1 | MPROVEMENTS RELATI NG TO HOSE This invention relates to hose,
and nore particular relates to hose suitable for use in cryogenic
applications. 5There are many systens for transporting fluids between
an of fshore structure such as a ship or other platformand an

under sea pi peline. Exanples of such systens include: (1) The
conventional nulti-buoy nooring (CMBM system In this systema riser
runs directly fromthe offshore structure down to the pipeline, with
10supporting buoys arranged at |nterval s al on the | ength of the
hose. (2) The single toMPRAOYE | IS I n this system
a nooring tower is fixed to the seabed and extends to the surface of
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the offs ;{a e structure to the connecting unit, then fromthe
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section of pipe runs fromthe connector it to the pipeline. A hose
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15 and be connected o 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 aitached to, and
suppoerting, a connector unit located on or near the seabed. A riser
extends from the offshore structure to the connecting unit, then from the

20 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

25 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 connected to
the end of the hose at the buoy. There are various configurations of the
CALM system including the "Steep S" system, the "Lazy S" system and
the "Chinese Lantern” system,

30 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 fluids from an offshore structure, such as a ship, to an underwater



possi bl e systens that are not descri bed above such as, for exanple,
the use of an internediate offshore structure. The essential feature
of all these systens is that a riser is provided to deliver fluids.
froman of fshore 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. Depending
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(3) A helical steel wire outside the reinforcement layer, the helical wire being

embedded within a rubber matrix.

(4)  Further reinforcement layers of spirally applied high strength stee! or

polymeric reinforcing cords.
20 (5)  Arubber cover.

It will be appreciated that there are numerous variations of this structure such as
the inclusion of a cellapse resistant metaliic carcass to increase the depth of
submergence, an annulus to provide a double barrier between the internal fluids and
the sea, material to provide buoyancy and insulation, and the build up of the outer

25 cover to provide variable stiffness along the hose length so as to help prevent
overbending.

Rubber hoses are usually classified as being of a bonded construction. A
possible variation is to use conventional flexible pipe of unbonded construction,
particularly in the submerged sections of the riser. A typical flexibie pipe has the

30 following structure:
(1) Aninner stainless steel metallic carcass for collapse resistance.
(2) A lining layer made of a thermoplastic such as, for example, polyethylene

or polyamide.



Rubber hoses are usually classified as being of a bonded
construction. A possible variation is to use conventional flexible
pi pe of unbonded construction, particularly in the submerged sections
of the riser. Atypical flexible pipe has the 30 follow ng structure:
(1) An inner stainless steel netallic carcass for coll apse
resistance. (2) Alining layer nade of a thernoplastic such as, for
exanpl e, polyethylene or polyanide 3B(3) Miltiple reinforcenent
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Oper @l%e opera%mgnp%paetrgthr%sls% oluto ‘%0@8 'ﬁ'?e?gtare %SBZCIE!! rubbers available that can
operate at temperatures down to about -100°C. However, rubber hoses cannot operate
effectively at temperatures below about -100°C.

This means that rubber hoses are not suitable for applications which invoive the
transport of fluids at temperatures below about -100°C. In pariicular, such hoses are

20 not suitable for the transportation of liquid natural gas (LNG), which typically requires
the ability to operate at temperatures as low as about -162°C.

As noted above, WO 2006/044053 discloses a system for delivering cryogenic
fluids from a ship to an underwater location using a system which utilises a vertically
moving buoy. This patent envisages several possible types of riser for use with the

25 system, in particular:
(1) The use of a conventional subsea pipe lined with a nickel alloy known as
INVAR (registered trade mark).
(2)  The use of a conventional cryogenic cargo hose structurally reinforced to
resist hydrostatic forces. _
30 (3) A pipe-in-pipe construction, which essentially involves the use of two
concentric metal pipes.
(4)  Anarrangement of insulated hard pipe sections, the pipes typically being

high nickel alloys, austenitic stainless steels and/or aluminium.



As noted above, WD 2006/ 044053 di scl oses a system for delivering
cryogenic fluids froma ship to an underwater |ocation using a system
which utilises a vertically noving buoy. This patent envisages

several possible types of riser for use with the 25 system in
particular: (1) The use of a conventional subsea pipe lined with a

ni ckel alloy known as I NVAR (registered trade mark). (2) The use of a
conventional cryogenic cargo hose structurally reinforced to resist

hydrostatic forces. A, pLpe-i.n-pi nstructi.on i ch .
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cryogenic fluids.
15 It is an particular object of the present invention fo provide a hose capable of
transporting cryogenic fluids below the surface of the sea.

Broadly, the invention relates to a hose which comprises an outer tube arranged
around an inner tubular structure. The outer ube is a rubber hose, whilst the inner
tubular structure relates to the entire structure provided within the outer tube. In

20 particular, the inner tubular structure includes a so-called composite hose or a bellows
- hose, in combination with any extra insulation necessary to protect the outer tube from
the low temperature of cryogenic fluid flowing within the inner tubuiar structure. The

inner tubutar structure may include insulation in addition to the insulation effect
provided by the composite hose, and aiso includes any annular space defined between
25 the outer tube and the inner tubular structure.

According to a first aspect of the invention there is provided a hose comprising
an inner tubular structure and an outer tube, wherein the inner tubular structure
comprises a tubular body disposed between inner and outer gripping members, the
tubular body including a sealing layer, and being formed of a material capable of

30 withstanding cryogenic temperatures, wherein the outer tube comprises a rubber tayer
and a reinforcing layer disposed around the rubber layer, and wherein the inner tubular
structure has insulation properties sufficient to protect the outer tube from the low

temperature of cryogenic fluid flowing within the inner fubular structure,



151t is an particular object of the present invention to provide a
hose capabl e of transporting cryogenic fluids below the surface of

t he sea. Broadly, the invention relates to a hose which
conprises an outer tube arranged around an inner tubular structure.
The outer tube is a rubber hose, whilst the inner tubular structure
relates to the entire structure provided within the outer tube. In 20
particular, the inner tubular structur® includes a so-called
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30 outer tube. The insulating particles may typically comprise of glass microspheres,
perlite, polystyren.e particles. The particles may be placed in the space simply by
pouring them between the inner tubular structure and the outer tube.



I n anot her enbodi nent, the inner tubular structure is provided with
an insul ation | ayer fornmed of an insulating material. The

I nsul ation | ayer may be a special |ayer of the 25 tubul ar body, or.
may be a | ayer fornmed around the outer gripping nenber. |In another
enbodi nent, an insulation |layer formed of an insulating nmaterial is
provi ded between the inner tubular structure and the outer tube.

I n anot her enbodi nent the insulation mMay be provided by a particulate
insulating
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i nt er t wperatalfoiubolanbzid. In this specification the term "braid” refers to a material which is
formed of two or more fibres or yarns which have been intertwined to form an
elongated structure. It is a feature of braid that it can elongate when subjected to an
20 axial tension. It is a further feature of braid that, when provided in a tubular form, its
diameter will reduce when the braid is subjected to axial tension. Thus by providing a
tubular braid around the tubular body, or within the structure of the tubular body, the
braid will exert a radially inward force on at least part of the tubular body when
subjected to axial tension. It is preferred that the entire tubular sheath is provided in the
25 form of the braid. However, it is possible for only one or more parts of the length of the
fubular sheath fo be provided in the form of the braid. it is also preferred that the braid
extends all the way around the circumference of the tubular sheath. However, it is
possible for only part of the circumference of the tubular sheath to be provided in the
form of the braid. The braid may be provided in a biaxial form (i.e. in which the braid is
30 formed of only two intertwining fibres or yarns) or in a triaxial form (i.e. in which there
are also longitudinally extending fibres or yarns, for increased axial strength).
Although it is preferred to provide the axial strengthening means in the form of a
braid, it may be provided in other forms which meet the functional requirements



el ongated structure. It is a feature of braid that it can el ongate
when subjected to an 20 axial tension. It is a further feature of
braid that, when provided in a tubular form its dianeter will reduce
when the braid is subjected to axial tension. Thus by providing a
tubul ar braid around the tubular body, or within the structure of the
tubul ar body, the braid will exert a radially inward force on at

| east part of the tubular body when squected to axial tension.
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caused by the combination of the inner tubular structure and fiuid weight. The main
25 purpose of the or each reinforcing layer is to withstand the hoop stresses which inner
tubular structure is subjected to during transport of fluids therethrough. Thus, any
reinforcing layer which has the required degree of fiexibility, and which can withstand
the necessary stresses, will be adequate. Also, if the inner tubular structure is intended
for transporting cryogenic fluids, then the or each reinforcing layer must be able 1o
30 withstand cryogenic temperatures.
it is preferred the or each reinforcing layer is formed of a sheet of material which
has been wound into a tubular form by winding the sheet material in a helical manner,

This means that the or each reinforcing layer does not have much resistance to axial



20 enable it to performin the environnent for which it is intended.
Thus, there is a need for the inner tubular structure to be able to
transport pressurised fluids therethrough w thout | eakage of the
fluid through the walls of thereof There is also a need for the inner
tubul ar structure to withstand repeated flexing, and to withstand the
axi al stresses caused by the conbinatigon of the inner tubular
structure and fluid weight. The main 28 pur pose of the or each
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The UHMWPE used in the present invention would generally have a weight
average molecular weight above 400,000, typically above 800,000, and usually above

25 1,000,000. The weighi average molecular weight would not usually exceed about
15,000,000. The URMWPE is preferably characterised by a molecular weight from
about 1,000,000 to 6,000,000. The UHMWPE most useful in the present invention is
highly oriented and would usually have been stretched at least 2-5 times in one
direction and at least 10-15 times in the other direction.

30 The UHMWPE most useful in the present invention will generally have a parallel
orientation greater than 80%, more usually greater than 80%, and preferably greater
than 95%. The crystallinity will generally be greater than 50%, more usually greater
than 70%. A crystallinity up to 85-80% is possible.



20 the polyolefin is a polyethylene, and nost preferably the

pol yethyl ene is a high nol ecul ar wei ght polyethyl ene, especially
UHMAPE. I n the preferred enbodi nent, the axial strengthening neans is
al so UHMAPE. The UHMAPE used in the present invention would
general ly have a wei ght average nol ecul ar wei ght above 400, 000,

typi cal ly above 800, 000, and usually above 25 1, 000, 000. The wei ght
average nol ecul ar wei ght woul d not usua?ly exceed about 15, 000, 000.
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about 1, 000, 000 to 6,000 nost useful in the present
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also prefer that this angle is greater than 5. In th egre erred

enbodi neftrectionés @trane%f@re eI om drogrtchéo‘i agpétpreéerabiw@ﬁ@é’m udhthehaptialt he
fabri 50 irrébtlgh'b?ﬂféngﬁbr r Shicang! le of from 100 to 20, nost
to t

prefera out e axial 20 direction of the inner tubular
structure. The pufhesenitppsealol layer isprmhanly 1o pyeeeni thepeakegei dfy t o

prevent he | transnort d fluids through the tu
s, angeepsrengona e o FRRSRUE bo? Rt il BReL MR BasdRF )
and Wm Crl‘ae Rl PEPEb dEfJéMhtglemd etlich eah pngideiinetdesited BehlingdoRnagkat) wil Be
Al so, if the i nner L!_' bul ar Eructure is |ntepnded for transporting
cryogeni gdequaie. Also, if the inner tubular structure is Intended for transporting cryogenic
25 fluids, then the sealing layer must be able to withstand cryogenic temperatures.
The sealing layer may be made from the same basic materials as the or each
reinforcing layer, in particular UHMWPE. As an alternative, the sealing layer may be a
fluoropolymer, such as: polytetrafuoroethylene (PFTE); a fluorinated ethylene
propylene copolymer, such as a copolymer of hexafluoropropylene and
30 tetraflucroethylene (tetrafluoroethylene-perfluoropropylene) available from DuPont
Fiuoroproducts under the trade name Teflon FEP; or a fluorinated hydrocarbon -
perfluoralkoxy - available from DuPont Fluoroproducts under the trade name Teflon

PFA. These films may be made by extrusion or by blowing.



25 fluids, then the sealing |ayer nmust be able to wi thstand cryogenic
t enper at ur es. The sealing |ayer may be nmade fromthe sane basic
materials as the or each reinforcing layer, in particular UHWWPE. As
an alternative, the sealing |ayer nay be a fluoropolynmer, such as:

pol ytetrafl uoroet hyl ene (PFTE); a fluorinated ethyl ene propyl ene
copol yner, such as a copol yner of hexaféuoropropylene and 30

tetrafl uoroethyl ene (tetrafluoroethyleﬁ per fl uor opr opyl ene)
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the tubular body. The insulation layer may comprise any material conventionally used
30 to provide insulation in cryogenic equipment, such as a synthetic foam material.
In one preferred embodiment, the insulation layer comprises an efongate
member, made of an insulating material, having opposing longitudinal edges, the

elongate member being helically wound around the tubular body such that the



11 opposing | ongitudi nal edges of the layer are in an adjacent or
over | appi ng arrangenent, wherein each |ongitudinal edge includes a
formati on capable of interengaging with a cooperating formation on

t he opposing | ongitudi nal edge. The el ongate nmenber is preferably

di sposed outside the outer gripping nenber, and thereby forns, a
cover for 5 the outer layer. A suitabl? el ongate nmenber is described
in nmore detail in W2004/044472. Tn anot her preferred

embodi mengpnds léﬂmubﬂhnéayels@yme lnpsi 446 @5aRafijabeitoriooema@shi @@ akasgérhent,
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t he sane phirkithof layets tolfithepmesiatt fabimicahay beempidysdof the outer coil are
positioned half _a pitch h offset fromt iti6n of the 0|I
b “the T nner  EuiifbE apirecia) SR GRS 1orY b Bt G FRvAT 128108 MVIRriesnd
tubular sgdiwed Hh&r tﬂﬁ@aﬁéﬂudm\é%%ﬁnbi%éi'tw&@ MoteddiFBRRE/PeB R induldion
t hey are not bonded or otherw s€ fixedly adhered to one 25 anot her.

The al | olgyet.he | ayers of the inner tubular structure to nove

| at ly to i
second “aspectAopd fRb REref Al Bro i AGebAEhg B e iner WBERE Skl
i nner tulbk and tiing & pretsralain obtiedype d@ﬂ:rthad inrWQoTs 9% 2t @TWQ@/@M/O?Q%B
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layer di sresasly defeHdribpRg tbbeers, axes prafbeibsi helida€wires. Thus, the gripping
members preferably each forms a coil which grip and retain the tubular body, and any
20 other intervening layers. Preferably the inner and outer coils are applied in a helical
configuration having the same piich, and the position of the coils of the outer coil are
positioned half a pitch length offset from the position of the coils of the inner coil.
Advantageously the components of the inner tubular structure are all movable
relatively to one another, i.e., they are not bonded or otherwise fixedly adhered to one
25 ancther. The allows the layers of the inner tubular structure to move relatively to one
another during flexing thereof.
According to a second aspect of the invention there is provided a hose
comprising an inner tubular structure, an outer tube and an insulation layer, wherein the
inner tubular structure comprises a tubular bellows, wherein the outer fube comprises a
30 rubber layer and a reinforcing layer disposed around the rubber layer, wherein the
insulation layer is either incorporated in the inner tubular structure and/or is disposed
between the inner tubular structure and the outer tube, wherein the inner tubular

structure is movable relative to the outer tube during flexing of the hose, and wherein



insulation layer is either incorporated in the inner tubular
structure and/or is disposed between the inner tubular structure and
the outer tube, wherein the inner tubular structure is novable
relative to the outer tube during flexing of the hose, and wherein
12 the inner tubular structure has insulation properties sufficient
to protect the outer layer fromthe Iom1tenperature of cryogenic
fluid flowwng within the inner t ubul ar1&tructure. In this

aspect ofihd et NBERE 'sf?urbturfeh%s'|ﬁ'§l§étldn%?blgbéﬁle§§uﬁl§éhﬁ6 PR|EENhE %'uléf layer
conprises a bellows hose, while the outer tube conprises a rub

hose. Botfferbieellowécmpsyatuze af Byeaastieiuia dawingruthipthe IRpRIIHDYIAr '%Tﬁé:tkiﬁet
Prior to the |nuge B@E\ ofl&?e ﬂO& Fo%“{h%ﬁﬂh%ttﬁﬂ'ulﬁyéﬂdc‘ﬂﬂe%QQeﬁtygﬂgfomgﬁls%a

hose together I n or | 'ens

cryogeni befldws hlrsseumdjée fmtcwter tube shmphsbslmruhbleedosmantft h@ltoav&am@e and
exanpl s f._ bel | ows risin er r bberl

Lhese ceBornie e R e PR A e e tRR: he B EPoie P asgl, o
relative ﬁmmgmm;ammdsheo dother i6 oRter (P 8619k heeprobRnisxiavples irpf
bel |l ows hose are described in US2004112454 gnd U 2004%46676

It is aniPRERSTINGHETYPEEMAEIDENGawatanbRIGUHDE RAtC TR themsude axaywigsyf
in the OHél’wastw%% cgﬁ?prléﬂﬁ%aéﬁéﬂru%ém dférel%tfaﬁ %sb@@aﬁ%l&%@%’:?t?er%yer
geni c ul

the cryo bel g transporte hrough the inner tub
st ruct ur s.infegral wish ¢heskeliofvsnen that reiméﬂ@vammtmgtvmﬁndb@mao iigot pOSSIb!e

r ubber 016XTaB Bt bl Mise &€ pBHEMBA TP §2RE RAPL B JtodBBE RN ¢ e
case of specilais arnubipertantheaftumofethe orpentidri gt thenpbibatlwaf er}ldwvrhet cuter
-100C, the surfgce t eraturﬁﬂat t he i nner rm?tth?rubber r Qf t he
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formed ofperatingriempetataeideyniat-e¢iCalthe srwéaqertgmpatahaﬁ gt ieeinnaayossubber
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e outer’grippi hg nmeNDEr . n anot her enpodi nent; an
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material (e. Thebepdey itdusdarsasnibe ddieepasa reibseenwaie thaner tubul ar

structure and the outer tube. The insulatin tgartl cl es may t]ypl cally
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t he |nner T @rrﬂé%?@gm?éﬁ%n I%H outdgme%l%%%e%g%%eg%?en g@?ﬁgﬂ
hose. 30)_Thm)rmmiayedfdrmsdBsuur@nher@ytebenpwnmn@mbeby any conbi nati on -of
the specific r¥ aer?or%ﬁerae% oﬂ%gﬁ{ 'aR %uﬂ?@ﬁ?ﬁyer formed of an insulating material is

provided between the inner tubular structure and the outer tube.
In another embodiment the insulation may be provided by a particulate insulating
25 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
pouring them between the inner tubular structure and the outer tube from one end of
the hose. _
30 The required insulation may be provided by any combination of the specific
techniques described above.
The inner tubular structure preferably includes an end fitting at each end of the

tubular bellows. The tubular bellows has a convoluted or corrugated profile. The



The inner tubular structure preferably includes an end fitting at

each end of the tubular bellows. The tubular bellows has a convol uted
or corrugated profile. The 13 convolutions or corrugations may be

si nusoi dal, U shaped or shaped like the Geek letter onega, D. The
convol utions may be circunferential, or may be arranged in a spiral.

I n general, only the sinusoidal convolggions woul d be arranged in a
spiral. It will be appreciated that the“tubular bellows is designed
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additional str in apply helically wound ropes or cords
over the & WEQ?‘EF‘%Hgﬁ S %}tﬁ’“@al ly an arnoured |ayer is provided as

the outer |ayghe Hellbhe JhaBE-ind& Mbalar tsycitipd i @Fef@:%blyovéinﬁ:h%d to provide
provi ded, the insulation | ayer provi ded between the

bel | ows. additianalistiepsthesingi hBisenay %a %@M%%?'%CW@W afeﬁwa belloms itself,
hacr, RSV IE i SLual BB, SRSl MK Raeldo R hots

pr ef er ablof psivigingl assiions bsiteng@Aigis do ppvide aawbatwmmagéetmtémstaelemoés
boththefir t an econd ects i nventiaon, the inner tubul ar

ot uct ur & Poveie L SPao T8RS Aed B Fik bbltey gt RinotiéRdpeins of
t ubul ar ?tdmlzgié@dm@fal b@e@ﬁ@mﬁ liatd wpply detitlyond@id ioee whedrdé RQer the
hose is Tl exe preferred epbodi nent, an annul ar space is

provi ded tuhstandetPwsd YP*ﬁﬁ'B’raft %“Lﬁ%(?d BQyeLERiPEdathas theeo\gar aver efibe hose.
Or NDNKE SPAaCeffeh %WBrt@&ﬂé;aBéwong g eﬁﬁ.d%é BR! WRERLbR 151G B ede provided

t ubul ar structure and the outer tube in order to maintain t
t ube in belsiandbe twd dellows hinpagdition, rardpetead.t @ vieseunnmey hmbmvaied in the

struct ur g, [N, oL GAERSRAEAL PERIPLARL I SARREL §R3IR0RI N9_ext endi ng

around t I nier “tu ure pturality of

said rings maghebfirspradicteskamndntybulze Hediogs hmaef tdenadenerf mefay! preferably
structure.. The ?r each spacer ring may be, for exanple, polyurethane,
PTFE, orS@NGES5§®8) such as balsa or cork. The or each spacer ring nay

be rubper, i fadbRii tbSanSatfvfahf‘dg%BDs Fé?h@lﬁé'onBﬂ th@$;wtaha%cb@d BYS RO bf
t he rubber spacer fromthe terrFerature of the cryogenic to be

t r ans por NEENToRr Hadmear feulardruciuis if Bt ifegrabwilh 816 outer tube so > that the | inner
tubular structure can be move relative to the outer tube when the hose is flaxed.

In a preferred embodiment, an annular space is provided between the inner

tubular structure and the outer tube. One or more spacers is preferably provided

25 between in the inner tubular structure and the outer tube in order to maintain the outer
tube in a spaced relationship with respect to the inner tubular structure. The or each
spacer preferably comprises a ring extending around the outside of the inner tubutar
structure. A plurality of said rings may be provided along the length of the inner tubular
structure. The or each spacer ring may be, for example, polyurethane, PTFE, or a wood

30 such as balsa or cork. The or each spacer ring may be rubber, if there is sufficient
underlying insulation to protect the rubber spacer from the temperature of the cryogenic
fiuids to be transported through the inner tubular structure.



14 In an anot her enbodi nment, the spacer nay be in the formof a
rope or rod wapped in a helical manner between the inner tubular
structure and the outer tube. The wapping may be in a long and/or a
cl ose pitch. The rope or rod may be, for exanple, a polyester rope, a
pol yuret hane strip of rectangular cross section or a rubber -5 of
circular cross section. In both the first and second aspect of
the invention the insulation propertied4of the material within the

i nner tubul ar t ragLure
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rret al 'PciMY&PYY. The fabric and/or metal may be wound around the inner
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The helical wire my be enbedded in a rubber matrix, or a matrix o
anot her gt (aspltiof thegpanufagturing method are made leakproof by the curing or

25 vulcanisation process.
The reinforcing layer of the rubber hose may be a fabric or metallic, or it may be
a fabric incorporating metallic parts. The fabric and/or metal may be wound around the
inner rubber layer.
The reinforcing layer may instead comprise a polymeric material which optionally
30 incorporates additional metallic reinforcement.
More than one reinforcement layer may be provided. In addition, different types

of reinforcement layers may be provided.



10The outer tube may further include an outer cover |layer, which is
typically al so nade of rubber. The | ayers of the outer tube may
be assenbl ed together with conventional end fittings or nipples, then
cured or vul canised, to provide an integrated outer tube in which al
the layers are intinmately bonded together and al so bonded to the

ni ppl es at the ends 15 of the outer tube; this prevents the |ayers of
the outer tube fromslipping relative t@ one another. This contrasts
Wi th the Iayer:ﬁs%teféta@d rortrt%rpctrwﬁéﬂcarhaetrbrécéﬁaraﬁrstétmccétarﬁre%s%téa‘r@éar%ate
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r espect i SHpkle fefjempeiaras be

25 It is preferable for the end fitting surfaces exposed to the marine environment fo
be corrosion resistant or to have a protective anti-corrosion layer.

The dimensions of the inner tubular structure and the outer tube may be
selected either so that the inner tubular structure and the outer tube are in contact, or,
preferably, so that there is a gap between the jnner tubular structure and the outer

30 tube. If there is a gap between the inner tubular structure and the outer tube, then
spacers may be provided in the gap in order to maintain a desired spacing between the

inner tubular structure and the outer tube.



15 cannot be effectively conveyed by conventional rubber hoses. The
| owest practical tenperature at which the hose would be used woul d be
from about -200C to -220C The inner dianeter of the outer tube
is preferably at |east 150mm More preferably, the inner dianeter of
the inner tubular structure (which is, in effect, the inner dianeter
of the hose itself) is preferably at |east 150nm The inner dianeter
of the 20 hose may be as | arge as 400nf6 or even as | arge as 600mm or
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struct urigm3BfhtbBet Wl"ﬁcﬁ lthé HB@e @ab@IdQ%C@ser%éﬂiﬂ'%EQ%MEJ?U@QOQQP’E&@Z‘O%G
end fitting at each end thereof. It is possible for the end fittings

of the | nner Thaliunes dianateicelihe ouled tubieds srrerably Aldeass 1§arrm Wiereni nus,
e, f
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sane e en |n 's O ner
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R g e L
of sect Id@ﬁﬁecﬁﬁte@ﬂ%@tf@&ﬁﬂéﬂtb@daﬁﬁﬂ)&:r@%ﬁeﬁé edtee nehd Sreaittiendivhes a6 dhag
to anot her aspect of the invention there is provided a nmet hod of
the inner tubular structure fits within the outer tube leaving the desired gap. Typically
this gap is from about 10mm to about 100mm, most preferably about 50mm. The
thickness of the inner tubular sfructure is typically about 10 fo 20mm and the thickness
25 of the outer tube is lypically about 75 to 100mm.

The hose is typically supplied in lengths from 5m to 20m, although it is possibie
to supply lengths of hose that are longer or shorter. The hose would generally be
supplied in lengths of about 11m, as this is a typical size for commercially available
iengths of rubber hose. if the total length of hose required for any particular application -

30 is more than the length of the individual section, then two or more lengths of the hose
can be secured together until the desired length has been provided. In some
applications the hose is assembied by passing a string of inner tubular structure

through a string of outer tube until the ends of the two sirings align to make the



maki ng a hose conprising form ng an inner tubular structure as

descri bed above, form ng an outer tube as described above, inserting
the inner tubular structure into the outer tube, and noving the inner
tubul ar structure through the outer tube until it reaches a

presel ected position within the outer tube. 20According to anot her
aspect of the invention there is provided a nethod of naking a hose
conprising formng a plurality of i nnet? tubul ar structures as
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typically benpea¥izi@re operating pressure of the hose would be in the range from about
500 kPa gauge up to about 2000 kPa gauge, or possibly up to about 2500 kPa gauge.
30 These pressures relate to the operating pressure of the hose, not the burst pressure
(which must be several times greater). The volumetric flow rate depends upon the fluid
medium, the pressure and the inner diameter. Flowrates from 1000 m*h up to 12000

m*h are typical.



25 on the seabed. Thus according to anot her aspect of the
invention, there is provided a systemfor transporting fluids between
a surface offshore structure and a subsurface offshore structure
conprising a riser operatively connected to the surface offshore
structure and to the subsurface offshore structure in such a way that
the fluid can flow fromthe 30 surface offshore structure to the
subsurface of fshore structure or vice Versa, wherein at |east part of

the riser is ghdIpse KceRMisl Mhé@nﬁehﬁom RVSHidLRH AT eHe ST AP RRELISROWRich
Accordi ng to anot her astpect of the invention, there is provided a
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t he seahedmabgirtuhiytarives eomstof trisstclictwetwiy ekteathabbes Serdatee sofffichane
Shove. " 1aetntBE sTURTEaNl e P PRGehARA TS TGS Rsou iy Gier
suppor t agstatibherchie peTl'?l%néhﬂy fkelaR RBStieR ab8veahaRicgHad 0=k &8@ Rect ed

in fluid communication wth t upper end of the riser extending from
t he s ubmma@@t@trﬂsmfﬁsen@ud@@tstﬁeéjacaﬁfolsttp@oﬁét@@iwrmméa gravity hase

a
st ruc urebbéla‘F c}‘tgremégérﬁﬁorﬁﬁ can l;"é romn‘f}he%giéeuﬁ%?‘gf rﬁé‘f fra?%{aoﬁ-' to
t hr ough |ddadior.dbaeaiiey of aﬂemmmmehuoﬂure & piadfteviabbysal alsatzdp heyinga stbat
t he surface 20 3’}uHShO e str#ct ube can rotate ab%tjet t.he .bu?é/. T{_}i S
form of OkGPRERIESIUN; B &5 PP PR BAIPCY SEMRHRMRIPIDER{ERTER T8d pltrorm.
exanpl e spbtter spample of aneRpbeIry stiiidtal! ie affRatibg pRemefidr Ser a/@mﬁaffc
fluids is d| scl osed in EP0833769. The system accor to the

i nvent i dRdiRgyUNY 4 Be BrTarecRfTShATe sl qlygdnay h%\gﬁsmem@wmwg @il or gas
W20 ﬁ%ea& hahleshed 1§ Heaﬁaﬁlé}hﬁs@é@xhé §ur@édévéf%ﬁgre Jﬂwguﬁa

according to ano er aspect of the invention there Is provi
syst em heve means Mrstcrrmg odl afigpegandl ihefdagindablee wdlenlickfosior f ace of f shor e

structure a r Si fi.r.st
cryogent o 1 L SRTHY o sPULR IR AR b ea TR b Qe el 8
riser, mmﬁengedtlmmevm‘@n ttahaypbds idcate @‘ft}ieimab'ed SCDnE es@mnplesof a

adj ust abl e, said_second e%nd of said first. r[i ser vr}’ﬁtl QC%

din
body of SYRsgRcs Rfishgie PryFtureds AmindenyatshPiRpe: %‘F ypically be provided
25 on the seabed.

Thus according to another aspect of the invention, there is provided a system for
transporting fluids between a surface offshore structure and a subsurface offshore
structure comprising a riser operatively connected to the surface offshore structure and
to the subsurface offshore structure in such a way that the fiuid can flow from the

30 surface offshore structure to the subsurface offshore structure or ‘vice versa, wherein at
least part of the riser is a hose according to the invention as described above.

According to another aspect of the invention, there is provided a system for

transporting fluids between two surface offshore structures comprising a pipe



30 subsurface offshore structure; and b) a first subnersible turret
connector connected to said first end of said first riser, said first
connector adapted for rel easably connecting to the surface offshore
structure water so that a cryogenic fluid can be conmuni cat ed between
said surface offshore structure and said first end of said first
riser, said first 20 connector being noored to the bottom of said
body of water such that the vertical pd8ition of said first connector
can be c i | fi.st - L f

o Tshor o eraeleRnELE 1d (5" iRE Rl RN 2ARLRE B 3ul » ARG EHLAEER,
surface dfowsfaird ochedythefsurate offelire etrsiiucesftotlse oihes seviceé yersenmbetainl at o
said first connector. 5 wherein the first.riser is_ a hose accaording
Lo the | NURRERON MEPiRRlsdt T omgyas 1o e iepfibn of pBactRd MR, o

t hat the surf grencsdsbsdibett fhaaystehi Pblties atbudg lovaesl atrthe diusiaos,ethd the
of fshore, i.e i a, ocean arbour or other body o

- , lak h f.
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the struchgbsitdd Rk Beoy ML AN sf‘yatemaluemibea AboFX RN SarApEWsuch a

nmetres, a tfew hundred netres, a féw kilonetres or several 10 hundred
ki | orret r egstem. Accordi ng to another aspect of the invention there

i's provided a di of r el f.L ol g ';n&
-100C or | esslﬁgﬁé\é etrhgﬁP’%{eﬁ’[f%g%@w?Oe@‘s‘? ,'h\\}/a#gﬁﬂzé mr?g@ﬁ@gﬁ%@%ﬁg%re
t he fl ui the omm acceuifgaio ehofrfvehtivreedendecditaoctly (reuciheasifacs hifphorecstaicture
subsurface of fshore structure (such as a pipeline) using the hose
accorcjiongOWGSP %“rﬁ@ei%fég?f?i%w ®cri bed above. The present

i nvention makege éﬁsté?ﬁ%ééd?ﬂﬁmgtt@ the MPSRRINtMAEY e seribe AMBREM 8Ystem, where a
particularly LNGto subsea [ocations in an-i nexgenm ve and efficient

manner . FWécemueHts aiffchan & agsbsyace oReeat losater at threpabrss @ndiie ch
has b f i f - '
ru o Hreona s (Rl HEH R sBlfple SrgrcROSPRAAR 10 Bk Slpdfibce cbRReaLE
abl e to use tlh¢he syetarhs desaribed gbous,dhevei is hredgpblrfartbemprosidet @ fitie

bber, _h i th which.t h fam liarity. Furth .
e e hoht CREL BE eOB e o S B bR e o
st ruct ur guid BomhRiniciGoRwhiR Bite BSSSIEHINGS the ribBeextandng from thBafuesansess i s
now made to the acconpanying dra in which: 25Fi e.

W ngs, | ) qgqure 1l is a,
cr oss- se@fsharstruAies #id R%‘FQ”’EF"E"Q%HHH’Q C&EHBH"HF%T&”I%% R RSSERPIIBE;
Figure 2pbs 19 QiRSRREESHHRNS sritEBM, H i waPnel chHBBhATorhthe Bipets R
t he hose shown Iin Figure 1; Figure 3 is an alternative
enbodi netrer dfroagh thercenrnedipulTae conpadeuls ®referabherdirigbles powatithe FudrRe

L 2ngo SOFGN! Skl ol RELRIRLR oAl AT T bf B3HrREHR €Y nown

accor e 1nvention.
as a "swivel connector". An example of a swivel connector suitable for transporting

cryogenic fluids is disclosed in EP0833768.
The system according to the invention may also be used in the type of system
described in W0O2006/044053, in which a submersible buoy is provided. Thus,

25 according to another aspect of the invention there is provided a system for transporting
a cryogenic fluid between a surface offshore structure and a subsurface offshore
structure, comprising: &) 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

30 subsurface offshore structure; and b) a first submersibie furret connecior connected to
said first end of said first riser, said first connector adapted for releasably connecting to
the surface offshore structure water so that a cryogenic fluid can be communicated

between said surface offshore structure and said first end of said first riser, said first



Referring first to Figures 1 and 2, a hose according to the invention
is generally designated 100. The hose conprises an inner tubular
structure 10 and an outer tube 30. 21 The inner tubul ar
structure 10 conprises a tubular body 12 which conprises an inner
reinforcing |layer 14, an outer reinforcing layer, 16, and a sealing

| ayer. 18 sandw ched between the |ayers 14 and 16. A generally
tubul ar sheath 20, in the formof a bré&fd, which provi des axi al

strengt h%hﬁ'&tor‘ b%:ﬁ%ﬁﬁ@l%@% MOYOELh 'Eb?séﬂb‘%%ﬂy %%é@e @u@fmbhﬁqeﬁléméaﬂr
reinforcing |ayer The tubul ar dy 12 and the tubul ar

sheat h 2@oaitien cf $710 St CUvIeREE §2G rbﬁmblaﬁgeW@ firsi conreqter adaTted o
| nner hela'll&@ag stﬁ%kggﬁmo‘}giﬁgctgféqz%ta?@%r%runa%ngﬂtlc)éﬂﬁgét'oﬁg b i 24
So that t e are

The inner an er wres i spose

of f set f sorfamene sﬂrtbﬂ)dft@rof spter vdltbtm&rstwsseb‘qs@ndmfcged to $eidl fiirgtloenpettoh
Iength of  the xofIhe COi at.Lon er. 26_1S

o sposda P e ke Gt b i s S b PRINHEPE e REES ke e,

for exarml e, l@wﬂﬂfélé‘;ﬁﬁre@é‘téb thatsthié atnifag mm@fbsaﬁac@ufmoaésau@tbe@tm@s

f oam The reinforcing |layers 14 and 16 co e\/\oenfall_oirlcs

of a synsﬁa@wﬁ oHENErs. 48-; IR 8RR RECBNAEE NAD AU QP of Pl water. Howeyg,
sealing | €l s b drREmA RSt fign Bh%é‘&?s%@hc@fof‘cr%kﬁfu%uﬁé Bl shoré, | Wiith

whi ch are wr apped around the outer surface of the I nner
rei nfor cmaag bbaioeuexamapleoa fevowiatresaa faw hundred metesas fayekilpraetreher sevasal

and ogé %ﬁo C|,En | ayers 14 and 16. An end fitting 28 is
provi lérf %% ¥ 0f the inner tubular structure 10 and serves to

term n?te Ej hfef\dcbhﬁngifbanﬁmg@gﬂeétid\n;&m}g;%ﬁldMﬁemv\% fzm‘ldeebéaimﬂtgod tznheh
typeo en itting described in 1 F 4( 07 The
i nner tutsansaprt@ﬂr%&'@.ﬁ@v'a@aéﬁﬁps@ﬁf%r%l:P éordﬁ%paregﬁj @bfe%ﬁrﬁpr%srse
22 aroupgcd c%gﬂéé‘é con%)ﬂﬁ@mwﬂa.@%hn@garfé@ SHPbE aammxe(guéwa%@m

the inner wire ng the sealing |ayer 18 around the inner

appi
rei nf or cmragsub@yéaoemﬁshmmﬁipiqﬁg et(Aechoag @ pipedneifusing thg hoag @ccesiing tuthe
t he s§€ 'W%t'l‘)ﬁ%gc@%d al%ldbél ng the tubul ar sheath over the outer
ci'n ,

rei nf ayer Wrappi ng the outer wire 24 around the sheath
20, and 25 afpkypregert meentisuinakeoit pbssilgle t@ Gapspart drpegenid erateviale, 24
and the shea The oquter tube 30 co rubber i nner
Maver sPal 1A e airsRd RN PLIH G Sy € B SeREEaRg - Zeout er
rubber GRYR#ios hakEBeisk 812 &envishtioRdl, ruBBeraitde 3@hiah @as Geth c@Bi sedmeay
forma structure in which all the layers are integrally bonded to the

adj oi ni ngarsipe e raBRIIEE GingpHeEyEFGILEdD iniep he eRbagiage dhat e
out erod Ube A0t RIBY §fe hfle to use the invention using hose which appears similar to
the rubber hose with which they have great familiarity. Furthermore, existing rubber
hose can be readily retrofitted with an inner tubutlar structure to provide a hose
according to the invention.
Reference is now made to the accompanying drawings, in which:
25 Figure 1 is a cross-sectional view of a part of a hose according to the invention;
Figure 2 is a cross-sectional view of an inner tubular structure of the hose shown
in Figure 1;
Figure 3 is an alternative embodiment of an inner tubular structure of the hose
shown in Figure 1; and
30 Figure 4 is a schematic diagram illustrating a system according to the invention,
Referring first to Figures 1 and 2, a hose according to the invention is generally
designated 100. The hose comprises an inner tubular structure 10 and an outer tube
30.



termnate the outer tube 30. The end fitting 28 and the hose nipple
40 may be connected together. Adjoining |engths of the hose 100 may
be connected by securing the end fittings 28 of adjacent |engths of
hose 100 and securing the hose nipples 40 of 22 adjacent |engths of
hose 100. However, it is preferred that adjoining | engths of the hose
100 are connected either: by securing the end fittings 28 of adjacent
| engt hs of hose 100; or by securing thdlhose nipples 40 of adjacent

I 'engt hs of hoggci06, tbﬁu!air@r‘ﬂcﬂ.lrgelo is'ég'%f[t]uﬁnlﬁr EB@%Q‘C\NH@‘F ch&nﬁﬁﬁes an
i nner tubular structure 10 are not necessarily co- term nus
t he ends iofiert reinforingr layebd44GarThoetas feinfarsingn taykeus! 8 2arco rarsealieg vieyer 18
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space, then spacers 44 nP be provided to hold the inner tubular
st ruct it &Ui% TeIRMOREIRg 138G el ati ve to the outer tube 30. The spacers

may be disc- $Re sARShodM f2hafd the ABLILF Ishesihago QFEEHFSPE;@ed/"Bb%en gripping
receives the inner tubular, structure 10, ) The Tluid to be )

t r anspor teambgis i thanform rad Bghinnee heliggdy antecawirg 22yanthani wder bplicedy 4eiled
wthin t iN : I r Fl n

A tor nat 18 ZraBaiiled ool ity & &4t ot are asbb®Y So the PR ottt from
whi ch i s odesahgthat byla 2kGncElveriesperding totizirths pitcic temgth @the ¢tetipof tescals.
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COr r ugat peRfay M) fdrisdhplel Brohayfiondlifisiistiny Matediad sheh weepibbRsiehiows
212 and 214. Furthernore, the space between the bellows 212 and 214

i s placed i n Bevgitoringtararsddmnd (Geanprise Wevanyalbriek poa sypificte mieeal,
| ayer 218 1 QN4 ; outer bellows 214, to inprove the

i nsul ati g%dh?auspfﬂwpgog%%ﬁlﬁgbg%' port 220 is provided for evacuating
ai r from bet Wihensadiiag llayeeris 2ddpases & duratity ofdeyers aofaplestics file which are

vacuu The hgse 210, al so incl.udes, gnd fittings.222 at ch end of , .
U ne- b BRpeRE S B Glel SSIrGE R PR nhe e R 85 396 ey B fuic
Fi gure 4tidis seal Hehwatst hatnren apl cakerexsiafmptiag Yayepsteanhaitigl i sing the hose
100 accor di n%d{]o Gﬁh,e_ i nventi on. the S steg1 sfhown in Eti@ﬂure 4 is a

CALM syst em N4 [iing 28 JEOYIERC GO EREN EFE A |’f§}e\mqrt appiryeyrg A0 and
ot her Sye?ér@é@toltﬁ:‘r‘r]ﬁ?at@%é fiReSA)- Mha ek affing! JEmalBY fr ekamofdnd BpeTMnd

system ure 4, a ship 300 containing an LNG storadge unit

(not shofiting dessdbed BriVORE/SSTIP ¢ #VOR20PHE7E248.302. A subnari ne

P ol 50, 20 o 888t SR SP 0o P RES BT o ey W 2
around a mandrel; wrapping the inner reinforcing layer 14 around the inner wire 22;
wrapping the sealing fayer 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 16, wrapping the outer wire 24 around the sheath 20, and

25 applying the insulation layer 26 over the outer wire 24 and the sheath 20.

The outer tube 30 comprises a rubber inner layer 32, first and second reinforcing
layers 34 and 36, and an outer rubber cover 38. The layers 32, 34, 36 and 38 are
covulcanised to form a structure in which all the layers are integrally bonded to the
adjoining layers.

30 A hose nipple 40 is provided at the end of the outer tube 30 and serves to
terminate the outer tube 30. The end fitling 28 and the hose nipple 40 may be
connected together. Adjoining lengths of the hoée 100 may be connected by securing
the end fittings 28 of adjacent lengths of hose 100 and securing the hose nipples 40 of



30 The buoy 308 includes a swi vel connector 310 at the top thereof,
whi ch can swivel relative to the underlying part of the buoy 308. A
nooring rope 312 extends fromthe ship 300 to the turntable 310, and
anchor chains 314 extend fromthe base of the buoy 308 to the seabed
306. 23 A hose 316 extends fromthe ship 300 to the sw vel
connector 310. The hose 316 has a high buoyancy, so that it can float
on the surface of the water. The hose &6 is constructed of the hose

100 desciighad, AN AIRLLIRD. HowBiee SR eichdnaddibiigled e tf te

to inpro € buoyancy. 5A Triself in the f
ext ends fhoeen10Beare wionedcterbaiet by SBQ!Grrngothh@qoffi}badqs Aé cﬁcaﬂjacame igrggles of

tor age. JAPE 100 o 1 Sertrisedng eSS pinbeS A0 it b, 2tst BT e
hose 318 beshotantHat Wied eadobr ﬂieehdﬂBESﬁné@@lbd@s@tmbﬁafb abcare.ndtfnecessarily co-

necessar several |engths of the hos 00 can be oine to ether in
or der t50¥9rr6’é[&ﬁ WiHLIRELaRES B th‘? Ll tﬁg f‘ﬁ il ajb%l" I%IJr fhedpeemihe

buoy 308q@; fube 30 AR ﬂhQ%r%@‘ﬂubular strucfﬂP@T@VWH’eeénrﬁ}Rmrﬁﬁﬁ‘% 8t Gs wegvsip%%é
a fluid passageway which enables fluid to flow fromthe hose 3

t he hoseoem@y paitisly giecarapletphe g with aponadaiiar maisiah dvet shrwvn) When
struct ur | 6, t.hat.
the i nve | on ess'g'rllg@%g?h%é %Jace ihep spacél %1 e(ﬁJ’ Vfﬁ%?%}i@ ﬂoteﬁglgo{lg% 'Bper
t he cl ai tobular 24u@lid Mbin ﬁosﬁidmaie@tlﬂel’oqnthesomtgr amei 3 dhetapagbay may be disc-
structyre an outer tub wherein the inner, tubul tructure
conr 1 JeShateH Bh R BB s S R B Erevardne e Behda B giong
nenbers, the mébmh@rm laedyanlspghéuiba@ flawSipdghOthk a®Etandaly Bﬂlrﬂﬁcépéﬁ&‘é
of a material capable of withstanding cryogenic tenperatures, wherein

t he out efb W%@T%Wﬁfﬁléglaésﬁf%ﬁ@rm ayer and a reinforcing | ayer
di sposed aro% rﬁfsbb\@?%rn él?é/rﬁ tive! Qﬂb}‘}??ﬁé?ﬁrbfttpg |hﬁ'é}efubhh‘%?%‘cﬂfctltlre 10,
s M nsu

structure ha I on proper ies surficient to protect the ou
t ube froamitihé Hesighateperft Uhe inierdulydigestrocthifeu? to fcbxmw:ags wint inher tupelar

el s 4 YOUbAE 249 S Sunafbhl)BRE A9 5] B & Folaby WSS ldbica
{(or U-shaped or Q shaped) corrugations. An insulation layer 216 is provided between
the bellows 212 and 214, Furthermore, the space between the bellows 212 and 214 is
placed in a vacuum, to further improve the insulation. An armoured layer 218 is
provided around the outer bellows 214, to improve the insulation further. A pumping
20 port 220 is provided for evacuating air from between the layers 212 and 214 in order to
greate the vacuum. The hose 210 also includes end fittings 222 at each end of the
bellows hose (in Figure 3, only one end fitting 222 is shown).

Figure 4 is an illusfration of an exemplary sysiem utilising the hose 100
according to the invention. The system shown in Figure 4 is a CALM system, but the

25 hose 100 could equally well be applied in other systems, such as the SALM system,
the CMBM system and the STM system,

In figure 4, a ship 300 containing an LNG storage unit (not shown) floats on the
surface of the sea 302. A 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.

30 The buoy 308 includes a swivel connector 310 at the top thereof, which can swivel
relative to the underlying part of the buoy 308. A mooring rope 312 extends from the
ship 300 to the turntable 310, and anchor chains 314 extend from the base of the buoy
308 to the seabed 308.



two of the reinforcing layers with the sealing |ayer sandw ched

t her ebetween. 15 3. A hose according to claim1l or 2, wherein the

i nner tubular structure further includes an axial strengthening
nmeans. 4. A hose according to claim3, wherein the axial

strengt heni ng neans conprises a generally tubular braid fornmed of a
sheet of material provided in a tubular_shape. 20" 5. A hose
according to claim3 or 4; wherein t he2axi al st rengt heni ng neans

conprises a plAirgdd BY6 @kteAus fﬂﬂon$‘tﬂee§!9|§ h¥e0i 1B%the IR cBXh&aREF BY0.aTRE hose
the length of the hose. 25 6. A hose according to any preceding claim

wher ei n t A6 7S B8R PLSHAGHr 8 Hipt IeperioRLOR §1eneiase o4 tewater of he hose 316
material whl,gh iasy QQﬁé‘ nkﬁ‘@é"fﬁo 'd% l:f'édtalbl?)% roliREd i ﬁﬁ&g‘s%agp Nith | additional

t ubul ar structure. ose accor |ng o0 ahy preced
t he seal ilager(sajeimgreve ibe imede bbiogincy. sheet of rrat erial Whl ch has been

d t bul f int i t { t )
hose. ackor di ng 1" IhyenPBhah A5 AMP-HE kP &' WhiBrrsier Saioitee
i ncor por gligdine 304 Ehe hever 3 18U Woahesbd ttﬁth@rhbse 3169whérsbgsiRIide €41 fldw Grom

to claimg@8, wherein the insulation |ayer is_disposed between 5 the
et - andh SBOSHTLED B RERURIZLD e PIosik ol GV TIgeL o T BoSR 81 is

wher ei n tRRsthtdd SitheRodY 60 dB¥& el @Bold8f RlRbay! sERIrA0ABMRS the hose
100 can be joined together in order to reach from the buoy 308 to the ship 300, and/or
10 from the buoy 308 1o the pipeline 304.

The swivel connector 310 provides a fluid passageway which enables fluid to
flow from the hose 316 to the hose 318 and vice versa. The swivel connector may have
the structure shown in EP0833769.

It will be appreciated that the invention described above may be modified within

15 the scope of the claims.



10 11. A hose according to claim 10, wherein the insulation |ayer
conpri ses an el ongate nenber, made of an insulating material, having
opposi ng | ongi tudi nal edges, the elongate nenber being helically
wound around the tubular body such that the opposing |ongitudinal
edges of the layer are in an adjacent or overl appi ng arrangenent,
wherein each | ongi tudi nal edge includes_a formation capabl e of

i nterengaging with a 15 cooperating for#htion on the opposi ng

| ongi t udi pala;ggdoe. 12. A hose according to claim8, 9 or 10, wherein
the insulation |ayer includes a fabric fornmed of basalt fibres. 20
13. A hose according to any preceding claim further conprising an .
end fittigg di at f ' I . :
A hose. acdor di AT b SiE A R RERRE shytcBtertbbe hikien g,
gri ppi ng imeabiebsiaoktrodierel conpriseaButbulasbodycdispasedrhetbedn taler gnd ppiterg

nb 25 15 Ah di di | aj m. inth
Mner shcB RGP0 s WEHBLPaRy ARG ARETTE B ot Proddaineedote -
pr ef er abl mafeahi @pabl sfadthstandingléyoderio@enpRestoratl Wekdn yoiePARd Ng

claim wherein the jnner tubular structure js 30 novable relative to
the out ercompsigesiaHRRETANSKiERg 2ofeiiprengdarer disppsedafiud hempbbai laxprannd
I nner tu in$hd HMPEHBuIR Bt O8RS nadRELIE Popbhilsd ic%}]t'

wherein t eeq%!ﬂ?iﬁer%uﬁulﬁgr strruct u?e coﬁp%gs pa t_uburfar é ?ﬁgﬁv‘(g?tthe
wher ei n tduéer 128 Gomdhe lowbiemperaiurs eflscryogamibivid flawing vatidn dhe rinaf tubciang

| ayer @i S osted around the rubber layer, wherein the insulation |ayer
is either lF‘\(L,!E?rporated in the inner tubular structure and/or is

di sposed between the inner tubular structure and the outer tube,
wherein the ipner tubular structure i vabl e rel ative to the outer

t ube duréng f,ﬁ\g;gg%@c%qrdpgéo ﬁ@grg T, w eresmt e tuBular[)ody comprises at least at least

two of the reinforcing layers with the sealing layer sandwiched thersbetween.

16 3. A hose according to claim 1 or 2, wherein the inner tubular structure further

includes an axial strengthening means,

4, A hose according to claim 3, wherein the axial strengthening means comprises a
generally tubular braid formed of a sheet of material provided in a tubular shape.

20
5. A hose according to claim 3 or 4; wherein the axial strengthening means
comprises a pluralily of axial strengthening strips extending along the length of the

hose,

25 6. 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

tubular structure.

7. A hose according to any preceding claim, wherein the sealing layer is formed of
30 a sheet of material which has been wound-into a tubular form inthe inner tubular

structure.



5 and wherein the inner tubular structure has insulation properties
sufficient to-protect the outer tube fromthe | ow tenperature of
cryogenic fluid flowng within the inner tubular structure. 18. A
hose according to claim 17, wherein the inner tubular structure

i ncludes an 10 end fitting at each end of the tubular bellows. 19. A
hose according to claim 17 or 18, wherein the inner tubular structure
I ncl udes a second tubul ar bell ows arrané d around the first bell ows.

15 20. A hage apGREdidRgotimgabainiptdeedidy Qéin‘lgvhe‘fé]ﬁraﬁiiﬁ“s@@tidrﬂﬁézé%i on
| ayer is incorporated in the inner tubular structure. 21. A hose
accor di ng ReeTRTEBipthe ipprsiubidigefidedereupon cl ai m 19, wherein the
I nsul ation | ayer is provided between the two bellows. 20 22. A hose

according to any preceding. claim wherein the inner rubber of the
outer tub®. is Ahbseaccdrdineto claimd, sihateimthedtsulaiordayayiadistosed beblesn

23. A hgse accordi,ng.t o _any pr ding claim wherein the reinforcing
| ayer og %én%aggtogltertqﬁlﬁgﬁgsmgﬁ'ﬁg[ﬁ,i c layer or a netal layer, or a
fabric incorporating netal parts. 24. A hose according to any

preceding claim whereip the reinforcing,|ayer of the outer tube is a
pol yrer i c1%mat érege %?Peﬂﬂgaiﬁ ¢laigy ﬁyWFW@WBSﬂ%ﬂ@!oadwqrioaﬁalesr%e@ gufarc

rei nf or Cefiing mémber

10 11. A hose according to claim 10, 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

15 cooperating formation on the opposing longitudinal edge.

12. A hose according to claim 8, 8 or 10, wherein the insulation layer includes a

fabric formed of basalf fibres.

20 13. A hose according to any preceding claim, further comprising an end fitling

disposed at each end of the inner tubular structure.

14. A hose according 1o any preceding claim, wherein the inner and outer gripping
members of the inner tubular structure are helical gripping members.

25
15, Ahose according to any preceding claim, wherein the inner and outer gripping

members of the inner tubular structure are preferably helical wires.

16. A hose according to any preceding claim, wherein the inner tubular structure is

30 movable relative to the outer tube during flexing of the hose.

17. A hose comprising an inner tubular structure, an outer tube and an insulation

layer, wherein the inner tubular structure comprises a tubular bellows, wherein the



26. A hose according to any preceding claim wherein the helical wre
is enbedded in a rubber matrix, or a matrix of another polyneric
~material. _. 27. A hose according to any preceding claim wherein the
outer tube further includes 5 an outer cover |ayer. 28. A hose
according to claim 27, wherein the outer cover layer is rubber. 29. A

hose according to any preceding claim erein the |l ayers of the
outer tube 10 have been subjected to cufing after assenbly, whereby
all the Iagwﬂrﬁuimeorhprtisfesm:abberblapleiahda)gﬂmfoecring lzyer éiyegdedt drouh@yies fubber

f th t t. t her . 30. Ah
accor i ng DB RS HIB e BT SAIEESEiE R ABIS e P et Fllueire

and 15 t hengMt Rrdispizedaetvain e Shiegh sy stthﬁs&uré@ﬂd% smeﬁmﬂea%e?ém the
the inner tubular structure is in contact with the i nner surface o

the out er NNgpkibUR Strpciyids mrv@biieiive do él’rﬁ/Oléiﬁé’fU@ﬁ deriag Agxingtah ttzaahose
wher ei ngt Beq [\ RBRin Wé%hﬁﬁu&ﬂéﬁ'&f’d&lﬁeﬁﬁg it faript ﬁé%élﬁgfweenle%teo projest the

di nensi oned such ere 1s an an ar spac
surface ofutehiebe n'nmm theubiu temperature tof ceyogenictfiue flawiey withinfthe énradr ttibelar
outer tub 32. A hose according to claim 31, wherein spacing

means is %U&Hrﬁ‘ed within said annular gap in order to maintain a
desired spaci ng between the inner tubular structure 25 and the outer
t ube. 33. A hose according to claim 32, wherein said inner tubular

st ruct ur e'& ur PrBPSE BREA" '§%§°é%l\a'ﬁh%ﬁl WhersH e v eq fubiay st ieninglaidgs an

annul afy G#R fitth a3bach SNPSLROGBLMF PEIdWs. any Preceding claim wherein
the inner dianeter of the outer tube Is at | east 150mMm

19. A hose according to claim 17 or 18, wherein the inner tubular structure includes

a second tubular bellows arranged around the first beliows.

15 20. A hose according to ciaim 17, 18 or 19, wherein an insulation layer is

incorporated in the inner tubular structure,

21. A hose according to claim 20, when dependent upon claim 19, wherein the
insulfation layer is provided between the two bellows.

20
22. A hose according to any preceding. claim, wherein the inner rubber of the outer

tube is a liner layer comprising a natural or synthetic rubber.

23. A hose according to any preceding claim, wherein the reinforcing layer of the
25 outer tube is a fabric layer or a metal layer, or a fabric incorporating metal paris.

24. A hose according to any preceding claim, wherein the reinforcing layer of the
outer tube is a polymeric material which opfically incorporates additional metallic
reinforcement.

30
25, Ahose according to any preceding claim, wherein the outer tube further includes

a helical wire.



28 35. A hose according to any preceding claim wherein the inner

di aneter ofthe inner tubular structure is at |east 150mm 36. A
hose string conprising a plurality of hoses according to any
preceding claim5 connected end to end. 37. The use of a hose
according to any preceding claimto transport fluids at a tenperature

bel ow -100C. 10 38. The use of a hose ac&gr ding to any preceding claim
to transport fluids at a tenperature befFbw -150C. 39. A system for

transportizgy flancde docoring @Larnfyq;ﬁ@ceszf:fgs&f@mﬁ wiHer&ifttHe Beficl w]@u@émﬁe@%d

of fshore structure cqnpri si tg; ri ser operatively connected to
surface offf §Hﬁﬁ®ff§t‘§’f 1 Gt EX ghanetger pdyrsahs Tiateral of f shore

structures in such a way that the fluid can flow fromthe subsurface

of fshore structure to the subsurface offshore structure or vice
versa, whérei nAdpse easerdipgrte aoy prévedingdaim;, wheminéhe ofteatubedartbar includes

defined.in_a laims 1 to 35. 20 40. A system according to
claim 35, apgpﬁgg\?ecrg%%eﬁi sing a buoy located at the surface, wherein
the riser extends fromthe buoy to the subsurface offshore

m accor di ng

structure s S st.e
to claim %@ ?ﬁ ?fpc{‘)ﬁ‘fé 9%5%’%2&%%%.%%8&1 [ CP?’ %/ ds subhely f ace
of fshore structure to the subsurface offshore structure. 42. A
system according to claim39, wherein a surface buoy is attached to a
A hose according to any preceding claim, wherein the layers of the outer tube
10 have been subjected to curing after assembly, whereby all the layers are intimately
bonded together fo prevent the fayers of the outer tuber from moving relative to one

another.

30. A hose according to any preceding claim, wherein the inner tubular structure and
15 the outer tube are dimensioned so that the outer suiface of the inner tubular structure is

in contact with the inner surface of the outer tube.

31. A hose according to any one of claims 1 to 29, wherein the inner tubular
structure and the outer tube are dimensioned such that there is an annular space

20 between the outer surface of the inner tubular structure and the inner surface of the

outer tube.

32. A hose according to claim 31, wherein spacing means is provided within said

annular gapin order to maintain a desired spacing between the inner tubular structure

25 and the outer tube.

33. A hose according to claim 32, wherein said inner fubular structure further

comprises an insulation material disposed in said annular gap.

30 34.  Ahose according to any preceding claim, wherein the inner diameter of the

outer tube is at least 150mm.



subsurface connector |ocated at the seabed, and the hose extends
directly fromthe surface offshore structure to the subsurface
connector. 30 29 44. A systemaccording to any on of clains 39 to

43, wherein the subsurface offshore structure is a submarine

pi peline. 45. A nethod of transporting a fluid having a tenperature
of -100C which 5 conprises conveyi ng thggfluid froma surface
of fshore structure to a subsurface offshore structure using a hose

accordi ng 3% ariheateacsiordihginanylprecediby claim, wherein the inner diameter of the inner
tubular structure is at least 150mm.

36. A hose string comprising a plurality of hoses according to any preceding claim

5 connected end to end.

37.  The use of a hose according to any preceding claim to transport fluids at a

temperature below -100°C.

10 38. The use of a hose according to any preceding claim to transport fluids at a

temperature below -150°C.

38. A system for transporting fluids from a surface offshore structure to a subsurface

offshore structure comprising a riser operatively connected io the surface offshore

15 struciure and to the subsurface offshore structures in such a way that the fluid can flow

from the subsuiface offshore structure to the subsurface offshore structure or vice
versa, wherein at least part of the riser is formed of a hose as defined in any one of

claims 1 to 35.

20 40.  Asystem according to claim 38, further comprising a buoy located at the
surface, wherein the riser extends from the buoy to the subsurface offshore structure,

and is supported by the buoy.

41. A system according to claim 39, wherein the riser extends directly from the

25 swrface offshore structure to the subsurface offshore struciure.

42, Asystem according to claim 39, wherein a surface buoy is attached 1o a
subsurface connector located ai the seabed, and the hose extends directly from the

surface offshore structure 1o the subsurface connector.

30
43. A system according to any one of claims 39 to 42, wherein the surface offshore

structure is a ship or a floating platform.



29
44. A system according to any on of claims 39 to 43, wherein the subsurface

offshore structure is a submarine pipeline.

45, A method of iransporting a fiuid having a temperature of -100°C which
5 comprises conveying the fiuid from a surface offshore structure fo a subsurface

offshore structure using a hose according to any one of claims 1 to 35,



