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llli (54) Title: IMPROVEMENTS RELATING TO PIPE

Fig.1.

(57) Abstract: A pipeline (100) comprising an outer rigid conduit (30), which is formed of a composite material, the composite 
material being arranged such that thermal expansion in the longitudinal direction is an effective longitudinal CTE from zero to about 
-/+10χ106 °K \



20
08

29
96

38
 

22
 A

ug
 2

01
3 1

IMPROVEMENTS RELATING TO PIPE

This invention relates to pipe, and more particular relates to pipe suitable for use 

in cryogenic applications. The invention is especially concerned with marine pipeline 

5 suitable for use on or near the seabed.

There are many systems for transporting fluids from an offshore structure such 

as a ship or other platform to an undersea pipeline. Examples of such systems include:

(1) The conventional multi-buoy mooring (CMBM) system. In this system a 

riser runs directly from the offshore structure down to the pipeline, with

10 supporting buoys arranged at intervals along the length of the hose.

(2) The single tower mono-mooring (STM) system. In this system a mooring 

tower is fixed to the seabed and extending to the surface of the sea. The 

mooring tower supports a riser extending from the surface of the sea to 

the pipeline. A hose or other pipe can extend from the offshore structure

15 and be connected to the end of the hose at the top of the mooring tower.

(3) The single anchor-leg mooring (SALM) system. In this system, a buoy is 

located close to the offshore structure, the buoy being attached to, and 

supporting, a connector unit located on or near the seabed. A riser 

extends from the offshore structure to the connecting unit, then from the

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
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structure, such as a pipeline. The exact configuration of the riser, and of the support 

structure for the riser, can be varied depending prevailing conditions at the particular 

offshore location. Depending on the particular details of the system the riser comprises 

of submerged, floating and aerial sections.

5 Pipelines are generally constructed by one of two methods. The first and

generally the most common method for both onshore and offshore pipelines is by 

welding together short lengths of metal pipe. This metal pipe may be coated for 

corrosion protection and often in marine applications there is a concrete coating for 

weight and mechanical protection. In some applications a thick coating such as 

10 syntactic polyurethane is applied for insulation. A coating is usually applied after a joint 

is made. In offshore construction the joints are either made in the substantially 

horizontal position from the lay barge (the so called "S lay" method) or in the near 

vertical position (the so called "J lay" method). The J lay method is usually the preferred 

method in deep water pipeline construction.

15 The alternative to the joining of short pipe sections on the offshore lay barge is

the reeling method where the continuous pipeline is stored with some plastic 

deformation on a large reel. When the pipeline is unspooled from the reel it passes 

through a straightener to reverse the plastic deformation from storage.

In some applications the demands on insulation both in terms of thermal

20 properties and water depth capacity is such that pipe-in-pipe systems have developed. 

Here a relatively short length of pipe is placed inside another pipe and they are joined 

together to make the continuous pipeline. The annulus between the concentric pipes 

may be either filled with insulation or be a vacuum.

Comparatively short onshore pipelines for cryogenic applications are common

25 and these are typically constructed from austenitic stainless steels which are suitable 

for service at temperatures associated with liquid nitrogen at about -196°C and 

liquefied natural gas at about -163°C. A known problem with onshore cryogenic 

pipeline applications is the thermal contraction as the pipeline is cooled from ambient 

temperature to the temperature of the conveyed liquefied natural gas. For austenitic

30 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
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INVAR (Registered Trade Mark). This alloy, discovered in 1896 by Charles-Edouard 

Guillaume, has the property of minimal dimensional changes with temperature 

variations. When cooled from ambient temperature to the temperature of liquefied 

natural gas the contraction is 0.3mm/m, an order of magnitude less than austenitic 

5 stainless steel. This is particularly advantageous in that it substantially reduces the 

need for extensive use of expansion loops.

Being metals, austenitic stainless steels and INVAR (RTM) have no effective 

insulation properties and therefore either conventional insulation is applied or the 

pipeline is allowed to self insulate with the build up of a layer of ice.

10 Thus, the common problems for subsea cryogenic pipes are as follows:

1) The material in contact with the cryogenic fluid must not be brittle at LN2 

temperatures

2) There must be a very efficient insulation between the cryogenic fluid and 

the external seawater temperature to miniminse the boil off resulting from heat influx as

15 a result of the circa 200deg C temp differential (-163 for LNG to sea water temp of 

about 10degC say = a difference of 173 deg C)

3) The contraction in the axial/longitudinal direction of the pipeline ie along 

the pipeline must be controlled otherwise, because the pipeline is effectively restrained 

at both ends huge forces develop when cooled down because it wants to shrink but it

20 cant.

As discussed above, the conventional solution to (1) is to use austenitic 

stainless steels eg 316L , 9% nickel and Nickel 36% (Invar) for the inner pipe. All of 

these are compatible with the cryogenic conditions but with reducing thermal 

contraction coefficients from austenitic stainless steel to invar. 316 contracts too much 

25 and therefore dogleg expansion loops are needed to handle the third problem. Invar 

eliminates the problem because of its nominally zero thermal contraction coefficient

and Ni9% is somewhere between - see background papers.

The second problem is addressed by placing the inner pipe inside a outer pipe 

and addressing the insulating properties of the annulus. This is the so called pipe in 

30 pipe solution and it is the focal area of a number of patents. One option is to form a 

vacuum in the annulus which is an very effective means of insulation. The alternative is 

to use very efficient insulators of which there are several (see the patent literature) and 

recent focus is now on a relatively new insulating material which is called aerogel or
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nanogel. These isulating materials have also been combined with a partial vacuum to 

provide the insulating materials.

In essence the known technology is a pipe in pipe solution with annulus 

insulation.

5 To date no marine pipelines have been built for cryogenic applications. A marine

pipeline for conveying cryogenic fluids has to address the two problems of thermal 

expansion and insulation. This has led to the development of concentric pipe designs 

based on the conventional pipe-in-pipe design. These designs use INVAR (RTM) to 

solve the thermal expansion problem and high performance insulating materials such 

10 as aerogels in the resulting annuli are used to address the insulation problem. These 

designs are expensive in terms of materials and construction.

The present invention relates particularly to the pipeline which usually lies on or 

near the seabed. Such pipeline typically comprises an outer pipe, an inner pipe and an 

insulation layer arranged between the outer and inner pipes. As discussed above, in 

15 the prior art the outer pipe may be stainless steel and the inner pipe may be iron-nickel 

alloy, such as a material sold under the trade name INVAR. The material INVAR (RTM) 

is selected for this purpose because it has a low coefficient of thermal expansion, so 

that the inner and outer pipes expand and contract by similar amounts, despite the 

temperature variation between the inner and outer pipes, which is primarily caused by 

20 the presence ofthe insulation layer. Although pipelines with an INVAR (RTM) inner 

tube are effective at transporting 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

25 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 present invention is to go to a single pipe solution based on composites 

30 technology. It may be desirable to place the pipe in another conduit for mechanical 

protection or to provide an annulus to test for leaks but this is not a pipe in pipe solution

as such.
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A pipeline comprising a composite pipe suitable for conveying cryogenic fluids, 

the pipeline being formed of a composite material, the composite material arranged 

such that a thermal expansion in the longitudinal direction is an effective longitudinal 

CTE from -10x10-6 °K-1 to 10x10-6 °K-1, wherein the material in contact with the 

5 cryogenic fluid is not brittle at the cryogenic fluid temperature, and wherein the pipeline 

is constructed to minimize boil off of the cryogenic fluid.

The composite material is advantageously such that the the pipe has sufficient 

mechanical strength in both the axial/longitudinal direction and the radial/hoop direction 

to take the loads induced by the internal pressure (typically 20 to 30 barg) and to 

10 control the equivalent thermal contraction coefficients in the longitudinal direction and 

the hoop direction. The lay up is such that the longitudinal contraction is close to zero 

ie slightly negative or positive is desirable so that any temperature induced axial forece 

is only slightly tensile or compressive. The contraction in the radial direction is less of a 

concern as it will be counterbalanced in part by internal pressure. The wall thickness of 

15 the composite pipe will be built up to provide the desired mechanical response to 

thermal and pressure loads and to also provide significant insulation properties as a 

consequence. This reduces the demands on any additional insulation which are 

envisaged to be a based on conventional polymeric insulators such as polyurethane or 

polyethelyne which may have insulating fillers such as glass beeds incorporated. The 

>0 result is a “conventional” insulated pipe but based on composites solving the inherent 

problem of cryogenic service by controlling the thermal contraction properties in the 

axial direction and by using the superior insulating properties of composites over 

metals.

Essentially this aspect of the invention relates to a pipe made of a composite 

25 material, preferably a subsea pipe, and most preferably the composite material is 

arranged such that thermal expansion in the longitudinal direction is an effective 

longitudinal CTE from zero to about -/+10x1 O'6 °K'1. The preferred longitudinal CTE 

range is from below zero (e.g. below or equal to about -0.01 °K'1 or about -0.1 °K'1) to - 

/+4x1 O'6 °K'1, most preferably zero to -/+2x1 O’6 or zero to -/+2x1 O'6 °K'1. The pipe may 

30 have an outer pipe or an inner pipe which may or may not be made of a composite

material.
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Another aspect of the invention relates to the use of composites in cryogenic 

service where we can eliminate the thermal contraction in one direction. This is a 

development in pipelines, especially subsea pipelines.

“Composite materials” are materials that are made from a combination of two or 

5 more materials to give a unique and tailor made set of properties. The most common 

form of composite material is a matrix of fibres within a resin. The fibres may be 

continuous with an orientation in the longitudinal direction or the fibres may be short 

lengths in mixed orientation. The fibres are usually high strength fibres such as E­

Glass, S-Glass, Aramid (e.g. Kevlar (trademark)) or Carbon. The resin encapsulates 

10 the fibres and it may be a thermoplastic resin such as a polyethylene, a polyimide, a 

polyamide, a fluoropolymer, poly(vinylchloride) (PVC), polyurethane (PU), 

Polyetheretherketone (PEEK) or a thermosetting resin such as an epoxy or a polyester 

or a vinyl ester. The composite material may be a laminated construction with layers of 

longitudinal fibres in a resin matrix orientated in differing directions in order to achieve 

15 the desired mechanical properties. The use of high strength fibres within the composite 

material generally results in a construction with a considerable strength to weight ratio 

and for this reason composite materials have found widespread application in the 

aerospace and automotive industries including pressure vessel applications.

Many of the constituent components of a composite material such as epoxy 

20 resin would not be suitable for cryogenic service in a bulk homogeneous form, mainly 

because of their brittleness at low temperatures. However when the constituent 

materials are carefully combined in fibre and laminate form with other constituent 

materials in a matrix then the structural interaction is such that the constraints of the 

bulk homogeneous constituent material may be overcome.

25 We have found that fibre selection is important and we prefer to use a high

strength carbon, aramid, glass or ultra high molecular weight polyethylene fibres or 

combinations thereof. For example, representative tensile strengths, tensile moduli 

and densities for E-Glass, Kevlar-49, MS-LM (Medium Strength Low Modulus) Carbon 

fibres are in order: 3450, 3790, 4138 MPa for the tensile strength; 72, 124, 228 GPa for

30 the tensile modulus; and 2.6, 1.4, 1.8 g/cc for the density. We have found that both 

thermosetting and thermoplastic resins may be used. The density of epoxy and PEEK 

(polyetheretherketone) are both about 1.3 g/cc. We have found that by using a 

composite material containing some of these high strength fibres, particularly in the first
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member, substantially reduces the weight of the end fitting while retaining the high 

pressure retaining capacity.

Another advantage of using a composite material is that it has a lower thermal 

conductivity compared to steel. Typically the thermal conductivity is about 0.1 to 1 

5 W/m.°K which is at least an order of magnitude less than austenitic stainless steel. This 

is particularly advantageous in cryogenic applications as it reduces the amount of 

thermal insulation required for the end fitting to minimise the heat influx causing boil of 

the cryogenic fluid. Gaseous boil off is inefficient in cryogenic liquid transfer and 

therefore it is highly desirable to minimise the boil off rate. This is particularly important 

10 in ship to ship transfer where the end fittings of a floating cryogenic flexible hose are in 

contact with water.

Because of the inherently lower thermal conductivity of composites it is possible 

to build in successive layers of insulating materials or composites outside the internal 

composite layer by making use of the inherent thermal gradient. The insulating layers 

15 may be for example hollow insulating fibres in a thermoplastic resin, or aerated 

polyurethane (PU). The use of PU gives a potentially robust outer mechanical 

protective layer. Thus, the end first and/or second members of the end fitting may be 

constructed of a plurality of layers of material, some or all of which are composite 

material, preferably having a thermal conductivity of 2 W/m.°K or less, more preferably 

20 of 1 W/m.°K or less. Some layers of the first and/or second layer may be may of non 

composite materials, such as non-composite polymeric materials preferably having a 

thermal conductivity below to 2 W/m.°K, more preferably below to 1 W/m.°K. The non­

composite materials may be a thermoplastic resin or PU. Thus it is possible in 

accordance with the invention to build the components of the end fitting out of layers of

25 material designed to provided the desired bulk properties for the end fitting.

We have found that it is particularly advantageous to use the rather unusual 

properties of carbon and certain aramid fibres, particularly the poly-(p- 

phenyleneterephthalamide), known as Kevlar (trademark) or Twaron (trademark), in 

that they exhibit a negative longitudinal CTE and a positive transverse CTE. For 

30 example the longitudinal CTE for Kevlar-49 is -2*10'6 °K'1 and in the transverse 

direction is 68x10-6 °K'1. In a laminated composite construction containing these fibres 

the ply expands in the fibre direction and contracts transversely with reducing 

temperature. We note that internal shear forces develop within a balanced symmetrical
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arrangement of plies and the result is a net longitudinal expansion on cooling. By 

adjusting the fibre direction it is possible to control the magnitude the expansion to the 

point where an effective longitudinal CTE from zero to about -10x1 O'6 °K’1 can be 

achieved. We are able to construct the composite tail to control the magnitude of the 

5 radial dimensional changes under the seal ring to even effect increasing sealing 

contact pressures with reduction in temperature. One preferred longitudinal CTE range 

is from below zero (e.g. below or equal to about -0.01 °K'1 or about -0.1 °K'1) to -4x1 O'6 

°K'1, most preferably -1x1 O'6 to -2x10‘6 °K'1

The pipeline according to the invention may, in some circumstances, further 

10 include an inner tubular structure, the inner tubular structure comprising a flexible hose, 

wherein the flexible hose 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 withstanding cryogenic temperatures, wherein the inner tubular 

structure has insulation properties sufficient to protect the outer rigid conduit from the 

15 low temperature of cryogenic fluid flowing within the inner tubular structure.

In a particularly advantageous embodiment, the ends of the rigid conduit and the 

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

the hose.

In a further particularly advantageous embodiment, at least one end of the pipe 

20 is adapted to be connected to an underwater riser.

The pipe according to the invention is suitable for use in underwater locations. It 

will, however, be appreciated that, in use, not all of the pipe is necessarily disposed 

underwater.

The tubular body preferably comprises at least at least two of the reinforcing 

25 layers with the sealing layer sandwiched therebetween.

Preferably, a further reinforcing layer is provided between the outer gripping 

member and the axial strengthening means.

The ultimate strength of the reinforcing layer(s) is preferably between 100 and 

700 kN for an 8” (200 mm) diameter hose. It is preferable that the bend strain at failure

30 of the reinforcing layer(s) is in the range 2% to 15%.

It is 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
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the integrity of its tubular shape when subjected to axial tension. The hose may be 

provided with two or more tubular sheaths in order to further improve the performance 

of the hose under axial tension. It is particularly preferred that the axial strengthening 

means is provided in the form of a generally tubular braid. In this specification the term 

5 "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 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 

10 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 form of the braid. However, it is possible for only one or more 

parts of the length of the tubular sheath to 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 

15 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 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).

20 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 

specified above. Thus, the axial strengthening means may be provided as a suitable 

arrangement of cords or ropes helically wrapped around the tubular body.

Thus, alternatively, or in addition, the axial strengthening means comprises a

25 plurality of axial strengthening strips extending along the length of the hose. The axial 

strengthening strips are preferably equi-spaced around the circumference of the hose. 

There may be two, three, four, five, six, seven, eight or more strips. More preferably 

there are three, four, five or six strips, with four or six strips being most preferred. 

Preferably each axial strengthening strip is made of a fabric having a warp and a weft.

30 More preferably, the warp of each axial strengthening strip is arranged at an angle of 0° 

to 10° to the longitudinal axis of the hose. Still more preferably, the warp of each axial 

strengthening strip is arranged at an angle of 0° to 5° to the longitudinal axis of the
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hose. Most preferably, the warp of each axial strengthening strip is arranged at an 

angle of 0° to 2° to the longitudinal axis of the hose.

The axial strengthening means may be disposed between the outer gripping 

member or the tubular body. Alternatively, the axial strengthening means may be 

5 incorporated within the tubular body, i.e., between the reinforcing layer and the sealing 

layer.

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 

hose to be able to transport pressurised fluids therethrough without leakage ofthe fluid 

10 through the walls of the hose. There is also a need for the hose to withstand repeated 

flexing, and to withstand the axial stresses caused by the combination ofthe hose and 

fluid weight. Also, if the hose is intended for use in transporting cryogenic fluids, the 

materials should be capable of operating at extremely cold temperatures without any 

significant reduction in performance. The main purpose of the or each reinforcing layer 

15 is to withstand the hoop stresses which the hose is subjected to during transport of 

fluids therethrough. Thus, any reinforcing layer which has the required degree of 

flexibility, and which can withstand the necessary stresses, will be adequate. Also, if 

the hose is intended for transporting cryogenic fluids, then the or each reinforcing layer 

must be able to withstand cryogenic temperatures.

20 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 

tension, as the application of an axial force will tend to pull the windings apart. The or 

each reinforcing layer may comprise a single continuous layer ofthe sheet material, or

25 may comprise two or more single continuous layers of the sheet material. However, 

more usually (and depending on the length ofthe hose) the or each layer ofthe sheet 

material would be formed of a plurality of separate lengths of sheet material arranged 

along the length of the hose.

In the preferred embodiment the or each reinforcing layer comprises a fabric,

30 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 may 

be provided in the form of fibres, or a yarn, from which the fabric is created.
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When the or each reinforcing layer comprises a polyester, then it is preferably 

polyethylene terephthalate. When the or each reinforcing layer comprises a polyamide, 

then it may be an aliphatic polyamide, such as a nylon, or it may be an aromatic 

polyamide, such as an aramid compound. For example, the or each reinforcing layer 

5 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 

terpolymer thereof, and is preferably monoaxially or biaxially oriented. More preferably, 

10 the polyolefin is a polyethylene, and most preferably the polyethylene is a high

molecular weight polyethylene, especially UHMWPE. In the preferred embodiment, the 

axial strengthening means is also UHMWPE.

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 

15 1,000,000. The weight average molecular weight would not usually exceed about 

15,000,000. The UHMWPE 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.

’0 The UHMWPE most useful in the present invention will generally have a parallel

orientation greater than 80%, more usually greater than 90%, and preferably greater 

than 95%. The crystallinity will generally be greater than 50%, more usually greater 

than 70%. A crystallinity up to 85-90% is possible.

UHMWPE is described in, for example, US-A-4344908, US-A-4411845, US-A-

25 4422993, US-A-4430383, US-A-4436689, EP-A-183285, EP-A-0438831, and EP-A- 

0215507.

It is particularly advantageous that the or each reinforcing layer comprises a 

highly oriented UHMWPE, such as that available from DSM High Performance Fibres 

BV (a Netherlands company) under the trade name DYNEEMA, or that available from

30 the US corporation AlliedSignal Inc. under the trade name SPECTRA. Additional details 

about DYNEEMA are disclosed in a trade brochure entitled "DYNEEMA; the top 

performance in fibers; properties and application" issued by DSM High Performance 

Fibers BV, edition 02/98. Additional details about SPECTRA are disclosed in a trade
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brochure entitled "Spectra Performance Materials" issued by AlliedSignal Inc., edition 

5/96. These materials have been available since the 1980s.

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

fabric formed of fibres arranged in a weft and warp direction. We have found that it is 

5 particularly advantageous if the or each reinforcing layer is arranged such that the 

fabric warp direction is at an angle of less than 20° to the axial direction of the hose; we 

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

reinforcing layer is arranged such that the fabric warp direction is at an angle of from 

10° to 20°, most preferably about 15°, to the axial direction ofthe hose.

10 The purpose of the sealing layer is primarily to prevent the leakage of

transported fluids through the tubular body. Thus, any sealing layer which has the 

required degree of flexibility, and which can provide the desired sealing function, will be 

adequate. Also, if the hose is intended for transporting cryogenic fluids, then the 

sealing layer must be able to withstand cryogenic temperatures.

15 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: polytetrafluoroethylene (PFTE); a fluorinated ethylene 

propylene copolymer, such as a copolymer of hexafluoropropylene and 

tetrafluoroethylene (tetrafluoroethylene-perfluoropropylene) available from DuPont 

20 Fluoroproducts 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.

We prefer that the sealing 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. As with the 

25 reinforcing layers, this means that the or each sealing layer does not have much 

resistance to axial tension, as the application of an axial force will tend to pull the 

windings apart. The sealing layer may comprise a single continuous layer ofthe sheet 

material, or may comprise two or more single continuous layers of the sheet material. 

However, more usually (and depending on the length ofthe hose) the or each layer of 

30 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.
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We prefer that the sealing layer comprises a plurality of overlapping layers of 

film. Preferably there would be at least 2 layers, more preferably at least 5 layers, and 

still 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 

5 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.

It will, of course, be appreciated that more than one sealing layer may be 

provided.

10 The insulation layer may affixed to the inside of the composite pipe, i.e.,

disposed inside the composite pipe. Alternatively, the insulation layer may be disposed 

between the hose and the composite pipe as a layer which is separate from the hose 

and rigid conduit.

However, it is preferred that the insulation layer is incorporated in the hose. The

15 insulation layer may be affixed to the outside of the hose, i.e. disposed outside the 

outer gripping member, or it may be disposed within the outer gripping member 

between the outer gripping member and the sealing layer ofthe tubular body. The 

insulation layer may comprise any material conventionally used to provided insulation 

in cryogenic equipment, such as a synthetic foam material.

20 In one preferred embodiment, 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 ofthe layer are in an adjacent or overlapping arrangement, 

wherein each longitudinal edge includes a formation capable of interengaging with a

25 cooperating formation on the opposing longitudinal edge. The elongate member is 

preferably disposed outside the outer gripping member, and thereby forms a cover for 

the outer layer. A suitable elongate member is described in more detail in 

2004/044472.

In another preferred embodiment, the insulation layer includes a fabric formed of

30 basalt fibres. Suitable basalt fibre fabrics are available from the Sudaglass Fiber 

Company under the trade designations BT-5, BT-8, BT-10, BT-11 and BT-13. The 

preferred thickness of the fabric is from about 0.1 mm up to about 0.3 mm. If desired, a 

plurality of layers of the basalt fabric may be employed.
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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 fitting is 

preferably ofthe type described in WO01/96772 or WO 2004/079248.

5 The inner and outer gripping members of the hose are preferably helical gripping

members, more preferably helical wires. Thus, the gripping members preferably each 

forms a coil which grip and retain the tubular body, and any other intervening layers. 

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

same pitch, and the position of the coils of the outer coil are positioned half a pitch 

10 length offset from the position of the coils of the inner coil.

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 ofthe 

tubular body, or may be a layer formed around the outer gripping member.

In another embodiment, an insulation layer formed of an insulating material is 

15 provided between the inner tubular structure and the outer tube.

In another embodiment the insulation may be provided by a particulate insulating 

material (e.g. beads) disposed in the space between the inner tubular structure and the 

outer tube. The insulating particles may typically comprise of glass microspheres, 

perlite, polystyrene particles. The particles may be placed in the space simply by 

>0 pumping them between the inner tubular structure and the outer conduit.

The required insulation may be provided by any combination ofthe specific 

techniques described above.

The dimensions of the hose and composite pipe may be selected either so that 

they are in contact, or, preferably, so that there is a gap between the hose and

25 composite pipe. One or more spacers is preferably provided between in the inner 

tubular structure and the composite pipe in order to maintain the conduit in a spaced 

relationship with respect to the inner tubular structure. The or each spacer preferably 

comprises a ring extending around the outside ofthe hose. A plurality of said rings may 

be provided along the length ofthe hose. The or each spacer ring may be, for example,

30 polyurethane, PTFE, or a wood 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 fluids to be transported through the inner tubular 

structure.
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In an another embodiment, the spacer may be in the form of a rope or rod 

wrapped in a helical manner between the inner tubular structure and the outer tube.

The wrapping may be in a long and/or a close pitch. The rope or rod may be, for 

example, a polyester rope, a polyurethane strip of rectangular cross section or a rubber 

5 of circular cross section.

The pipe according to the invention is useful in a wide variety of applications, but 

it is especially useful in the transportation of cryogenic fluids, especially fluids at a 

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

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

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

162°C, and can effectively transport liquid oxygen or nitrogen at temperatures of about 

-183°C or -196°C respectively. In practice, the lowest practical temperature at which 

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

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

15 preferably, the inner diameter of the hose is preferably at least 150mm. The inner 

diameter of the hose may be as large as 400mm or even as large as 600mm or 

800mm.

The pipe is typically supplied in lengths from 5m to 20m, although it is possible 

to supply lengths of pipe that are longer or shorter. The pipe sections can be joined

20 together to provide a pipeline of the desired length, which may be a few tens or a few 

hundred or up to a few thousand metres.

The pipe according to the invention can be manufactured by placing the hose, or 

a string comprising multiple lengths of the hose connected end to end, withint the rigid 

conduit, e.g., by pulling through the conduit.

25 In general, the operating pressure of the pipe 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 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 m3/h up to 12000

30 m3/h are typical.

According to another aspect of the invention there is provided a pipeline 

comprising a plurality of pipes as described above, said pipes being connected end to 

end. The pipeline may be a few metres in length, but preferably the length of the
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pipeline is at least 100m, more preferably at least 200m, and most preferably at least 

500m. The pipeline is preferably not more than 5000m in length, more preferably not 

more than 2000m, and may be less than 1000m in length. Typically the length is from 

about 100m to 2000m.

5 The pipe according to the invention is particularly useful in applications which

involve the transportation of fluids, especially cryogenic fluids, along the seabed. The 

pipe may be required to transport the fluids between two offshore surface structures, or 

between an offshore surface structure and a land-based structure.

The surface offshore structure may be a permanent structure or a temporary

10 structure, and is disposed at the surface of the water; it will be appreciated that in 

normal circumstances some of the structure will extend above the water 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 structure and a gravity base

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

location. Examples of a temporary structure is a floatable vessel, usually having a steel 

or concrete hull, such as a ship or barge or semisubmersible or tension leg platform. 

Another example of a temporary structure is a floating production storage and off­

loading unit. The surface offshore structure may have means for producing oil or gas

>0 from beneath the seabed. In addition, or instead, the surface offshore structure may 

have means for storing oil or gas, and the gas may be in liquid form.

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

transporting fluids between a first surface offshore structure and a second surface 

offshore structure, comprising a first riser operatively connected to the first surface

25 offshore structure and to a first end of a pipeline arranged along a seabed, a second 

riser operatively connected to the second surface offshore structure and to 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.

30 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
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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 

5 storage facility.

In one embodiment the system includes a buoy located at the surface, and the 

first and/or second riser extends from the buoy to the subsurface offshore structure, 

and the hose is supported by the buoy. The CALM system described above is an 

example of such a system.

10 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 attached to a subsurface connector located at the seabed, and the

15 hose extends directly from the surface offshore structure to the subsurface connector.

In the systems described above, there is preferably further provided a fluid

connector supported by the buoy. The fluid connector is adapted to be connected in 

fluid communication with the upper end of the riser extending from the subsurface 

offshore structure, and to be connected in fluid communication with a pipe extending

’0 from the subsurface offshore structure. In this way fluid can flow from the pipe to the 

riser through the connector. The connector is preferably rotatable, so that the surface 

offshore structure can rotate about the buoy. This form of connector is usually known 

as a "swivel connector". An example of a swivel connector suitable for transporting 

cryogenic fluids is disclosed in EP0833769.

25 The system according to the invention may also be used in the type of system

described in W02006/044053, in which a submersible buoy is provided. Thus, 

according to another aspect of the invention there is provided a system for transporting 

a cryogenic fluid between a surface offshore structure and a pipeline, comprising: a) a 

first cryogenic riser having a first end and a second end, said first riser, wherein the

30 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 pipeline; and b) a first 

submersible turret connector connected to said first end of said first riser, said first 

connector adapted for releasably connecting to the surface offshore structure water so
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that a cryogenic fluid can be communicated between said surface offshore structure 

and said first end of said first riser, said first connector being moored to the bottom of 

said body of water such that the vertical position of said first connector can be 

changed, wherein first connector adapted to allow said surface offshore structure to 

5 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,

10 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 

transporting a fluid (which is preferably a cryogenic fluid) underwater, which comprises

15 flowing the fluid through a pipe according to the invention as described above.

Preferably the pipe is disposed at an underwater location. Preferably the pipe is located 

on the seabed.

Reference is now made to the accompanying drawings, in which:

Figure 1 is a cross-sectional view of a part of a pipe according to the invention;

20 Figure 2 is a cross-sectional view of an hose of the pipe shown in Figure 1; and

Figure 3 is a schematic diagram illustrating a system for delivering the cryogenic

fluid from a ship to the pipe according to the invention.

Referring first to Figures 1 and 2, a pipeline according to the invention is

generally designated 100. The hose comprises an hose 10 and an composite pipe 30.

25 Note that the hose 10 is optional, and is not necessarily required in the pipeline 

according to the invention.

The hose 10 comprises a tubular body 12 which comprises an inner reinforcing 

layer 14, an outer reinforcing layer 16, and a sealing layer 18 sandwiched between the 

layers 14 and 16. A generally tubular sheath 20, in the form of a braid, which provides 

30 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
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22 and 24 are disposed so that they are offset from one another by a distance 

corresponding to half 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.

5 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 16.

10 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 WO01/96772 or WO 2004/079248.

The hose 10 can be formed by: wrapping the inner wire 22 around a mandrel; 

wrapping the inner reinforcing layer 14 around the inner wire 22; wrapping the sealing 

15 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 

16, wrapping the outer wire 24 around the sheath 20, and applying the insulation layer 

26 over the outer wire 24 and the sheath 20.

The composite pipe 30 comprises a metal tube 32 which carries an outer water- 

20 proof coating 34.

There is an annulus 36 formed 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 left as free space, 

then spacers (not shown) may be provided to hold the hose 10 in position relative to 

25 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 illustration of an exemplary system utilising the pipeline 100 

30 according to the invention. The system shown in Figure 3 is a CALM system, but the 

pipeline 100 could equally well be applied in other systems, such as the SALM system,

the CMBM system and the STM system.
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In figure 3, 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. 

The buoy 308 includes a rotatable turntable 310 at the top thereof, which can swivel 

5 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 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 ofthe water.

10 A hose 318 extends from the buoy 308 to the pipeline 304. The hose 318 is

connected to the hose 316, whereby fluids can flow from the storage unit on the ship 

302 to the pipeline 304 (or vice versa). The pipeline 314 is constructed from lengths of 

the pipe 10 shown in figure 1.

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

15 the scope of the claims.

In the claims which follow and in the preceding description of the invention, 

except where the context requires otherwise due to express language or necessary 

implication, the word “comprise” or variations such as “comprises” or “comprising” is 

used in an inclusive sense, i.e. to specify the presence ofthe stated features but not to 

20 preclude the presence or addition of further features in various embodiments of the

invention.

It is to be understood that, if any prior art publication is referred to herein, such 

reference does not constitute an admission that the publication forms a part of the 

common general knowledge in the art, in Australia or any other country.

25
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CLAIMS:

1. A pipeline comprising a composite pipe suitable for conveying cryogenic fluids, 

the pipeline being formed of a composite material, the composite material arranged 

5 such that a thermal expansion in the longitudinal direction is an effective longitudinal 

CTE from -10x10-6 °K-1 to 10x10-6 °K-1, wherein the material in contact with the 

cryogenic fluid is not brittle at the cryogenic fluid temperature, and wherein the pipeline 

is constructed to minimize boil off of the cryogenic fluid.

10 2. A pipeline according to claim 1, wherein the preferred longitudinal CTE range is 

from -4x10-6 °K-1 to 4x10-6 °K-1.

3. A pipeline according to claim 1, wherein the preferred longitudinal CTE range is 

from -2x10-6 °K-1 to 2x10-6 °K-1.

15

4. A pipeline according to claim 1, wherein the composite material is an aramid 

fiber that exhibits a negative longitudinal CTE and a positive transverse CTE.

5. A pipeline according to any preceding claim, further comprising an outer pipe

20 and/or an inner pipe, which may or may not be made of a composite material.

6. A pipeline according to claim 5, wherein at least one of the inner and outer pipe 

is made of an insulating material.

25 7. A pipeline according to any preceding claim, further comprising an outer rigid 

conduit, and an inner tubular structure, the inner tubular structure comprising a flexible 

hose, wherein the flexible hose 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 withstanding cryogenic temperatures, wherein the inner tubular

30 structure has insulation properties sufficient to protect the outer rigid conduit from the 

low temperature of cryogenic fluid flowing within the inner tubular structure.
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8. A pipeline according to any preceding claim, which is capable of withstanding 

internal pressures above 10 barg.

9. A pipeline according to any preceding claim, which is a subsea pipeline.

5

10. A system for transporting cryogenic fluids between a first surface offshore 

structure and a second surface offshore structure, comprising a first riser operatively 

connected to the first surface offshore structure and to a first end of a pipeline 

according to any preceding claim, which is arranged along a seabed, a second riser

10 operatively connected to the second surface offshore structure and to a second end of 

the pipeline, whereby cryogenic fluid can flow from the first surface offshore structure to 

the second surface offshore structure or vice versa.

11. A method of transporting a cryogenic fluid underwater, which comprises flowing

15 the cryogenic fluid through a pipeline according to anyone of claims 1 to 9.

12. A method according to claim 11, wherein the pipeline is disposed at an 

underwater location.

Z0 13. A method according to claim 11 or 12, wherein at least part of the pipeline is 

located on the seabed.
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