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Atwrépé:

The Invention relates to improvements in an apparatus, such as pipelines (2} and associated
equipment and to a methad of making, insulating, providing buoyancy to, recovering and
installing submarine asparatus. The marine or submarine apparatus comprises an
impermeable enclosure (1) associated with the apparatus (2), which enclosure is tightly
packed with hollow microspheres (3) 10 a density where, when submerged in use, the internal
pressure of the microspheres is greater than or substantially equal to the water pressure on

the apparatus.
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IMPROVEMENTS IN MARINE AND SUBMARINE APPARATUS

The invention relates to improvements in marine and
subnarine apparatus, such as pipelines and associated
equipment, and to a methed of making, insulating, providing
buoyancy to, recovering and installing submarine apparatus.

With the growth of the offshore o0il and gas industry,
it has been necessary to install prefabricated pipelines
between offshore oil and gas fields and onshore processing
facilities and between different offshore locations. These
may be for processing purposes or for loading the oil or
gas into shuttle tankers from offshore lcading buoys.

To meet the need to install pipelines with a high
degree of reliability, it is possible to use barges and
vessels with several aligned welding, inspecticn and
coating stations that can fabricate a pipeline from a large
number of short lengths of coated pipe, typically 10 metres
long. The welded joints of the pipeline have then to be
inspected and coated before the pipeline is lowered to the
sea bed down a long curved stinger or ramp. As an
alternative, suitable for pipelines of a smaller diameter,
the pipeline will be supplied in long lengths which are
found on a large reel housed on a vessel. The pipeline is
unreeled from the vessel, straightened to remove the
curvature created by the reeling process, and then lowered
directly into the sea and down to the sea bed.

A further alternative is to fabricate, at a suitab;g
shore site, a bundled assembly formed of a pipeline or
group of pipelines housed within a large diameter cuter
steel pipeline, known as a carrier pipe. The void space
within the carrier pipe and around the pipelines housed
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within it is sealed to prevent the ingress of water when
towed. For towing from its shore site to its installaticn
site, the fabricated bundle assembly is needed to be
provided with buoyancy and preferably having just
sufficient submerged unit weight (i.e. i= should be
negatively buoyant) for the purposes of towing. Towing can
be either on-bottom, off-bottcm or controlled depth towing.

It is also often necessary to tow and install other
equipment, apart from pipelines, such as platforms,
mainfolds, templates, storage units, valves, well christmas
trees and other structures, which alsc need to be provided
-with buoyancy to aid their intallatior.. Where apparatus
which is only partially submerged is to be installed,

positive buoyancy must be prcvided.

Pipelines and underwater equipment are often needed
to be recovered, for example for repair, and positive
buoyancy is required to aid recovery.

The buoyancy of a structure is presently achieved by
the introduction of a medium, having a specific gravity
less than water, typically air or other gas. Other
suitable mediums include open or closed cell foams. The
gas and foams compress with increasing applied pressure at
deeper and deeper depths of water and Will correspondingly
expand with decreasing applied pressure. Buoyancy may also
be provided by more consolidated materials, again with a,
specific gravity less than water, such as pclyurethane
which has been blown or foamed with a gas to form a closed
cell structure. Polyurethane foams and the like are
usually encapsulated in a thin skin of more dense material
following application of the buoyant material.

During installation, operation o recovery submarine
pipelines and equipment are liable to nechanical damage

when they suffer impact, for example from fishing gear such
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as trawl boards, beams, anchors or heavy objects dropped
cverboard from vessels. The protection of pipelines lying
ori the sea bed is currently achieved by applying a
substontial layer of concretve or elastomeric material. For
towed bundles of pipes, the carrier pipe prasently alsc
provides protection to the individual pipelines hsused

within it.

In use, pipelines and underwater ecuipmant are oftan
required tc maintain certain fluid temperaturas, sreventind
aciverse affects such as "hydrate” formation or wax
deposition. Thermal insulation of the equipment nelps ©n
avaid “his and 1s currently achieved by the appliczation =o
the external surface of the egquipment suitable insulation
matmerial. The materials are presently applied by various
procassas including extrusion, impingement, wrapping and

casting.

Cne prior art solution can be found in US-4-3935637
which iz a nethod of praparing an insulated negative
buoyancy conduit. In this method a jacket ig pluced around
the condunit and the annular space betweaen the jacket and
tha conduit is filled with an insulating porous filler and
a resin forming composition. The resultant structure has a
low density porcus filler such as hcilow microspheres or
axparded foam integrally cast and embedded in the resin.
This combined with the jacket adds sufficient weight to the
conduit to ensure that it settles at the bottom of any beody
of water in which it is installed.

The disadvantage of this invention is that the
»esultlng structure is not a compliant structure, the
nuoyaney cannot be varied for towing ané use and the
preferred cament jacket iz liabkls to Do damaged from impnct

guring ipstallation, in usze or duxinyg recovery.
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A further prior art solution can be found in
FR-A-2598713 which describes a new filling and buoyancy
material which can be used in the assembly of cables or
flexible pipes to provide to the assembly buoyancy and
resistance to hydrostatic and uniaxial pressure. This
material comprises 20-50% by volume of a hollow lightening
filler, comprising microspheres of flue dust and between
50--30% by volume a thermoplastic resin. The resulting
structure does not provide structural compliance to the

enclosure or other structural members which it covers.

It is an object of the present Invention to provide
marine and submarine apparatus, including pipelines and
associated equipment, which can be provided with temporary
or permanent bucyancy, or the submerged unit weight thereot
can be reduced, to aid its installation or recovery, which
apparatus may additionally be thermally insulated and
protected from mechanical impact damezge using the buoyancy

providing means.

It is a further object of the present invention to
provide a method of installing and recovering marine and

submarine apparatus.

According to the invention there is provided marine
or submarine apparatus comprising an impermeable enclosure
associated with said apparatus, characterised in that the
enclosure is tightly packed with hollow microspheres which
are compacted to a density where microspheres beccme a

quasi-solid.
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According to the invention there is also provided a
submarine flowline comprising a pipeline, a group of
pipelines, or combination of pipeline(s) and associated
equipment located within an impermeable enclosure with a
spacé between said enclosure and flowline, characterised in
that the space is filled with tightly packed microspheres
which are compacted to a density where the microspheres

become a quasi-solid.

The inventiocn also provides a method of installing or
recovering marine or submarine apparatus comprising the
stap of filling an enclosure associated with said apparatus
with nicrospheres characterised in that the microspheres
are tightly packed and are compacted to a density where the

microspheres become a quasi-solid.

It is to be understood that the term "apparatus"”
refers to individual pieces of equipment, structures or

combinations of the aforesaid and the like.

Preferred embodiments of the invention will now be
described, by way of example only, with reference %to the

accompanying drawings, in which:-

Figure 1 is a side elevation of a piece of underwater
equipment according to the invention to which is attached a
buoyancy enclosure, a part of which has been cut away for

ease of reference;

Figure 2 is a side elevation of a cross-section of a
piece of underwater equipment according to the invention in
which a buoyancy enclosure is provided by a compartment of

the egquipment;
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Figure 3 is a side elevation of a cross-section of of
a piece cof underwater equipment according to the invention
showing a buoyancy enclosure enclosed in a compartment of

the equipment.

Figure 4 1s a side elevation of a cross-sectiocn of a
piece of underwater equipment according to the invention

surrrounded by a buoyancy enclosure;

Figure 4a is an end elevation of a cross-section of

Figure 4 taken on the line IV-IV;

Figure 5 is a side elevation of a cross-section of a
piece of underwater equipment according to the inventicn

surrourided by a buoyancy enclosure;

Figure 5a is an end elevation of a cross—-section of
Figure 5 taken on the line V-V;

Figure 6 is a side elevation of a cross-section of a
pipeline according to the invention surrounded by a

buoyancy enclosure;

Figure 7 is a side elevation of a cross-section of a
valve assembly according to the invention surrounded by a

buoyancy enclosure;

Figure 8 shows a side elevation of a partial .
crosis-section of a pipeline according to the invention
surrounded by a buoyancy enclosure;

Figqure 9 is an end elevation of a cross-section of
Figure 8 taken on the line IX-IX:;

Figure 10 shows a side elevation of a partial
cross-section of a pipeline according to the invention

surrounded by a buoyancy enclosure;
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Figure 11 is an end elevation of a cross-section of

Figure 8 taken on the line XI-XI;

Figure 12 is a side elevation of a cross-section of a
pipeline according to the invention showing a thermal

strain resisting bulkhead:;

Figure 13 is a side elevation of a cross-section of a
pipeline according to the invention showing a field joint:

and

Figure 14 is a side elevation of a cross-section of a
buoyancy enclosure being filled with microspheres.

Referring to Figure 1, there is shown an item of
underwater equipment (2), such as a piece of pipeline, to
which is attached an impermeable enclosure (1) containing
tightly packed hollow ceramic microspheres (3) and sealed
to prevent the ingress of water. The enclosure may be made
of an elastomeric material, such as rubber or a rubber
fabric composition, or a more rigid material such as
steel. A wide range of materials are suitable for the
construction of the enclosure (1). Suitable elastomeric
materials such as polyethylene, polyurethane,
polyvinalchloride, polyolefines, glass reinforced resins,
SBR or EPDM. The construction and thickness of the
enclosure (1) should be such as to avoid tearing and may .
incorporate one or more layers of reinforcing material or a
wound wire or textile chord. Reinforcing ribs or slats may
be incorporated to stiffen the enclosure (1). The void
space within the enclosure (1) surrounding the microspheres
(3) may be filled with a vacuum or a gas or liquid such as
air or water. The enclosure (1) can be attached to the
structure (2) and filled prior to its installation in the
water.
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The structure (2) can be made positively buoyant or
of reduced submerged unit weight, by adjusting the volume
of the microspheres (3) in the enclosure (1) or by adding a
liquid to £ill the surrounding voids. The structure can
then be towed to its installation site by an appropriate
towing method for installation.

The ceramic microspheres (3) are preferably alumina
silicate and have a preferred particle specific gravity zf
approximately 0.7. The microspheres have a bulk specifiz
density less than that of water and which is preferably in
the range of 0.37 to 0.8 g/cc when tightly packed with air
contained in the void spaces between the microspheres (3).
The preferred bulk specific density is in the range of 0.42
to 0.49 g/cc. The microspheres have a diameter in the
recion of 5 to 1000 microns, the actual particle size being

selected according to the use of the invention.

The microspheres (3) are tightly packed to a density
where, when submerged in use, the internal pressure on the
microspheres ié_greater than or substantially equal to the
water pressure on the structure (2). It is to be
understood that where the structure is only partially
sukmerged, the water pressure referred to is on the
sukmerged part. The microspheres (3) entrained with gas or
air in the enclosure (1), which is effectively impermeable
to the surrounding water or air, thus prevent the |
corpression and collapse of the enclosure (1) when .
sukjected to external hydrostatic pressure from the
surrounding water. The microspheres (3) themselves have a
collapsing pressure beyond that to which they wouid be
subjected by the surrounding water during installation.

It should be understood that the term "tightly
packed" is used to mean that when the microspheres (3) are
compressed, they exert pressure on the surrounding

enclosure (1). If the compressive force is removed, the
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microspheres (3) stay compacted and continue to exert
pressure on the enclosure (1). It is believed that there
is an intermal pressure or stress exerted on the
microspheres (3). After a certain pressure or compacted
density is obtained, the microspheres (3) tend to act more
like a so0lid and cease to flow. When compacted to behave
like a solid, the microspheres (3) are capable of carrying
the shear transmitting stress. It is in this way that the
microspheres (3) assist in forming a compliant structure
which is able to resist external pressure and to carry
externally applied forces and moments. This feature is
more relevant in the embodiments described below, where the
enclosure (1) partially or completely surrounds the
structure (2).

Although the microspheres are tightly packed when the
structure is submerged in use, they may not be so tightly
packed before submergence. This will obviously depend on
the circumstances of use of the invention. However, once
the apparatus or structure is submerged, the microspheres
become tightly packed.

The voids between the microspheres (3) can be filled
with a fluid, such as water, rather than air, in which case
the buoyancy provided remains constant, irrespective of
increases or decreases of externally applied pressure due
to changes in water depth.

In an alternative embodiment of the invention
illustrated in Figure 2, the buoyant enclosure (1) is
provided by a compartment (4) which is a part of the
structure (2) itself. Alternatively, as shown in Figure 3,
the buoyant enclosure (1) can be located within a
compartment (4) of the structure (2).

Referring now to Figures 4, 4a, 5 and Sa, the
enclosure (1) is preferably shaped so as to partially or
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completely surround the structure (2). The resultant
structure is a compliant structure tc which the packed
microcspheres (3) provide not only buoyancy, but also
structural strength and protect the structure (2) from
damage. The tightly packed microspheres (3) have the
effect of increasing the collapse pressure of the enclosure
(1) against, in particular, cylindrical collapse. The
microspheres (3) when tightly packed into the enclosure (1)
"grip", through friction, the structure (2) and thus hold
it in position within the enclosure (1). This is
particularly important where the structure (2) could be
subjected to bending. Where the structure (2) is subjected
to bending, the resulting shear stress is transferred
across the enclosure (1) to the structure (2), and vice
versa, helping to reduce or eliminate damage and buckling
of the structure (2) inside. The buckling limit due to
bending is increased by the use of the tightly packed
microspheres (3) which thus maintain a uniform
cross-section (particularly of the enclosure (1)) to a
greater bending moment.

Water pressure will also serve to increase structural
strength by causing further compacticn of the microspheres
(3). The internal surface of the enclosure (1) and the
external surface of the structure (2) may also be coated to
increase the friction factor.

These embodiments of the invention have a further .
additiocnal advantage in that the enclosure (1) filled with
microspheres (3) provides thermal insulation to the

structure (2).

In order to further improve the thermal insulation,
the void space around the microspheres (3) can be filled
with a resin, polymer or other suitable bond setting
material. Such a bonding material may be introduced as a
liquid, which then sets to form with the microspheres a
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consolidated material. Instead of filling the enclosure
(1) first with spheres and then injecting the bond setting
material, the mixing of microspheres and bonding liquid may
be carried out prior to the filling of the enclosure (1).
The resulting solid matrix helps strengthen the structure
and also prevents convection around the microspheres and
improves the thermal insulation. Alternatively the voids
may be filled with fine particle solids, such as dry
Cement, corrosion inhibitor or talec. This helps to
eliminate convection within the enclosure (1) and assists
the thermal insulation. If dry cement is used, water can
subsequently be added which causes the cement to set and
harden. The cement also strengthens the structure and
helps to minimise mechanical damage theretoc. The internal
surface of the enclosure (2) may be grooved, routed,
roughened or provided with a friction coating to provide
suitable keying for the bonding material or cement to
further strengthen the enclosed structure (2). This also
helps to increase the tensile and compressive strength of
the overall structure, and also the shear strength.

The roughening, grooving, routing and friction
coating can also be used in the embodiment of the invention
utilising dry microspheres (3) as it helps to prevent
movement of the microspheres (3).

In these embodiments of the invention, the material
of the enclosure (1) can also be chosen to further improve
the achievable thermal insulation. 1If desired, the
structure (2) may also be coated with a thermal inéulation
material and/or an anti-corrosion material underneath the
enclosure (1).

The enclosure (1) can be a simple sleeve, or in the
form of, say, an annulus. In the latter example, the inner
surface of the annulus can be bonded to the structure (2).

10002
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Referring now to Figures 6 and 7 there is shown a

structure (2), being a pipeline T piece and a valve
assembly respectively, surrounded by an enclosure (1) which
is filled with tightly packed microspheres (3). The
enclosures (1) are surrounded with an external cover (5) to

prevent. damage to the enclosure (1).

Obviously although only a single structure (2) is
illustrated in the enclosure (1), the invention is equally
applicable to a plurality of structures (2) in a single

enclosure (1).

When installed, the structure (2) may be required to
be joined end to end with a further structure (2a) by a
welded connection (7), as shown in Figure 6, or a flanged
or other mechanical connection. Each structure (2, 2a),
such as two pipelines, is located within a surrounding
enclosure (1). The enclosures (1) may either terminate
short of each end of the respective structure, or
alternatively, as illustrated in Figure 6, may be abutted
and adjoined to an adjacent jacket (la) fellowing the
welding of the structures (2, 2a).

End caps (6) may be used which circumferentially
surround the structure (2), or an end therof to create
compartments within the enclosure (1). 1If desired, the end
caps (6) may be secured to the structure (2, 2a) by a
suitable adhesive and they may also be bonded to the :
enclosure (1), either by adhesive or by co-curing the
enclosure (1) and the end cap (6) to form an integral
assembly. Where a bonding material is to be introduced
into the microsphere void space, the end caps (6) need only
be temporary. The end caps may also feature holes,
diaphragms or valves, where necessary, to assist with the
filling of the enclosure (1).
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The end caps (6) are made of a suitable rubber or
plastic materials such as SBR (Trade Mark), EPDM' (Trade
Mark), polyethelene, polyvinalchloride, polyurethane,

polyoclefines or glassed reinforced resins. When the
structure (2) is likely to be subjected to a high

temperature, it is preferred that a heat resistant material

is used for at least the radially inner part of each cap

(6). The dimensions and materials from which the enclosure

(1), cover (5), end cap (6) are fabricated will be chosen

to suit the anticipated structure, operating temperature

and other design regquirements.

Referring to Figures 8 and 9,

structure made up cf Two pipes (2b,

there is shown a

2c) joined end to end

by a welded connecticn (7). Each pipe (2b, 2¢) is located

within a surrounding elongated enclosure (1), which

terminates short of each end of the respective pipe (2b,

2c). The enclosures (1) extend between end caps (6) which

circumferentially surround the pipe (2b, 2c) similar to

those mentioned above. Within the enclosure (1), the pipe

(2b, 2c) 1s coVered with a layer of thermally insulating

material (8). The space between the pipe (2b, 2¢) or the

insulating layer (8) and the enclosure (1) contains tightly

packed microspheres (3). To protect the welded region of

the pipes (2b, 2c) between the enclosures (1), the region

is wrapped with a suitable shrink wrap material (9). This

is then be covered by two semi-cylindrical thermal

insulation segments (10) which surround the pipe and are

held in place by any suitable means such as adhesive or

circumferential straps. Multiple cylindrical segments may

be used. Alternatively, the welded region may simply be

left exposed.

Figures 10 and 11 show a similar arrangement to that

shown in Figures 8 and 9, except in that the enclosures (1)

surrounding adjacent pipes (2b, 2¢)

are abutted following
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the welding of the pipes (2b, 2c¢) and the application of a
corrosion protective wrap thermal insulation layer (8a) to

the welded region.

The enclosure (1) of Figures 8-11 may also have an
5 optional external cover (5) which is either continuous or

extends between the end caps (6).

It is also envisaged, as mentioned above, that the

invention extends to cover the use of a single enclosure
10 (1) surrounding a plurality of structures or groups of
structures. This is particularly applicable where the

structures are pipelines.

Where the pipeline is laid from a lay vessel, tension
is applied to the pipeline by gripping the outside of the
15 enclosure (1) which compresses the microspheres (3) which
carry/transmit the shear force and thus tension to the
enclosed pipeline. The pressure from the tension attracts
increases the ability of the microspheres to transmit the
sheer force, but it also has a triaxial effect.
20
When a structure, such as a submarine pipeline made
of a number of section of pipes, is to be installed, it is
often necessary to include a number of joints, say every 12
or 24 metres. These may be joints as described above or a
25 combination of the features described previously. In the
application described in Figure 8, the shrink wrap (9) and
thermal insulating segments (10) may be omitted. Figure 13
illustrates a field joint around a welded connection 7 ir
which a sheet steel wrap (11) is welded or affixed to the
30 outiside of the non-abutting enclosures (1) and the
resulting cavity (12) between the pipes (2b, 2¢) and sheet
steel wrap (11) is filled with microspheres (3), either
free filled or in a pre-filled and pre-shaped bag.
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A particular problem associated with submarine
pipelines is that they are susceptable to upheaval
buckling, where compressive forces are induced in the
pipeline when it is fully or partly restrained from
expanding as the temperature of the pipeline is increased
above the temperature at which it is installed. Although a
compliant structural strength is provided by the tightly
packed microspheres (3) and the weight of the pipeline
helps to counteract bulk buckling, the susceptability of
the pipeline to such buckling can be further minimised or
eliminated by first tensioning the pPipe by the application
of a force at each end thereof, surrounding the pipeline
with the enclosure (1) and filling the enclosure (1) with
the microspheres (3) and/or microspheres (3) and bonding
liquid or compound as described above. The tensile force
must be applied to a sufficient magnitude and held for a
sufficient time to permit the bonding liquid or compound to
set and harden and bond to the pipe or group of pipes.

When the applied force has been released the pipe will be
prevented from contracting, thus locking in tensile stress
into the pipe. In an alternative method, the pipe may
first be heated to a predetermined temperature which gives
rise to thermal expansion, before being surrounded by the
enclosure (1) and microspheres (3) with the bonding liquid
or compound. The temperature should be maintained for
sufficient time to permit the bonding liquid or compound to
set and harden and bond the pipe. When the pipe is allowed
to cool, the pipe will be pPrevented from contracting.

When pretensioning structures containing dry
microspheres, the microspheres must be compacted to an
appropriate pressure first.

Where the pipeline is of a significant length,
thermal strain resisting bulkheads should be included, say
every 200 metres. These may be as illustrated in Figure
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12. Alternatively, the solid steel sleeve may be replaced
by a two part sleeve, the parts of which are separated bv
thermal insulation to minimise the heat loss therefrom.

The microspheres (3) may be introduced into the
enclosure (1) in a manner as shown in Figure 14. The
microspheres (3) are entrained in a gas, such as air, or a
liquid, such as water, which is utilised as a transmission
medium and injected with a suitable pipe means (1%) into
the enclosure (1). 1In the case of gas, this may be allowed
to escape from a vent valve or plurality of vent valves
(16) suitably located in the enclosure (1). The vent
valves (16) should be designed so as to allow the expulsion
of the gas, but not the microspheres (3). In the case of a
liguid, such as water, this may be allowed to escape from
one or more orifices (17) located in the base of the
enclosure (1) or another suitable location. This venting
can be used to control the buoyancy of the structure (2).

Although in the embodiments of the invention
described previously the enclosure (1) has been filled with
the microspheres (3) prior to towing cor installation, in
certain other embodiments of the invention it is preferable
to effect the filling of the enclosure (1) after the
structure (2) has been towed to an appropriate installation
site and prior to submergence. Alternatively, the
structure (2) may first be submerged and then the enclosure
(1) filled with the microspheres (3). In some cases the
microspheres (3) are just introduced intoc sections of the
enclosure (1) or along the entire length of the structure
(2). Obviously the order of towing, filling and submerging
will depend on the design of the structure (2), whether it
is positively or negatively buoyant without the
microspheres (3) and whether the microspheres (3) are
required to help to regulate the buoyancy or just to
provide the thermal insulation and/or structural strength
benefit.
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Where the recovery of equipment is required, an
enclosure (1) may be attached or inserted inte the
structure (2) which is then provided with sufficient
buoyancy to be raised and towed. It may be necessary,
depending on the application of the structure (2) to first
separate previously joined pieces of the structure.

It is to be understood that the use of the terms
"submarine" and "marine" do not just apply to sea
applications. The invention also applies to apparatus
which can be used in lakes, estuaries, shore approaches and
the like. The submarine pipelines referred toc can be water
pipelines, fuel supply lines, chemical lines and the like.
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1. Marine or submarine apparatus (2) comprising an
impermeable enclosure (1) associated with said apparatus,
characterised in that the enclosure is tightly packed with
hellow microspheres (3) which are compacted to a density

5 where the microspheres become a quasi-solid.

2. Marine or submarine apparatus (2) as claimed in clzim

1 in which the microspheres (3) are of a ceramic material.

10 3. Marine or submarine apparatus (2) as claimed in claim
1 cr claim 2 in which the microspheres (3) have a particle

diameter in the range 5 to 1000 microns.

4. Marine or submarine apparatus (2) as claimed in any
15 one of the preceding claims in which the bulk specific
density of the microspheres (3) is less than or ecual to

that of water.

5. Marine or submarine apparatus (2) as claimed in any

20 one of the preceding claims in which the bulk specific
density of the packed microspheres (Z) lies in the range of
0.37 to 0.8 g/cc.

6. Marine or submarine apparatus (2) as claimed in claim

5 in which the bulk specific density of the packed

N
o

microspheres (3) is in the range of .42 to 0.49 g/cc.
7. Marine or submarine apparatus (2) as claimed in any
one of the preceding claims in which voids formed between

30 the microspheres (3) are filled with fine particle solids.

8. Marine or submarine apparatus (2) as claimed in any

)
93
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one of the preceding claims 1 to 6 in which voids formed

between the microspheres (3) are filled with a solid matrix.

S. . Marine or submarine apparatus (2) as claimed in any
one of claims 1 to 6 in which voids formed between the
microspheres (3) are filled with a vacuum, gas or liquid.

10. Marine or submarine apparatus (2) as claimed in any
one of the preceding claims in which the enclosure (1) is
of a rigid or flexible material.

11. Marine or submarine apparatus (2) as claimed in any
one of the preceding claims in which the enclosure (1) is
of a thermally insulating material.

12. Marine or submarine apparatus (2) as claimed in any
one of the preceding claims in which the apparatus is

coated with a thermal insulation layer (8).

13. Marine or submarine apparatus as claimed in any cne

-of the preceding claims in which the enclcosure (1) wholly

or partially surrounds the apparatus with a space
therebetween, which space is filled with the microspheres

(3).
14. Marine or submarine apparatus (2) as claimed in any

cne of the preceding claims in which the enclosure (1) is
attached to an external surface of the apparatus.

1s. Marine or submarine apparatus (2) as claimed in any

one of claims 1 to 12 in which the enclosure (1) is located

within the apparatus.

16. Marine or submarine apparatus (2) as claimed in any
one of claims 1 to 12 and 15 in which the enclosure (1)
forms a part of the structure of the apparatus.

Se eemiirmmem . -
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17. Marine or submarine apparatus (2) as claimed in any
one of the preceding claims in which the enclosure (1) is

surrounded by an external cover (5).

18. -~ Marine or submarine apparatus (2) as claimed in any
one of the preceding claims in which the enclosure (1)
comprises a jacket for surrounding the apparatus and end

caps (5) to close one or more ends of the jacket.

19. Marine or submarine apparatus (2) as claimed in any
one of the preceding claims further including end caps (1)

for creating compartments within the enclosure.

20. A submarine flowline (2, Za, 2k, 2c) comprising a
pipeline, a group of pipelines, or ccnbination of
pipeline(s) and associated equipment located within an
impermeable enclosure (1) with a space between said
enclosure and flowline, characterised in that the space is
filled with tightly packed microspheres (3) which are
compacted to a density where the microspheres become a

quasi-solid.

21. A submarine flowline (2) as claimed in claim 20
further comprising joints and/or thermal strain resisting

bulkheads at intervals along the flowline.

22. A method of installing or recovering marine or
submarine apparatus (2) comprising the step of filling an
enclosure (1) associated with said apparatus with
microspheres (3) characterised in that the microspheres are
tightly packed and are compacted to a density where the

microspheres become a quasi-solid.

23. A methocd as claimed in claim 22 further comprising
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the step of filling voids formed between the microcspheres
(3) with fine solid particles.

24. A pethod as claimed in claim 22 or claim 23 further
comprising the step of further filling the enclosure (1)
with a liquid.

25. A methed as claimed in any one of claims 22 to 24
comprising the step of further filling the enclosure (1)
with a fluid which sets or reacts with another material to
set to form a solid matrix around the microspheres (3).

26. A methed as claimed in claim 22 in which the
microspheres (3) are mixed with a settable material prior
to filling the enclosure.

27. A method as claimed in claim 22 further comprising
the step of filling voids formed between the microspheres
(3) with a gas or evacuating said voids.

28. A method as claimed in any one of claims 22 to 27
further comprising the step of towing the apparatus (2) to
or from an offshore location.

29. A methed as claimed in any one of claims 22 to 28
further comprising the step of joining separate pieces of
apparatus (2, 2a, 2b, 2c) and their enclosures (1).

30. A method as claimed in any cne of claims 22 to 28
further comprising the step of separating joined pieces (2,
2a, 2b, 2c) of apparatus.

31. A method as claimed in any ocne of claims 22 to 30

further comprising the step of first surrounding the
apparatus (2) with the enclosure (1).
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3z. A method as claimed in any one of claims 22 to 31
further comprising the step of applying a tensile stress to
the apparatus (2) before surrounding the apparatus with the
enclosure (1).

33. A method as claimed in any one of claims 22 to 32
further comprising the step of heating the apparatus (2)
before surrounding it with the enclosure (1).

34. A method as claimed in any one of claims 22 to 33
further comprising the step of venting gas cr a liquid frenm
the enclesure (1) to control the buoyancy of the apparatus

(2).
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