WO 01/ 92097 PCT/ 1L01/ 00491 FLEXI BLE VESSEL REFERENCE TO RELATED

APPLI CATIONS 5 This application is based on US Provisional Patent

Appl i cat ivomoBepal No. 60/ 208, 388, filed on May 30, 2000remnaLoznb4isl ed
"Fl exi bl e Vessel". FIELD OF THE | NVENTI ON The present invention relates to
sea transportation vessels and 10 nethodol ogi es generally and nore
particularly to vessels and nethodol ogies for transport of I|iquids.
BACKGROUND OF THE | NVENTI ON The following U S. Patents are believed to
represent the current state of 15 the art: 6,047,655; 5,971, 039;

5,488, 921; 5, 445,093; 5,413, 065; 5,355, 819; 5, 235,928; 5,010, 837,

4,881, 482; 4,399, 768; 4,227, 477y Bxgee 38&%spr3, 750, 723; 3,067, 712. 20
SUMVARY OF THE | NVENTI ON The present invention seeks to provide highly
efficient and cost ef f BEFERENCHEEOHRELANADAHHIGNTIONS for sea transport

of liquids. There i.s.thus.pr.ovided i.,n accordance wt preferr .
enbodi%ment of the @P%ggﬁqé&ﬁ%éﬁ?ﬁ?ﬂ 4h“-&p WE&%’&%&%@@&’P&@%%@ of

li qui ds. Nhes0mpe3ss! filed oRNMMSE 2800 bidEntitla “BR&IMISVegelan at | east
partially flexible second encl osure disposed within the first enclosure and

bei ng adapted when filled, to generally fill the first enclosure, one of
the first and second encl os ﬂ@E?‘N"’? ﬁt t quid encl osure and the
ot her of the first and secoﬁf g)ng%losures el %8Na sea water enclosure, a
light liquid port cTheplmesehiv inkentlonghtlatesi i staenelngsotadioh Ovesselk eahdbl y
filling it Wﬁ‘ioq a liquid lighter than sea water and a sea 30 water port
coupl¥d tmethpdolegies \gepapllyidosire masicudalye de atssselnlandwmstodelagirat ©F to
fill it, (1.08520M; ing light liquid to be expelled against the force of
gravity f}olﬁﬁlﬁgﬁlﬁ&g%%f liquid enclosure. 1 WD 01/92097 PCT/1L01/ 00491

BACKGROUND OF THE INVENTION
The following U.S. Patents are believed to represent the current state of
15  theart:
6,047,655,  5,971,039;  5,488,921;  5,445,093; 5,413,065; 5,355,819;
5,235,928, 5,010,837,  4,881,482;  4,399,768; 4,227,477,  3,779,196;
3,750,723;  3,067,712.

20 SUMMARY OF THE INVENTION
The present invention seeks to provide highly efficient and cost effective
vessels and methodologies for sea transport of liquids.
There is thus provided in accordance with a preferred embodiment of the
present invention an apparatus for sea transport of liquids. The apparatus includes a first
25  enclosure, an at least partially flexible second enclosure disposed within the first
enclosure and being adapted when filled, to generally fill the first enclosure, one of the
first and second enclosures being a light liquid enclosure and the other of the first and
second enclosures being a sea water enclosure, a light liquid port coupled to the light
liquid enclosure for selectably filling it with a liquid lighter than sea water and a sea
30  water port coupled to the sea water enclosure for selectably allowing sea water to fill it,
thereby causing light liquid to be expelled against the force of gravity from the light

liquid enclosure.



There is also provided in accordance with yet another preferred enbodi nent
of the present invention a nethod for transport of |iquids over seas. The
met hod i meOade®9provi di ng a vessel including a first enclpeDidiandian at

| east partially flexible second enclosure disposed within the first

encl osure and being adapted when 5 filled, to generally fill the first
encl osure, one of the first and second enclosures being a light |liquid
encl osure and the ollwee isf alspepfovidst dndicsedamd evith gstirawtivei prgfearedsea

wat er engl . osur I ing the vessel by selectably filli. the light liquid
encl osur e&]{/lmlgcf mgml ?%ggt?rglﬂinglﬂf’@ﬁmphaaﬁleﬁ’éﬁ %?fﬁspgﬁ&%ﬁ% PYg St WEssel by
sel ect abl yiethbtl oNdlRGs PREVINRAL & vdstel fihdihding REABEIRLRS akNG] ASIAR patthelyeby
causing light liquid to be expelled agarnst the force of 10 gravity from

the |i ghtfl§Xibigisgcandcansinguis. dispased svithit theclitst aealeirarvind being radfpsed axhen

enchosur e 1B} & BRI ihe HPLGRIER, haF ol b oS ERML SpRplpk Pl oo

nut ual |y lgiadigdidesnclossieragd eieostherssfakd Afdt e sedbUer MRRLRing Wil s¢h waddre
joined by a tube of flexible material. Typically, the tube of flexible

mat eri al ~§¢lopEregloadingdbe vesselhy selestablycBling dhe lgtitilignisenslossivigh aliqwdans of
an attachg j : L cear ) - f d
embodi monie oy T oy e i lbacide WaSYesld? LISRLEBNEAINGAD s RRRLROBES .
t ube att abhentvatsarncloses, |thgpled cavstry laght ligeRisto tersppidsd agaimsothet foreefdfexi bl e
mat erj al and. havi ng. ttﬁnsl4e ?trength greatly in excess of that of the

f1exi) e FHAYEY figm thy 1ght }iawiq eaelospres paced att achment straps j oi ned at | east
to 20 the at |east pReepdge RBFdantd Wik th ' [ n t he

attachnent band and e;tend'iang genﬂr‘gil}f)}e1 greé;f%blgér?d?lclﬁloar e)?ﬁt%{%}%eg%e%%gchrrent
band, t helnsentmantiedirstsancissre ihavilengbla danelosiee Petferebigt thegiledble \entloseecess of

that of t.he flexible materja a plurality of ri.ngs,.each ring bej
e o SRR Sy P by eohe oA Ben e e, BELRD
straps i ngreremeaest i iehd be ﬂ@ki%]!eahiaﬁeYiali?fT}Fﬂirll‘bﬁl’Ef, Wt&%@?’éﬂ"ﬂeﬁ?l@%ﬁt{eﬁﬁ Bl renat h

25 greatly in excess of that of the fleXible material. Preferably, the
cr ossbs ecttiagheddeftha¢ags-sectiom defining elemanty byonennd ofien dttexhmphtassdmbly. of hooks

embodi ont o the pRALEHER i JBHETEe T AOBRET AT ERT A L T Bresent
di mensi onadegdnake bRachARBt Sssemblyiciudests SARIAAEIMER Hah@BVEIAPPEK Wikl i When

not tensioned in a direction 1perper]di cular to a plane of the
east one portion of the flexible material and having a tensile strength greatly in excess

of that of the flexible material, a plurality of spaced attachment straps joined at least to
20  the at least one edge portion of the flexible material and to the attachment band and
extending generally perpendiculatly to the attachment band, the attachment straps
having a tensile strength greatly in excess of that of the flexible material, a plurality of
rings, each ring being engaged by one of the plurality of attachment straps, ring
attachment straps interconnecting the plurality of rings and having a tensile strength
25 greatly in excess of that of the flexible material.
Preferably, the cross-section defining elements are each formed with a
plurality of hooks for engaging the rings.
Additionally in accordance with a preferred embodiment of the present
invention the hooks and the rings are dimensioned so as to enable a ring to disengage
30 from a hook only when not tensioned in a direction perpendicular to a plane of the
cross-section defining elements.

Further in accordance with a preferred embodiment of the present
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cross-section defining elenments. Further in accordance with a preferred
enbodi nent of the present 2 WO 01/92097 PCT/ 1L01/00491 invention the tube
is an i ntvegoap200ube whi ch extends along a | ength of the fPewrimi®o491
enclosure. Still further in accordance with a preferred enbodi ment of the
present invention the tube includes a plurality of tube sections, each of
which is attached at 5 opposite edges thereof to a cross-section defining
el enent . nyefittonoihal thhe ih andegewhrices which extpedsf dengad kenpbdohthet flofiblehe
present inyepiion the flexible enclosure is formed with at |east one
overpressure release assenbly. Further in accordance with a preferred

enbodi ment of the pEulsenther IO acovrtice ofith Bepréfeftbll ehib@Binthn® € RS Preger@nd t he
sea wat er, enc) osure extend al ongﬁﬁgeneral ly the entire length of the first

encl osur envaitiop the drbgmicludss acilbielih ek tubiet ectaonsy erddr olewhishbisditteehied af t he
present SISl Sl tlfeot It 0dtin ARALAT UFi PO the sea waler encl osure
plural ity of comnpar n

are divid Into-a s eXtending serially along

general ly the entiraddidogilly of adcbrlahéd ®ith alfrefmet Qeaodimérd'dfBE pieent
accordance with a preferred enbodi nent of the present invention the

pLer. ) .
| oadi ng tBRE¥98| Heellptiblic PReosuye By formsd tithantl least onal Qwapragsuteakdegseace
princi pal ASX?%\M hout requiring punping. Still further in accordance with a
preferred embodi nent of the present 20 invention, during travel of t he
vessel from a | oadilgtieociat aaordancanwitinlao pekfelrddd eaibodiment t dfetheepresénti S

near |y conpl et el nderwater. There i s also provjded in accordance with a
pr ef elr)br e dggﬁg’é’&i tﬁ% ﬁggtolﬁq‘{“ﬁu gnclgire and thersea wratg renglosws patead wlongogeneralliis por t
of |iqui dge ediie ISHPRbAMETIrtRaLIBEGS. @ flexible enclosure including a
plurality of spaced, relatively rigid enclosure cross-section 25 defining

el enents each pair Will Wirthen im@ecqrdanve dvitly agrefietred @mbbtimxdnilo€ thmpresermt| .
There is i%y/élgtfg)%rtllgrl?g\ﬂt qleqqli. ndESRE da%actﬁe V\s'ieg Q?vytgrt el?cT(%Elpee grepai%gd%ari%%jo a
plurality of compartments extending serially along generally the entire length of the first
15  enclosure.

Further in accordance with a preferred embodiment of the present
invention the loading takes place principally by gravity and the unloading take place
principally without requiring pumping.

Still further in accérdance with a preferred embodiment of the present

20  invention, during travel of the vessel from a loading location to an unloaded location,
the vessel is nearly completely underwater. |

There is also provided in accordance with a preferred embodiment of the
present invention an apparatus for transport of liquids. The apparatus includes a flexible
enclosure including a plurality of spaced, relatively rigid enclosure cross-section

25 defining elements each pair of which are joined by a tube of flexible material.

There is further provided in accordance with yet another preferred
embodiment of the present invention a method for water transport of fluids. The method
includes providing a vessel including a flexible enclosure including a plurality of
spaced, relatively rigid enclosure cross-section defining elements which are joined by a

30  tube of flexible material, the flexible enclosure being formed to define therewithin first

and second fluid enclosures, each of which may be filled to generally fill the flexible

enclosure and thus empty the other, loading the vessel by selectably filling the first fluid
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enbodi nent of the present invention a nethod for water transport of fluids.
The nmethod includes providing a vessel including a flexible enclosure

i ncl udi ngvaopbhawsal ity of spaced, relatively rigid encl osperlono®ssisecti on
defining elements which are joined by a 30 tube of flexible material, the
fl exi bl e enclosure being formed to define therewithin first and second
fluid enclosures, each of which nay be filled to generally fill the

f1exi bl e ensisissdadinghduidgod valppdipgttheevesseldwy, selestadiiynglowing fluisstel filbihe |
| bl y..fi] Li i i 7 PCT/:11.01/ 004
o 201 A0Lkebd L bbbt e o8B RY 200 b TR B ORE e e

fill the graeitpfidmeahe fies endosurdier eby causi ng the second fluid to be expelled
agai nst the force o gravity fromthe first enclosure. Further in
accordance with a piutier rléda"éﬁff{?&ﬁrémh & Profurgsh embadiment j ofy thet pisaenthe
flexibl e SREHRSIUNLE S ; ' Ml ' fluid
encl osures, each o e\%ﬁgégﬁﬂ@ngsy}%gd@%%? ?gﬁrge\é\fr}]%%mh;d E‘I?ﬁ&laﬁ@%%csoﬁﬁgglﬁ%l e

encl osur eermitgutel,usch efipithycht inay bt fidled tSpérddralfyufill ey fléxiblacadbsianasd Widsh a
preferred errb%:lii rrﬁnt of the present invention the tube of flexible
material TEPHHSUATI to the cross-section defining el enents 10 by neans of

an attachment assendhy f;fefig ra@éﬂr%faqc% hﬁt}gat{g@gfgg(? itegl%g 2@% )é)f ;ﬂ%ghﬁ%g%z a tube

attachment band overlapped wth at |east o
mat eri al iamentionghé hipeafflenibld matinkis githchgd eatheycross-exid@sdefniing datmemt t he

flexiple material, a plurality o aced. atfachnment straps, joined at |east
to t hlgJ at 0y B%aps ghao ég 6‘% P%‘/SSWtbb‘f' %{%ﬁéra%ﬂye%f% F‘Ea"%ﬁ‘ﬁ% P?Sémié}’nﬂl"{‘@eﬁ Re

at t achmenfub®ansthafedt BXICHERPPILRRN 3t S4sPGIPRIEOE bE 8le! Yexifle rﬂ%ﬁer&a‘i and .
attachnent band, the attachnent straps having a tensile strength greatly in

excess of having a tepile sieengzthegiientle imencess ofl thateofghel flakibteymatkriali agdralématf ri ng
bei ng eng ne .of the. r.al i of attachnment str.aps, .ri .
attachne n%gg‘%ir %)%lg Rl?qrel’%tesrtr@Bfﬁhoé%% %gle?sltl ié/ et 3?35?9“2) Fggerl? %gﬁ) 8h H‘eh@‘%ﬁﬂ?\lﬁ a
tensile shaefgl hdateatd MdcAmeXCBaE 8id %Ja@hdiﬁ% deh&rafl} erRin@iciBHS doddhe
Typically, the cross-section defining elenents are each forned"wth a

pl ur a3 t yatisehmesiband.dhe afiaghaientstiape having e tenadel strangugtestly in excessraddete wi t h
SR A T N N SRR
plurality of attachment straps, ring attachment straps interconnecting the plurality of
rings and having a tensile strength greatly in excess of that of the flexible material.
Typically, the cross-section defining elements are each formed with a

20  plurality of hooks for engaging the rings.

Additionally in accordance with a preferred embodiment of the present
invention the hooks and the rings are dimensioned so as to enable a ring to disengage
from a hook only when not tensioned in a direction perpendicular to a plane of the
cross-section defining elements.

25 Further in accordance with a preferred embodiment of the present
invention the tube is an integral tube, which extends along a length of the flexible
enclosure.,

Still further in accordance with a preferred embodiment of the present
invention the tube includes a plurality of tube sections, each of which is attached at

30 opposite edges thereof to a cross-section defining element.

Additionally in accordance with a preferred embodiment of the present

invention the flexible enclosure is formed with at least one overpressure release

4



froma hook only when not tensioned in a direction perpendicular to a plane
of the <cross-section defining elenents. 25 Further in accordance with a
preferrewenbedbnent of the present invention the tube iBCHILGLOVOYr al

tube, which extends along a length of the flexible enclosure. Still _
further in accordance with a preferred enbodi nent of the present invention
the tube includes a plurality of tube sections, each of which is attached
at 30 oppsankls. edges thereof to a cross-section defining el enent.

additionally in accardange ictfp.pr sfens ed sohodieny of ! e present

i nvention the flexible entl osure PEPRR PGP R £X PR Y Ongn &S ALY piEs s ur e
rel ease étMe0gth®DIAX/fiRCIdcldNde. 00491 assenbly. Preferably, the first and
second encl osures extend_ al on enerally the entire length of the first
encl osure. Alter natM@Wt,iveﬂshéger gf%tﬂnfbﬁ@%@@@?l@lsué%car@ﬁmié@ teca glupalifd i nt o
entire | erenrpfim Rt RRIARR, SRR BP 1t GBEPBRS e it®

pr ef er r ecereldsoti nent of the present invention the tube of flexible

material is attached to the cross-section defining elenments by means of an
attachment assenbl yb Ut PPe’F‘é’PEf%PSF, witle aaP’Eeg‘?fFﬁﬁ’eﬁmbﬁ@@%I%f thecPigsRIs a t ube

at t achment, Qapd thOude o @@%}é"fnﬁt@riglt is laﬁg&gd 8 ﬂ'1epc%§si-s%9tic§H déﬂg&é %]lgxiﬁkgtlfs e the

material and having a tensile strengt reatly 1n excess l
f1 exi bl e ameaisalf anattpthmenk agsgmbly. spaced attachment straps joined at |east

| ti f the flexibl terial and to the
Lt neilant band andPEEranEs s SBBng St oo &t eta@ta&HaTnatt;aaéhnent
h > : : i i excess

band, theyvkaapidiasiBNbase Bﬁ?ﬂﬁ‘hg@gf e ﬁﬁﬁbﬁ?ﬂ;ﬁgﬁ%ﬁgﬁg&g a%%xé?%‘lre sﬁe%éﬂa ;

of that of the flexible material, a frings,” rmn ei ng
engaged bgregheingfxcedsefghatrodilthe flexible nadteried havplutaliy oApsaced atgrhatehastbapsnt

Strongt n GrEA Ry SR Bideed 1Bt oo Sorkon PR Flovifl apfarfl o To he

attachment band and extending generally perpendicularly to the attachment band, the

15  attachment straps having a tensile strength greatly in excess of that of the flexible
material, a plurality of rings, each ring being engaged by one of the plurality of
attachment straps, ring attachment straps interconnecting the plurality of rings and
having a tensile strength greatly in excess of that of the flexible material.

Further in accordance with a preferred embodiment of the present

20  invention the cross-section defining elements are each formed with a plurality of hooks
for engaging the rings.

Preferably, the hooks and the rings are dimensioned so as to enable a ring
to disengage from a hook only when not tensioned in a direction perpendicular to a
plane of the cross-section defining elements.

25 Further in accordance with a preferred embodiment of the present
invention the tube is an integral tube which extends along a length of the flexible
enclosure.

Still further in accordance with a preferred embodiment of the present
invention the tube includes a plurality of tube sections, each of which is attached at

30 opposite edges thereof to a cross-section defining element.

Preferably, the flexible enclosure is formed with at least one

overpressure release assembly.



Further in accordance with a preferred enbodi nent of the present 20

i nvention the cross-section defining elenents are each forned with a
pluralitwobubeeks for engaging the rings. Preferably, tkerTmaoks49and the
rings are dinensioned so as to enable a ring to disengage froma hook only
when not tensioned in a direction perpendicular to a plane of the
cross-section defining elenents. 25 Further in accordance with a preferred
enbodi ment of the pl?tegl@ntln agvohancowitthe prefierdds embodmlt@grcaﬂ tIEuplesemm ch

ext ends th of .the, flexi ncl ospyre., Still rth

accor dan?le}%/]\n’q'to dl gfrégr {ﬁgﬁs 8#?6%8?&%‘85“3’05%%‘“% %‘%‘Eﬁ’te I?ﬂf@?ﬁ fagﬁ ptlar?é t ube

i ncl udes mllmipanﬁkmtmuﬂlfeqhimgpﬁgﬁﬁﬁg)ns each of which is attached at 30
opposi te edges thereof to a cross-section defining element. Preferably, the

flexi bl e encl osur e $til fusthesdn apeaidance [vétis e poeferred embpdissntiod theprsasnt

assenty y 0 / th ccord

o of o oS AR vl R U Bl o b onlsOh BEGR RERRERL Betue
princi palthy vésgelgs a@/artyycmmetblyemdlehmdt ng take place principally w thout
requiring punpi ng in accordance with _ a preferred enbodi nent

S furth
of the present "?ﬂ‘%ﬁéﬂ??ﬁ%&rm&eﬁ’;?ﬁﬁlﬁnq@r‘éﬁ]@la rsefergd opbodunent of dheapresendi ng
| ocation 1'51961@1'%‘{% %%cio@&%tlk Afle 1lr>lgeen¥1%?l%§.l Pfe?er?tﬁ?,r hé ﬁ%ﬁg%ﬁlgﬂ odure

underwat er. Additionally 1 n accordance w a prefe |nen of the
present ineludesta mnralifeof mnsmlly sgdced emdosuse erofd-eectibh defiring oktests, Whigher abl y,

the fJ il bl e.encl osu i.nclpydes a plurality of nutually spaced encl osure
cr oss ecat‘?bodnegﬁ?yarﬁuﬁ?ﬁogﬂéi‘ﬂé mgatetfigli ch 10 are joined by a tube of flexible

material . Further ifuaerapdaR6riad it B BIEGHE0 AROOMAEN: Bl hgpr esent
e an osur EX

invention the light liquid enclosur e sea water enc ends
al ong genevreitiop the hehtdiguid eldlcsu@t dndathe sé¢vewhter aiclesned edends.alodgdicheratigl |y in
accor danct?e entEre lengpnr efft%g st efic os(?u% ment of the present
Additionally in accordance with a preferred embodiment of the present
15 invention the light liquid enclosure and the sea water enclosure are divided into a
plurality of compartments extending serially along generally the entire length of the first

enclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
20 The present invention will be understood and appreciated more fully
from the following detailed description, taken in conjunction with the drawings in
which:

Fig. 1 is a pictorial illustration of apparatus for sea transport of liquids

constructed and operative in accordance with a preferred embodiment of the present
25  invention;

Fig. 2A is a sectional illustration taken along lines II - II in Fig. 1
showing the apparatus of Fig. 1 during fresh water transport in accordance with a first
embodiment of the present invention;

Fig. 2B is a sectional illustration taken along lines II - II in Fig. 1

30  showing the apparatus of Fig. 1 during sea water ballast transport in accordance with a
first embodiment of the present invention;

Fig. 2C is a sectional illustration taken along lines II - II in Fig. 1

6



15 invention the light liquid enclosure and the sea water enclosure are
divided into a plurality of conpartnents extending serially along

general | ywohed®atire | ength of the first enclosure. BRI EFCDHEHSTRIPOTI ON OF
THE DRAW NGS 20 The present invention will be understood and appreciated
nmore fully fromthe follow ng detail ed description, taken in conjunction
with the drawings in which: Fig. 1 is a pictorial illustration of

appar at ushpwingsew anmaraipopf Fad. 1 idgting Sresh omater trensortaind acoedaacs wdthi a

accor danc 140 ferred enbodi nent of the present 25 invention; Fig.
2A is a ssg?: |doer§%tfa0di?r%$ﬁsotf}%et}?rg%en?ﬂ’gﬁloéll’ong lines Il - Il in Fig. 1 show ng

the apparatus of Fifjg. 2Ddir & nectionab ilwehesn ftal@ﬁsm[Bgt lihs @ccqy FiﬁfFi?. Wth a
first enbodinent of the present invention; Fig. 2B is a sectiona

] Rr € ! . ;
i | ust r atSheW ke Arparaimg of Fied during sep Wager aljast frangwrisinascordandseviddppar at us
of Fig. ]Seg&{diéﬁ%oo%lﬁﬂeﬂyaotf%eﬁ-@éeh?ﬁﬁeﬁt{ nsport in accordance with a first
or t

enbodi nent e present 1'nvention; Frg. 2Cis a sectional illustration

taken al ong lines IRig: 3Alisi & sédtignallillubirafonOkk& @RAg AES THO01 Q04N g howi ng
the apparatus of Fig. 1 duri ng fresh water transport in accordance with a

second eriBUTEhPIESTUE fHelish RIS foERIg giart ofj the apparptys gf Femtl wrmfirst
i1l ustratippitakabnahgng lines Il - 11 in Fig. 1 show ng the apparatus of

Fig. 1 during sea water ballast transport in accordance with a 5 second
enbodi ment of the prigs@Btisinveiohanillubtragion3akérs alang dities alat Iill usigr at i on
[11 - 1L) in Fig. show ng pressure reljef pechani sm

Kk | Li 1
1E gr ﬁ‘lqrqg %ﬁgfvllﬂlcgp&?rge%&afegpﬁgn apsry fopming park Pfélte appIEtes Pl Eigorli Bneat i on:

Fi g. 3B igcehdssifeldtRBdkichtatigt ration taken along lines 111 - 11l in Fig. 1
10 showi ng the pressure reli'ef nechanismform ng part of the apparatus of

Fig. 1 in a secondigpétaisia ecctivhanillastiation taken along lines III - III in Fig. 1
showing the pressure relief mechanism forming part of the apparatus of Fig. 1 in a third
operative orientation;

15 Fig. 4 is an illustration of an enclosure cross-section defining element
taken alone lines IV - IV in Fig,. 1;

Fig. 5 is a sectional illustration taken along lines V - V in Figs. 1 and 4;

Fig. 6 is a side view illustration taken in the direction of arrow VI in Fig.
4;

20 Figs. 7A, 7B and 7C illustrate an engagement procedure useful in
attaching a tube of flexible material to a cross-section defining elements;

Figs. 8A, 8B and 8C are drawings taken along lines VIIIA, VIIIB and
VIIIC in Figs. 7A, 7B and 7C respectively; |

Figs. 9A, 9B and 9C are simplified sectional illustrations showing

25  loading, sea transport and unloading of fresh water from the vessel of Figs. 1 - 6;

Figs. 10A, 10B and 10C are simplified sectional illustrations taken along
lines X - X in Figs. 9A, 9B and 9C, showing the relative orientations of first and second
enclosures at the stages shown in corresponding Figs. 9A, 9B and 9C.

Fig. 11 is a pictorial illustration of a transport network employing the

30 vessels and methodologies of Figs. 1 - 10C.



Fig. 3Cis a sectional illustration taken along lines I'll - Ill in Fig. |
showi ng the pressure relief mechanismformng part of the apparatus of Fig.
1in a tiwedy/smperative orientation; 15 Fig. 4 is an il uBcTatuiomef an
encl osure cross-section defining element taken alone lines IV - IVin Fig.
1, Fig. 5 is a sectional illustration taken along lines V- Vin Figs. 1
and 4; Fig. 6 is a side viewillustration taken in the direction of arrow

VI in Fig. 4; ZEEﬁinH&EDMES@fBﬂ?TI@W@lFiRREEER&EE ?ﬂB@M&@%t pr o;:]edur e
ful in attachi 2 0 exi . erjal to a. cross-sect.io

321‘6 i zi nlg el ement s; ?fgyse%lggis; "8 %‘ﬁ%e g‘t%ég‘e ’dwié\ﬁ*‘rfésa P’é:fég}‘? é‘l‘bgﬁ[_@h?l? s

VITTA,  VIdppBraandor Wed tréhsportFifdsquidsAcordBuaied ah€ JpRERIOE tih WBtdtdarkct G%ith A 9B

and 9C are simlified sectional illustrations show ng 25 |oading, sea
t ranspor tP'& H’gg sbedinept of the preRenidrvantipR.ofs sers neldigel, bipreds ggovided a6;

. P S ! . . ‘ |
1 hos - Yo QOB cHspBi GRS bt BRE AT ehlodt (MBS pRFERS of
first andofspacni reletivdlp $igid sndbsutdErosd-g@eion FoAMRgi dlerh&id SORUAGK Reirfdrgs. 9A,

9B and 9C. _Fjg. 11 is a pictorjal illustration of a transport network

enpl oyi ngwknﬁl% af%dplwi b1 % bR Pindexible snasefial s1 0df Iriageordance witica nte?@edll 92097
PCT/ 1L01/ . | MENT.S Reference is
now made Lo RO g pepett (o SSbihhe FREEET 206 BROSr Pabgsd B 887 or sea

transpor tsidds ¢fi ond ds moreratibsirt etosandotivpedeirive cleteRtC DI 8RCRaMtitin _
pr ef [ i nvention. As seen in Fig. there is

d, enbed t of th t \ g. 1.
pr ovﬁg)trag %F%%eqcx)éllé‘gﬁﬁﬂ ‘ifg%lt?tl??l r%ﬁ %Biitm@fltamla&ith& VEBRDit §i Beperally] bineas| e
encl osur eoridn€dtisel] TihusteR! 106ahdyt Mso B he‘i@ggﬁfhri\{iﬁé %*d M\%ﬁi}% hHedsgncl osure

cross-section defining el ements 102, pair R are ] oi ned by a
tube of flexible nultasiaaparti@dar featuac of tibapiesenniibvensiop nieftethe edssek hdwodi ment

h I | , | th t 106 rovi ded on two
o desof EREMeHRTAM AR end {PTRI £ Eulot ioqi R o it O bioh of

mai nt ai ni 4@ preferably filled with a mixture of fresh water and seawater.

15 Referring additionally to Figs. 2A and 2B, in accordance with a first
preferred embodiment of the present invention, the flexible enclosure includes a first,
outer enclosure 110 and an at least partially flexible second enclosure 112 disposed
within the first enclosure 110 and being adapted, when filled as shown in Fig. 2A, to
generally fill the first enclosure 110.

20 Preferably, the second enclosure 112 is employed as a relatively lighf
liquid enclosure and the first enclosure 110 is a sea water enclosure. Thus, it may be
appreciated that when a light liquid, such as fresh water, which is lighter than sea water,
is being transported, the second enclosure 112 generally fills the first enclosure 110, as
shown in Fig. 2A. When the vessel 100 is engaged in sea water ballast transport, the

25  second enclosure 112 is empty and is forced against the upper walls of the first
enclosure 110, as shown in Fig. 2B.

Referring additionally to Figs. 2C and 2D, in accordance with a second
preferred embodiment of the present invention, the flexible enclosure includes an outer
enclosure 150 and an at least partially flexible diaphragm 152 disposed within the first

30 enclosure 150 and being adapted to divide the outer enclosure 150 into a light liquid
containing sub-enclosure 154 and a sea water containing sub-enclosure 156. When the

light liquid containing sub-enclosure 154 is filled as shown in Fig. 2C, diaphragm 152 is

8



10 desired nutual orientation thereof and maintaining the vessel ina
generally linear orientation. Thrusters 106 may al so be hel pful in driving
and brakiwmgot/pmovessel . It is a particular feature of theP@r/@IgmO4%NVention
that the vessel has a hemnispherical forward end 108 and a generally

coni cal rearward end 109, both of which are preferably filled with a

m xture of fresh water and seawater. 15 Referring additionally to Figs. 2A
and 2B, iHO%%{?H&gﬁeét 0 tayves insideswall peripa of gt @rdrodicleswte 160 subtethat teent

i i ony; il ' i.{st out er | osure 110
and an at ' Saguld SR SR ATUR | DELURER Tl ghEhwen S Ghee 00 a” i e
the first enclosur eVt thndesseli 109 indapiged in whewatbi bAlRg: @snsphe\Wigl DDFI 9. 2A,

t I ly fill the first enclosure 110, 20 Preferably, the second
e(r)ICI ggﬂrereﬁ’ii%stis 'SHQPW%E‘E&S genprally empsy god thgkiaphraggui 1 ispositionadecloged t hed
[ ki ' e _appreciate
that wnen a1 e T faf S BF pRlGnes bk BosuhEitS g b R ABF o PRLG" o
wat er, i eonpadhing stb-andpore &8l gereemliyefilbtsntte emet a&jlwsﬁrelﬂsz). gelner1 glol y fills tge
i . h jn Fig. . \Wen the vessel | I S engage
{Inr:teae\r/]v;lt g?u[)gl Ilégflgtaﬁgng‘ﬁﬁﬁ\g?,sw‘ﬁ%lt ‘é’g‘é‘érﬁﬁaé}‘ﬂfﬂo@@ﬁ@%&@% shenppsf and is
forced aggirieh of ihe RRAE edsufe Hbfetdifly f:br{téi%s a%gﬁ%r%sbfr ﬁeesﬂlJVQaterg%Ssaﬂ}@ﬂ In
Fig. 2B. Referring additionally to Figs. 2C an , 1 n accordante wth a
second piséeaiiteddo preperat therfuopfndyhd the esssaitl0Dnvent i on, the flexibl e

i g I 150 t least partially
enclogrc | ol udes pp.puker, pencloue 180 and e ot fcogt pariially
adapt ed tlustratiode tikee MeHeelin@Mal 0318 Kig0l1 'sﬁBQir%_ée hﬂ%gurla 'rgl'igfg%ec%%ﬂitsfﬂ ni ng

sub-encl osure 154 and a sea water containing su cl osure [ hen t he
li ght | i ofeF@ingoreetaefihe gpreapiue af Figs rie firSi4 sécond iahd durdaspesatonsrorientafiogs. 2C,

di aph [ 2097 PCT/1L01/ 00491 posi.ti d .agai nst the

over | nerTaresire S bAoA ity Samenis.r D38y L RRRE SR T gh

l'i qui d coinflaiabiengals pbrtidas 20SUFR. 3A4st@aRanalcbyddii inl $ nbASnRHEEERNGIHASUT €

150. l\ghegF't h?]év%ssel 100 i s engaged in sea water ballast transport (Fig.
t h ts

2D) , I8 SUB-tehepnsiiifria apsfipted sigieriabeipgerpprepiatertithah tedéxdgttirtagm 152
is positigmed it @38uit B iﬁﬁﬁt&@ﬁe@%ﬁ%s fh@%&e%?ur@@éllef ROELLR ofotLe %nbac a%lflé[n%r
encl osure 150 such that the sea water

Fig. 3C shows a situation wherein pressure relief is realized by fluid

leaving the enclosure via the conduit 200.
Reference is now made to Figs. 4 - 6 which illustrate an enclosure
20 cross-section defining element 102, constructed and operative in accordance with a
preferred embodiment of the present invention.
As seen in Figs. 4 - 6, the cross-section defining element 102, is
preferably a generally square structure having four elongate generally tubular portions
400, 402, 404 and 406 joined by four corner joining portions 408, 410, 412 and 414, all
25 of which are preferably welded or bolted together. The two generally vertically disposed
tubular portions 402 and 406 are preferably formed with attachment elements 416,
suitable for attachment thereto of anchoring cables for anchoring the vessel 100 (Figs. 4
and 5).
Distributed along side surfaces of tubular portions 400, 402, 404 and 406
30  and of corner joining portions 408, 410, 412 and 414 are a plurality of hooks 418,
Preferably hooks 418 are formed of flat metal having at least a predetermined thickness

and define an opening 420 extending along an axis 422 which communicates via an
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cont ai ni ng sub-encl osure 156 generally fills the outer enclosure 150. Fig.
2D further shows that during sea water transportation, the upper portion
of the fiveabbd@encl osure preferably contains a vol une of pP€T/@gh/ontier 153,
which is required to preserve the buoyancy of the vessel 100. 10 Reference
is now made to Figs. 3A, 3B and 3C, which are sectional illustrations
taken along lines IIl - |1l in Fig. 1 showing a pressure relief nmechani sm
form ng pAeleddrassagewayfad o araripllyreigeular engagemesnt spageddmd and t hird

operative orientatign .8S i ef chani.sm preferably.conprises
a conduit 200 havi nlg‘ g%loéd}?g%l jﬁ‘ ?#&Sﬁgﬁl%’%ﬁfe engoorff {5 Hetsshb ?nvﬁ¥59n’3A
shows t hehawandii} trei amgagaaoty findd 4B0ettrsigh tvehichnitbiel ditfachingnt stBpSvehidhe

conduit in an j nEI ated state, it bei ,nﬂ afpr_eci ated that the extent to
whi ch t he™e BRAEPLY; seWinentq flepible mafesiah 484 (lig- b atsspaeed losptiass theredenl d of

t he mgchag [ j | i r £ i i
real i zed bﬁ?alraeilgw? (ta‘gb\g i ﬁﬁtgaﬁﬁ%rﬁgrﬁlﬂ ggjéﬁ%&{#\dg@ﬁ{ég E}%n%g;é '? f ga%sleﬁg%t%ﬂrlagnce i's
now made 04 dfidgoverdd by fatdedoved parsion dteeeodrTwbrcdtiashnent bafld dBDprfasslyi on

defining el enent, 102, constructed and operatiye in accordance with a
pr ef erreahaéﬁ‘ggllﬁﬂﬁéﬁfﬂ%]? gtH yb?"e’%"@?ﬁor}ﬁh@}é’ﬁﬁe@tl?ye mategalelP% n Figs, 4 - 6, the
Cross-secti on def ! ning:cel@BALidOZ priSre@ HRHAN I GENFLAN Yovigligre

structure having four elongate generally tubular portio
and 406 jigsedOmye alsarengageddy jeviforcing suaps idh svhidSintetddnedt:@jsmeat rides, al |

25 of, whi f bl | ded bolted t ther. The t [
vor 11 a0 £ PAE SR S e Tt Sirecs BoSSintse S5 e B TRy R e
with att aebamsig @teRENS oft bfds 438iffaRHR ﬁ@ﬁg@&%@&mr%nd I3 Prte[%'}iggro?tt}% ﬁ%«i@ﬁchori ng

cables for anchoring the vessel 100 (Figs. ribute ong
si de surfagesalof tubul ar portions 400, 402, 404 and 406 30 and of corner

joining portions 408,. 410. 412 and 414 are a plural ity of hooks 418.
Preferably hooks 41 lgra@me&a#éldﬂ&g aF?%{fhnﬁeanF“?P‘?if\‘?frﬁbvgten}bégg?ené ot e _
pr edet er npreedt inRefione 8 o PertidaTor BRsAEecABS AbMand SRnRx%t eMdinAg babBRgtean axis
422 whi ch communi cates via an 9 WO 01/92097 PCT/1L01/ 00491 angl ed

passadgewafdasnlace By paren-geidystaiciuse) which rig aganteined sigad dy 46 buoyancy of
flesh water inside the vessel.

Reference is now made to Figs. 7A - 7C and 8A - 8C, which illustrate an
engagement procedure useful in attaching a tube of flexible material, such as that
designated by reference numeral 104, to a cross-section defining element such as

20 element 102. As seen in Figs. 7A and 8A, the thickness of rings 430 is seen to be just
less than the width of openings 420 in hooks 418, such that rings 430 may be slid
through openings 420 when the plane of the ring is parallel to the axis 422 of the
opening 420.

It is seen from a consideration of Figs. 7B and 8B that when ring 430 is

25 rotated by 90 degrees, as indicated generally by arrow 432, from its plane as shown in
Figs. 7A and 7B, to a plane in which it lies under tension, as seen in Figs. 7C and 8C,
the thickness of the hook 418, the width of the opening 420 and the curvature of the ring
430 prevent escape of the ring 430 via opening 420 as long as the ring remains under
tension and thus in a plane rotated by 90 degrees from the plane parallel to axis 422.

30 Reference is now made to Figs. 9A - 9C and 10A - 10C, which are
simplified sectional illustrations showing loading, sea transport and unloading of fresh

water from the vessel of Figs. 1 - 6. As seen in Figs. 9A and 10A, fresh water is

10



I n accordance with a preferred enbodi nent of the present invention, hooks
418 are engaged by rings 430 through which extend attachnent straps 432
whi ch ameopt/efoer ably sewn onto flexible material 104 (FiBCT/Io1ab493paced
| ocations therealong, 5 transversely to a tube attachnent band 433
extendi ng al ong the edge of flexible material 104 and covered by a fol ded
over portion thereof. Tube attachnent band 433 preferably has a tensile
st r engt h myeleeably/loadecesme ysssef 1Athay gty fox btankrd0eria alpatdlly vhderaator dance
i.nvention, _rings 4‘%% are al so

with a preferre nbodi. f. th resent Jin

engagedpbtgearegfl%s 8?&? il 1%?5?)‘2 foraed, ¢t 4oy ﬁ%@?ﬁ%?ﬁ’i’@ﬁtona@ieav@ ¥H8r 10 430
and ser veeldv gerleidal Ay tRieNeot 10hahs Sfic VEABSMRY i§ Prdraflyt Ao o ﬁ‘{erSQQS 432
from produci ng detachnent of bands 433 fromthe flexible material or

tearing dfoor k¥ mqaaxpheablesp@bewhigh engageiattachppne eleateats 4164Figadkor di ng to an

al ternrati ve enbodi f r. nt,Anventipn, .t t ortLon of cross
sect | §n defi ni ng e{%érqrgéer? pf%%%}%@. %}%%.bbq%taég‘fresggvaéqgﬁ}setgggggal %9“1&86
non-ri gi doptof uld fiegblensecod eficloduirdl 82 MRidsS 24 Md DB MSpdau@wansy 1ef first| esh
wat er inside the vessel. Reference is now nade to Figs. 7A - 7C and 8A -

8C, whi ctPIFIoPYst At Eigin 2Actidadolniin beftome of dlexiblssedcand erclasurad 2 mpvas t ube of
flexible dB%l%air@%ls inaféﬁiad%g s soﬁ%gﬁ%ﬁgp@@% fﬁ%@&&k@?fﬂ” al 104, to a

cross-section defining elenment such seen in Figs. 7A
and 8A, the thickndig. B shimygthatdBRingSes aanspostation pilibe vedseB}SOOé ﬁﬁmﬁkm \r/]\/l dth
of openi 420 i n hooks 418, ch _that rings 430 may be slid throug

open ﬂﬁg S n@; oS \kﬁ%‘ﬁfﬂ{yh %tt%%ﬁﬁln éy cﬁagtéﬁ eﬁzpi tAg 'Fr%nsﬁalft%qnﬁhlﬁ &22nAddifiprallyp 2sof t he
openi ng 426 id Figh O 8RN 168 gﬁ}iﬂ%gwt?éﬂgﬁéﬁtof @i tva{:ehgﬁe sgc%na%ﬂclggué g4 when
ring 430 is 25 rotated by 90 degrees, as indicated generally by arrow 432,
fromits tplsableofdke Stsowmclosure Filgs. 7A and 7B, to a plane in which it lies

d t i on, . in Fi.gs..4C 8C,. the thickness of .the hook 418,
the wi deh of the op OIS B20EiRE GHE 106 Vaisuiee dtatumoamegol B35 BREY ent
escape ofﬁ-dnlﬂees“sielnu)o4§Qcmé@daﬁﬁwuﬂ&gﬂ%%gg%rﬂd&my aﬁtuya?tﬁe' MYy LRy ek nder

tension and thus in a plane rotate egrees fromthe’plane parallel
to adPs 4pder G Red avaggic AsissemwFigsd 8CtandFl 5. fre@A wat@Osamohot@froml &C, whi ch

3::]|e0a3: ggoluit)lf]ef. ;?eo%e\Zvﬁﬁ: irr?epyallae f.dlerlltycsa} {oaﬁoirtogba (%fi]go.\gAqglolcgtg gtntgé tospeoaf ther saencsogt? rt and
enclosure 112 via an at least partially underwater unloading line 519 to a tank 520 at an
outlet 522 which lies below sea level.
As seen particularly in Fig. 10C, as sea water fills the first enclosure 110
20  of the vessel from below the flexible second enclosure 112, the bottom of the flexible
second enclosure 112 moves upward as indicated by arrows 528, to minimize its volume
within the first enclosure 110.
Reference is now made to Fig. 11, which is a pictorial illustration of a
transport network employing the vessels and methodologies of Figs. 1 - 10C. It is seen
25 that typically plural vessels 100 are located at both filling and unloading ports,
designated respectively 600 and 610, so that plural vessels may be loaded and unloaded
simultaneously and while other vessels travel between ports.
It will be appreciated by persons skilled in the art that the present
invention is not limited by what has been particularly shown and described hereinabove.
30  Rather the scope of the present invention includes both combinations and
subcombinations of the various features described hereinabove as well as variations and

modifications which would occur to persons skilled in the art upon reading the
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water fromthe vessel of Figs. 1 - 6. As seen in Figs. 9A and 10A, fresh
water is 10 WD 01/92097 PCT/ 1L01/00491 preferably |oaded onto vessel 100
by gravi twobhreewa tank 500 via a partially underwater ferdIAimeodd2 to an
inlet 504 formed at any suitable |ocation on the vessel, above or bel ow
sea level. At the time of |oading, the vessel 100 is preferably anchored to
the sea floor by neans of cables 506, which engage attachnent el enments 416
(Fi g. 4).spscifisatimeandydrieh anginat injthe prigiiayt. 10A, as fresh water fills the
vessel fromthe top of the flexible second enclosure 112 (Figs. 2A and 2B)
di sposed within the first enclosure 110 (Figs. 2A and 2B), the bottom of
fl exi bl e second encl osure 112 noves downward as indicated by arrows 508,
to generally fill the first enclosure 110. Fig. 9B shows that during sea
transportation of the vessel 100, the vessel 10 100 is typically attached
by cables 620 to a transportation ship 622. Additionally, as seen in Figs.
9B and | OB during sea transport of fresh water, the second enclosure 112
fills all of the first enclosure 110. Turning to Figs. 9C and 10C, it is
seen that unloading of fresh water fromvessel 100 is achieved w t hout
requiring punps, by virtue of the buoyancy of fresh 15 water over sea
water. As seen in Figs. 9C and I1OC, fresh water is renoved from an outl et
port which may be identical to port 504 (Fig. 9A), located at the top of
the second enclosure 112 via an at |east partially underwater unloading
line 519 to a tank 520 at an outlet 522 which |ies bel ow sea | evel. As
seen particularly in Fig. | OC, as sea water fills the first enclosure 110
20 of the vessel frombelow the flexible second enclosure 112, the bottom
of the flexible second enclosure 112 noves upward as indicated by arrows
528, to mnimze its volune wthin the first enclosure 110. Reference is

now made to Fig. 11, which is a pictorial illustration of a transport
net wor k enpl oyi ng the vessel s and net hodol ogies of Figs. 1 - 10C It is
seen 25 that typically plural vessels 100 are |ocated at both filling and

unl oadi ng ports, designated respectively 600 and 610, so that plural
vessel s may be | oaded and unl oaded sinultaneously and whil e other vessels
travel between ports.

12



It wll be appreciated by persons skilled in the art that the present
invention is not limted by what has been particularly shown and descri bed
her ei nabove 01/9897 Rat her t he scope of the present inventi oRCT/mgilwo®s bot h
conbi nati ons and subconbi nati ons of the various features described

her ei nabove as well as variations and nodifications which would occur to
persons skilled in the art upon readi ngI the 11 WO 01/92097 PCT/1L01/ 00491
speci fication and which are not inCthd Ig¥iiS%r art. 12 WD 01/ 92097

PCT/ 1L01/00491 CL r transport of |iquids

conpri si nlg a fi r?%‘a@ﬁ%t Sbégrg%t%n%gc’&gf ié&s °°é?1%r e y flexible second

encl osur e di sposed atitshémelasaiegl first 5 encl osure and bei ng adapt ed when
filled, to generally fill said first enclosure; one of the first and second
encl osures bei ng a a0 &Heast Paiely dlexitle sicend saclosye dispresd withintraid firsst and
second eq%kg@&%%ﬁdg h d port coupled
to said light |iqui gl g %)giﬁﬁg&?ﬁﬁéd %?g&f& yeﬁllga{i}fl ntgen%lt)ﬂﬂé,t h aliquid

| i ghter than sea wamerof thmﬂrsil@nchses:ead wmlesrurwﬂng:@llu@hEqud egeloslirs @ad wat er
enclosur for selec al | mater to fill it, thereby causing
light | gth?ahf”b‘)tjt}g b?g@{\{ﬁi% 0 %S@‘H “ES mfgc?r%?éW%?r gFIRSHEY from said |ight
l'iquid enCI osure. Z il ?cpﬁ‘&? rt%%gfeQ'tB%adeh%ﬂt%c{Hl& eﬂ&gsdé@%reééfec%aﬂlg fi rst
enclosure is a 15 flexib ncl os : ara according to

and mheréﬂhngaﬂdﬂfahmnbmghEndwosaawamncmﬁr|ses a plurallty of nutually

spac encl osure cross- ST tion definin ment s h are joined by a
tubeelgf flexible ndt &4 A% erzﬁ)r\h co Bﬂ&;\ gﬁ& é??cmrn?f‘f Insele wher ei n

sai d t ubaliefvifd &xivie torfﬁIi@rth@ﬂebjf SadideArdR dqhi té%!e%ﬁéli%%lsag%&%ﬂhg@oﬂé@f' ni ng
el ements by neans of an attachnent
of gravity from said light liquid enclosure.

2. Apparatus according to claim 1 and wherein said first enclosure is a

15  flexible enclosure.

3. Apparatus according to claim 2 and wherein said flexible enclosure
comprises a plurality of mutually spaced enclosure cross-section defining elements

which are joined by a tube of flexible material.

20
4. Apparatus according to claim 3 and wherein said tube of flexible
material is attached to said cross-section defining elements by means of an attachment
assembly.

25 5. Apparatus according to claim 4 and wherein said attachment assembly
comprises:

a tube attachment band overlapped with at least one portion of said
flexible material and having a tensile strength greatly in excess of that of said flexible
material;

30 a plurality of spaced attachment straps joined at least to said at least one

edge portion of said flexible material and to said attachment band and extending

generally perpendicularly to said attachment band, said attachment straps having a

13



assenbly. 25 5. Apparatus according to claim4 and wherein said attachnent
assenbly conprises: a tube attachnent band overl apped with at | east one
portion o¥Oosup97 fl exi bl e material and having a tensile speemguhogieat!|y in
excess of that of said flexible material; 30 a plurality of spaced
attachnment straps joined at |least to said at | east one edge portion of
said flexible miterial and to said attachment band and extending generally
per pendi ci§nsleisirengh gzgaily 4n excennehthatndisaid fiexitle awtesiehment straps having a

3 WO 01/ 92097 PCT/ : i | h Ly i.n . f_ th
éf sai dlf | exi glg ma% ggﬁ%%ﬁ%g}%’lg%rreéa}’fﬁ%‘E@gg%e{“%n%{f?t?gﬁgtﬁngioﬁgalﬁéﬁﬁéﬁ‘éfg%fatgegt by

one of saittclphentatrhpy of attachment straps; ring attachnent straps
i nt erconnecting said pl urgl@ipt%/ of rings and havin 5 a tensile strength
greatly in excess ofng HEcIBEnsHIaes intenepresting said iphyrality. of ajesaad beviagcor di ng

toclaim i I j Ml . el ements are each

for rreg W%ﬁﬁg%ps}{%{?%ﬁ%@ﬁ%:‘lg ﬁg%ﬁgg 8?%)?{:%%88@9@6%&%& 1qra?'ngs. 10 7. Apparatus
according to claim6 and wherein said hooks and said rings are di nmensioned
so as to enable a ring to disengage froma hook only when not tensioned in
a directidn per pend‘f\‘ERqﬂr%FPS perosding 3o slagn Ssandgwhersinssaid etopwpectien idafinige

el enent s. clefentéRRALAT BinRE %fh?sﬂgfatgﬂrg@alﬁ{oﬁ ﬁ)t%ﬁg?é’i‘gglgaga gpgé' d tube is an

integral tube 15 which exten engt Xi bl e encl osure.
9. Apparatus according to claim3 and wherein said tube conprises a

pl ural. ty, of tube sections, each of which i ttached .at . opposi.te, edges

t her Zicg)lf to a cr 0ss- g%a&t% ﬁc%?é‘?lpﬁgﬂé%eaéﬂf ..W%?f?nié?lgﬂi’&%? ard, 8214 dig8 di ng t o
claim 3 ane dfhefeodedSs ds fth @nablea 8R! RS HisEndage ﬁ&g@‘ﬁo& tdﬁfﬁ'&vﬂeﬁaﬁﬁ one
overpressure rel ease assenbly. 11. Apparatus dccording to clfaim1 and

wher ei n dengienediin e deregtonspeirperidicylar to a plane of said cross-section defining elements.

8. Apparatus according to claim 3 and wherein said tube is an integral tube

15 which extends along a length of said flexible enclosure.

9. Apparatus according to claim 3 and wherein said tube comprises a
plurality of tube sections, each of which is attached at opposite edges thereof to a
cross-section defining element.

20
10. Apparatus according to claim 3 and wherein said flexible enclosure is

formed with at least one overpressure release assembly.

11. Apparatus according to claim 1 and wherein at least one of said light
25 liquid enclosure and said sea water enclosure extends along generally the entire length

of the first enclosure.

12. Apparatus according to claim 1 and wherein at least one of said light
liquid enclosure and said sea water enclosure is divided into a plurality of compartments
30  extending serially along generally the entire length of the first enclosure.

13. Apparatus for transport of liquids comprising:

14



25 liquid enclosure and said sea water enclosure extends al ong generally
the entire length of the first enclosure. 12. Apparatus according to claim
1 and whaveobn9z7 | east one of said light [iquid enclosureCundi®eddd sea
water enclosure is divided into a plurality of conpartnents 30 extending
serially along generally the entire length of the first enclosure. 13.
Apparatus for transport of [iquids conprising: 14 WO 01/92097

PCT/ 1L01/ 00491 a f} digxile esgloswsuineluding adpliglisy pif uspasdds yrelotivelp adgid,

| ati vel i.g}d . i f1npha. el ement ach_pai r. of
\r/\,ﬁi ghl \altr e%}cgqsgfeedmg%c—%&?%ge@?lﬂg f%il %ﬁﬁ% g&ggfaéllr ?% ) IC% A I S%E?'aat ﬂ‘g’e:'ﬁfcor di ng

to cl ai mfi&ibladnamresiei n said flexible enclosure is formed to define
therewithin first and second fluid encl osures, each of which nay be filled
to generally fill the flexible enclosure and thus enpty the other. 15.

0

Appar & usjgccor di nga’ i ner @l i u flexible .1
material is attac hedbﬁa 5%5?56%%8@2@5%& lg’n%éizﬁ%f:%g&gq g%ﬁlfﬁleséﬁ??sﬁgdﬁs of an
at t achmenformed sedtfine. the@withipérsatand seandrittiio gntloswbsicathl bf ahithwhgy een sai d

attachnen senbl ri,ses: 15 a tube attachnent band overl apped wth
at | east %lrkezds%ﬁf‘?%lrluy ﬁﬁqg%hﬁxgkleéﬁlpﬁfré aﬁiﬂ@ﬁi@@@%@a oH¥%i ng a tensile
strength greatly in excess of that of said flexible material; a plurality

of spaced attachnent straps joined at least to said at |east one edge
portion ofd.said fl ehbpdratuseacesrdilg tmdlain Ehiadd awhereinneaid toba df aftekildxt endi ng

20 .pe igularly t Ld attachnment band, [ t t achnment
<t opd” navr RS Baeh o Yo et i e om0y pateih e oh s

fl exibl e agdgbliyal ; a plurality of rings, each ring being engaged by one of
said plurality of attachnment straps; ring attachment straps
interconnecting said plurality of rings and having 25 a tensile strength

greatly iy excess Oz&pﬁﬂﬁhs gfzco%(%hg t(]; Ic a%% q'Seanga\;f}?erré:i%lsaid attachment assembly
comprises:

15 a tube attachment band overlapped with at least one portion of said
flexible material and having a tensile strength greatly in excess of that of said flexible
material;

a plurality of spaced attachment straps joined at least to said at least one
edge portion of said flexible material and to said attachment band and extending

20 generally perpendicularly to said attachment band, said attachment straps having a
tensile strength greatly in excess of that of said flexible material;

a plurality of rings, each ring being engaged by one of said plurality of
attachment straps;
ring attachment straps interconnecting said plurality of rings and having

25  atensile strength greatly in excess of that of said flexible material.

17. Apparatus according to claim 16 and wherein said cross-section defining

elements are each formed with a plurality of hooks for engaging said rings.

30 18. Apparatus according to claim 17 and wherein said hooks and said rings
are dimensioned so as to enable a ring to disengage from a hook only when not

tensioned in a direction perpendicular to a plane of said cross-section defining elements.
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17. Apparatus according to claim 16 and wherein said cross-section defining
el ements are each fornmed with a plurality of hooks for engaging said rings.
30 18. Appanapas7 according to claim 17 and wherein sai d hpokRsLandgai d
rings are dinmensioned so as to enable a ring to disengage froma hook only
when not tensioned in a direction perpendicular to a plane of said
cross-section defining elenents. 15 WO 01/92097 PCT/1L01/00491 19.

Appar atus according to claim 13 and vvherei n said tube is an integral tube

whi ch d | 5.20. t
nccordi ng o of 3Pt At atk T B 33 o bREISHL S Pbs &0 Frsray S AT °L Une
sections emm&amhg\ahmmhbﬂsmﬂaﬁblectnalbsmpom te edges thereof to a

cross-section defini ng el ement. 21. Apparatus according to claim 13 and
wherein said flexible enclosure is 10 forned with at | east one

overprsessuy. e rel easgy &?ﬁﬁmké'ofrdlﬁé toAlH al%u&da%gfeﬂiogﬁdttﬁbg | ?ﬁlﬁl&ses

wherein at | east one of said second enclosures ex S a ong
gener al | ypltllhbtyenf tube $estigndy eath bﬁevlﬁch §¢ atavhbd wropposife Sipes Appedfatous

accordi ng, 4. an wherein at |east one of said first and second
encl osur € ﬁssseﬁtl‘ n‘}f Wit Bmﬁntpl urality of conpartments extending serially
al ong general ly the entire length of the first enclosure. 24. Apparatus
according to claim 14 and wherein said tube of flexible 20 material is
attached ?clo sai d crippaaes aéondingte nlainy 18| adenhacinysaieAadblefenalosmetiac hnent
assenhl y. s _accordin claim 24 and wherein said attachnent
asseg@ fo %@ﬁggéﬁeasggngoy%gsgﬁ?g@mﬂqse@éwd over| apped with at |east one
portion of said flexible material and having a tensile strength greatly in

excess of that of said flexible material; a plurality of spaced attachnent
straps jcined at | eﬁmaratus S@Oddlag t¢ ehrn lghand wlieeimatr keasronefofsaiddfifst exi bl e

I d
per pendi chasr Rt Bt AFRTE Rl BeRl B ERrRe e  Floetan  ng

15 23, Apparatus according to claim 14 and wherein at least one of said first
and second enclosures is divided into a plurality of compartments extending serially

along generally the entire length of the first enclosure.

24. Apparatus according to claim 14 and wherein said tube of flexible

20 material is attached to said cross-section defining elements by means of an attachment

assembly.
25. Apparatus according to claim 24 and wherein said attachment assembly
comprises:

25 a tube attachment band overlapped with at least one portion of said

tlexible material and having a tensile strength greatly in excess of that of said flexible
material;
a plurality of spaced attachment straps joined at least to said at least one
edge portion of said flexible material and to said attachment band and extending
30 generally perpendicularly to said attachment band, said attachment straps having a
tensile strength greatly in excess of that of said flexible material;

a plurality of rings, each ring being engaged by one of said plurality of

16



tensile strength greatly in excess of that of said flexible material; a
plurality of rings, each ring being engaged by one of said plurality of 16
WO 01/ 92000 oP2DHAL01/ 00491 attachnment straps; ring attach@Emo19v49aps
interconnecting said plurality of rings and having a tensile strength
greatly in excess of that of said flexible material. 5 26. Apparatus
according to claim25 and wherein said cross-section defining elenents are
each f or netrclynent skaps;ural i ty of hooks for engaging said rings. 27.

Appar atus according.to _claim and wherei n sai.d hooks d said rings are
di nensi oned so as t%n%%ﬁ%ﬁ%@eﬁg%aﬁ’él tSICBP%eé’HB%%HfP?WﬂF‘é’ %.n Scﬂ‘i‘a?aﬁﬁgn not
10 tensi onedsilgstengilr gedtiyon eResspeNtHatel Ald fickiRlePh-AGE1 Of sai d cross-section
defining el enents. 28. Apparatus according to claim 14 and wherein said

tube is an integral tube which extends along a | ength of said flexible

encl osyr ey 15 29. or di pg: im 14 and wherein said. tube
conpri'ses a plur af?? @Jr%t%,lytﬁ %‘%g&gégé Plglnné% %@P{‘/@Sﬁ%ﬁl ﬁrolsg's%lcttltoﬁéﬁlgﬁm&
opposi t e ddgests biearebfortedavitica plasalise of haks dafdnphgigg ehiem@pt.. 30. Apparat us
according to claim 14 and wherein said flexible enclosure is 20 forned

with at | east one overpressure rel ease assenbly. 31. A nethod for transport

of 11quidgy.over SCag,FRRA sldiing 6 QMfli R0t VRSS! sal LI NG Mgl
encl osure and an at Feast parti a1gly éxi bl e second encl osur & di'SBsed

Wit hin saird dimegsiossdcbosarte anblebairing addptrghgeheom 2%0bk |dndd whep s&neral |y
fill ﬁ]ai d fi.rst,.encl.osure, one.tg{l the@;i rst. and second encl osures being a
i ght T i oIPHORIIR 3 SHEEIhRF PRI AT dP a plane o& s3ifl prass-gerdion deBiniag eleamesisur es
bei ng an sea water enclosure; |oading said vessel by selectably filling
said light liquid enclosure with a liquid lighter than sea water; and 30
unl oadi ng2%ai d vessappasgtus e¢cecdiaptoyclaint bhembwheainsatdetubé 13 dhiihleg@aitubesea

h b ing. liqght |iquid b | | ed ' h
force of  sradeRyndd i L ARy GHd note andifebgur o 00 o0 O TS IR

15 29. Apparatus according to claim 14 and wherein said tube comprises a
plurality of tube sections, each of which is attached at opposite edges thereof to a

cross-section defining element.

30. Apparatus according to claim 14 and wherein said flexible enclosure is

20 formed with at least one overpressure release assembly.

31 A method for transport of liquids over seas comprising:
providing a vessel including a first enclosure and an at least partially
flexible second enclosure disposed within said first enclosure and being adapted when
25 filled, to generally fill said first enclosure, one of the first and second enclosures being a
light liquid enclosure and the other of the first and second enclosures being an sea water
enclosure;
loading said vessel by selectably filling said light liquid enclosure with a
liquid lighter than sea water; and '
30 unloading said vessel by selectably allowing sea water to fill said sea

water enclosure, thereby causing light liquid to be expelled against the force of gravity

from said light liquid enclosure.

17



17 WO 01/92097 PCT/ 1L01/00491 32. A nethod according to claim31 and
wherein said | oading takes place principally by gravity and said unl oadi ng
take pl aceoprd2ei pally without requiring punping. 5 33. PCT™EtthoM9accor di ng
to claim31 and wherein during travel of said vessel froma |oading

| ocation to an unl oaded | ocation, the vessel is nearly conpletely
underwater. 10 34. A nethod according to claim 31 and wherein said first
enclosure is a flexible enclosure. 35. A nmethod according to claim 34 and

wherein sgjd flexible epclosur conpr.i s a plurality of nutyally spaced
enclosureﬁ%ross-sed%ﬁﬁﬁﬂﬂiﬁfﬂF%ﬂgéPgﬁﬁﬁ%§Pa@%eﬁﬁﬁ%%S@%éoﬁﬁp& eﬁyﬂ§etube of
flexible sdcafalldl by Favity BRA ol as16AdiHE NEkd Pldk AR ARIFNdimher &hisgi d tube
of flexible e_ﬁna?er}i, %@ i? attached to 1s%i d c?oss?lbsreggféog ﬁép{;\ﬁl% Hler ment s
by neans BinhAg.att achment assenbly. 20 37. A method according to claim 36

and wherein said attachnment assenbly conprises: a tube attachnment band
overl apped with at | east one portion of said flexible material and having

a tensil e3xstrengt h gnedhdd/adcbrdexR®SHainf 31 At wRbremakinklt@X¥bPdBaiddrssm@t eri al ;
a plurality of spaced attachment | oops joined at |east to said at | east one

edge portirgA drloading leation ploeamratndoadad laentiono theaivessal i ahanintcompletelnd

ext endi ngundgm‘%lal | y perpendicular to said attachnment band, said attachnent
| oops having a tensile strength greatly in excess of that of said flexible
material; 30 a plurality of rings, each ring being engaged by one of said

lurality of attachnent |oops;. a ring attachnent band interconnecting said
B' ur le(}l t§340f rings &,{Heth%@iagé))rdmg to cleglm 31 and wherein said first enclosure is a J

flexible enclosure.

35. A method according to claim 34 and wherein said flexible enclosure
comprises a plurality of mutually spaced enclosure cross-section defining elements

15 which are joined by a tube of flexible material.

36. A method according to claim 35 and wherein said tube of flexible

material is attached to said cross-section defining elements by means of an attachment
assembly,
20

37. A method according to claim 36 and wherein said attachment assembly
comprises:

a tube attachment band overlapped with at least one portion of said
flexible material and having a tensile strength greatly in excess of that of said flexible

25  material;

a plurality of spaced attachment loops joined at least to said at least one
edge portion of said flexible material and to said attachment band and extending
generally perpendicular to said attachment band, said attachment loops having a tensile
strength greatly in excess of that of said flexible material;

30 a plurality of rings, each ring being engaged by one of said plurality of
attachment loops;

a ring attachment band interconnecting said plurality of rings and having

18



18 WO 01/92097 PCT/ 1L01/00491 a tensile strength greatly in excess of that
of said flexible material. 38. A nethod according to claim 37 and wherein
sai d crowwosegadon defining elenents are each formed w t ACEIELWo®II ty of
hooks for engaging said rings. 5 39. A nethod according to claim 38 and
wherein said hooks and said rings are dinmensioned so as to enable a ring
to di sengage therefromonly when not tensioned in a direction

per pendi clicasiletserengtpgaerblydh exeasglofthaisefseiddlexine mefdrial.ng el enents. 10 40. A
met hod according to claim35 and wherein said tube is an integral tube

whi ch extends along a length of said flexible enclosure. 41. A nethod
accordi ng3& o cl ai mA8meals adeerdigitosdaith 3VHR] whemwN SEBcdss-Pctb@béfiningf t ube
sections, ,each of V\/(H] h i‘i attached at opEosite edges thereof to a 15

cr oss- secHFBHIHAELICAT é“é‘? wata pluralityofthookbter spgasind sfid fi8g<! ai m 35 and

wher eisn said flexible enclosure is formed with at |east one overpressure
accommodati ng volune. 20 43. A nethod according to claim31 and wherein at
| east one3%f said |Agixthod aquidingtictlainm B8 anddvikedinl ssidehooks afid &A¢ kiagyr e

ext ends aloag?%energlly t he Egtine | ength of the first enclosure. 44. A
met hod actBrEPTEoned 8¢ 47 IR ROk RITIHR &y dseneaee therpitony palyovhennay tensipred 25
l'iquid engl I r 1L .4l into a plurality
of compar S 8 o S KRR PSR ®, Bt of
the first enclosure. 45. A nethod for water transport of fluids conprising:

providi ng vessel jncludin .flexible _enclasure including.a plurality of
30 splgcecﬁoarel ati vé#;r/“eﬂ? Qfg%ﬁg}g&g&:laémgé@é_\%%qlpgﬁgaghq lﬁiaﬂ&‘t%gré]ﬁﬁﬁ?s whi ch
are | o neghiby etendsHM6he0f lehk@orhkia RIS itlosuai d f1exibl e enclosure being
formed to define therewithin first and second fluid enclosures, each of

which may be filled to generally fill the flexible 19 WO 01/92097

PCT/ 1_"01/ 499491 encA Orﬁéﬂxgd %@%raﬂlléstoecq%w 3t5 ha?ndo;[wlﬂgrrein said tube comprises a

plurality of tube sections, each of which is attached at opposite edges thereof to a

15 cross-section defining element.

42, A method according to claim 35 and wherein said flexible enclosure is

formed with at least one overpressure accommodating volume.

20 43. A method according to claim 31 and wherein at least one of said light
liquid enclosure and said sea water enclosure extends along generally the entire length

of the first enclosure.

44, A method according to claim 31 and wherein at least one of said light
25 liquid enclosure and said sea water enclosure is divided into a plurality of compartments

extending serially along generally the entire length of the first enclosure.

45. A method for water transport of fluids comprising:
providing a vessel including a flexible enclosure including a plurality of
30 spaced, relatively rigid enclosure cross-section defining elements which are joined by a
tube of flexible material, said flexible enclosure being formed to define therewithin first

and second fluid enclosures, each of which may be filled to generally fill the flexible
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| oadi ng said vessel by selectably filling said first fluid enclosure of a
first fluid; and unl oading said vessel by selectably allowng fluid to
fill sai av@evmod? 5 encl osure, thereby causing said seconBCTALil®04% be
expel | ed against the force of gravity fromsaid first enclosure. 46. A
met hod according to claim45 and wherein said | oadi ng takes pl ace
principally by gravity and said unl oading take place principally wthout
requi ri neenclpgurgang thvg. ety tha otiterhod according to clai m 45 and wherein

during travel of said.vessel fr.om dj | o i.on.to an unl pade
| ocation, the vessg nggﬁ%gV??eg%ﬁﬁﬁﬁggﬁyhﬂﬁﬁ&3&@%?%&@5f%aﬁ%?eﬁf%gﬁﬁod
accor di ngldié, amldai m 45 and wherein said first enclosure is a flexible

encl osure. 49. A nethod according to claim48 and wherein said flexible
encl osure 20 conprymseasing pridvasset py ofelastrbliarllgwingafield tonfill geig second

Cr oss<sect LA : (Pel: Lol b ube of .fl exible

mat er i-sal %lgggulg’%%'ﬁg%ag%g%?%? Eacoﬁg fgﬂlﬁ}i?gmgeél IJ)aeng&i\?\%lée‘lrrlsgitt\e go%edoﬁ %rggf%%f

fl exi bl e fromsa&difiadt enslosirtached to said cross-section defining el enents by
means of an attachment 25 assenbly. 51. A nmethod according to claimb50 and
wherein said attachment assenbly conprises: a tube attachnent band

over |l app wth at ROLL i i i . i nd

havi ng aags'ensi | e stégﬁ%%%d)g(% ga. %/&?Elagéc%%ﬁowﬁ%ﬁyt Qé‘? @éa%%ﬁéiﬁ igf%

mat er i al ;principlally abyi tgyavitly sphoaid ailoatigreskte blopprincipalid withdue astuitingsai d at
IeasHOone 20 WO 01/92097 PCT/ 1L01/00491 edge portion of said flexible

iral BffP"% said attachnent band and extending generally perpendicul ar

mat er’i
to said attachnment band, said attachnment | oops having a tensile

47. A method according to claim 45 and wherein during travel of said vessel
from a loading location to an unloaded location, the vessel is nearly completely
underwater.

15

48. A method according to claim 45 and wherein said first enclosure is a

flexible enclosure.

49, A method according to claim 48 and wherein said flexible enclosure
20 comprises a plurality of mutually spaced enclosure cross-section defining elements

which are joined by a tube of flexible material.

50. A method according to claim 49 and wherein said tube of flexible
material is attached to said cross-section defining elements by means of an attachment

25  assembly.

51. A method according to claim 50 and wherein said attachment assembly
comprises:

a tube attachment band overlapped with at least one portion of said

30  flexible material and having a tensile strength greatly in excess of that of said flexible

material;

a plurality of spaced attachment loops joined at least to said at least one

20



strength greatly in excess of that of said flexible material; a plurality
of rings, each ring being engaged by one of said plurality of 5 attachnent
| oops; awoOng9aptachnent band i nterconnecting said plural P€CyIf/onidmgs and
having a tensile strength greatly in excess of that of said flexible
material. 52. A nethod according to claim51 and wherein said cross-section
defining 10 elenents are each formed with a plurality of hooks for

engagi ng “gedPatioyof syl fexible menteriad cmddion said catieckimentsbandn endiesteading s ai d

hooks an e ri . dj i ene 0 10 able,a ring to di sengage

t her ef rog%e?)%agy \H?Q%ﬁﬁlc(f? % éonéﬁﬁg%%ﬁ}e%t Eanéf? ?aélétaftgﬂ%eé"s boeoﬁ’ar“éﬁPéP RIS ol ane
of sai d citeagthgeedtiydn ededss of thgt f sattefié:sble Hut&thl; A net hod according to claim
49 and wherein said tube is _an integral tube which extends along a |ength
of said flexible erftPy&its of smes, cagh ring Petecengarehby one phssid pluralty efher ei n
sai d tsubey;GemREASSHsa 20 plurality of tube sections, each of which is
attached at opposite’ edges thereof to a cross-section defining elenent.

56. A nethod accor di rigg titachhehtbat iatetbonheutiaigsaiiapldrafityesd tigs dd¢loimdre is

formed with at | east one averpressure acco ating, volune. 25 57. A nethod
accor di nd tteﬂmt‘al Sé‘ieﬂgth@ ‘W%‘?eéf Hfsiﬁt q@g@ﬁ%ﬁ@e SR [ight 1iquid

encl osure and said sea water enclosure extends along generally the entire
length of the first enclosure. 30 58. A method according to claim45 and
wherein at2-1 east on® nedtharhaagordinghto claingfil dndwhkriusad arods-saxtidn slefiningt er

a1 ang el MR, iR S Rl o ook R bR i 0 oo

53. A method according to claim 52 and wherein said hooks and said rings
are dimensioned so as to enable a ring to disengage therefrom only when not tensioned
in a direction perpendicular to a plane of said cross-section defining elements.

15
54. A method according to claim 49 and wherein said tube is an integral tube

which extends along a length of said flexible enclosure.

55. A method according to claim 49 and wherein said tube comprises a
20 plurality of tube sections, each of which is attached at opposite edges thereof to a

cross-section defining element.

56. A method according to claim 49 and wherein said flexible enclosure is

formed with at least one overpressure accommodating volume.

25
57. A method according to claim 45 and wherein at least one of said light
liquid enclosure and said sea water enclosure extends along generally the entire length
of the first enclosure.

30 58 A method according to claim 45 and wherein at least one of said light

liquid enclosure and said sea water enclosure is divided into a plurality of compartments

extending serially along generally the entire length of the first enclosure.
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