﬁgﬁl%{ﬁ%i %al
di r e@0i orlongitudiealvdisaasion7d. thervessel 66. tlh@nseaft thersedtions he theragstisiips por ti on
of the ves 76.. the v l,, 76 ha ort side, doyble side ballast tank 72
and Wi ng%ojﬁénétgﬂaeaséféf B r"83§‘?s'd725 Eaﬁﬁl %O'gisﬁg g‘é‘f‘hﬁﬁsst'&f Qﬁﬁa%aa'ﬁd wi ng
tank 58. BehneevingRenioestandndl stdrBbiepside WolBld SiaKDanbst Bk 73h§nag\ﬂﬁ§| 76
has a centre cargo tank 57 arranged therein which nmay be arrange

| ongi t uditABKISB. Betwaamtheapert andstarbeardvingtankssafi| 58 dhe vesbel Zamhashi ps

portion i I T t r 7 adj acent ,sections
may be i %ggﬂﬁ%eﬁégft a'ﬁggﬂ %ﬁ%@?ﬁ {Q%f“%ﬁé’g@gﬁ ?@%gear?%nqﬁ n@Bufjinla&ét rating
a pl 25 | ajong aotemtre ling exftthe vesseleTs af td) afidshi etiomer thovedsdl Ire. centre
cargo tan]khs 57 converted, agg to FIG 3C pep )

e centre cargo tanks of adjacent sections may be independent of each

other.

Reference is made to FIG. 3B illustrating a plan layout of a converted vessel of
30 FIG. 3A having two of the centre cargo tanks 57 converted, and to FIG. 3C
illustrating a mid-ship cross-sectional view of FIG. 3B, taken along arrow lines
75-75, according to one embodiment of the invention. As shown, the converted



illustrating a md-ship cross-sectional view of FIG 3B, taken along arrow
| ines 75-75, according to one enbodi nent of the invention. As shown, the
convert edvovengaboshas a Type C i ndependent tank of the PGUSGatw/006BI2 it iS
to be appreciated that other tank types may be installed with suitable

nodi f i catvessel Hae eorrypét edmdégéﬁbemf tdrikGof HehRSCabo@!t 8t Botd a8 hatl |
forned of an existi n% out ottomhull, and an i nner bottom hull forned

of an exi¥RArRgatethiiat siardanifypes, may fednstalion witheuitableamedification.ur e f or med
of an added internedi ate deck plate 66 installed in the centre cargo tank
57 for supporting an added independent tank 63. The added internedi ate deck

pl ate 66 Erelcomerted sessey of Ri@r 30 dlalsam buter ba:]tem/mm fdrgiéob/ofsanﬁgﬂdtwg)art
Simlar to.,th nbodi ment  of FI G in this spaced apart distance
bet ween et eE?& n@m rﬁf@jraﬁd?’?‘%frﬁq]{ %‘é‘HcfofrH% d g FEyexigting Rnaraadtogeck

| ate 66, n I
5nder Si dep%tf@ tg hgﬁdgg\!&/ l;ﬁ{rﬁr@frege%? g‘{rg&u’i‘@}’orﬁf‘ed 816%@ ahgﬁg%tgﬁg?%&% @pcent re
bul khead Pl@tenitbh ingialied uini the cantref cargs tegk ndy for sugpatihgdahoagdedi de a

| ongi t udi; t R in n 63. .15 Webs 68
maygbe |H§€éaﬁ)%r{%ﬂtquge ad eg?ﬁ%{gl’rﬁg {] t%lg%f?[gpqq%%e%% OCEH% PERNNGi r der s
71 for | angér betioral hulitarshestisaliyapabed Iapaﬁalsnﬁdlartbm:@mbbaineéﬂt sfiFmengt h
frame. Scantlings for the added internedi ate deck plate 66, |ongitudinal

sti f fidnerdd .48 this spgced @Rsal disiance bebueamthaieristingiiner éotioruhvieand ¢hae o
d
gi rders 7ai'ddé?1ynggﬁrro?éaaéécon éteggmﬁfl o§ lfctai'ﬁéi fﬁeﬁq%?s B?‘?ﬁé’;ﬁBQ‘?ﬂgaﬁé‘%g

under naxi mum allure an
similar tasldede terrhodlumilerSMé &1 %eZdeedileirita'rrrgﬂadlatb rtadckcepiﬁtee goyl eiead 70

[ [ d I ti 59 h dded t di at
deck pl aeteRiditalasent pPRben, B IeRitea SEHANST 0 oaY Gognstake cent re.
cargo 25 thadtvide é%ﬁ@ﬂi‘tﬁné’lrfré'ﬂ%fr% apideph ﬁﬁ%gﬁé gﬁe"ﬂﬁ’é Jfbée{?g tafk Bauct s,

e.g. crude oil, water; air, my be stored nnel s nay be
pr ovilded Websibsh nome bef installeddidetheendted umtasmadmterd@kij platen 66y vedivaer t ed

cargo ta Kk or.s ard e.w ng 58 such
that t he%&éﬁ en%*qém'®$§alvﬁ1m@?%%§ @% i? eéﬁmt ﬁ%&bgém'??' B9thoul d
al I ow an fiame e Beantingyd Gbﬁ@tﬁe3ﬁd@@malﬁtérme@ﬁaté| dedR - plAts 86l MhditdpRe aspect
of the invention, multiple produc

stiffeners 69, longitudina centre bulkhead 70, webs 68 and vertical glrders 71

may be suitably designed to support the independent tank 63 under maximum

20 load condition without any failure and damage.

Also similar to the embodiment of FIG. 2B, the longitudinal centre bulkhead 70
is suitably arranged to partition a space 59 between the added intermediate
deck plate 66, the existing inner bottom hull and side walls of the centre cargo
25 tank to form one or more added enclosures where other products, e.g. crude oil,
water, air, may be stored. Suitable fluid channels may be provided between
one of the added enclosures and an adjacent unconverted cargo tanks, e.g.
port side wing tank 56 or starboard side wing 58 such that the added enclosure
is in fluid communication therewith. This would allow an increase in storage
30 capacity of fluids. According to one aspect of the invention, multiple products
may be stored in a converted vessel, by storing a first liquefied hydrocarbon
fluid, e.g. LNG, LPG, in the independent tank 63, and further storing a second
hydrocarbon fluid, e.g. crude oil, or a non-hydrocarbon fluid, e.g. water, air, in

10



may be stored in a converted vessel, by storing a first liquefied

hydrocarbon fluid, e.g. LNG LPG in the independent tank 63, and further

stori ng aveeoomwmd2drgdr ocarbon fluid, e.g. crude oil, or a&cmeG2tnpdoecar bon

fluid, e.g. water, air, in W 2010/ 042075PCT/ SG2009/ 000372 t he added

encl osur ethenidsiedi eniclosures dwhichmimiic afliidn coitnhusioatish anmtarun&ga&@ﬁtt ed
8.

. i de. Wi k 56 board side wi
rccor di ngoPeoRSERCrargB Bk b&° pnd Hei GRS SRR i SAIRPaGE PSR WiGLEH.go
tanks ar eAgoondiig &Sl anbiiersgeed oh il RRAHESH V\?Héfbceﬁr!?%e?éétgé '&%tdé)‘r’lﬁér%.?bepor t

stored in 5 those unconverted cargo tanks, e.qg. re cargo
si de wi ngateasRNyeted, theasseand hyiddecarbory fhed rBayi alternatively ebeestovdd niant  of

FIG 2B, P ctures Q5 are ins ed on. the, adde
i nter ngdi gﬁgggjei%?’gﬁgg Q %&gbgfﬁg{'lﬁ% % 'né%ﬁf%ﬁa@@n a%%ar%‘?ﬁfﬁ}et \é(mgsta@g. Two
t ank suppb® or starboand sideGhing®B8. be ' provided for each independent tank: a

fi xed tank support and a sliding tank support to absorb the |arge
def ormati on. Pl ywood bl ocks 64 may be installed the betwen added

i ndependegimilaae $2 aRfbhofirsH: E@ggeSEBp%gheattéHgLéeUp@r@g%ﬁ uti(‘:enﬁg ggon and

to prevent the independent tan from damage
Si mi | ar | yinstedled arethel added indermarjiate dbekiplhieass of tahverteavsdntRysargbe

i nde de a to.enclose the .indepen t tank 63 in the centre cargo
tankpgd; r&ﬁ?kge%z Sﬁ‘("opé?'?'f oﬁU%QOFEnSt&&?%ft%ﬁn%%nuﬁﬁéy 86cieroydeqd fasdiepcd degk
from the ipdepondsit ARKa fRéanﬂl@%Up&PlalﬁH{jéJQIkﬁﬁ’g ERREEuNISSK o 56?&b’}ﬁ§‘1ymy

constructed deck structure 61 is installed, the new deck struciture

conpri se jong 0 Plyieqd eecks 264 may rhenindtatieah then dpeteeare addpdi de

i
| oad and ; i ' n from any_dana ue tq.the
dynami ¢ |'@§§¥?fﬁ%@% gb?§§ %%8{]%@%%{)%@@%%%0 é'&?%%?r?@ 'Hg‘iﬁlagg'? ?ﬂattﬂr es
wi thin a prevdnsieciedepententianries fermeathrhags ase tbheyid SoRRIRE.USInMr), he
existjng hull struyctures falls below the critical tenperature 25 after the
i nt egirﬂt i %ﬁ‘ewmﬁfé@ﬂetﬂmt qckrikabeventdaliy everiays thedadeperdeanitannbddoer i al
may be i | SLI u to_avoid
re%l acenen%@@%éfég%)g??en%&ti?ﬁqg% uécé’t"ﬁ}r gﬁdﬁéh?g (?‘%lgbl %bvktég}ngé%ztbﬁra Gt er
i nt egr at i pertion affen exidtipengeet deakkoréd matlified datk fedny tha cheappargdssist em

(not shown)_may,be provided in the hold space to nmaintain a tenperature of
exi sting %‘)oa REHY 8?5%?&%?@#%9{ Hreﬁk'a?‘JIE? H?{")’B’dc‘?'ﬁwt?‘i’l degk strupleire Bipsr at ur e
of the exhstdlleg, thel hew ideek iswienirald1smag! bk after
integration of 1 ndependent tank r63. C%/] O%%A!gfdglgﬁ%%lsécg%gk%%s%

20 for withstanding large topside load and preventing the independent tank 63

from any damage due to the dynamic load transferred from the topside.

The existing hull structures within a hold space should be protected in case the
temperature of the existing hull structures falls below the critical temperature
25  after the integration of independent tank 63. As such, an added insulation
material may be installed on a surface of the existing hull structures to avoid
replacement of existing hull structure due to the low temperature after
integration of the independent tank 63. Alternatively, a heating system (not
shown) may be provided in the hold space to maintain a temperature of existing
30 hull structures within a limited range in case the temperature of the existing hull

structure falls below the critical temperature after integration of independent
tank 63.
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Reference is made to FIG 3D illustrating a md-ship cross-sectional view
of FIG 3B, taken fromarrow |lines 75-75, according to one enbodi nent of

t he i nverwpan10/042075hi s enbodi nent, there is no added i nrerrssdom@ioeodzck
plate or added |ongitudinal bul khead. At |east one independent tank 63 is
i nt egr at eReferencaddenadeatio Fi@. 8Bnillustratingca mid-shipt boseesitibndByiewhef new

d d h t d dd|, t dt h h
op and b G aB tHRer om A inee: 2575 et fi onerompedieat o e no
tank 57. Refentienceln ﬁnmécﬁnﬂnﬁ th%Ee i 'n%sécﬂ@éd gﬁeﬁmegﬁ%ﬂé@kgﬂétgcg tre

Cross- sectl onal 10 vjew of FIG 3C shown, e pr at the

top of th&ddgddongitusinal haikhessal. wﬁt lﬂast gn@mmnemedt tam@a@us inbegraieoesr deck

f th d jnt ti

of pi pe | Paged RN R oS 1B e e Lae R FiRPRBdE Bk Ao

supply of nmhavemmektmmedemmﬁem@ﬁeﬁsarw and H@n%hﬁehé‘%ﬁ%ﬂ?%ﬁéﬁ”k 63.

A neoprene nb aR tl%ucture 76 .may be installed round the done from
Sads o Patianddis

t he upper Srﬁpa@@fvt’ﬁ%fh%ﬁe'ﬁ[%cﬂgoetﬁpﬁr@ l-on or contraction
with or without LNG stored in the independent tank 63. In addition to
converti ng{ centre cargo tanks of a double hull oil tanker, the port 20 side
wi ng tankfefFenge istadeio FiSi & llwsutgatirglkdoﬁ@tudﬁmalb@mref@lsbs@esgmamrted to

t t d t,tanks t | d bed
bovald coxbly B e T ae A AR shPBRk A ORI e @roddrar el Hifdon Siriage 1o
FIG 4A iiddepenaehingnk 68 ahidnaissnediated %HQ&;#H‘%‘MSP Ecﬁ%'f ee(/e%% yi ng

mul tiple |Rde endent sections arranged along a I nal rec Ion of
t he vessellNgS0Me MayRe used f@rnl@SbQ?CttdﬁeamS|amdsmtmdudmmuf dipkilipesotot i on 41

of the ve p

st ar boar dﬁq?? d%%enagﬁtarﬁﬁégétypl%% P@e @eeé; i@ytﬂlﬁg%%upg& ﬁ{‘@]?fpahes 30

| nt er posetbpiséterbl (s pnmeepsrpnamnd tisé &fde(p@hdem ROKIEBIKA rEbpréfe nidifbrapesel 42
has érar ent car q 42 may be arranged longitudinally al ong
a cea-{ gﬁeH H@avge%mstehe FPLtﬂﬁieth&nﬁi%ﬁl FRMpibet Urperadecis to Aesarbssel
42. The cgg t of
each of her . ﬁ‘@%‘b@fgﬁfﬁgﬁ'%'ﬁ%‘?s%’fﬁsﬁ?f BB I T THEERAGHBHG e

i 11 ustratim@§edngepgndenytank 68. a converted vessel of FIG 4A where

i ndependent storage tanks 13 are installed or disposed in centre cargo
tanks 11. Reference is also made to FIG 4C illustrating a md-ship

SCr 0Ss- seltt addition o edhvériihh@ert@ cdrgb@ankd 818 dHULRVhUll MiStaftle? the BEROT di NT
to one enbodi nent of the invention.
side wing tanks 56, or starboard side wing tanks 58, or both may be converted

to integrate or add independent tanks therein in a similar manner as described
above.

Conversion from a Double Hull Bulk Carrier

25  Reference is made to FIG. 4A illustrating a plan layout of a double hull bulk
carrier having multiple independent sections arranged along a longitudinal
direction of the vessel 42. As shown, in one of the sections in the amidships
portion 41 of the vessel 42, the vessel 42 has a port side wing tank 31 and a
starboard side wing tank 33 typically used as the ballast water tanks.

30 Interposed between the port and starboard wing tanks 31, 33, the vessel 42
has a large centre cargo hold 32 which may be arranged longitudinally along a
centre line of the vessel 42 in the amidships portion 41 of the vessel 42. The

centre cargo tanks 32 of adjacent sections may be independent of each other.

12



Simlar to the foregoing enbodi nents, an added i ndependent tank 13 is
installed or disposed in the centre cargo tank 32 on an exi sting double

bot t om 10wbubio/mee7act ure. The exi sting inner bottom hul IPCESG2609/000372

strengt hened or reinforced by installing or attaching an added inner bottom
hul | plate on the existing inner bottomhull to neet the strength
requirenents. Tank support structures 23 nay be |n?talled on thelgﬁlsting

i nner boReterenee is medadaddG. AReliugiFatingna mlan layoyt af a $oaysrsd vestel Mded
i ndependg [t%) @R@e&% r’rH%g)%rnﬁj)éﬁf é@?ép%é %gﬂ(so@gﬂetlhg%ﬂedgﬂ%‘féb%sba in¢chBy be

instal | ed ein tank 13 to restrain roll and pitch
nmovenent ao tarksi mﬂepleeféeemce aslaldB madendd FlSpad@ ibBttatingeanmighshipner

hel | pl 34 d f 6 f th d 3
o ovi Hibdorase-sasupaet VW af Flas 4B tasi pidhsharphc e SRR oot dRE 03 1 5
40, corrthéfgg%%d g/t Hp{p,%rmgg,qﬂbrﬁg a new |l ower plate 45, |ongitudinal

stiffeners several 1ongitudinal deck girders, may be installed to
encl ose the independent tank 13 in the centre cargo tank 32. \Were a

tial d b '- - ticSh
oy bo pgblea it Raomg: st ERls °BF, Had e e 19 s

cargo i NifAsidPbr Hizposadlin &as gontre xaage tanknd2 @nlem leﬁgstlhgldowne bottames i n
hol d space 35 should be 25 protected In case he teng} re of. the

exi si® nghnolistrusturacTiae exishpaiienegrpattars gl “E‘Wé erstieng eI Yar t er
the Integy E%ﬁymgforj ALRAAER adRBkinAdr bOfoUAll piafe aHGlﬁQ exittinb ahhem

mat eri al e ins on a surface the exi sting hull “structures
to avoid bbﬁbhﬁﬁ@lﬂﬁﬂmeet trexstsengty rquIIremEntﬁct'[ﬂré( supparbstruetures\2? &er at ur e

ft t t f th d d t
ystem (heinglaroniay SSRGIONALBoRM Y st BoBP bt nufopte E3 1 19
Lemper at u(ogh it akbd hduldndeht Wk ek erions load coddtiongeChociease ¢ he

t enper at e exl st structure falls below the critical

t enpes at Ddenvayt loe ms’naltag* amtbe top of itie edrRandenh ik 33 10| igsrAE I t ed

vessel 43, f| rst Lau £ ed r flhui g added
i ndependé’r‘utp t@HNerf@ Flﬂée én 5%%?13%“%@% bonﬂ?‘%ﬁ Q@?C%t gsg%ﬂgtggbg% in an
Unconvertuﬁﬁercé\ﬁélp lfgle4 Hd e exaeri sunfacerss of tre mmpeedeat ko1 ik, a
port side tank or a starboard side tank. Refere

| G, 4D
i |1 ust r atprogidedrfodinspeptien aseesfech @My-q@pgwgpgg’lng?%ge% 5&”"8{: %4{)0 one
mbodi t of .th | X
Fon; o qeéﬁprmpiﬁeﬁ%\ﬁﬂ%dp%g qér?'gt%$ea he E)(/\Le‘e?cblé(t%sﬂ lofigitudiRaPsigRthegent r e

Ted i n centre car go 10 tank 32 to
for mypwo eaeraafdatsevacaﬂedn@nmlnaludesk 4firdets. NEye mduedauﬁ@httcp eenderst theli nal

bul khead 47 truct d
several pnaegé‘mw‘h‘é‘nkﬁénéﬁ tniestife E3104 tan 32 1RBH Bodhalradtian) oo
| nner pargal g} lsm%%lﬁl%df’%n Oorpmb\‘é%patréwmdt%owb méyrbengrcwdﬁcenpoﬁeveral

pl at f or ns rovi to support” the parallel Iatesq?Oto avoi d
| ar ge 15théeémsmvg mmeroboﬂtd!fé vl &0 |csilep atvegenis. casganty £asR of dhettRBK new

oo ¢ ud A0S qakagen W st ontuiEToRdiShef, $pate 384shold be
'”de%“de;?ﬁotéﬁeh ila3cé§e ithé ttahlgedlaiuné coft the egi}san@tmjlhdttadtwesvaﬂdefell46 and

48 respective on the existing double bottom hu{] st rugture. S@mlar to
t he enbodbalpmﬂ‘@fcrﬂlod terapetatiers; sttty thgdptegrationohindePrRgeRtiElk hgfRened or

rei nfor ced by addi pg-a REMHANGGIARH AT bePhdiRchOoRtd 8aiTate dthet i ng

support structures may be installed on the
exi sting exigghg hallisairctutées té avsndrrppracen‘rwt |aﬁemséingérwl steugkurezlyentothger

various | oad conditions, Chacks be i nst | l.e n,4 h t he

i ndependel@w ﬁeﬁpen@urt%aﬁ%vgﬁsf%tler‘mg%‘ B‘ldﬂ?ﬁp %{T glt%@'%tl%l m%nts of

the 30 heating system (not shown) may be provided in the hoId space 35 to maintain a
temperature of existing hull structures within a limited range in case the
temperature of the existing hull structure falls below the critical temperature

after integration of independent tank 13.
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25 i ndependent tank 13. A hold space 35 between an inner shell plate 34 and
an external surface 36 of the independent tank 13 nmay provide inspection
access. Avoewlno4enst ruct ed doubl e deck structure, conpPCIISGI0@/ONESR2 UPpPEr
deck 54, a new lower plate 52, longitudinal stiffeners 55 and several

| ongi tudi nal deck girders 53, may be install ed. Scantlings for the newy

doubl e deck 30 d t
W Unst and BRGIVGT I8 YeSSPLA A TEsld UBTR REFoRrraRD TWSbpM Y RETEAMa e
modul es updesdded ihagordeill bhRfy, WHE & eeahdl! AdBEaBOARNIYAPREYI 65 1S

required, one or nore drip trays (not shown) may ‘be provi ded upo
exi sti ng $tArRS ivbantweopyarted tcergil)taré@t\/\/fu(rfy@gerbe:anwog\e ofna ceatre adrgb he t ank

car go 4 | e Afes 'ggte 'ﬁél@@“ng'g?g%bgg%é’@%gé s in hold space 35 shoul d be

protecte M 28 isting hull structures falls
below the critical tenperature after the integration of independent tank
13. As su]é%egan added |nsul ation material 26 may be installed on a surface

of the 5 eNFR) Ihamade fe fdbu Al ItUSTales (@ neigrsiiR peess-eectionat viawy oful |
struct ureridyind QC&%P{;P{H SRR HHﬁ@ntanttﬁ% rﬁ@hatlb‘?ﬁe %Bv&‘? J %i%%efndent

tank 13. Alternative a heating system rovided in the
hol d spacd3,3an tanldedi oentiren Icmg]tedmmﬂ zluulh’readMExs gnistaledin Ithe:bentreweﬁ'govm thin

| t he t th t t
Fal | 0ol AR tbr (PR E K0 (ERIEE: DIGSH GrasPS? e gl 168 BHI6thaEpEAden
tank 13. |bAghidnaPBYIRhESE 4V%§?|be4é’>boi‘ sﬁﬂu%ﬁﬁre'do%ﬁfélﬁéjt\né' P4 I:fi) gbl uid

may be stored in the added i ndependent tank 13, | e”a secon rocarbon
f1uid naﬁ%@ndts@w@tahnlatémmmam @mglwlm@lragﬁenawm meg/ beemw@ectangbetank

ort sid n ar Ref ey encel s de to
IF;I G 5 |Iei ust%a{@% élgf)e?)ssgo pg‘?‘?@%g%&gﬁglwﬁ%!dﬁgﬁr"n91§é{ﬁmen§e¥3 s on a
conver t edbisfoses A%mashwmproﬁm‘@d (0] s@p@ﬂltﬁd%an@mlate%rﬂf@ o oRElagE anged
in a single centre tan ndependent tanks 20 nay be arranged

ful | YPenciefeEnatipn pf H"Q ﬁgraélghpllages( ﬁ(ﬁksc"l‘ﬂﬂ'm%&fdh@rpw geaike dangitydingdssel .

Furt her, th adg%r';ﬂ[{gqy Il b C re tank
where a p%tpﬁ%éry?ﬁr}ﬁgi)l n%:lepe ent t?a ﬁ‘ént%babe% gr té a Iyl ¥tré@8 %H&
renoved wugfermasark andﬁh@/\st\baltﬂmecé rAmadd%mctepeodearﬂaad mssmtatt@dnrﬁ(o ore

mul tiple '

li quefi eattr]‘ g{efﬂ%g% 8?‘1%@ BSPT%*S% i b%@trg WP aQn (tﬂtp,@%sgﬁg Y densat e,
in di fferlﬁﬂtorﬁq{dﬂsstr@et(]re | SitbE to 'théﬂéﬁfbd%ﬁ#n@ﬂﬁ of ﬁ‘G%@O%é‘ ifferUsitigth 10
situations where production capacity of one of
20  hull may be strengthened or reinforced by adding a new inner bottom hull plate
to attach to existing inner bottom hull. Added tank support structures 23 may be
installed on the existing inner bottom hull to support the independent tank 13 in
under various load conditions. Chocks 24 may be installed on the top of the
independent tank 13 to prevent rolling, pitching and floating movements of the
25 independent tank 13. A hold space 35 between an inner shell plate 34 and an
external surface 36 of the independent tank 13 may provide inspection access.
A newly-constructed double deck structure, comprising a new upper deck 54, a
new lower plate 52, longitudinal stiffeners 55 and several longitudinal deck
girders 53, may be installed. Scantlings for the newly constructed double deck
30 structure may be designed in a manner to withstand longitudinal strength and
deformation and support the topside modules under all load conditions. Where
a partial secondary barrier is required, one or more drip trays (not shown) may
be provided upon the existing inner bottom plate to collect cryogenic cargo in

14



product, e.g. LNG is substantially |lower than a main product, e.g. crude
oil, 30 such that it would be commercially less viable to provide an
addi t i onavoverwabko75or st orage. Mreover, the converted weIseloMmn03s2oring
mul ti pl e hydrocarbon products woul d provide a commercial solution for

of f shor e cagg affithb einRaBrgd 18aHERS TR ekisth@ sl dtAlctirdstinfdld sphee @¥vert ed
vessel enables nonetization of the associated gas instead of flaring and

re-i nj ectshenld kb preieptashinnease thenemishaleire of the sxisting dwiisdrugiurgs fallsut t | e
k 1. ' - d
ho ¢ er ool B igalehiderstuy BHEF e P RedBflol B R ARRIP U 1 80 AL ° s °

mul tiple sh;zti{janaadirdnd amildJlaldm*f h%‘aigﬂal%@ona%m@ﬂma%d lonaéisrdtgfa@é%fag@ uni ]E ,
e.g. EPSO and FSO vessels. Met s of tank integration and conversion o
exi st Png e\’/‘é‘?‘é@@l@ﬁaﬁtﬂl"g'ér%rtpt?é@“géqpé%em?mi of st '&‘Hb?@%"ﬂ'ﬁ%@@ kathesone of

the stepgoa¥mipRrattyd ftdr iﬁ%ggétio?ﬂof e iMticplehidne eshids 3?‘91\%\(;}1}3%&?0&“ red.

10 I'n one enbodinent, a nme conprises cutting a portion an “upper deck
over | ayi hgating sygten anit sheivegtreay be provded irs thenholidrepteael 35ty maindasik ssuppor t

structure_in the cargo tank selected for canversiqn; and installi at
| east onzemﬁﬁﬁa;gﬂ%qut e)[(lgﬁlﬂg u‘b‘@L_sffH8{jW%%kW§fMBp8rﬁmg?fiu@'lgﬁe!” Wi7EPelY t he at
| east ongempbratDEe BENHE NEXi$BIKhUB shRefak! Rl DRI Bedciitidad ttembakalied
hydrocarbon fluid, and at | east one unconverted cargo tank is operable to

st or d0a afies Hieasadiopafindepgndang tanikit3.above may be useful for converting

froma double hull vessel into a converted double hull vessel with tank
I ntegration. Additionally, the above provides basic steps for various
aspect s ds tesonvéored vebsel. 432G Acst digdefied hepdmrarksap daid, magrbeestoredirof a

centre cargo nk.is desired. Acgordi.ng to one,aspect, conyversion of a port
i de. wi ngh? BdRSE ndeneRsh (a0 e WRIR) 3 SRROTGh TREGRRAPES NG TBAY Heanker
may be degdreldn aRlinddhverted!dgs tarlk) e .c{e*ﬁ?ref@érgﬂaﬂ@giéﬁt sif t\/&ihggﬁuﬂ( portion
of an upper deck includes cuttfng a portion of an upper deck overlaying at

| eastlSon@ndfstatboapdsideswing f@nkg t ank and the starboard side w ng tank.

Further, the nethod further conprises installing an other tank support
structure in the at | east one of the port side wing tank and the starboard

si de w nRdfardficeaRd matsd abl FIg anilgéthaing adpessigrRNbriapfkmeRe bt Addedf ot her
tank support structure, wherein the other independent tank is for storing

of the filndapandgnéfanis® o arevyeped vesseld As shown, two or more independent
tanks may be arranged in a single centre tank. Further, the independent tanks

20 may be arranged fully enclosed within the centre tank, or placed on a deck of
the vessel. Further, the independent tanks may be partially enclosed by the
centre tank where a portion of the independent tank may be partially exposed
by a removed upper deck.

25  With the invention, a converted vessel can store multiple hydrocarbon and non-
hydrocarbon products, e.g, crude oil, liquefied natural gas (LNG), liquefied
petroleum gas (LPG) and condensate, in different forms, e.g. liquid, liquefied
gas. This would be useful in situations where production capacity of one of the
product, e.g. LNG, is substantially lower than a main product, e.g. crude oil,

30 such that it would be commercially less viable to provide an additional vessel
for storage. Moreover, the converted vessel for storing multiple hydrocarbon
products would provide a commercial solution for offshore associated gas or
non-associated gas. For instance, the converted vessel enables monetization

15



According to one aspect, the nmethod may further conprise installing an
internmedi ate deck plate in the cargo tank selected for conversion, wherein
the i nterwedbevm2aieck plate is spaced apart over an exi CIrsg2009/0h0372
structure; and installing a plurality of support nenbers interposed between

the int ermn‘etﬂneaa&sd&laiedlgasl mistezch df fladnganglt ierigjdttibh. Sortespandinglifieh@bove
may be usefu r coni/ertl n%,fro a si n%l(e hull vessel into a converted

doubl e hu‘F‘?"V\%@ae‘{eS@F fan 3akve AB SHHle iShkebio Fansrart MHgtivledvdsocsben e hul |
vessel i NgRy shHORYROESHRP b@uéw' %@#mwatsh I‘ha'i‘) érméﬁgﬁ@attfoﬂg Q! N

addition to the precedi ng parag ra e met hod urther conptise
i nst al | i nepryveriedgvesasi nean taﬂ%mj rmluitIEpryctd;@caﬂmmeamdt hen+hyﬁemcwtiorat e deck

encl odur RO oM ge LG RO BT 08 Repls™r the car go t ank

sel ected for conversion, wherein the at | east one added enclosure is
operable to store the second 15 hydrocarbon fluid. Optionally, the at |east
one addedVietodssefy @nkeiptagsatien\angeeonversipaiaf @mﬁnmweaselgrarwdascahedadj acent

unconvert a aé}[fﬂ e bove may
be usef ul %\?V' |tr)'{r("c&)\'vt|S I ngB@'fe;C azdragﬁ?étt ank%ggﬁegatggg fﬂ%ﬁ?ﬂ% %\52@5 d&e?ri ng
di f f er entorfihigirchgngeduas and Ahekcmguitedg to yet anot her aspect, the nethod

may further conprise installing at |east one |ongitudinal bul khead
i nt erlg?osed bet ween the new y-attached upper deck and an existing hull

struct ur einf Ohie ¢pABAHIM@NE B! HEMId éforﬁ{;ri@éisd%g ti‘ﬁ@f ?dﬁl@ﬁ df”ar?‘ﬁgpglr Akkpn with

at | east one side wall of the cargo for conver wher ei n
the at | exsilaying adesma rtaabeémje@tedt@Jﬁkcwlweuiﬂsposestailmgt hetattk aUppmSt one

f th I d wh t k t
ot ruct ur STERRInheSGHBE (BRE R ol PonitSbRL Ao Tidiiaed Bastire no o
t ank SUppﬁdép@idamttahR upsbrt lige atanlk %@?boﬁr@crmuﬁéﬂemﬁ)éﬂéiralthé )ét%as?tdéﬁéd
encl osures. The above may be useful for _converti ng roma ubl e hul

vessdl® i ipderendsntdankeis apawmbie fustore astist ligueiied ymros:aftém&wdoand aihd

rovi di n | I r

(F:)onaar!te %%tlrogll(r)g '?lan'r(&“v?& ? alrt%'j(')'{aggsg rec?ésj?%ggdgrgl%égcgﬁgwﬁpé%égggt hod
mayI f ur t Hid.c dier alseyes trayi b@tlsbmlforrmnvle'rtq@frﬁedammbwd Eutcliweséélght@ ?In tge
at | east one independent tan rj t he secon rocarbon fluid in
the at | Z¥WVepf @%‘E@ﬁv@tjli dgssek &’Bﬂt E "@aﬁﬁ%oné«g?t @G%H)ér ehAke may be
a centre 3yMBs ARl sBpB®bH vaicl Pl A0 keBkridecbaphioar d s de wing tank.

5In the various aspects above, the od nay furt er conprise installing a
new yY0constructed upper deck for encl osing the at | east one independent

tank int tank sel ected for conversion, t.prtl n of an
exi sti ng ’S%%?i&‘hggi?&’?‘%rasi’er?@a‘??']‘@&s'i%"P B&PP&&?WOE 'é%f ag upper deck.
The new upper deck nay be a double deck structure. If a m)dl fied cut

portion of the existing upper 10deck is installed, the method further
conpr i sesA\GRAIING; tlRgORR asPRCt, PRANMEHOB 10T teh @OBX SIS Wisoufamésr orda citarbioard he

various agReqisy 3 fr a'dBuoiEhA i BYkdMhE) He GOHPE. SR or Bhi§ Hurpskd f§

25  the method above, cutting a portion of an upper deck includes cutting a portion
of an upper deck overlaying at least one of the port side wing tank and the
starboard side wing tank. Further, the method further comprises installing an
other tank support structure in the at least one of the port side wing tank and
the starboard side wing tank; and installing an other independent tank upon the

30 other tank support structure, wherein the other independent tank is for storing
of the first liquefied hydrocarbon fluid.
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cargo tank to be converted fromone of a centre cargo tank, a port side
w ng 15tank and a starboard side wing tank. It is to be appreciated that
any conbiwethmna2wf t he various cargo tanks may be sel eetesczaomeos72
converted. O her enbodinents will be apparent to those skilled in the art
f rom conAaberdingoto anet laspspecite cagthod amay furtiwri cemplrisehmsitalirentaron.
Furt hernore O.,certain termnolo has bee ed for the r poses of
descr pt IETBRARS Fech lbtian 18 Garah dannasBriy BeaonUREuet nERPE b he

i nvent i onntefedrii® Ydckephte 3 Spheal Wikt SO8F EnbedsARY HuliSHrudtdrdeand

consi dered exenplary, with the invention being defined by the appended

cl ai ms. 2sstgling\eDphualily caf2emerRdr nembers/ iptmpogedCbatwieen the intarmediate

ol 1 Bl e R BELY IR W RS FRu O LR A CRRE] e Boel G s
| east oneongsHtipgt fomcargingleanlll vespsii intda: convertedado@isle eglill @odsei UERPT t
structure di sposed in the at | east one converted cargo tank; at

| east ondaBi#tegialaBpRheRIMertingkom 3slosble iybyessebinie @ePnverRdSInubls t
structu_rqw"w}égggfh\nﬁﬁ %@ﬂ@#ﬁim%endent tank is operable 10to store a
ydr 0

first liquefie ocar ui d; a new y-attached upper deck
overlaying the at |east one added i ndependent tank, and at | east one

uncorllgertlre\dagé\l{igr(]) ttoam% %?Séé‘a?%ge ;t)é)rasgtraoprhe, t%eS?nCe Rgd hr¥|3§/° ua h%(r)ncc;nl"ngriigé 15
installing a longitudinal bulkhead interposed between the intermediate deck
plate and the existing hull structure to define at least one added enclosure in
cooperation with at least one side wall of the cargo tank selected for conversion,

wherein the at least one added enclosure is operable to store the second

15 hydrocarbon fluid. Optionally, the at least one added enclosure may be

provided in fluid communication with an adjacent unconverted tank, e.g. port
side tank or starboard side tank. The above may be useful for providing

different tanks or added enclosures for storing different fluid products.

20  According to yet another aspect, the method may further comprise installing at
least one longitudinal bulkhead interposed between the newly-attached upper
deck and an existing hull structure for defining a plurality of added enclosures
in cooperation with at least one side wall of the cargo tank selected for
canversion, wherein the at least one added independent tank is disposed in the

25 at least one of the plurality of added enclosures, and wherein installing a tank
support structure in the cargo tank selected for conversion includes installing a
tank support structure in the at least one of the plurality of added enclosures.
The above may be useful for converting from a double hull vessel into a
converted double hull vessel with tank integration, and providing a plurality of

30 partitions or added enclosures within the converted cargo tank.

In the various aspects described above, the method may further comprise
storing the first liquefied hydrocarbon fluid in the at least one independent tank;

17



2. The tank-integrated vessel of claim1l, wherein the first hydrocarbon

fluid is one of a liquefied natural gas, a liquefied petroleumgas and a
gas condeweavm/o4207d t he second hydrocarbon fluid is a cradscadsoo®d2 3. The
tank-integrated vessel of claim2, wherein the tank integrated vessel is

one of a a?icbaitarlng tﬁecadmohdmydfdcwla@eflal&ﬂm@h@alaébsm)r(e':lﬁﬁ@nv‘eﬁ%ﬂ&iarg@
Fl oat i ng g e and Ofl adl ng 3&1':80) vessel and a shuttle tanker. 4..The
P&t

t ank- i nt W@Weﬁﬁ CREIGIanK WAy bsi # CeplEe sargasiank, amercyfo avined 25

tank is atbnk%@%tstgﬂﬁ)a?é Sﬁjé)ﬁ"hﬁrt@ nkargo tank, a port side wing tank and a
starboard side wi ng tank e tank-integrated vessel of claiml1l, wherein

the at |east one converted cargo tank further conprising: 30an added
i nt er pedi at i sposed LA t h t one converted cargo tank
and sgce'ﬁ %‘Sa%h%@g %tsgﬁgtgx&?\ﬁﬂ ﬁuqneﬁ'éqci heé[n%omprlse "&qﬁﬁ'ﬂgaﬁil ty of

added supmEly-copetratsd m@émmdfob@mﬁﬁhg; ke éﬂds%\% loneehaBEbAdéntdgaK Pl ate
and the existing hull structure WO 2010/ 042075PCT/ SG&2009/ 000372 6. The

t ank- i nt d§rtheeArgesiaBk %ﬁ‘e%tﬁﬁl A TONYRSIaN, na bk pertiemiof . existiag eppsappor t

nb f t j i ff
Total | edtaok e hYEPauchdHioh B el e Aither MRk e R Tkt SR8k 5
pluralit yméy@fe addeble degk stacbtoa. ¢ & deodifiedooiesdrition of tiee astidedgiupper medi at e

deck Iat e, exi t| n huI tructure. e tank-integrat ed vessel
of ol Q?N ‘JH“B%CEGW@?%%P%/#%W%%W PAHPRET th

conpri SI rgg(.lstmg upper deck.

In the various aspects above, the method may further comprise selecting the
cargo tank to be converted from one of a centre cargo tank, a port side wing
15 tank and a starboard side wing tank. It is to be appreciated that any

combinations of the various cargo tanks may be selected to be converted.

Other embodiments will be apparent to those skilled in the art from
consideration of the specification and practice of the invention. Furthermore,

20  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.

25

30
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10an added | ongi tudi nal bul khead interposed between the added internediate
deck plate and the existing hull structure for defining at |east one added
encl osur evonomoapEsati on with at | east one side wall of pclisGabosloe@st one
converted tank. 15 8. The tank-integrated vessel of claim?7, wherein the at
| east oneg|sipfed enclosure is in fluid communication with an adj acent
unconverted tank. 9. The tank-integrated vessel of claim7, wherein the
ﬁtdleast onef?dQed enclosure is operable to store one of the second
ydrocar Qon flu 2 T d L. axi ' rated
vessel _019‘ cl aﬁg%ﬁ&%eﬁgwyﬁ%%‘té eag{%ﬂgfﬁéﬂng%ﬁveé(}%@g %—éa}s‘r%ggq?g?k&%ﬁt her
COVn\‘IlpI’I S |t {ngjltri]plg rg%id@darboggjrﬁdubteaﬂhettahk-ﬁrmgratad vepssl @dmuisman t he

new y-attache upper deck and an existing.hull structure for defining a
plurafity of é’&&%ﬁft@ﬁ‘@lQ%WF@?Q\H%Q%F%'&WQ?S'?%HN one added independe%t

tank is disposed irér?“a&i'd%asfanﬁ%u@éor{ herutureadiispysed indeiedat tedstsariees.
11. The tank-integrated vessel of claiml1l, wherein the at |east one

converted 30 cangertedmiargaiarnker conprising: at | east an added chock

i nt er posed between the new y- Kk e added
i ndependent tank. %93658%@5}??@@%8%@@‘%@/ %8%39%88#2&]%%@ ﬂthgﬁllﬁé-](lje%\t?egrat ed
vessel of cl aitghil suppertaitiudiive, abiekeinahé ackied ingppendidkanks imopetabier t i on
from an exi sting upper deck. )
10 to store a first liquefied hydrocarbon fluid,;
a newly-attached upper deck overlaying the at least one added
independent tank, and

at least one unconverted cargo tank operable to store a second

hydrocarbon fluid.

15
2. The tank-integrated vessel of claim 1, wherein the first hydrocarbon fluid
is one of a liquefied natural gas, a liquefied petroleum gas and a gas
condensate, and the second hydrocarbon fluid is a crude oil.

20 3. The tank-integrated vessel of claim 2, wherein the tank integrated vessel

is one of a Floating Production Storage and Offloading (FPSO) vessel, a
Floating Storage and Offloading (FSO) vessel and a shuttle tanker.

4. The tank-integrated vessel of claim 1, wherein the at least one converted
25 tank is at least one of a centre cargo tank, a port side wing tank and a

starboard side wing tank.

5. The tank-integrated vessel of claim 1, wherein the at least one converted
cargo tank further comprising:
30 an added intermediate deck plate disposed in the at least one converted
cargo tank and spaced apart over an existing hull structure; and
a plurality of added support members interposed between the added

intermediate deck plate and the existing hull structure.

19



13. The tank-integrated vessel of claim1l1l, wherein the new y-attached upper
5deck is a nodified cut portion froman existing upper deck. 14. The
t ank-i nt eyoava4r@ssel of claim 1, wherein the new y- at Patlsedooeppex’2 deck i s
a new y-constructed upper deck. 1015. The tank-integrated vessel of claim1,
wherein the at Ieast one converted cargo tank further conprisi ng an

[ | ati d t, hyl | st t
tank-  nt o ar el dankiTBBRERY VRstR! Shicdat B, cHiereRs AR WaPOARERd 151 s
one of a QUIEIrEhtemBe AFTAORICIuRA aebnﬁfﬁﬁll?doip%ble&ieloﬁﬂﬂ’u@\p@logﬂffgrﬁérg‘ane

17. The tank-integrated vessel of claim1l, "wherein the“at | east
convert edngtallgd anaaRr lmqtemde of dh@ radgledgnteamadmte igckydatemaoper phirality o

The 1 chped i SR BROYTRE! offe el the adten ErpiRedblstior ol v car
val ue. 1iBe e‘deimgamNmtmcﬁgreat ed vessel of claim1, wherein the at |east one

added i ndependent tank is one of Type A, Type B and Type C. 2519. The
t ank-i ntegrated vessel of claim1, wherein the at |east one converted cargo

tank further Ch@tdni-fifeodibd 08idel 8RSIalh 5l GherlndnaRATEASHIGER LRSS —

converted cargo t t e at |east one "ad epen ttan
t ank-i nt e@argoéahk/tmtw cwfmm'ieamgn 1, wherein the existi ng vessel is one 30of
an oi tanker vVess tin ctlon Storage and

Of f | oddi ng (FFED) @ 2G0eds Siludiig Hﬂitr"fhﬁj’dg f%raegeﬂd WeeRdithe efdey

vessel . intermediate deck plate and the existing hull structure for defining at least one
added enclosure in cooperation with at least one side wall of the at least one
converted tank.

15 8. The tank-integrated vessel of claim 7, wherein the at least one added
enclosure is in fluid communication with an adjacent unconverted tank.

9. The tank-integrated vessel of claim 7, wherein the at least one added
enclosure is operable to store one of the second hydrocarbon fluid and a non-
20  hydrocarbon fluid.

10.  The tank-integrated vessel of claim 1, wherein the at least one converted
cargo tank further comprising:
an added longitudinal bulkhead interposed between the newly-attached
25  upper deck and an existing hull structure for defining a plurality of added
enclosures wherein the at least one added independent tank is disposed in at
least one of the plurality of added enclosures.

11.  The tank-integrated vessel of claim 1, wherein the at least one converted
30 cargo tank further comprising:
at least an added chock interposed between the newly-attached upper
deck and the at least one added independent tank.

20



WO 2010/ 042075PCT/ SG2009/ 000372 21. A method of tank integration and
conversion of a vessel for storing nultiple hydrocarbon products, the

met hod coWNpr20BVI3N7S cutting a portion of an existi rgTISCREM/0dESCK
overlaying a cargo tank selected for conversion; 5installing a tank support

structurgoi n The t5AK-IelR&d Yekssitsfdldier 1 owheeirs tlanhewhydattached upysaral | i ng
at | east one independent tank upon the tank support structure, wherein the

at | east deeleis agebrertiontfrana@o 4stievrRpaTdacs. store a first |iquefied

hydr ocarbon fluid, and at | east one unconverted cargo tank is operable to
store 10 a second hydrocarbon fluid. 22. The nethod of claim 21, further
conprising; The task-ditegcatbd wekbelsdf diaiquef wherdiy the canboattachgdiupper he at

| east one i ndependent tank; and 15stori r}% t he sedpﬂ??gd hydrocarbon fluid in
the a? | 6ask isoadqeiiemh Gt PYHORATQYR anfustng upper et hod of claim 22,

wherein the first hydrocarbon fluid is one of a |iquefied natural gas, a
l'iquefied petrol eumgas and a gas condensate, and the 20second hydrocarbon
fluid is14. cr Tthe tank-intepdatedvessel diodaiot 1cwherain the nemdyrattaelehHPREMg:

sel ecting, the car t ank, t e converted fromone of a centre cargo tank, a
port si dgie\ﬁFﬂ%aP& y-&HBS*éU@?arLM&FSGS'f-de wing tank. 25 25. The nethod of

claim 21, further conprising: installing an internedi ate deck plate
in the cargo tank sel ected for conversion, wherein the internedi argq% deck
ing a

pl at 80i s 1¥pacdedpaktiniegeatedvessekefigiyimiy whetain e AeleaghanagPist
plurali t%a?g];o TP ?th(hére%ﬁbﬁsih& ShPASGA8S MERRal Bfsposed on an existing

hull structure.

16. The tank-integrated vessel of claim 15, wherein the insulation material

15 is one of a concrete, a glass wool, an expanded perlite and a polyurethane.

17.  The tank-integrated vessel of claim 1, wherein the at least one converted
cargo tank further comprising: a heating system operable to maintain a
temperature of an existing hull structure within a range when the temperature of

20 the existing hull structure falls below a critical value.

18. The tank-integrated vessel of claim 1, wherein the at least one added

independent tank is one of Type A, Type B and Type C.

25 19. The tank-integrated vessel of claim 1, wherein the at least one converted
cargo tank further comprising: an inert gas filled in a space between the

converted cargo tank and the at least one added independent tank.
20. The tank-integrated vessel of claim 1, wherein the existing vessel is one

30 of an oil tanker vessel, a bulk carrier, a Floating Production, Storage and
Offloading (FPSO) vessel and a Floating Storage and Offloading (FSO) vessel.
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i nternedi ate deck plate and the existing hull structure. WO

2010/ 042075PCT/ SG2009/ 000372 26. The nethod of claim 25, further

conpri si g0 2010/042075nst al 1 i ng a | ongi tudi nal bul khead i nrerpsoad/ oberneen t he
intermedi ate deck plate and the existing hull structure to define at |east

one added®’enclAsmethdd of dapleriatsgeation tamdatohesasionoot asivessalafor stbritigie car go
tank sel ect d f or 5co erma V\H&el the at | east one added enclosure is
up,gg

oper abl e T4 Q%P%drpﬁ@ SRR ¢PMPESING7. The nethod of cl ai m 26,
further CO”p“cﬁJtﬁl‘ﬂ% a portion of al'&R Jﬁlagggﬂo@? ek Sﬁéﬁaﬁqg {Q%?g%qg%osure

in fluid communi cation with 10 an a unconverte
met hod ofselécipehfoscorvessienn i nstal | i ng a plurality of support nenbers

i ncl udes i nst a dlongtudlnal tiffene

undergl de of ﬁh%{aﬂg@e@o tﬁ{]gr%j{ & ot &€ 47499 n&ny | P%%d pgﬁﬁl‘ ality
of 15addesbrivergoh;ughichal girders connectl ng the added i nternedi ate deck
plate and the existing hull structure. 29. The nmethod of claim 21, further

conprising: ingsi@l lﬁg Igpst @ indeRendenkiankdined ﬂ’@tﬂalﬂhe%@ppﬁtﬁfmf@d
between tgeefy @a%?%ﬁgqaéf%dﬁﬁ%nl@@o OraBd ¥ sgﬁehauk Lstthﬁggécire for

defining a plurality o osureées in oopera t one
si de wal Ihwlfrod:arbona‘h@b amhzkt Iea‘smm@dnt@mvermm\/wrgodank\Mlep@nablé testabe | east
one ded inde H '3&‘? di sposed in at |east one of the plurality of
added”end 8%?9’@@ y Hﬁa BTl |nstal ling a tank support structure in the

cargo tank sel ected for conversion

22.  The method of claim 21, further comprising:
storing the first liquefied hydrocarbon fluid in the at least one
independent tank; and
15 storing the second hydrocarbon fluid in the at least one unconverted
cargo tank.

23. The method of claim 22, wherein the first hydrocarbon fluid is one of a
liquefied natural gas, a liquefied petroleum gas and a gas condensate, and the
20  second hydrocarbon fluid is a crude oil.

24. The method of claim 21, further comprising: selecting the cargo tank to
be converted from one of a centre cargo tank, a port side wing tank and a
starboard side wing tank.

25
25.  The method of claim 21, further comprising:
installing an intermediate deck plate in the cargo tank selected for
conversion, wherein the intermediate deck plate is spaced apart over an
existing hull structure; and
30 installing a plurality of support members interposed between the

intermediate deck plate and the existing hull structure.
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25includes installing a tank support structure in the at |east one of the
plurality of added enclosures. 30. The nmethod of claim21, further

conpri si Yo 2010/042075 installing the cut portion of thecemsiGodorgosapper
deck for enclosing the at 30l east one independent tank in the cargo tank

sel ected 28r c®heensthod.of m&ﬂﬂﬁ@?&frﬁﬁféiﬁﬁwgl 000372 3]}- t:;he rrgtth_od
of claim 21, fur r conprising: nmodifying the cut portion o e _existing
upper deck; an@s&aﬁﬁng a ”Q‘tHg'tng' Bukeplcinterarsed dafweepdhei bierotediale

exi sting @@@@Ela@@‘éhdftﬁé e&%‘ﬁh@ﬂuﬂ%ﬁdﬁ@ tgyelﬁﬁﬁ?trlréel%ﬁ c?i? qoted e I%éll?rgk In

the cargo tank sel ected for Conversion. further
conpri si n§: cooperationswithl ehdeastnend ysidensall uaft t wapgo tdak ksdlectednfirosi ng

the atc le e i ndependent .tank in t ar tank sel ected for

conversi oﬁ&%vfgg'%g?,wgmﬁg?h%de%%& %’?%?Hﬁ?‘g,e’\%&bﬁ“ﬁr‘ﬁé’ﬁ?fq ® 12 SiRIELtBn of an
upper dec#edomne mEcatbion gd.a portion of an upper deck overlaying at |east
one of the port side wing tank and the starboard side wi ng tank, the nethod

further conprising: installing an other tank support structure in the at

| east oneypf t?ﬁ?!ﬁ?éthoa%f%i@rﬁ L Wﬂmﬂaééﬁﬁﬁ"ﬁj%{ﬁﬁ'e starboard side w ng tank;

and Installing an ot I ndepen " upon the other tank support

structure, whepeividihdhetaideastratepaddedienciodkré $n A0RT adMmendricsicdr withhe

' i i fluid 20
fi rstml ! qéjne LH%%eRYSRSSﬁJe%% tanl%.I

28. The method of claim 25, wherein installing a plurality of support
members includes installing a plurality of added longitudinal stiffeners on an
underside of the added intermediate deck plate, and installing a plurality of

15 added longitudinal girders connecting the added intermediate deck plate and
the existing hull structure.

29.  The method of claim 21, further comprising:
installing at least one longitudinal bulkhead interposed between the

20 newly-attached upper deck and an existing hull structure for defining a plurality
of added enclosures in cooperation with at least one side wall of the cargo tank
selected for conversion, wherein the at least one added independent tank is
disposed in at least one of the plurality of added enclosures, and wherein
installing a tank support structure in the cargo tank selected for conversion

25 includes installing a tank support structure in the at least one of the plurality of
added enclosures.

30.  The method of claim 21, further comprising:

installing the cut portion of the existing upper deck for enclosing the at
30 least one independent tank in the cargo tank selected for conversion.
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31.  The method of claim 21, further comprising:

modifying the cut portion of the existing upper deck; and

installing the modified cut portion of the existing upper deck for enclosing
the at least one independent tank in the cargo tank selected for conversion.

32.  The method of claim 21, further comprising:
installing a newly-constructed upper deck for enclosing the at least one
independent tank in the cargo tank selected for conversion.

33.  The method of claim 21, wherein cutting a portion of an upper deck
includes cutting a portion of an upper deck overlaying at least one of the port
side wing tank and the starboard side wing tank, the method further comprising:

installing an other tank support structure in the at least one of the port
side wing tank and the starboard side wing tank; and

installing an other independent tank upon the other tank support
structure, wherein the other independent tank is operable to store the first
liqguefied hydrocarbon fluid.
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