1 | MPROVEMENTS RELATI NG TO PI PE This invention relates to

pi pe, and nore particular relates to pipe suitable for use in
cryogeni c applications. The invention is especially concerned with
marine pipeline suitable for use on or near the seabed. There
are many 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 conventi®nal nulti-buoy nooring (CVMBM

system In this system a,hi i£8C of f shore
structure down to the pi Vé 2 Q}{é"]_,&'h dﬁ-%w arranged at
interval s al ong the | engt h of the hose. (2) The single tower
nono- Noor i ng ste In this system onngetower iS.
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pi pel i ne. ose or other pipe can extend fromthe offshore structure
and be cuitaide fasdise entdideentheoseabied- hose at the top of the nooring
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system a buoy’'TI's 0s re structure [
bei ng att achidort aiherauidifeapfoan Undersea pipetine ttoampies of sucdt systens mclude:
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further section Qkepipe d'#é@ﬂyfrbﬁf@hbfbﬁsﬁ@ﬁl‘s@r@tmﬁedwﬁn tbahé bielingakitme.
(4) The catenary anchor-1eg nooring stem L% th| system a
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structure and be(rﬁ:»%?fﬂg%\ﬁgr ét?pptoﬁt@ %{A‘&teﬁpﬁ% YOS 1174 s&ﬁ&f{b‘ﬂ%% SEQ%G

are various configuratfions Sys |nclud|n teep
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feature of all these sSsystens is that riser 1s provided to deliver

fluids from an olPFaisgrdoss totbe @ﬁého@&@ﬁ%‘é‘* dhg F?PBY bethdaAtarhad tovaner

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
undenwater connector unit usually located on or near the seabed. A
further section of pipe runs from the connector unit fo the pipeline. A hose
or other pipe can extend from the offshore structure and be connected o
the end of the hose at the buoy. There are various cenfigurations 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
intermediate 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



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 the particular offshore |ocation.
Dependi ng on the particular details of the systemthe riser conprises
of subnerged, floating and aerial sections. Pi pelines are
generally constructed by one of two nethods. The first and generally
the nost comon nethod for both onshorg and offshore pipelines is .by
wel di ng together short |engths of metal pipe. i s, metal, pipe may be
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t he pi peusfiee nadural gaseicpbayt s463°G. Msiinayynepipbtam with anghpig egoednia | ayer
of | Cepipeiine applications is the thermal contraction as the pipeline is cooled from ambient
temperature to the temperature of the conveyed liquefied natural gas. For austenitic
stainless steels this is equivalent to a contraction of about 2.8mm/m. In order to control
the resulting thermal stresses expansion loops are regularly placed in the pipeline. A
more recent development by Osaka Gas and others is to use pipelines made from an

alloy of 36% nickel and 64% iron. This alloy is also known under the trade name of



To date no marine pipelines have been built for cryogenic
applications. A marine pipeline for conveying cryogenic fluids has to
address the two problens of thermal expansion and insulation. This
has | ed to the devel opnent of concentric pipe designs based on the
conventi onal pipe-in-pipe design. These designs use INVAR (RTM to
solve the thermal expansion problem and high performance insul ating
materials such as aerogels in the resuyting annuli are used to
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be conngcted i1 0 a1 JUINE WAL ELxSARBAnd contract by similar amounts, despite the
temperature variation between the inner and outer pipes, which is primarily caused by
the presence of the insulation layer. Although pipelines with an INVAR (RTM) inner
tube are effective at fransporting cryogenic fluids, 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
member and the axial strengthening neaps. The ultimate strength
of the reinforcing layer(s) is preferably between 100 and 700 kN for
an 811(200 mﬁccarﬁm@t%a fi fﬁﬁ@épeqftOf the ipyertliondbere is peavidaska pipedcarnprsing
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t hat t%oﬁh@%tgr extends all the way around the circunference of the
tubul ar™'s However, it is possible for only part of the
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700 kN for an 8".(200 mm) diameter hose. It is preferable that the bend strain at failure
of the reinforcing layer(s) is in the range 2% to 15%.

Itis preferred that the hose further includes an axial strengthening means.
Preferably the axial strengthening means comprises a generally tubular sheath formed
of a sheet of material provided in a tubular shape, such that the sheath can maintain
the integrity of its fubular shape when subjected tc 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 s provided in the form of a generally tubular braid. in this specification the term
"braid" refers to a materiat which is.formed of two or more fibres or yarns which have
been infertwined to 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



speci fied above. Thus, the axial strengthening neans nmay be provided
as a suitable arrangenment of cords or ropes helically wapped around
t he tubul ar body. Thus, alternatively, or in addition, the
axi al strengthening nmeans conprises a plurality of axial
strengthening strips extending along the | ength of the hose. The
axi al strengthening strips are preferably equi-spaced around the
circunference of the hose. There may bg two, three, four, five, six,
seven, eight, aor nore s ps, More preferably there are three four,
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The materials of construction of the hose should 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 polyolefin, then it
may be a pol yet hyl ene, pol ypropyl ene or pol ybutyl ene honopol ynmer, or
a copolyner or 7 terpolynmer thereof, and is preferably: nonoaxially
or biaxially oriented. Mire preferably, the polyolefinis a

pol yet hyl ene, and nost preferably the polyethylene is a high
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corporahl on Allied naI H‘} ctyr ade name SPECT
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application” issued by Hi gh rmance Fibers
Addi t i o?eausloaeﬂ&th%a%%morsﬁmmafa‘p@ew& tﬂnﬁs’f@d)u”ﬁh@wﬂm@ldgs Bpait hlireor

entitle 8
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or eac hnamnaf WO Gl g fbr&tzy@d of 8 p&frél&?@ﬁﬁb]ﬁd@tb lérﬁ%’fhs bhendabhaterivpdPanged

di rect Sﬁ‘é Qaj‘ﬂ ﬂ%‘ee of less than 20 to the axial direction ogf

t he ho PY pﬂ? Fo%%hat this angle is greater than 5. In the

preferred enped prefrredt dRbSHINRAE the or each reinforcing layer comprises a fabric,
most preferably a woven fabric. The or each reinforcing layer may be a natural or
synthetic material. The or each reinforcing layer is conveniently formed of a synthetic
polymer, such as a polyester, a polyamide or a polyolefin. The synthetic polymer méy
be provided in the form of fibres, or a yarn, from which the fabric is created.

When the or each reinforcing fayer comprises a polyester, then it is preferably
polyethylene terephthalate. When the or each reinforcing layer comprises a polyamide,
then it may be an gaiiphatic 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 from 100 to 200, 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,
will be. adequate. Also, if the hose ig intended for transporting

cryogeni ¢ fluids, then the seali | ayer, must be able to wthstand
cryogeni ger PKPEF Q‘P(ﬁcgsa”‘fpfs Pre'% aﬁ%*@ea@wb/ qr. e{%}%*’a”ﬁ(a?”%e@rd’d@fefm@fﬁf@biﬁ
et ERSELS RS ARSI PLOLS 08 SBehd ER L
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| ayer does not have much fesistance to ax tens
appl i cathighly oferded ard aoufconzLmiiwinave beenistreiched bt kehet Rdrithemin cugar t .

The Seald'frB&ronaz}ﬁ%‘rat@é'stcl%%#A%S%fn &}grbgrlleglqﬁrg gél nuous | ayer of the sheet

mat eri al conprise Pltont i nuous | ayers of the
sheet mat eri @he UI—lrMWPE mogbusafuld &ld pfeé@mthuﬁlmeﬁdwlmgeMaI!@ﬁa\b@ﬂ%FhM@f

the h t.h h | f th t | f d of
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| engt h @fantdsey, hﬂ%ﬂ:ryétialhﬁﬁ? Wi lﬁébﬁefﬂﬁly%aérb%r ltt?éf?fo%a%lo‘?é’ n? ﬁzsa]r?%‘t%r e

nore heat shrinkable sealing Sleeves ar in
arrangeﬂl‘aﬂ\ﬂ@ﬁ theystafiaity veitaBerhis P@?éﬂe W prefer that the

seal i ng | ayqipoyRE ﬁfﬁcﬁbg{j b %%Eﬂ:{ie QY. &‘@ﬂsﬁ% ﬁ;dﬁlq%ﬁré @égst

Preferably there wo eas dyers, nore pre

5 | ayer#4228A3, $BiA-H433asS, N&Ae#@ﬁﬁﬁgﬂP—bﬁeW%O BRap 433880, ficEPiCe,
t he se%aé]ﬂ%g&ayer may conprise 20, 30, 40, 50, or nore |ayers of
film e upper limt for the nunber of |ayers depends upon the

overal | sizét labatﬂaelahymvabﬂa@]ebﬂs thait thel orlealch réiﬂr?drciﬂi@ﬂ@yér%%ﬁi@@s a

sut 1 ciftaty crerged FMREE: eheadiiapasibion PEMABERS eypmceyivssi n

2pbr ol o S hop Rt AP AMBIES: teirads eme DNEEA, B 1RSI om
the US corporation AlliedSignal inc. under the trade name SPECTRA Additional details
about DYNEEMA are disclosed in a trade brochure entitled "DYNEEMA: the fop
performance in fibers; properties and application" issued by DSM High Performance
Fibers BV, edition 02/98. Additional details about SPECTRA are disclosed in a frade
brochure entitied "Spectra Performance Materials" issued by AlliedSignal Inc., edition
5/96. These materials hiave been available since the 1980s.

In the preferred embodiment, the or each reinforcing fayer 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 lesé than 20° fo the axial direction of the hose: we

also prefer that this angle is greater than 5°. In the preferred embodiment, the or each



The insulation |ayer may affixed to the inside of the rigid conduit,
i.e., disposed inside the rigid conduit. Alternatively, the

i nsul ation | 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 layer is incorporated in
the hose. The insulation |ayer may be affixed to the outside of the
hose, i.e. disposed outside the outer gripping nenber, or it may be

di sposed within the outer gripping nmenber between,the quter qrippin
Terber - aitiemBGIRAr IS g Rgral S PAPE BRI CHEBORECh S SR ATl BhTom?
layer may,.Goups ‘rﬁ@stgaPé#e féﬂ»:ﬁ]t 180NYeRE hYBRdiFaLtits BeitHechdtieovi ded.

insulation Tn cryogeni c edqui pnent, such as a synthetic foamnaterial.
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i s fromaheubrdethlians fHtrafuoaztinglefe-perfivordpropmidaria) edailable frerma DiuPenbf

| ayers of the basalt faﬁric may be_e I}g_)[g_d. ) qlft;h-” g)e

appr eci Alusprragicisgpgdert ﬁﬁraéﬁ@ain?%?@?ﬂ o% § AeflugrgRt 3\()&"89"?” 84, and
that th -igRsi biddeeanindey BRstrade haske! Rifloan

| ayer. 58%5%@2ngqg'?%ﬁgwfggg?m?%’%f’y provi ded at each end of the
hose. TREAehbesd filmsmgay be prasiedpyaprijusin eHy BlgWEddescri bed in
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menbers of t Se are pr Ical gripping rrerrr]ger s, nore
pr ef er alpbyndizlts & aibulanfesn b¥wisdingHiee ghegipnatgrialdmbdeticproaeneibiy vdihidhe

o et e p 8ot B! ot M BE e RN AR
in a heldse#nceanbiiatterkiopNad e agpiication d0an axial force will tend to pull the
windings apart. The sealing layer may comprise a single continuous layer of the sheet
material, or may comprise two or more single continuous layers of the sheet material.
However, more usually (and depending on the length of the hose) the or each laygr of
the sheet material would be formed of a plurality 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 overlapping layers of
fitm. Preferably there would be at least 2 layers, more preferably at least § layers, and
stilt more preferably at least 10 layers. In practice, 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.



sanme 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 inportang to keep the tenperature of
the inner surface of the outer ri.gi ondui t abov ) -

provi de adeqtia¥’b 3 ceLEE P%ﬁgp'é‘@éﬁt%%ﬂ‘a? H?é’“@%@?%%/%@ﬁ?é%%ﬁﬁ %BQ.
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It will be appreciated that more than one insulation layer 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 fiiting is
preferably of the type described in WO001/86772 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 coif 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



The di nensions of the hose and rigid conduit nmay be sel ected either
so that the hose and rigid conduit are in contact, or, preferably, so
that there is a gap between the hose and rigid conduit. One or nore
spacers is preferably provided between in the inner tubular structure
and the outer rigid conduit in order to maintain the conduit in a
spaced relationship with respect to the inner tubular structure. The
or each spacer preferably conprises a apng extendi ng around the
outside of the plural ity of salg rings nmay be provided al on

the | engtAME:PH ql?ea%g@ p?ﬁ@%rﬂféa@wc’% &he ey Q?Hyarﬁé’osﬂftﬂ“eéx%ﬁ%ﬁéi’lmh
pol yur et hagh oﬂ%ﬁﬁonﬂhe%‘éﬁi@ﬁ of tHeleatg o??r{eslf\né’rrc&ior k. The or each
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of aboutsuﬁa%@‘%e antbrdgid edrideittis pelfarablyavitiioite thhgéloflaloXMEBEC Brabouf -
nit rogego‘a(% ht enper atures of about -183C or -196C respectively. In

practic e lowest practical tenperature at which the pipe would be

used woul d bieisfirpataanit thdQ8apbminr2R e inner surfdt® df@ﬁ‘@by%rrggﬁﬁlﬁf of

the rigid conduit is preferably at |east 150mm Mre pre t he
i nner dieiAiieRbRE thadiiiedempergies efrthe materal (o8 thet cargiomny hr‘ﬂtmttimner
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a few huatgrield of theujobtiar aocﬁpma@ﬁmawhdhaﬁhéﬁémwde the required 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 certain
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 fayer formed around the outer gripping member.

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

In ancther embodiment the insulation may be provided by a particulate insulating
material (e.g. beads) disposed in the space between the inner tubular struciure and the
outer tube. The insulating particles may typically comprise of glass microspheres,
perlite, polystyrene particies. 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 can be nmanufactured by placing
the hose, or a string conprising nmultiple |lengths of the hose
connected end to end, withint the rigid conduit, e.g., by pulling

t hrough the conduit. In general, the operating pressure of the
pi pe would be in the range from about 500 kPa gauge up to about 2000
kPa gauge, or possibly up to about 2500 kPa gauge. These pressures
relate to the operating pressure of thgqhose, not the burst pressure
(which nust be several tines greater). The volunetric flowrate
depends upon {fh@rgquired infaeationmanke pravidag by amdcernbinglivrepf tieaperisic.
Fl owr at egocdhhRiiied @80cBRhpsRe! 0 12000 nB/h are typical.

According to another aspect of the invention there is provided a
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for produci nganignotiier gamokirasatbgeadabet Mey HRAREE forh AHobt ¥ ro@’
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second @M @ iyestirepeta pelywiethanemstriv bEisstpreufdrcsdssrseation or a rubber
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a first endJ of a pi pePl ne arranged al ong a seabed, a second ri ser
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pi pe according to the invention as scri be
to anof HEIC @peeingpoinhef ethviene), angd Mot peefesbiy uitslatia semysiatimel 000

transpggii f i Uicgs fi . surface pffshqre structure and a
| and: bagol ek eRre PAEBER, B dfethye ke Sl G ol et of abevien
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| and bas8d” ST F Uit dr &SR Ve, Indradlicen ihedryest prericaligraperature it ahithy

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



fluid can flow fromthe first surface offshore structure to the

| and- based structure or vice versa, wherein at |east part of the
pipeline is formed of a pipe according to the invention as descri bed
above. The | and-based structure nmay be, for exanple, a |and-based
storage facility. I n one enbodi nent the systemincludes a buoy
| ocated at the surface, and the first and/or second riser extends
fromthe buoy to the subsurface of fshdiZe structure, and the hose is
supported by, th ( j i exanpl e
of " Such Byt ahie ke rAfpEAs 10 B ABRRTEF RFFaSiE ot BpnFer

i nventi qgpory. be a CVBM system where the hose according to the

i nvention extends directly fro he surface off e «Lhe
subsurface offf§ Wb?ee'ssfﬁ'%g'lﬁ“@fj%& mqengt{[mﬁogﬁp éﬁr?gé"cgrﬁ&ﬂs%* F%eg%glbw

i nventi 38 OBy IdhetiRaer ase thabAkMosysi @mshovibe Meediseiséetivasivaoybd jsined
attached to a subsurface connector | ocated at, the sea

, b dth
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subsurf t.ar. d mel8s the systens described above,
t here i?ﬁggéégyz'%ltga%fgﬁtﬁg?sapnr on\;l%ed a fluid connector supported by

the buoy. Th&hé pipeceasordieg totheiigventiap can be snanufegHrrscheplacingrthe pgse, or
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comuni %@h@jme\_/@h;ﬁy pulnptrexgrethdiovgdéit.om t he subsurface of fshore
structure. In this way fluid can flowf[jomthe ﬁli e to,the r(’g?@r i
through the Bospnsslofie apRiatiRgREESEHE §1dNE PR F@D‘? Bt Hepnge op pRay
the suragepalid-sReMnp Blanst 2060 XPE Jaabal & seelbly Upeo bboyt 2900 kP4 gaoge.
of connector i's Usually known as a "sw vel connector”. An exanple of
a swi velThesmpeassuiessiglatalip éhe opetatian Hpesain gt & Hgeni rotiihg; st rressure
di scl osed .i : i t i i

my ol SO TEEHES REFT (s ol PASHURERMAY Pelchoihls (BRI A
whi ch apgudiumg rise piresdauue wpntd she imndrdiameteh udoweates frorm 009 naikotpde 12000
aspect of, the invention there is provided a systemfor transporting a
cryogenﬂb/hfqrﬁit@' tween a surface offshore structure and a pi peline,
conpri si ng: mcordihd KSAnGthYPEEHHCE of the emventun triera id provideenalpipatina
second end, said first riser, wherein the vertical l?OSi ti on%cgfdth(?
first reeaprising agjuiskuef BiPes seseiRadARAYE. B30 PHTF HFRE FORRATY BRY iy
| ocat edgin awzagttﬁ@ine miPbes fémnét?es}‘ ihUbithtie QTMBRiTE ATDIP eV hithsitick

f
pi pel i ne; a first submersible turret connector connected to
sai d fipipelinerid ableashi@0m; nete piekwsably shiegst 20Q0, awhmost Biefei@hhta ieashr
rel easa n | f : at
2 or yooutite PRl pleERbICHS RAE 5L BIOLR iF i G eRro okl
st r uct umereathdn 2800mf end marik leks swind! GGOnsin lengtor Tymiaglty therlength is from
connector bej d to the bottom of said body of water such that
o8P 00

the ver#?%4 Mof said first connector can be changed,

wher ei n fir stheGape asétingdaemieivbtion ik purtaiaty sisefaeeappifcationewhich
structure to rotate around said first connector Hgggg@t he surface_of

sai d boidyold thedfansprAatien abfiuids, issBecigllysxeganic gy RY theoseahied. 118 st
connect ' F£RSH r : '@ql,i |

accor di ﬁ%e F \gvﬁ?geﬁﬁl\%dnt | on,siqus:lt th%gg'}j % E)ggpéa ovéj.n gﬁgﬂgg??&\tﬁ %’t?’lﬂ%%res, or

appr eci lsdteeert babiithere swrbae stractdresanosa ldradmsefifdhustwest ruct ures are

di sposed of | ake ot her body

hor i.e., in,a sea, ocean har r _or
of “vater . ronBsurtact ps o S gTEE AR mper T RURTE ol AT Cehce
of the gfuptied W iE HRFoLBE asiherRirfash b therRate R will We gprreEhid thafigw
netres, a few hundred netres, a few kil onetres or several
normal circumstances some of the structure will exiend above the water surface and
some of the structure 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 siructure and a gravity base

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



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 nade to the acconpanying draw ngs, in
which: Figure 1 is a cross-sectional vifew of a part of a pipe

di t 2 - sect | f
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hose onprises a tubular body 1 rirses an
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seatin . A generall |
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rei nforcjn er . e tubul ar, bo and the tubul ar
sheath 2 gﬁpg%%f%&laewg?ﬁégﬁsﬁr%ﬁﬁ&ﬁsﬁ %%’ICP‘&'I'E 8BF PSECRE Utacang
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24 are di sposed so that they are of from one anot her by a
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i nsul at |€rfgi ofdbe pipaline, seelastivid phadlowdeorh deniirst surface offshore structure to
the second surface offshore structure or vice versa, wherein at least part of the pipeline
is formed of a pipe according to the invention as described above.

According to another aspect of the invention, there is provided a system for
transporting fluids between a first surface offshore structure and a land-based
structure, comprising a first riser operatively connected to the first surface offshore
structure and to a first end of a pipeline arranged along a seabed, a pipe operatively
connected to the land based structure 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, 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 systemn ‘described above is an
example of such g 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 system according to the invention may instead be a SALM system, where a
surface buoy is atlached to a subsurface connector located at ihe seabed, and the
hose extends directly from the surface offshore structure to the subsurface connector.



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 |ayers 14 and 16. An end fitting 28 is provided at
each end of the inner tube 10 and servéd to term nate the tube 10.

The end fitti b t he f .end fitting, .
descri bed in %%% 5%};? &%%%&J/%%’ii pre%%gﬁy?%er%g@d% ag@ﬁj be
f or med byco?mcﬂaqnm'mgortméby Zi'rmlnucw!. E'Be ﬂandacromedtoa:mmz &l to ve a@mercﬁed ine
i nner rei,nforcin around the.inner wir © o Wra t he
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out er r ebféHDrs sRgotliy hd wbaﬁ:@tﬁﬁ@btém wbbrﬂﬁndnmé%n %ﬁth P ip'e'@%ﬁoh?g
tubul ar sheath over the outer reinforcing. |ayer 16, E@tﬁ) o thee
pe r

out er wi framihe gpbsuitgce pdshpresatmchue. lades awfwdwgan fiaw n‘r@@m
26 over Lo muLgk 1 5cﬁm%é’tcﬁmﬁ1é: E(ﬁ]r%gfbﬂ r%(ﬂarabt}@otatable S-Bht‘ﬁaf i Sirface

conduit 30 conpfises a netal carries an
wat er pr ooffshoastiuaiurg4an rotate about the buoy. This form of connectOF i‘ﬁhfsualiy Bnam

annul us. 36 f, tube 30 and the

annul us %56 U%%OP%% :;éa%%}a@éa S%Ye'rP&WB‘éf%a‘H‘ a}bgq fcgyjfr&nspogmg
conpl et edryogsnlid f@.ddy\dstdlscﬂuissdnﬁLEFElBBBﬂB%t erial 38 (as shown in Figure
1). Wien the_annulus is left as free space, then spacers (not shown)

may be provi B8 SYHERLRFIHRI (R '@Yﬁqtﬁnﬁﬁ@f %‘IPBr‘?erL@Ieﬁtm#@W@etQﬁéysﬂﬁgi d
condui t @@eriEiEnPOLE0S0IBY5H e %%ﬁ émeé}smvé Mbﬁe dré\ﬂ@é%CTHL&“' ar

aperture which receives the hose .
t r ans poraceerdg@rioranetiier BEpeee’ theemg@m@ma*heneas |pyox¢qed adysiesd fos fraospatting
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oxenpl afy SR (U betneen o SBEIRNbR M EPH P cofibisieon =
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t he sea % submari necﬁ)rpel i ne 304 runs al on(g seabed
sur f aceSHEBFSIRE HIEY cotedq sangegrd ineaid dystsne ﬁamﬁstf@%@rsaldélrﬁ
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turntabl e 310 at the top theréof ? can sw ve Féatlve ?fﬁrso
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said bady of water such that the vertical position of said first connector can be
changed, wherein first connector adapted 1o 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 to 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 offshore, i.e., in a sea, ocean, lake, harbour or other body of water. However,
there is no particular limitation 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 a method of
ransporting 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



, 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 be Hppreciated that the invention

d i bed i fi i thin th f .t ims. .17
s R R BRI et BbiedBRAT Sakd” artThiRERe i How
t ubul ar shadetwihe acthmpamyieg dtavindsyin #hicdhct ure conprising a flexible

hose, wherein _the hase conprises a.tubular baqdy di sposed between

i nner and out ﬁglﬁ?ﬂﬂﬁﬁﬁ&%@%?’ "t’%g%ﬁﬁﬁrté’l?ama?%@lﬁaitﬂa‘%me”?‘o“i
seal i ng_ | ayer Figing 20€ brgodsosammitnalivisy BRAS hbed oCRBIMLsilwiint BigLanfi g
cryogeni c ten%erat ures, wherein the inner tubular 'structure has _
i nsul ati on pr 6[8¥¢ Pdsasghemeiiediagtam frsiraling 2 netomtier delyedugy the eryagenic
the | ow tygmoes I | ~Cri | g f; | wi thin the inner

t ubul ar Fsﬂt%r uctrﬁtra;g_h% 62)fﬁfhjgoip\jfe i@ggcrhﬁé %ﬁ]tedh\é’%ﬂéﬂiaﬁﬁ 1, wherein the ends of
the rigid conBeferringntist iee-iflresi bargd Bos piperesceritigeit the inveatientis gdreerally

I ngr ess ; i e the ri.gid condujt_and the hose. .3. A pipe
accor di nggfléhéﬁpgﬁ%elﬁ‘ﬁgﬁg?ee?%mg? EIS OS(?nLd andianf 'Q{dn@fﬂ?iﬁé%}r s adapt ed
to be connect®ie hosean)uneeirieas artubiiaebodyt12 AvHiets EompRISSANGhred rEinfirBing

1, 2o %yePM? ,ra?ni Quttep (raeir%fgpclilrlrgalraygp 9 é/ é:no ggglﬁwsé Igyt/erl 1e 8a§r=tmdwiched between the
layers 14 and 16. A generally tubular sheath 20, in the form of a braid, which provides
axial strengthening, is disposed around the outer surface of the outer reinforcing layer |
16.

The tubular body 12 and the tubular sheath 20 are disposed between an inner
helically coiled wire 22 and an outer helically coiled wire 24. The inner and outer wires
22 and 24 are disposed so that they are offset from one another by a distance
corresponding tolhalf the pitch length of the helix of the coils.

An insulation layer 26 is disposed around the outer wire 24, The insulation layer
26 may be, for example, a conventional insulating material, such as a plastics foam.

The reinforcing layers 14 and 16 comprise woven fabrics of a synthetic material,
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 fluid
tight seal between the inner and outer reinforcing layers 14 and 186.

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 WO01/86772 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 16, pulling the tubular sheath over the outer reinforcing layer
18, wrapping the outer wire 24 around the sheath 20, and applying the insulation layer
26 over the outer wire 24 and the sheath 20.



at least two of the reinforcing |ayers with the sealing |ayer

sandwi ched t herebetween. 5. A hose according to claiml1, 2, 3 or 4,
wherein the hose further includes an axial strengthening neans. 6. A
hose according to claim5, wherein the axial strengthening neans
conprises a generally tubular braid formed of a sheet of materi al
provided in a tubular shape. 7. A hose according to claim5 or 6,

wherein the axial strengthening nmeans ci@prises a plurality of axial
e hose.

t t heni A | I t he | t f i 8. A h
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| ayer is grosioedtiog 38. sheet of material which has been wound into a

tubular form 'LrﬂeFehig Ejnngn%rulﬁsggg formleg between the metal tube 30 and the hose 10. The
annulus 36 may be left as free space, or may be partially or completely filled with an
insulation material 38 (as shown in Figure 1). When the annulus is ieft as free space,
then spacers {not shown) may be provided to hold the hose 10 in positian relative to
the rigid conduit 30. The spacers may be disc-shaped, with an inner circular aperture

which receives the hose 10,
The fluid to be transported can flow through the substantially cylindrical space

40 within the hose 10.

Figure 3 is an illusiration of an exemplary system utilising the pipe 100 according
to the invention. The system shown in Figure 3 is a CALM system, but the pipe 100
could equally well be applied in other systems, such as the SALM 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 3086. 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 top 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 o 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 {fo the pipeiine 304. The hose 318 is
connected to the hose 316, whereby fluids can flow frﬁm the storage unit on the ship
302 to the pipeline 304 (or vice versa). The pipeline 314 is consiructed 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.



9. A hose according to any preceding claim wherein the sealing |ayer
is formed of a sheet of material which has been wound into a tubular
formin the hose. 10. A hose according to any preceding claim
wherein the insulation layer is incorporated in the hose. 11. A hose
according to any preceding claimwherein the insulation |ayer is

di sposed between the inner and outer gripping nenbers. 12. A hose
according to any preceding claim wherelh the insulation |ayer
overlies ghgpggter gripping menber. 13. A hose according to claim12,
wherein the 1 nsulation |ayer conprises an el ongate nenber, nade of an
insulating material, having opposing |ongitudi nal edges, the el ongate

momoct .t osgr e ReRARHRR, ek LS 3 bR Rl B Bk S e
over | appitoigular stangeasenmprisingreiaxisia abse, attrbcths dbse dephisss HAGSuIAr body

forrration,capag:qe of interengaging with a cooperating fornmation on
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or 12, i } tsl i i : f.
basal i { LErmg ey aPend pUngbRed S ialdlel HaSihid of ARfctEndiRh BVeic o
conpr i si iRjnpaTaBies, Whereindghelinnsodddlanstrealure baglinshilatibe phoseaties 4@ficiént to

hose acc i I | ad erein the inper .and outer
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hose accimndi tnpuizo saoytupr ecedi ng cl ai m wherein the inner and outer

gri pping menbers of the hose are helical wires. 18. A pipeline
conprising a plurality of pipes as defined in any preceding claim

‘sal d 2. A pipe according to claim 1, wherein the ends of the rigid conduit and the flexibla

hose are sealed to prevent the ingress of fluids between the rigid conduit and the hose.

3. A pipe according to claim 1, wherein at least one end of the pipe is adapted to

be connected to an underwater riser,

4, A hose according to claim 1, 2 or 3, wherein the tubuiar body comprises at least

at least two of the reinforcing layers with the sealing layer sandwiched therebetween.

. 5, A hose according to claim 1, 2, 3 or 4, wherein the hose further includes an axia

strengthening means.

8. A hose according 1o claim 5, wherein the axial strengthening means comprises a

generally tubular braid formed of a sheet of material provided in a tubular shape.

7. A hose according to claim 5 or 6, wherein the axial strengthening means
comprises a plurality of axial strengthening strips extending along the length of the

hose,

8. A hose according to any preceding claim, wherein the or each reinforcing layer is
formed of a sheet of material which has been wound into a tubular form in the inner
tube,



pi pes being connected end to end. 19 19.A systemfor transporting
fluids between a first. surface offshore structure and a second
surface offshore structure, conprising a first riser operatively
connected to the first surface offshore structure and to a first end
of a pipeline arranged al ong a seabed, a second riser operatively
connected to the second surface offshore structure and to a second
end of the pipeline, whereby fluid cani8l ow fromthe firstsurface

of fshore 4 str : Q hore structure or. vic
Versn. wer ef B teasE SRR E] B W SR Be it 8 RS o
accor di ng sheet tfemateviehtvhich has bees avdund dntalzoubular 2m iA tey sbesy for
transporting fluids between a first surface offshore structure and a

| and- based structure, conprising a first riser operatively connected

to the fipst ﬂi%b&@@@c@ﬂfn@ﬁ@f@gfﬁrééﬁﬂg@aiﬁﬂ%Hs‘?eiﬁ tﬁc{s irisbilRRH 19erds

pi pel i ne, arranged_ al ong a seabed, a pipe operatively connected to the
| and bas@8CPOFIEE it ©edi¥S 0 a second end of the pipeline, whereby
fluid can flow fromthe firth surface offshore structure to the

| and- based structure or vice versa, wherein at |east part of the

pi pel i nell.s fAohassacdordingitpenypoamedingg:ldio winereinmtheritswaticasiagesis dispeded

above. 21. A nethod of transport.ing a,cryogenic fluid underwater,
whi ch C%W?%@TE‘%'PB%%‘E?%‘E{WBQ%W%% a pi pe according to any one
of clainms 1 to 17, wherein the pipe is disposed at an underwater
| ocation. Preferably the ?i pe is located on the seabed.
12. A hose according to any preceding claim, wherein the insulation layer overlies

the outer gripping member.

13. A hose according to claim 12, wherein the insulation layer comprises an
elongate member, made of an insulating material, having opposing longitudinal edges,
the elongate member being helically wound around the tubular body such that the
opposing longitudinal edges of the layer are in an adjacent or overlapping arrangement,
wherein each longitudinal edge includes a formation capable of interengaging with a

cooperating formation on the opposing longitudinal edge.

14. A hose according to claim 10, 11 or 12, wherein the insulation layer includes a
fabric formed of basalt fibres.

15. A hose according to any preceding claim, further comprising an end fitting

disposed at each end of the hose.

16. A hose according to any preceding claim, wherein the inner and outer gripping

members of the hose are helical gripping members.

17. Ahose according to any preceding claim, wherein the inner and outer gripping

- members of the hose are helical wires.

18. A pipeline comprising a plurafity of pipes as defined in any preceding claim, said

pipes being connected end to end.
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18. A system for transporting fluids between a first surface offshore structure and a
second suiface offshore structure, comprising a first riser operatively connected {o the
first surface offshore structure and to a first end of 3 pipeline arranged along a seabed,
a second riser operatively connected fo the second surface offshore structure and 1o a
second end of the pipeline, whereby fluid can flow from the first-surface offshore
structure to the second surface offshore structure or vice versa, wherein at least part of

the pipeline is formed of a pipe according to the invention as described above.

20. A system for transporting fluids between a first surface offshore structure and a
land-based structure, comprising a first riser operati\}ely connected o the first surface
offshore structure and to a first end of a pipeline arranged along a seabed, a pipe
operatively connected to the land based structure and to a second end of the pipeline,
whereby fluid can flow from the first surface offshore structure o the land-based
structure or vice versa, wherein at least part of the pipeline is formed of a pipe

according to the invention as described above.

21. A method of transporting a cryogenic fiuid underwater, whiéh comprises flowing
the fluid through a pipe according to any one of claims 1 to 17, wherein the pipe is
disposed at an underwater location. Preferably the pipe is located on the seabed,



