1 | MPROVEMENTS RELATI NG TO PI PE This invention relates to pipe,
and nore particular relates to pipe suitable for use in cryogenic
applications. The invention is especially concerned with marine

pi peline suitable for use on or near the seabed. There are nmany
systens for transporting fluids froman of fshore structure such as a
ship or other platformto an undersea pipeline. Exanples of such
systens include: (1) The conventional nulti-buoy nooring (CvVBM
system In this systema riser runs di?ectly fromthe offshore
structure down to the piQRIFRSYEMENTS REFONKNGTD Pyeys arranged at
intervals along the | ength of the hose. (2) The single tower

nmono- nooring (STM system In this systema nooring tower is fixed to
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tower. (3) si ngl e anchor-leg nmooring (SALM system In this
system a buoT/har%atedaaméwmra%@rﬁr@nmvétmf@sdr@ ahofisheiesiruchies sy
bei ng at C
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and be connected to the end of the hose at the top of the mooring tower.

(3)  The single anchor-leg mooring (SALM) system. In this system, a buoy is
located close to the offshore structure, the buoy being attached to, and
supporting, a connector unit located on or near the seabed. A riser
extends from the offshore structure to the connecting unit, then from the
connecting unit to the pipeline, A further section of pipe runs from the
connector unit to the pipeline,

(4)  The catenary anchor-leg mooring (CALM) system. In this system, a buoy
is located close to the offshore structure. A riser runs from the buoy to an
underwater connector unit usually located on or near the seabed. A
further section of pipe runs from the connector unit to the pipeline. A hose
or other pipe can extend from the offshore structure and be connécted to

the end of the hose at the buoy. There are various c:onﬂgurations of the
CALM system including the "Steep S" system, the "Lazy S" system and
the "Chinese Lantern" system. .

All the systems described above are well known in the art, and there are other
possible systems that are not described above such as, for example, the use of an
infermediate offshore structure. The essential feature of all these systems is that a riser
is provided to deliver fiuids from an offshore structure, such as a ship, to an underwater



Al'l the systens descri bed above are well known in the art, and there
are ot her possible systens that are not descri bed above such as, for
exanpl e, the use of an internedi ate offshore structure. The essenti al
feature of all these systens is that a riser is provided to deliver
fluids froman offshore structure, such as a ship, to an underwater
2 structure, such as a pipeline. The exact configuration of the
riser, and of the support structure for the riser, can be varied
dependi ng prevailing conditions at the2particular of fshore |ocation.
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for ext Enpevaunede thef feeppraigiead theommeeyed liquefied natural gas. For austenitic

stainless steels this is equivalent to a contraction of about 2.8mm/m. In order to control
the resuiting thermal stresses expansion loops are regularly placed in the pipeline. A |
more recent development by Osaka Gas and others is fo use pipelines made froman
alioy of 36% nickel and 64% iron. This alloy is also known under the trade name of



Being netals, austenitic stainless steels and I NVAR (RIM have no
effective insulation properties and therefore either conventional
insulation is applied or the pipeline is allowed to self insulate
with the build up of a layer of ice. To date no mari ne

pi pel i nes have been built for cryogenic applications. A marine

pi peline for conveying cryogenic fluids has to address the two
probl ems of thernal expansion and insulation. This has led to the
devel opnent of concentric pipe desi gns3based on the conventi onal
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tube are effective at transporting cryogenic fivids, they are very expensive owing to the
nickel content.

WO 2006044053 discloses a system for delivering cryogenic fluids from a ship to
an underwater location. However, this patent does not contain any information about
how to design the pipeline to which the cryogenic fluid is delivered.

it is an object of the invention to provide a pipe with the robustness and
temperature resistant characteristics that are desirable for effectively transporting fluids

through a pipeline.



The pi pe according to the invention is suitable for use in underwater

| ocations. It will, however, be appreciated that, in use, not all of
the pipe is necessarily disposed underwater. The tubul ar body
preferably conprises at |east at |east two of the reinforcing | ayers
with the sealing | ayer sandw ched therebetween. Preferably, a
further reinforcing layer is provided between the outer gripping
menber and the axial strengthening neans. The ultimate

strength of the reinforcing | ayer(s) i ¢ preferably between 100 and
700 kN for an ' referable that the -
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when the r 8 is.subjected to axial tension. Thus by providing a
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It is alisgenssdrerred that the braid extends all the way around the
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| ongi tuﬁldﬂrﬂiérﬁn@ﬂ‘te%&iil %ﬁeﬁgthéﬁ]ﬁg Rleapi@’ NS, for increased axial
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body. Itis preferred that the hose further includes an axial strengthening means.
Preferably the axial strengthening means comprises a generally tubular sheath formed
of 2 sheet of material provided in a tubular shape, such that the sheath can maintain
the integrity of its fubular shape when subjected o axial tension. The hose may be
provided with two or more tubular sheaths in order to further improve the performance
of the hose under axial tension, It is particularly preferred that the axial strengthening
means is provided in the form of a generally tubular braid. In this specification the term
"braid” refers to a material which is.formed of two or more fibres or yarns which have
been interiwined fo form an elongated struciure. It is a feature of braid that it can
elongate when subjected to an axial tension. It is a further feature of braid that, when



Thus, alternatively, or in addition, the axial strengthening neans
conprises a plurality of axial strengthening strips extending al ong
the length of the hose. The axial strengthening strips are preferably
equi - spaced around the circunference of the hose. There may be two,
three, four, five, six, seven, eight or nore strips. Mre preferably
there are three, four, five or six strips, with four or six strips
being nost preferred. Preferably each axial strengthening stripis
made of a fabric having a warp and a weft. Mrre preferably, the warp
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* incorporated within the tubular body, i.e., between the reinforcing layer and the sealing
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The materials of construction of the hose shouid be selected to enable the hose
to perform in the environment for which it is intended. Thus, there is a need for the



When the or each reinforcing |ayer conprises a polyester, thenit is
preferably polyethylene terephthal ate. When the or each reinforcing
| ayer conprises a polyamde, then it may be an aliphatic pol yam de,
such as a nylon, or it nay be an aronmatic pol yam de, such as an
aram d compound. For exanple, the or each reinforcing | ayer may be a
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When the or each reinforeing layer comprises a polyester, then it is preferably

polyethylene terephthalate. When the or each reinforcing layer comprises a polyamide,
then it may be an aliphatic polyamide, such as a nylon, or it may be an aromatic
polyamide, such as an aramid compound, For example, the or each reinforcing layer
may be a poly-(p-phenyleneterephthalamide) such as KEVLAR (Registered Trade
Mark).

When the or each reinforcing layer comprises a polyolefin, then it may be a
polyethylene, -polypropylene or polybutylene homopolymer, or a copolymer or



8 reinforcing |ayer is arranged such that the-fabric warp direction
is at an angle of from10 to 20, nost preferably about 15, to the
axial direction of the hose. The purpose of the sealing |ayer is
primarily to prevent the | eakage of transported fluids through the
tubul ar body. Thus, any sealing |ayer which has the required degree
of flexibility, and which can provide the desired sealing .function,
w Il be. adequate. Also, if the hose is intended for transporting
cryogenic fluids, then the sealing |ayer must be able to withstand
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the T andd @dlalferilsS FOERSndiunder the iale name DYNEEMA, or thal svaiable Jrom
the US corporation AlliedSignal Inc. under the trade name SPECTRA. Additional details
about DYNEEMA are disclosed in a trade brochure entitled "DYNEEMA,; the top
performance in fibers; properties and application” issued by DSM High Performance
Fibers BV, edition 02/98. Additional details about SPECTRA are disclosed in a irade
brochure entitled "Spectra Performance Materials" issued by AlliedSignal Inc., edition
5/96. These materials have been available since the 1980s.

in the preferred embodiment, the or each reinforcing layer comprises a woven

fabric formed of fibres arranged in a weft and warp direction. We have found that it is
particularly advantageous if the or each reinforcing layer is arranged such that the
fabric warp direction is at an angle of less than 20° to the axial direction of the hose: we
also prefer that this angle is greater than 5°. In the preferred e:mbodiment, the or each



9 It will, of course, be appreciated that nore than one sealing
| ayer may be provided. The insulation |ayer may affixed to the
inside of the rigid conduit, i.e., disposed inside the rigid conduit.
Alternatively, the insulation | ayer may be di sposed between the hose
and the rigid conduit as a layer which is separate fromthe hose and

rigid conduit. However, it is preferred that the insulation
| ayer is incorporated in the hose. The insulation |ayer may be
affixed to the outside of the hose, i.8&. disposed outside the outer
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the material, or may comprise two or more single continuous layers of the sheet material.
However, more usually (and depending on the fength of the hose) the or each layer of
the sheet material would be formed of a pluraiity of separate lengths of sheet material
arranged along the length of the hose. If desired the sealing layer may comprise one or
" more heat shrinkable sealing sleeves (i.e. tubular in form) which are arranged over the
inner reinforcing layer,

We prefer that the sealing layer comprises a plurality of overltapping layers of
fitm. Preferably there would be at least 2 layers, more preferably at [east 5 layers, and
stili more preferably at least 10 layers. In praciice, the sealing layer may comprise 20,
30, 40, 50, or more layers of film. The upper limit for the number of layers depends
upon the overall size of the hose, but it is unlikely that more than 100 layers would be
required, Usually, 50 layers, at most, will be sufficient. The thickness of each layer of
film would typically be in the range 50 to 100 micrometres,



10 sane pitch, and the position of the coils of the outer coil are
positioned half a pitch Iength offset fromthe position of the coils
of the inner coil. It is an inportant feature of the invention
that the outer rigid conduit is adequately protected fromthe
tenperature of the cryogenic fluids being transported through the

i nner tubular structure. :The outer conduit is typically a netal or a
reinforced plastic, and it is inportant to keep the tenperature of
the inner surface of the outer rigid cBnduit above about -20C to

provi de adequ@tval, oF b@es, SppRecAtRE that hfbre taansieesathankyachiapbe -
effects descri bed above. Pref erably, the tenperature of the inner
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In another preferred embodiment, the insulation layer includes a fabric formed of
basalt fibres. Suitable basalt fibre fabrics are available from the Sudaglass Fiber
Company under, the trade designations BT-5, BT-8, BT-10, BT-11 and BT-13. The
preferred thickness of the fabric is from about 0.1 mm up to about 0.3 mm. If desired, a
plurality of layers of the basalt fabric may be employed. .

It wilt be appreciated that more than one insulation iayer may be provided, and
that the hose may include two or more different types of insulation layer.

An end fitting is preferably provided at each end of the hose. The end fitting is
preferably of the type described in WO01/86772 or WO 2004/079248.

The inner and outer gripping members of the hose are preferably helical gripping
members, more preferably helical wires. Thus, the gripping members preferably each
forms a coil which grip and retain the tubular body, and any other intervening layers.

Preferably the inner and outer coils are applied in a helical configuration having the



11 The required insulation may be provid6éd by any conbi nation

of the specific techniques described above. The rigid conduit
Is typically made of steel, particularly carbon steel or austenitic
stainless steel. It may be provided with an external and/or an

i nternal coating, which is/are preferably waterproof. Exenplary
coatings are fusion bonded epoxy, polypropyl ene and pol yet hyl ene. The
conduit is a tubular structure of any desired shape, although itwould
typically be of circular cross sectiondP shape. The di nensi ons

of the hosamenslich ghdl teopskiidn aRthelRils oF G BGteptbiNgfe SOl LdkEa 'sbﬁ‘cgﬁ
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It is important that the temperature of the inner surface of the outer conduit
remains above the britile temperature of the material of the conduit. This britile
temperature is typicaily below -20°C and it is dependent on the choice of material.

The required insulation can be achieved in a humber of ways.. One way is to rely
solely on the insulation provided by the tubular body of the inner tubular structure. The
materials of the tubular body may be such that they provide the reguired insulation.
Furthermore, in the preferred embodiment, the materials of the tubular body are formed
by wrapping multiple layers around a mandrel, in a process which leaves a certaip
amount of air within the layers, which provides additional insulation.

In another embodiment, the inner tubular structure is provided with an insulation

- layer formed of an insulating material. The insulation layer may be a special layer of the
" tubular body, or may be a layer formed around the outer gripping member.

In another embodiment, an insulation layer formed of an insulating materia] is
provided between the inner tubular structure and the outer fube.

In another embodiment the insulation may be provided by a particulate insulating
material (e.g. beads) disposed in the space between the inner tubular structure and the
outer tube. The insulating particles may typically comprise of glass microspheres,
perlite, polystyrene particles. The particles may be placed in the space simply by
pumping them between the inner tubular structure and the outer conduit.



The pi pe according to the invention is useful in a wide variety of
applications, but - it is especially useful in the transportation of
cryogenic fluids, especially fluids at a tenperature bel ow -100C,
nore preferably fluids at a tenperature at or bel ow about - 104C (the
boiling point of ethylene), and nost preferably fluids at a
tenperature at or bel ow about -150C. The pipe can effectively
transport LNG at tenperatures of about.. 162C, and can effectively
transport |iquid oxygen or nitrogen at 1fenperatures of about -183C or
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of circular cross section.

The pipe according to the invention is useful in a wide variety of applications, but
" it is especially useful in the transportation of cryogenic fluids, especially fluids at a

temperature below -100°C, more preferably fluids at a temperature at or below about -

104°C (the boiling point of ethylene), and most preferably fluids at & temperature at or

below about -150°C. The pipe can effectively transport LNG at temperatures of about -

182°C, and can effectively transport liqtid oxygen or nitrogen at temperaiures of about

-183°C or -196°C respectively. in practice, the jowest practical temperature at which

the pipe would be used would be from about -200°C to -220°C.

The inner diameter of the rigid conduit is preferably at least 150mm. More
preferably, the inner diameter of the hose is preferably at least 150mm. The inner



The surface offshore structure may be a pernmanent structure or a
tenporary structure, and is disposed at the surface of the water; it

w Il be appreciated that in normal circunstances sone of the
structure will extend above the water surface and sone of the
structure will be subnerged. A pernmanent structure is one which,

after installation, remains permanently fixed in position above the
seabed. Exanples of permanent structurgs include a steel jacket
support structure and a gravity base support structure. A tenporary
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arranged al oﬁgcardg'aéaeaof 3" PERFE B%E? 51"?9@”} GRS lBﬁ@el and
based st gdigiriding awidraliy of pRecsdeetibealabbhis samﬁbesweemgvoemmxedf drigi 10
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buoy to the subsurface of fshore structure, hose is supported

by the Hakeyt 10BAEIOEI00Msy st em descri bed above |s an exanpl e of such a

system The\]i}?: \é@érd:rrgfts ﬂ%’lﬁ{fé}'ﬁbﬁ@@érﬂédm%%e‘iﬁl% ameaﬂmmmay be
a CVMBM system ere hose according to the invention extends

direct| yn\fo#veﬁh@ H@nwtﬁa@éotﬁw%emecalv goegec flsfdﬁ heorg thesephed The
ffsh
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i nst ead stem re a sur ce buoy 1s attac
subsur f éoeevaeomme:n‘isbnrel triace dirgatunerand sdabdlas ruchifehose ext ends

directly fromd g3 ohRfse Yl Ray bé YHeHhind R shllurt Gt fehfary

connect or.
siructure, and is disposed at the surface of the water; it will be appreciated that in

normal circumstances some of the structure will extend above the water suiface and
some of the struciure will be submerged. A permanent structure is one which, after
installation, remains permanently fixed in position above the seabed. Examples of
permanent structures include a steel jacket support structure and a gravity base

support structure, A temporary struciure is one which can be moved from location to



14 In the systens described above, there is preferably further
provided a fluid connector supported by the buoy. The fluid connector
Is adapted to be connected in fluid communicatiOn with the upper end
of the riser extending fromthe subsurface. offshore structure, and
to be connected in fluid conunication with a pipe extending fromthe
subsurface offshore structure. In this way fluid can flow fromthe
pi pe to the riser through the connector. The connector is preferably
rotatable, so that the surface of f shord3structure can rotate about

the buoy. [GhitenfBxammés cfmﬂeembmry sﬁuc&!&ieaé hyloktablesés, L%ua%é’ﬁ‘ﬂxg a steel
connect or, sui

bl e
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accor di ng Arothdnexamplent ampmyryaét@@tdwls@ﬁﬁhh@ pdiictionlfobe BHa g
descri bed ;i n,. W200 a subpersible buoy iS provided.

Thus, | acdGINSHIT oS AUTHETREHE GITgH T HEY FROREFSHO! HERHTNg o o aheled
a syst em fam bar@atithe sealgeoainCAdoRBRNbCinélesd, dhé)gﬂff&%rbf@h&érsftr@(%ﬁlre may -
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of fshore structure, an el i ne, i sin a first cryogen
ri ser hav?’ﬁ wepns fof s gﬁﬁg Ellllgr %ass@%ﬁl?r%?dna% i ’qudéchTfl ser, wherein
the verti cal mldcb@ﬂmgfto hAgthEl dsplect df3ied 1nkréntﬁﬁ\l H@F@:Q'p?ov@e%l‘ éisfs‘?c?rﬁ'?

end of satdflrst ‘rgjs%& bei ng,l ocated in a body of water and
communi cal'PERefingfusbsvRena ﬁ”ﬁ’e’iu"@ﬁﬁ°ff§h°éeﬁfY¥C§@fe§lPHWBﬁéuﬁm et

connect or ofgMBResthReré Q:o&ﬁin@lnb iar ikt @Bﬂoﬁéra%%cfdné%d fid %fﬁrst%?:pgﬁ I 1 st
ace (0]

connect or “E%P’%r e{d for Ieasab connecting to the sur ore
struct ure® s %t%a? 0 %ﬁry“’B@??h‘i’fca pireling aEEnope abosmesnbed,edsdvendeen

sai d sur frﬁ’s@a@o@érﬁﬂw&anﬁbéﬂéﬁwﬂﬁ @B%@@ﬁ%c&'%ﬁor@@ﬂu&ﬁr kol %esc%m%y .

riser, said first connector being noore he bottomo sal
of water YW hapipelinewhereby fud CB@ﬂPWf@m&bﬁfﬁﬁlsdl‘fﬁer@‘fshommwwe twan

be changefe s¥hpEeuAadd sMhofCRRALObr 919@9&1?9 \Mfer@#n'a%aggﬁéh SHRE Hleiine

of fshore structure to rotate around said first connec upon
surface d¥ fogapd ot aipe gecading to s ineentian s Hesabedabewd. i s connected to

sai d first CORRRRAIRG to MM Bpdlt o@‘ jltlvé}l%{)lg t@é Jggrogfdgﬁl 448 frr?éa med of

pi pe according to the invention, escr | be
appr eci at/@BSRORR9 fiuids @Hﬂ?%@fﬁhﬂuﬁmaﬁfﬁh@'eéﬁcmmma Elndbt!asad es ar e

di sposed sﬁué@)@%&npﬁmr% a fitsPricer %Egrrahﬁ’éig ?G'r} %c?elﬁe[ot @P&Uﬁat% eﬁ%ﬁc@% abody

of water. Fbmever thére is no Imtation on nce
of the sEiWRiraaBdfe afistpad sho p@ehrvmarcanmwlm a $enbedxapipe@peratielw

Metres, gordiRktel S HeAnd BideRStruBiiERh Kid PIRIAE Bnd%f F8Hdthe, whereby
fluid can flow from the first surface offshore structure to the land-based struciure or vice
versa, wherein at least part of the pipeline is formed of a pipe according to the invention
as described above. The land-based structure may be, for example, a land-based
storage facility.

In one embodiment the system includes a buoy located at the surface, and the
first and/or second riser extends from the buoy to the subsurface offshore structure,
and the hose is supported by the buoy. The CALM system 'described above is an
example of such a system.

However, the system according to the invention may be a CMBM system, where
the hose according to the invention extends directly from the surface offshore structure
to the subsurface offshore structure,

The systemn according to the invention may instead be a SALM sysiem, where a
surface buoy is attached fo a subsurface connector located at the seabed, and the
hose extends directly from the surface offshore structure to the subsurface connector.



hundred kil onetres. According to another aspect of the invention
there is provided a nethod of transporting a cryogenic fluid
underwat er, which conprises flowng the fluid through a pipe
according to the invention as descri bed above, wherein the pipe is

di sposed at an 15 underwater |ocated. Preferably.the pipe is |ocated
on the seabed. Reference is now made to the acconpanying drawi ngs, in
which: Figure 1 is a cross-sectional gm/of a part of a pipe
according to the invention; Figure 2 |§ a cross-sectional view of an
hose of the pi fethslspstemi desirped @bbye, drale B wefceatly fusthar sobigea & fluid

di | th fluid, from
B o b PRkt SuBBRaH hE R T E Fhld B Pl £ SBF TS P Botmapiad iy
to Figur eﬁlum canindicatiopwjib teeompediend df thet frer exteading don HieGepSimickY

destonat el HIG, 4055 FOPLER R AP A SIS A frondat
| nnfar re: frbmrtbé a@::slua‘;lee oﬁshoremmmtrerln 173) wb?lﬂoidrlﬁmmwﬂforﬂ&e ;ﬁﬁé' tcﬁthel I
Cubul ar st gT ABATSG PR Kacly B e iRl R iehiace

st rengt heufn‘smgre stsucdjre pm&dataratbutlidhé beoyw Thiarfosn bf estmestor Ishesuaif Riown
t he tubul ar

relnforC|n a ular od ,
sheath 20° a S%Y%B%%rbe&tagefﬂ\ﬂee@ﬁn?#? V%EP”'{%H%W?“H%?[?&I f@neeomRing and
an outer mpdgana:lﬁuydsos)dlseldsw InEERBB3376® i nner and outer w res 22 and

24 are di sposi_g so_.t hat ﬁé are offset from one anot her
di stance corre8pd ?’H&CP‘H |1 theBveilio MayeaiRn e Bﬁed(‘ﬁéh%'é’lf’?ﬁféys‘f@ﬁe

coils.  describefin Wmuomamosia aue.thxc% mrr@rﬁﬁ%@ey & RERded MeRUt er
wire 24. The Jniul at on for exanple, a convehtional

i nsul at i MGEoFANE/S gpot %&Hﬁ?e *s"féhep'r"éi%%ioﬂéﬁﬁf%wfw*ded a system for transporting

a cryogenic fluid beiween a surface offshore structure and a pipeline, comprising: a) a
first cryogenic riser having a first end and a second end, said first riser, wherein the
vertical position of the first riser is adjustable, said second end of said first riser being
located in a body of water and in fluid communication with said pipefine; and b} a first
submersible turret connector connected to said first end of said first riser, said first
connector adapied for releasably connecting to the surface offshore structure water so
that a eryogenic fluid can be communicated between said surface offshore structure
and said first end of said first riser, said first connector being moored to the bottom of
said body of water such that the veriical position of said first connector can be
changed, wherein first connector adapted io allow said surface offshore structure to
rotate around said first connector upon the surface of said body of water while said first
vessel is connected fo said first connector, wherein at least part of the pipeline formed
of pipe according to the invention, as described above.

It will be appreciated that the surface and subsurface offshore structures are
disposed offshare, i.e., in a sea, ocean, Iake:, harbour or other body of water. However,
there is no particular fimitation on the distance of the structure from the shore, which
may be, for example, a few metres, a few hundred metres, a few kilometres or several
hundred kilometres. )

According to another aspect of the invention there is provided 2 method of
transporting a cryogenic fluid underwater, which comprises flowing the fluid through a
pipe according to the invention as described above, wherein the pipe is disposed at an



The reinforcing |layers 14 and 16 conpri se woven fabrics of a
synthetic material, such as UHWWE or aram d fi bres. The
sealing layer 18 conprises a plurality of layers of plastics film
whi ch are wapped around the outer surface of the inner reinforcing
| ayer 14 to provide a fluid tight seal between the inner and outer
reinforcing |l ayers 14 and 16. An end fitting 28 is provided at
each end of the inner tube 10 and serves.to term nate the tube 10.
The end fitting 28 may be, for exanple, the type of end fitting
descri bed Urdengeier Degird. Ryefandd|P@440582d@uted on the sEakedhosRefdRneais Hey
formed by | (g und a mandrel; wapping the
i nner rei n?\g?%%g%géggﬁpd{&mgrdé%wn'és?’ﬁwﬁkﬁér wWre 22; wapping the -
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26 over t 4 .a e 20 The ri gi
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nmet al tUb%e %&i g[? cho 10. The annul u |¥ ft as free
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mat er i aI 38 (a'ﬁws!hmwﬂd corfpripes @ thpulabbedy 121@h@nrmm;bﬁsé§aheﬁrfer@§mfo¥&?g
space, hol d the hose 10
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di sc- shapiaglerswidtandars. ingetergliyriabiliar sFRRET L0ITE thhiosA df%%!a‘rﬂeﬁihfchepr&%@s
d.to.be.tran ort&ﬂ%{canflowthrouh :

10.
subst ant | A UEORPFIP. I8 FisCRERE B pHiet TSGR TRQouter reiforainggiaver
3 is an if8.ustration of an exenpl ary system utilising the-pipe 100

according to e.i t| The, system shown in Figure 3 is a CALM
system but th_g &‘bﬁi”‘ Vg Bgupylgr shaath %%%%EISP@%FGE PetyeRR@n inner

syst ens, Helieily a8iddwirSAR Mna )t @er Adhcaly\BikS wibem and e aﬁg%@f

In fi gur%23ﬁ%da 3h Ip 300 cont ai Q%In%gan LNG storage unit (not sh
floats o S P AsRsednge ¢ ¥.arg %fffﬁhﬂ'roﬁhém@lwh&febsewdmamw
al ong them@@i@@dma@cﬁhalﬁh&qﬂfza%gfm&rth@Befb&@%é&ﬁl floats on the
surface of tg}g%wate di stance fromthe ship 300. The buoy 308

incl udes a rdtaNsHPEOR E\Vﬁ‘i #hissligppsed rqund the putenwiredd, Thaiinsviadian layer

swi vel ref aidywe, i ekdvapleNg ebhusns
rope 312 ext eyﬂds ffomrt)he S ; &ﬂﬁ%ﬁ{aﬁg b%?enr{ég%}ﬁgﬁgga Fﬁéﬂgﬂdﬁ@ﬂor

chai ns 314 ex{E gfreRy ﬂ%f%h‘gan%ﬂﬁ CREPHRRYOBIEabtcs tiea syrdhatis: rB86rial,
such as UHMWPE or aramid fibres.

The sealing layer 18 comprises a plurality of layers of plastics film which are
wrapped around the outer surface of the inner reinforcing layer 14 to provide a fiuid
tight seal between the inner and outer reinforcing layers 14 and 16.

An end fitting 28 is provided at each end of the inner tube 10 and serves to
terminate the tube 10. The end fitting 28 may be, for example, the type of end fitting
described in WOQ1/96772 or WO 2004/079248.

The hose 10 can be formed by: wrapping the inner wire 22 around a mandrel;
wrapping the inner reinforcing layer 14 around the inner wire 22; wrappiﬁg the sealing
layer 18 around the inner reinforcing layer 14; wrapping the outer reinforcing layer 16
around the sealing layer 18, pulling the tubular sheath over the outer reinforcing layer

18, wrapping the cuter wire 24 around the sheath 20, and applying the insulation [ayer
26 over the outer wire 24 and the sheath 20.



. A hose 316 extends fromthe ship 300 to the buoy 308. The hose 3,16
has a hi gh buoyancy, so that it can float on the surface of the

wat er . A hose 318 extends fromthe buoy 308 to the pipeline
304. The hose'318 is connected to the hose 316, whereby fluids can
flow fromthe storage unit on the ship 302 to the pipeline 304 (or
vice versa). The pipeline 314 is constructed fromlengths of the pipe

10 shown in figure 1. It will 1%ﬁpreciatedthat the i nvention
descri bed above nay be nodified W|th| n e scope of the clainms. 17
d ai ns: 1. Ahpirgéd conduiti 3 nomprises H eveta itghed3Z ovidth sarfinsl adroUte@Eter-

t ubul ar st e inner tubular structure conprising a flexible
hose, V\heré?(%ftct%%ﬁn%%{e conpri ses a tubul ar body di sposed between

[ nnle_r anfj out eﬁ'hggmpgppmgnmmﬂﬁecﬁisn}aihﬂtwmuhamémdu%e B{Eb?dltr_mgh@se 10d The
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e ow erature, o Cr e Ul | e Lnner
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flexible mng:@nenmmdrmmemaﬂay bb@liscRiepss with &h Hrds chaliMesierie

rigid conduit and 2 Hose0 2. A pipe according to claim1,
wher ei n at'NoBAGENERANRA%FHI0t he pipe is adapted to be connected to an

underwat er ri S?Qfe fluid tc3be ArdNOSEHERCERT AP thrb@gHCihdl dibbtaPfiali, cﬂﬁ@ﬁ&il Rphbe
t ubul ar g‘%, | ses, at least two reinforcing |ayers wt
sealing | fthig Wsé’h@d t her ebet ween. 4. A hose accordl ng to

claim1 or 2, P(gfheéslmaﬁ mgsﬁ’é?tﬁ)ﬁ o‘fﬁh%ﬂé&ﬁpl’aﬂﬁéﬁ%uﬁ@w@x&hé‘blpe 100 acco ding
strengt henlﬁgg nmeaps. A hose according to_claim4, where 11

axi al st ri@ri§E VAP H%‘&n%’s%‘?rﬁiﬂ?‘%@ BioyEnaiap| GALNG system. f e p@erfecw
of a sheegouf§ ediRlle WeRlbeRigP¥ed ftothBr Systdillsabh 8RANESALM system, the CMBM

system and the STM system.

in figure 3, a ship 300 containing an LNG storage unit (not shown) floats on the
surface of the sea 302. | submarine pipeline 304 runs along the seabed 306. A surface
mooring buoy 308 floats on the surface of the water, some distance from the ship 300,
The buoy 308 includes a rotatable turntable 310 at the fop thereof, which can swivel
relative to the underlying part of the buoy 308. A mooring rope 312 exiends from the
ship 300 to the turntable 310, and anchor chains 314 extend from the base of the buoy
308 to the seabed 306.

‘A hose 316 extends from the ship 300 to the buoy 308. The hose 316 has a high
buoyancy, so that it can float on the surface of the water.

A hose 318 extends from the buoy 308 {o the pipeline 304. The hose 318 is
connecied to the hose 316, whereby fluids can flow fro'm the storage unit on the ship
302 to the pipeline 304 (or vice versa). The pipeline 314 is constructed from lengths of
the pipe 10 shown in figure 1.

It will be appreciated that the invention described above may be modified within
the scope of the claims.



6. A hose according to claim4, wherein the axial strengthening nmeans
conprises a plurality of axial strengthening strips extending al ong

the I ength of the hose. 7. A hose according to claim3, wherein
each reinforcing layer is formed of a sheet of nmaterial which has
been wound into a tubular formin the inner tube. S. A hose

according to claim1, wherein the seal'fng |layer is formed of a sheet
of materi al has been wound into a tubular formin the hose.
9. A hose ac%rrg to claim1, wherein the insulation Iayer i's

incorporated in the fogep e co gp ﬁ‘ug%eoﬁtg ?i.?d 9811&155’[ ]Jm\éperel n
| dPspose
o s G L

| ayer overlies thell ](?;Q ppibege 1%%@%8 ¢@mprisgp a mbbyebedor di ng

to claimi1l, wheredispobed ibetuben |1mme11 agérowtengrippe® arciebangahe

menber, made of antibdad ddynigic Rl 88 hakal Hha Kiyed e@lﬂmu(ﬂﬂaﬂﬂémbﬁzﬂdl nal

edges, the el ongat g, iBieE: é&%n@quh@ﬁm@c 1'd¥nmyyrt% BhpbAfufdDUL ar
an

re
et e R %ghpf%rmﬁ?g ol ?Pﬂm%%dbg "

adj acent or overla
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formation on the oiplp@)@if Ay dgsneg thoadh ﬂmpn@gﬁhm thedBuerAuhoke stocor di ng
to claim9, 10 or thte, wherehnht kads rguhatrigd doayvialt aficiliedasxiald abric
formed of basalt fhyeese sealedt Q]%i@nﬁﬂfeoﬁlq"lé@ doNGHR HEeed Hd her
conprising an end J]thdtéﬂ-ﬂjlﬁf SPeges g;\st each “end of the hose.

2. A pipe according to claim 1, wherein at least one end of
the pipe 1s adapted to be conncected to an underwater riser.

3. A hose according 1o claim 1 or 2, wherein the tubular
body comprises at least two reinforcing layers with the seal-
ing layer sandwiched therebetween.

4. A hosc according to claim 1 or 2, wherein the hose
further includes an axml strengthening means.

5. A hose according to claim 4, wherein the axial strength-
ening means comprises a generally tubular braid formed of a
sheet of material provided in a tubular shape.

6. A hose according, to claim 4, wherein the axial strength-
ening means comprises a plurality of axial strengthening
strips extending along the length of the hose.

7. A hosc according to claim 3, wherein cach reinforcing
layer 1s formed of a sheet of material which has been wound
into a tubular form in the inner tube.

8. A hose according to claim 1, wherein the sealing layer is
formed of a sheet of material which has been wound into a
tubular form in the hose.

9. A hose according to claim 1, wherein the insulation layer
is incorporated in the hose.

10. A hose according to claim 1 wherein the insulation
layer is disposed between the inner and outer gripping mem-
bers.

11. A hose according to claim 1, wherein the insulation
layer overlies the outer gripping member.



15. A hose according to claim1l1, wherein the inner and outer gripping
menbers o f the hose are helical gripping nenbers. 16. A hose
according to claim1, wherein the inner and outer gripping nmenmbers of
the hose are helical wres. 17. A pipeline conprising a plurality
of pipes as defined in claiml1, said plpes bei ng connected end to
end. 18. A systemfor transporting ffui ds between a first surface
of fshore structure and a second surface offshore structure,
conprising: a first riser operatively connected to the first surface
of fshore structure aml Ahmefdcesidiegdo efaim pi pelicrenahe angdatial ong a
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arranged al ong a segbedrippiny mendees af tlwehysecanheticedwirest he | and
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H

structure or vice Veﬁ%‘@’%‘dﬁ AF ira ?‘EPI?:[]H"—‘I B(ftg Pa’}hfgf?ld%?iﬁe t he

conprising an outer
i nner tubul ar st r el Hﬁeéém?ﬂil@l iyl 4 Fecerilpn "ﬁﬁé shyke SEPR W Re hose
conprises a tubul arorhpdyingi spfissdizet Wanveimemlamﬂad teihgrirppi ng
menbers, the tubul afrfledyffifatudingui agaltbng firstyend odnd pgdlivge f or med
fLeal mat er 't 3Lufgfa§{rﬁ]% a%ﬁ@%@ﬂ%ngs@&mg%rgggﬁﬁ%r auﬂfn%‘éted’\’?e{ gl n
protect the outer ‘? au??nﬁ%ﬁ%tc%g? bQEn%%q%i?;HBQ§e§&{Jél¥d§p 1 ui d
flowing within t heherBrlipgbyRarebst &9 1o 1ﬁ % Hﬁb hlgrg' St the
rigid conduit and effisghdrtekiuptuac fio e mnﬂwrf@acp&sb@@/@mcmweon ngr ess
of fluids between vibe vermi dt asdpirt ofitice pipelihederther @Onprisingern
according to clai ngRer Woed ebpdiiendd it tehdhP sRHLO0G rEBRBSneONPr i ses
a plural ity of axigh, shlanghie segﬂgﬁs ﬂhﬁ’ﬁeﬁ’b‘l@ﬂ&\%@dﬁk&ﬁ 1¢ Résd engt h

of the hose. each
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wound into a tubulgppisemembersetieinbylar bpdy Inclugme agerysa b)@éor d| ng
to claim6, whereimdisingdatmedof apeterisl dapnblediofithstshdeg coyo-

material which hasyhgenenpentuied! dlRréiublkbannéotbuldr sthethaskas
insulation properties suflicient to protect the outer conduit
from the low temperature of cryogenic flnid flowing within
the inner tubular structure, wherein the ends of the rigid
conduit and the flexible hose are sealed to prevent the ingress
of fluids between the rigid conduit and the hose.
19. A system for transporting fluids between a first surface
offshore structure and a land-based structure, comprising: a



23. A hose according to claim®6, wherein the insulation layer is

I ncorporated in the hose. 24. A hose according to claim6 wherein
the insulation |layer is disposed between the inner and outer gripping
menbers. 25. A hose according to claim®6, wherein the insulation

| ayer overlies the outer gripping nenber. 26. A hose according to
claim6, further conprising an end fit'ing di sposed at each end of

t he hose. 27. A hose according to claim®6, wherein the inner and

outer gripping nmenbers of the hose are helical gripping nenbers.
28. A hose accor di niirst siset apenagyehherwiactachte thengnst amdacuoEshepe ppi ng
menbers of the hosetarctufeebind &b awfirgsend oP9. pipehipetianged @igug i ng a
plurality of pipes abe@fd ped drerabailicBonsabd pilRand®angl qennect ed
end to end. ture and to a second end of the pipeline, whereby fluid can
flow from the first surface offshore structure to the land-based
structure or vice versa, at least part of the pipeline further
comprising an outer rigid conduit and an inner tubular struc-
ture, the inner tubular structure comprising a flexible hose,
wherein the hose comprises a tubular body disposed between
inner and outer gripping members, the tubular body including
a sealing layer, and being formed of a matenial capable of
withstanding cryogenic temperatures, wherein the inner
tubular structure has msulation properties suflicient to protect
the outer conduit from the low temperature of cryogenic fluid
flowing within the inner tubular structure, wherein the ends of
the rigid conduit and the flexible hose are sealed to prevent the
ingress of fluids between the rigid conduit and the hose.

20. A hose according to claim 5, wherein the axial strength-
ening means comprises a plurality of axial strengthening
strips extending along the length of the hose.

21. A hose according to claim 6, wherein the or each
reinforcing laver is formed of a sheet of material which has
been wound into a tubular form i the inner tube.

22. A hose according to claim 6, wherein the sealing layer
is formed of a sheet of material which has been wound into a
tubular form in the hose.

23. A hose according to claim 6, wherein the insulation
layer is incorporated in the hose.

24, A hosc according to claim 6 wherein the insulation
layer is disposed between the inner and outer gripping mem-
bers.

25. A hose according to claim 6, wherein the insulation
layer overlics the outer gripping member.

26. A hose according to claim 6, further comprising an end
fitting disposed at each end of the hose.

27. A hose according to claim 6, wherein the mner and
outer gripping members of the hose are helical gripping mem-
bers.

28. A hose according to clamm 6, wherein the mner and
outer gripping members of the hose are helical wires.

29. A pipeline comprising a plurality of pipes as defined in
claim 6, said pipes being connected end to end.



