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guiding (element 235) being attached to the weight (27) such
that the guiding element (25) 1s under tension and 1s main-
tained 1n a generally vertical orientation when 1n 1ts lowered
position, and lowering the apparatus (1) through the body of
water while being guided by the guiding element.
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1
METHOD OF LOWERING AN APPARATUS

The 1nvention relates to a subsea equipment-protection
apparatus, for example an apparatus for protecting subsea-
equipment such as a Christmas tree, a pump station, a
chemical treatment station, a separation module, an umbili-
cal termination head, a controls system module, a power and
hydraulic unit or a manifold from {falling debris and/or
trawling. The invention also relates to a method of lowering,
a subsea apparatus through water.

Many types of subsea equipment are used, especially in
the o1l and gas industry. Often 1t 1s desired to locate the
subsea equipment 1n areas of the ocean that are also used for
other purposes, for example for shipping including for
fishing. This gives rise to a risk for the subsea equipment
from things such as falling debris and trawling. Hence there
1s a need to protect the subsea equipment.

In the prior art subsea equipment such as Christmas trees
and manifolds are protected by a shielding structure that
typically comprises a solid upper deck for protection from
talling debris, and angled legs that support the upper deck
and also give protection from trawling. Such structures are
large and cumbersome. They require foundations that can be
costly and complicated to install. There must be moving
parts to allow for access to the shielded equipment, such as
a hatch or hatches in the upper deck. A typical prior art
shielding structure 1s shown 1n FIG. 1.

Due to the complexity of these prior art shielding struc-
tures the o1l and gas installation 1s often compromised by
bringing multiple 1items of subsea equipment together under
a single shield. Furthermore, the subsea equipment 1s often
‘hung’ from or otherwise mounted on the shielding structure.
This 1s 1n order to take advantage of the existing foundation,
but whilst this may appear to be an advantage 1t creates
problems since 1t requires the subsea equipment to be
designed in conjunction with the shielding structure, which
hinders the design freedom for the subsea equipment and
also the shielding structure, as well as preventing standar-
disation of equipment made by different manufacturers
and/or for different o1l and gas producers.

Consequently the prior art shield designs result 1n con-
straints on the o1l and gas installation, as well as being
expensive and cumbersome.

Viewed from a first aspect, which 1s not presently being
claimed, the present invention provides a subsea equipment-
protection apparatus comprising: a cap and a sleeve, wherein
the cap and the sleeve are configured to be supportable by a
foundation of the subsea equipment; and the cap and the
sleeve are arranged such that at least a portion of the cap may
enter an opemng of the sleeve and be supported by the
sleeve; the cap and sleeve thereby covering and protecting
the subsea equipment.

A foundation of some sort for the subsea equipment must
be present to support the subsea-equipment, regardless of
whether or not 1t 1s desired to protect the subsea-equipment.
Thus, the present invention advantageously utilises the
foundation of the subsea-equipment to support the protec-
tion apparatus. No additional foundations are required. In
some example embodiments, as discussed further below, the
foundation may be coupled to the sleeve prior to installation
of the foundation.

This 1s 1n contrast with the known art where, as 1s
discussed above, when 1t 1s desired to protect the subsea-
equipment, 1t 1s often the subsea-equipment that 1s supported
by the foundations of the protection apparatus. In contrast to
the prior art the present protection apparatus may be sized to
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2

fit closely about the subsea equipment, making 1t signifi-
cantly more lightweight than the known protection appara-
tus.

Since the present protection apparatus 1s supported by a
foundation that would be present regardless of whether the
protection apparatus 1s present, it 1s possible to use standard
techniques to install the subsea installations on the sea bed.
Further, 1t 1s possible to retro-fit existing subsea installations
with the protection apparatus of the present invention. In
addition, 1t 1s possible to easily adapt future subsea 1instal-
lations to include the protection apparatus of the present
ivention.

Further still, in contrast with the existing protection
apparatus, due to the cooperation of the sleeve and the cap,
the cap may be lifted off the subsea equipment. Thus, the
subsea equipment can be easily exposed, e.g. for mainte-
nance purposes.

The cap may have a hollow convex top portion. This
shape reduces the possibility of trawler nets, etc. catching
and snagging on the protection apparatus. Further, 1t allows
for suflicient space to house the subsea equipment. It should
be noted that as used herein the reference to the top/upper
parts and bottom/lower parts are with reference to the
orientation of the device when 1n use, where the base will be
closer to the sea-bed (or other underwater surface) and the
top will be further from the sea-bed. Similarly, references to
a vertical direction or horizontal direction are used 1n a
manner that 1s consistent with this, with the horizontal being
generally parallel with the sea-bed and the vertical extending
normal from the sea-bed.

The convex top portion may be continuously curved, or
may be formed from a plurality of appropnately angled
adjacent flat sections (e.g. to form a complex polyhedron),
or may be formed from a mixture of curved and flat sections.

The hollow convex top portion may be generally dome-
shaped. The dome-shape may be circular or non-circular 1n
plan. The dome may be a spheroid-shaped dome (e.g. either
a spherical dome, or an oblate spheroid-shaped dome, or a
prolate spheroid-shaped dome, etc.) or a non-spherical dome
(e.g. an ovoid-shaped dome or a capsule-shaped dome, etc.).
Thus, when 1n use, the horizontal cross-section (i.e. the plan
view) of the convex top portion may be a circle, an ellipse,
an oval or a stadium, etc.

Further, the cap may comprise a top portion having a
plurality of hollow convex shapes adjacent one another.

The exact shape and form of the cap should be decided
based upon the shape of the subsea equipment it 1s designed
to protect. For example, for a Christmas tree, a circular
cross-section (in plan view) may be used, and for a mamiold
an oval or stadium cross-section (in plan view) may be used

The cap may comprise a lower portion. The lower portion
may be configured to enter the sleeve. The lower portion
may be the base of the convex top portion. The lower portion
may comprise a wall extending from the base of the convex
top portion. The wall may extend from the entire perimeter
of the convex top portion. Opposing portions of the wall
may be parallel with one another (1.e. the wall may form a
tube-like portion). The lower portion may be received tully
within the sleeve when the cap 1s 1n use, or alternatively a
part of the lower portion may remain outside of the vertical
extent of the sleeve during use.

The cap and the sleeve may have a corresponding shape.
When 1n use, the cross-sections (taken 1n a horizontal plane)
may have corresponding shapes.

The mner dimension of the cross-section of the sleeve
may be approximately equal to, or greater than, the outer
dimension of the cross-section of the cap. Alternatively, the
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inner dimension ol the cross-section of the cap may be
approximately equal to, or greater than, the outer dimension
of the cross-section of the sleeve. By “approximately equal
to” 1t 1s meant that the relevant dimensions are set such that
there 1s close {it between the cap and the sleeve, such that
relative movement 1s reduced. There will, of course, always
be a certain degree of tolerance present, such as between 50
to 250 mm.

Thus, the cap may be prevented from rotating/pivoting
inside the sleeve by the required tolerance. Hence, the only
way ol removing the cap from its geometrical lock may be
by lifting 1t vertically.

However, it 1s not essential to have the dimensions of the
cap match those of the sleeve. Indeed, one advantage of the
invention 1s that an exact size match of the sleeve and the cap
1s not necessary, and hence the need for custom-built caps/
sleeves 1s greatly reduced.

For example, the sleeve may be approximately 6 m to 20
m across. If circular 1in cross-section, the diameter of the
sleeve may be approximately 6 m to 20 m. If rectangular 1n
cross-section, the sleeve may have dimensions ol approxi-
mately 6 m to 20 m by 6 m to 20 m. The dimensions of the
cap may be substantially similar to those of the sleeve, but
may have a small reduction for clearance, for example of
around 350 to 250 mm.

The subsea equipment-protection apparatus may be con-
figured such that the cap 1s held 1n position by the sleeve and
the weight of the cap. Thus, the cap may not be fixed to the
foundation/sleeve/sea bed. This eases its installation and
removal. The cap may be removed when access to the subsea
equipment 1s desired.

The cap may be a moulded cap. This greatly eases
manufacture of the cap. Since the cap can have a convex
hollow shape, moulding can be especially advantageous to
casily manufacture such complex shapes. In contrast, the
known protection apparatus requires fabrication such as
cutting, fitting, welding, etc. The cap may be moulded from
composites, such as FRP, GRP and the like.

The cap may include a sandwich construction. Such a
construction may provide reinforcement of the cap, and may
provide the cap with thermal insulation properties.

The cap may provide thermal 1nsulation so as to prevent
heat loss from the subsea equipment. The cap may be
constructed of a thermally insulating material.

The cap may consist of one component. This may ease
manufacture, stallation and removal of the cap.

Alternatively, the cap may comprise a plurality of sec-
tions. This may ease access to the subsea equipment. For
example, the cap may comprise a hatch. The hatch may be
positioned at the top of the cap when 1n use. The hatch may
be removable.

The cap may be formed of two-sections. Fach segment
may be approximately half of the cap. The respective
sections may be symmetrical with one another. The sections
may touch when installed. There may be a gap between the
sections when 1nstalled.

The cap may have an unbroken surface. By “unbroken
surface” 1t 1s meant that the surface of the cup 1s substan-
tially free of holes. This provides good protection over the
entirety of the subsea equipment.

The convex top portion of the cap may have an unbroken
surface. An upper part of the convex top portion may have
an unbroken surface. The unbroken surface may extend from
the top of the cap far enough down the cap such that
installation of the protection apparatus is eased (for example,
tar enough that when the cap 1s inverted, the cap or protec-
tion apparatus as a whole can float). As 1s described 1n more
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detail below, the cap may be mverted during transport, such
that 1t eflectively forms a hull-shape. The cap thus can float
and can be towed out to sea to the desired location.

The cap may comprise holes. This reduces the weight of
the cap, the amount of material used and the hydrodynamic
forces associated with moving the cap, e.g. during installa-
tion. In addition, 1t can allow for easy inspection of the
subsea equipment located within the cap. The holes may be
tformed in the lower portion. The holes may be formed 1n the
convex top portion. The holes may be formed in a lower part
of the convex top portion. The cap may comprise a cage.

The cap may have a stackable shape, for example with
angled walls slightly ofl vertical similar to stackable cups,
thereby enabling multiple similar caps to be transported 1n a
stack.

The sleeve may be configured to be fixed to the founda-
tion. This allows the sleeve to held 1n position relative to the
foundation, sea bed and subsea equipment, and hence act as
a support to other components (e.g. the cap). As noted above,
the foundation may advantageously be coupled to the sleeve
prior to installation of the foundation. The sleeve may be
joined to the foundation during fabrication by any suitable
means.

This feature 1s particularly beneficial when the foundation
1s a cylindrical foundation such as, for example, a suction
anchor. Thus, 1n one preferred embodiment the subsea
equipment-protection apparatus 1includes a foundation
coupled to the sleeve, preterably joined to the sleeve belore
the foundation 1s installed, and optionally a suction anchor
foundation. When installing the apparatus, the suction
anchor (with sleeve attached) may first be secured to the sea
bed, and then optionally a conductor/pipe for the subsea
equipment may be installed through the suction anchor.
The sleeve may comprlse generally vertically extending
walls about the opening for the cap.

The sleeve may comprise holes, for example holes
through the vertical walls. These holes reduce the weight of
the sleeve, and allow mspection of the subsea equipment.

The holes 1n the sleeve may be placed to align with holes 1n
the lower portion of the cap.

The sleeve may be configured to support the weight of the
cap, and to support the cap 1n a lateral direction. The sleeve
may contact the lower portion of the cap. The sleeve may
contact the base of the cap. The sleeve may comprise one or
more component(s) extending inward, or outward, from the
walls of the sleeve. The cap may rest on the component(s).
The component may comprise a shelf. The components may
comprise a plurality of bars. The component(s) may be
positioned at a height (such as around 2 m) above the sea
bed. This allows the cap to rest at this height above the
seabed. This means the cap need not extend to the sea bed,
and hence can be reduced in size. Further, 1t allows for
inspection of the subsea equipment through only the sleeve
below the hornizontal components. Alternatively, the weight
of the cap may be supported directly by the foundation.

The horizontal cross-section of the sleeve may be a circle,
an ellipse, an oval or a stadium, or any shape complementing
the shape of the cap. This shape may be of the inner
dimension of the sleeve, or of the 1nner and outer dimension
ol the sleeve.

The subsea equipment-protection apparatus may com-
prise an angled trawl detlector between the seabed and the
sleeve and/or cap. The trawl deflector further prevents
trawler nets, etc. catching and snagging on the protection
apparatus. The trawl detlector may be configured to circum-
terentially surround the cap.
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The trawl deflector may be angled at between 45° and 60°
relative to the seabed. The trawl detlector may extend from
the seabed. The trawl deflector may extend to the top of the
sleeve.

The trawl deflector may comprise a plurality of struts
arranged to extend at an angle between the sleeve/cap and
the seabed/foundation. The struts may be substantially
equally spaced around the perimeter of the sleeve.

In some example embodiments the trawl detlector
includes a frustoconical surface arranged to extend between
the sleeve/cap and the seabed/foundation.

The trawl deflector may be configured to be supported in
a lateral direction by the sleeve. The trawl deflector may
have a horizontal cross-section (i.e. in plan view) that 1s
complementary in shape to that of the sleeve. The trawl
deflector may have an inner dimension that 1s approximately
equal to (but marginally larger than) the outer dimension of
the sleeve. This allows the trawl deflector to fit over the
sleeve, and be supported by the sleeve. The inner dimension
of the trawl deflector may be greater than the outer dimen-
sion of the sleeve.

The trawl deflector may generally be hollow. The trawl
deflector may comprise holes through 1ts outer surface. This
helps to reduce the weight of the protection apparatus and to
reduce the hydrodynamic forces associated with moving the
apparatus, e.g. during installation. Further, the holes may be
used to mspect the subsea equipment without removing the
trawl detlector.

The trawl detlector may be configured to be held in
position by the weight of the trawl deflector. Thus, the trawl
deflector may not be fixed to the foundation/sleeve/sea bed.
This eases 1ts installation and removal. The trawl deflector
may be removed when access to the subsea equipment 1s
desired.

The trawl deflector may be fixed to the sleeve and
optionally both the sleeve and trawl deflector may be
coupled to the foundation before nstallation of the founda-
tion.

The protection apparatus may comprise a flexible flow
line, wherein the trawl deflector supports the flexible tlow
line. The flexible flow line may be present to connect the
subsea equipment to nearby subsea equipment, or to equip-
ment on the surface.

The flexible flow line may be coiled around the outer
circumierence of the trawl deflector, preferably the frusto-
conical trawl deflector, as this shape allows for easy coiling/
uncoiling. Retainer straps may hold the flow line in place
when desired (e.g. during installation of the trawl deflector).

The protection apparatus may comprise a leak-monitoring,
device such as, for example, a pressure sensor or a gas
sensor. This may be provided on the interior surface of the
cap. The device may be located above the subsea equipment.
The device may be located 1n an upper region of the cap. The
device may be located at the uppermost point of the interior
surface of the cap.

The leak-monitoring device may be fixed to the subsea
equipment. Optionally the leak-monitoring device 1s not
fixed to the cap. The leak-monitoring device may be sus-
pended above the subsea equipment in an upper region of the
cap. This 1s advantageous since the cap can be removed from
the subsea equipment without removal of the leak-monitor-
ing device. This allows the cap to be removed without
having to disconnect the leak-monitoring device from, for
example, a surface-based monitoring system to which the
device may be connected. This eases removal of the cap.

Leak-monitoring of subsea equipment 1s an important
consideration. In known protection systems, no such leak-
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monitoring 1s provided. Instead, the leak-monitoring may be
provided integrally as part of the subsea-equipment. Due to
the presence of the cap and the location of the leak-
monitoring device, leaking hydrocarbons may gather in an
upper region of the cap. These leaking hydrocarbons, which
are typically less dense than water, displace water from the
upper region of the cap and may be held in the upper region
of the cap by the cap. In this regard the dome-shaped cap 1s
particularly advantageous.

The cap may comprise a hole 1 an upper portion of the
cap, for example a circular hole. The hole may be provided
at the upper most position of the cap. The hole may be
provided at a centre of symmetry of the cap. Such a hole may
be used during the installation of the cap, as explained
further below. The hole may be configured (e.g. shaped/
s1zed) such that a lifting device and/or lifting wire may be
inserted through the hole.

The cap may comprise a tubular portion extending from
the hole (1.e. from the edge of the cap forming the hole) and
into the upper portion of the cap. Thus, a cavity may be
formed between the tubular portion and the cap. The leak-
monitoring device may be positioned in this cavity. This
cavity may allow leaking hydrocarbons to be gathered even
when the hole 1s present. The tubular portion may also
provide strengthening to the hole, which may be advanta-
geous when the cap 1s lifted/moved by a lifting device and/or
lifting wire inserted through the hole.

The hole may also provide access through the cap to the
subsea-equipment, e€.g. for a conveyance/pipeline, even
when the cap 1s 1n position.

In another aspect, which 1s not presently being claimed,
the mvention provides a subsea installation comprising a
piece of subsea equipment mounted to a foundation and the
subsea-equipment-protection apparatus as described above,
wherein the sleeve 1s mounted to the foundation and sur-
rounds the subsea equipment, and wherein the cap covers the
subsea equipment.

As discussed above, the foundation may be provided by
a suction anchor. A suction anchor 1s advantageous since 1t
1s lightweight and easy to install.

The piece of subsea equipment may be equipment for o1l
and gas production, for example 1t may be a Christmas tree
or a manifold. The piece of subsea equipment may be a
pump station, a chemical treatment station, a separation
module, an umbilical termination head, a controls system
module or a power and hydraulic unait.

In order to install the Christmas tree on the suction anchor,
the suction anchor may first be secured to the sea bed, and
then a conductor/pipe may be installed through the suction
anchor. Examples of such methods can be seen 1 U.S.
2012/0003048.

In a further aspect, which 1s not presently being claimed,
the 1invention also provides a subsea system comprising a
plurality of the subsea installations described above,
wherein the subsea 1nstallations are connected 1n a satellite
arrangement. The system may include, for example, a mani-
fold connected to multiple Christmas trees, with each of the
manifold and the Christmas trees being protected by means
ol a sub-sea protection apparatus as described above.

In known subsea systems where the pieces of subsea
equipment are protected, all of the subsea equipment is
located under a single, large protective cover. In contrast, the
present mvention allows different pieces of subsea equip-
ment to be protected by different protection equipment. This
allows the different pieces of subsea equipment to be dis-
tributed as desired (which can be over a considerable area,
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for example spread about an area of up to 200 m radius),
rather than being forced to house all the equipment at the
same location.

The separation of the pieces of subsea equipment can be
turther advantageous since other pieces of subsea equipment
(e.g. a booster pump) can be added to the subsea system
between the existing pieces of subsea equipment without
having to move/disturb/rearrange the existing subsea pieces
of equipment.

The pieces of subsea equipment may be connected to one
another via one or more pipeline(s) on the sea bed. The
pipeline(s) may be protected by one or more concrete
mattresses.

Viewed from a further aspect, which 1s not presently being
claimed, the mnvention provides a method of installation of
the subsea equipment-protection apparatus described above,
the method comprising: mounting the sleeve to the founda-
tion of the subsea equipment; locating the cap at the opening,
of the sleeve, and 1nserting the at least a portion of the cap
into the opening of the sleeve so that the cap 1s retained
within the sleeve. The method may include providing the
subsea equipment-protection apparatus or parts thereof with
teatures as discussed above.

The method may include transporting the cap and/or
sleeve to the installation site, for example via a barge or by
floating 1t and towing it. Advantageously, the cap may be
floated to the installation site. This means that the cap may
be 1nstalled without the need for a large vessel or a vessel
with lifting capacity. In embodiments where the cap has an
unbroken surface (e.g. for the top/upper portion) then the
cap may be inverted and may float without the need for
additional buoyancy. Alternatively, or additionally, the cap
may have a stackable shape, thereby enabling multiple
similar caps to be transported in a stack.

The cap may be located at the opening by sinking the cap,
for example by capsizing an nverted cap to flood 1t, or by
releasing air from a non-inverted cap so that it floods with
water from beneath as 1t 1s submerged. Once submerged the
cap may be hung from a line, or multiple lines, and directed
to be above the opening in the sleeve. Again, this procedure
can conveniently be carried out by a small vessel with no
need for a large lifting capacity.

The cap may be held within the sleeve simply by its
weight. This means that there 1s no need for any kind of
complex subsea operation when installing the cap.

The sleeve may be mounted to the foundation by any
suitable means. In some advantageous example embodi-
ments the sleeve 1s coupled to the foundation before 1nstal-
lation of the foundation. This means that the sleeve and
foundation can be transported and 1nstalled together, which
mimmises the sub-sea work that 1s required.

The foundation may be 1nstalled using known techniques.
A preferred foundation type for some embodiments i1s a
suction anchor. This can easily be installed with the sleeve
already coupled to the suction anchor as discussed above,
since the method of installation of a suction anchor 1s not
hindered by a sleeve being present atop the anchor. In some
example embodiments the sleeve together with the suction
anchor 1s 1nstalled and then a conductor or pipe is installed
through the anchor to the sea bed for the subsea equipment.

The subsea-equipment may be 1nstalled after the sleeve 1s
installed (which may be with the foundation or subse-
quently), and the cap 1s fitted once the sub-sea equipment 1s
in place.

When the foundation 1s a suction anchor and this 1s joined
to the sleeve belfore installation then the sleeve and anchor
assembly may advantageously be transported by tloating, for
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example with the assembly inverted. As with floating of the
cap this means that no special vessel 1s required. A small
vessel with a modest lifting capability can be used. The
sleeve and anchor may be submerged using known tech-
niques for suction anchors and then steered to the required
location on the sea-bed, again using known techniques. With
this approach the equipment and training required to install
the sleeve 1s very similar to that required to install the
suction anchor and consequently the cost of introducing the
sleeve and cap system 1s minimised.

Viewed from another aspect, the mvention provides a
method of lowering an apparatus through a body of water
comprising lowering a guiding element and a weight
through the body of water, the lower end of the guiding
clement being attached to the weight such that the guiding
clement 1s under tension and 1s maintained in a generally
vertical orientation when 1n its lowered position, and low-
ering the apparatus through the body of water whilst 1t 1s
being guided by the gmiding element.

The apparatus of this aspect may be the cap and/or sleeve
and/or trawl deflector and/or foundation and/or subsea
equipment described above 1n connection with the previous
aspects and optional features thereof. This aspect may be
combined with any of the features of the previous aspects.

This method allows an apparatus to be lowered through a
body of water 1n a controlled manner. The position of the
apparatus 1s more precisely maintained and controlled due to
the presence of the guiding element and 1ts iteraction with
the apparatus.

The guiding element and weight may be lowered through
the water freely, 1.e. they may free fall through the water.
Optionally, no external forces are applied to the guding
clement and/or weight during lowering (other than hydro-
dynamic forces from the water, of course). This 1s advan-
tageous as the guiding element and weight may sink faster
than the apparatus.

The apparatus may be lowered through the water freely,
1.e. 1t may free fall through the water guided by the guiding
clement. Optionally no external vertical forces are applied to
the apparatus during lowering (other than hydrodynamic
forces from the water). The guiding element may provide a
horizontal restraining force to the apparatus during lower-
ng.

Thus, there 1s no need to have any connection between the
apparatus and a surface vessel during lowering of the
apparatus—the lowered apparatus may simply be in coop-
eration with the guiding element and may be allowed to sink
freely. This 1s particularly advantageous. In conventional
methods of lowering an apparatus, the apparatus 1s directly
connected to a surface vessel via a crane and cable or the
like. Due to sea swells and currents, and because the
apparatus may be shaped such that 1t may be subject to large
hydrodynamic forces, large stresses can occur on the surface
vessel, the connection and the apparatus. In the present
aspect, since the apparatus need not be directly connected to
a surface vessel, no such stresses may occur.

It should be noted that whilst the guiding element and
weight are 1n a generally vertical ornientation when sus-
pended and the guiding element 1s under tension due to the
weight being suspended from 1t, the gmding element may
curve and drift, and the weight may drift slightly due to
differing currents/swells.

The lowered apparatus may be light weight. The appara-
tus may be configured (e.g. sized/shaped) such that 1t 1s
subject to greater hydrodynamic forces, ¢.g. hydrodynamic
drag, than the guiding element and weight. The guiding
clement and the weight may therefore sink faster than the
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lowered apparatus, and may be less aflected by sea swells
and currents. The apparatus may have a larger surface
area-to-weight ratio than the guiding element and the
weight.

The weight may have a mass of 30,000-70,000 tonnes
(metric tons), for example a mass of about 50,000 tonnes
(metric tons). The weight may be formed of any suitable
material, preferably a metal and i1deally a metal that 1s
relatively dense, such as carbon steel, stainless steel, lead or
a combination thereof. The weight may have a volume of 2-6
m°, for example it may be a sphere or a cylinder. A typical
example weight 1s a cylinder of 1 m diameter and 5 m length.
The weight may be denser than the apparatus, and 1s denser
than water.

The apparatus may have a mass of 15,000-35,000 tonnes
(metric tons), for example a mass of about 25,000 tonnes
(metric tons). The apparatus may be formed of matenals
typical for the particular apparatus concerned. Where the
apparatus 1s a protection apparatus as discussed above then
the apparatus may be formed of GRP, FRP or steel. The
apparatus may have a volume larger than the volume of the
weight. An example apparatus has a dome shape with a
radius of 2-10 m and height 2-10 m. The apparatus 1s denser
than water.

The weight and the guiding element may be connected to
a surface vessel/platform. Whilst the weight and the guiding
clement are connected to a surface vessel/platform, since
they may be configured such that they are subject to lesser
hydrodynamic forces than the apparatus to be lowered, the
stresses on the surface vessel/platiorm, the guiding element
and the weight may be substantially lower than the stresses
on the conventional surface vessel, connection and appara-
tus mentioned above.

The weight and the apparatus may be configured such that
the weight supports the apparatus when they are 1n contact.
The weight may act to stop the sinking/lowering of the
apparatus. The apparatus may have a hole through which the
guiding element may be passable, but through which the
welght may not be passable. The hole may interact with the
cguiding element to allow the apparatus to be guided as 1t 1s
lowered. Thus, the guiding element and weight may take the
form of a mass at the end of a line, with the line being able
to be suspended from a surface vessel and the line passing
through a hole i the apparatus that 1s to be lowered.

The hole may be located at a point of symmetry of the
apparatus. Thus, when the weight stops the apparatus and/or
the apparatus 1s suspended, the apparatus 1s maintained in a
stable position.

The hole may be the hole as described above 1n relation
the previous aspects.

The weight may be configured such that it may not pass
through the hole. The weight may be configured such that 1t
may optionally pass through the hole. The weight may be
generally cylindrical.

The weight may comprise protruding portions. The hori-
zontal protrusions may protrude 1n a generally horizontal
direction, when the weight and guiding member are
deployed. The protrusions may be configured such that they
cooperate with the apparatus to stop the apparatus sinking or
to lift the apparatus. The protrusions may increase the
horizontal dimensions of the weight such that the weight
cannot pass through the hole. The cross-section of the
remainder of the weight (1.e. where the protrusions are not
located) may be sized and shaped such that 1t may pass
freely through the hole.

The protrusions may be located at a lower portion of the
weight. The protrusions may be located at an upper portion

10

15

20

25

30

35

40

45

50

55

60

65

10

of the weight. The protrusions may be located at an inter-
mediate portion of the weight.

The protrusions may be retractable. The protrusions may
be releasable. This may allow the weight to optionally pass
through the hole. The protrusions may be controllable from
the surface, e.g. from the crane from which the guiding
clement and the weight are suspended. The protrusions may
be locking latches.

The protrusions may be retracted during lowering of the
weilght. The protrusions may be deployed when the weight
1s lowered, and before the apparatus sinks to the depth of the
lowered weight.

The weight may stop the apparatus from descending
further. The weight may allow the apparatus to be lifted
and/or moved laterally.

The guiding element may be a wire or cable, for example
a steel wire of 50-100 mm diameter. The guiding element
may be formed of metal. The guiding clement may be
spooled/unspooled as it 1s raised/lowered, for example from
a winch or similar on a surface vessel.

The guiding element may be attached to a crane or winch.
The crane or winch may act to lower, preferably by fast pay
out, the gumiding element and weight. The crane or winch
may be suspended over the surface of the water.

The method may further comprise, prior to the lowering
of the guiding element and weight, suspending the apparatus
using the weight, preferably over the side of a surface
vessel/platform, preferably at a height above the water
surface, e.g. 1 to 2 m. As lowering commences, the weight,
the guiding element and the apparatus may eflectively drop
to the water surface.

However, the suspension may occur at the water surface,
or at a depth beneath the water surface.

The method may further comprise stopping the lowering
of the guiding element and the weight, preferably such that
the weight 1s at a depth close to the bed of the body of water,
e.g. 1 or 2 m above the bed. The bed may be a sea bed.

The method may further comprise, once the apparatus has
reached the weight, moving the apparatus to 1its desired
position by moving the guiding element and weight verti-
cally and/or laterally. This may occur by using a crane/
winch, or by moving the surface vessel/platiorm.

The method may further comprise, once the apparatus 1s
over 1ts desired position on the bed, e.g. when the cap of the
previous aspects 1s located above the sleeve/subsea equip-
ment, lowering the apparatus into position, e€.g. on the
bed/sleeve/foundation.

The method may further comprise, retracting the weight
and guiding element.

In a further aspect, the mvention provides a system for
lowering an apparatus through a body of water, the system
comprising an apparatus to be lowered, a gmding element
for gmiding the apparatus as it 1s lowered and a weight, the
lower end of the guiding element being attached to the
weight such that the guiding element 1s under tension and 1s
maintained 1n a generally vertical orientation when 1n 1its
lowered position, and the apparatus being arranged to be
coupled to the guiding element so that it can be lowered
through the body of water whilst being guided by the
guiding element.

As discussed above, the apparatus may be arranged to
drop freely through the water whilst being guided, and hence
the apparatus may be arranged to be coupled to the guiding
clement so that it can move freely 1 a vertical direction
under the influence of gravity. The system of this aspect may
include any or all preferred features of the apparatus, guid-
ing element and weight as discussed above 1n relation to the
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method of the preceding aspect. As noted above, the appa-
ratus may be the cap and/or sleeve and/or trawl deflector
and/or foundation and/or subsea equipment described above
in connection with the previous aspects and optional features
thereol. This aspect may be combined with any of the
features of the previous aspects.

In a preferred implementation the system further includes
a surface vessel or platform that holds the guiding element
as discussed above.

Certain preferred embodiments of the invention will now
be described by way of example only and with reference to
the accompanying drawings in which:

FIG. 1 shows a prior art shielding structure;

FIG. 2 1s a side cross-section of a subsea equipment-
protection apparatus with a cap and sleeve arrangement;

FIG. 3 shows a similar subsea equipment-protection appa-
ratus to that of FIG. 2 1n partial section view;

FIG. 4 1s an exploded view of a subsea equipment-
protection apparatus with a cap and a sleeve;

FIG. 5 1s a side cross-section of a subsea equipment-
protection apparatus for a manifold or the like;

FIG. 6 shows a subsea equipment-protection apparatus for
a Christmas tree together with a subsea equipment-protec-
tion apparatus for a manifold;

FIG. 7 1s a plan view of a layout of a subsea installation;

FIG. 8 shows a cross section of another embodiment of
the protection apparatus;

FIG. 9 shows a cross section of another embodiment of
the protection apparatus;

FIG. 10 shows a cross section of another embodiment of
the protection apparatus; and

FIGS. 11a, 115 and 11c¢ show an embodiment of one
aspect of the mnvention of a method of lowering an apparatus
through a body of water.

The prior art shielding structures are typically as shown in
FIG. 1. A deck structure 10 1s supported on legs 12 that are
placed on foundations 14. The deck structure 10 shields
subsea equipment 16 from falling debris and the legs 12 act
as trawl deflectors. It will be appreciated that the prior art
structure 1s large and cumbersome, requires complicated
foundations, and also puts constraints on the subsea equip-
ment 16 since it must be supported by the shielding structure
In some way.

FIG. 2 shows a subsea equipment-protection apparatus
with a cap and sleeve arrangement. It 1s shown 1n side
cross-section. The concept 1s based on a pipe in pipe
philosophy where a “dome/cup” protection cap 1 fits within
a circumierential sleeve 2. In plan view the cap 1 and sleeve
2 are circular in this example. The cap 1 is restrained from
movement 1n a horizontal direction, and 1s prevented from
rotating/pivoting, by the sleeve 2. The cap 1 1s secured in
place by its weight and by the corresponding shape of the
cap and sleeve. This means that no locking device 1s required
to protect the subsea equipment 16 from lateral trawloads
and downwards vertical impact loads.

The concept can be used on a single suction anchor 6 for
protection of a Chrnistmas tree (XT), as shown, or for
protecting other structures (manifold, UTA, pumps etc.)
where a sleeve ring can be integrated to the foundation
support. FIGS. 4 to 6 show other subsea equipment as well
as XT. The protection cap 1 can be 1n one unit or several
segments locked in place when fitted nside the sleeve ring
2. The sleeve ring 2 accommodates trawl deflectors 3. In the
example of FIG. 1 the trawl deflectors 3 take the form of
triangular panels fitted to the side walls of the sleeve 2, these
may be mounted about the circumierence of the sleeve 2, for
example at 90 degree intervals. The trawl detlectors 3 can
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have holes 8 for reducing their weight and minimising the
forces generated by ocean currents. The trawl deflectors may
support a flexible tlowline 4 during installation. This pro-
vides a convenient way to hold the flow line 4 and to
transport 1t to the sea-bed.

FIG. 2 also shows the use of a sensor 5 for detecting
build-up of gas or pressure leakage from the subsea equip-
ment 16 or from any other source. The Figure further
illustrates the way that a pipeline 7 can be drilled through the
suction anchor foundation 6.

Another example 1s shown in FIG. 3. This has the same
basic features as the example of FIG. 2, with a cap 1, sleeve
2, trawl deflector 3 and foundation 6. In this example the
trawl detlector 3 uses an angled beam rather than a triangular
plate. This Figure also illustrates additional optional fea-
tures, including an access hatch 9 in the upper part of the cap
1 and holes 10 1n the sleeve 2. The holes 10 in the sleeve can
be used to allow access to the subsea equipment 16. The
hatch 9 has a similar purpose. FIG. 3, as compared with FIG.
2, also shows how the cap 1 can be supported by an upper

part of the sleeve ring (1n FIG. 3) or by sitting at the base of
the sleeve ring 2 (1n FIG. 2).

The basic main elements are shown in two further
examples 1n FIG. 4, 1n exploded view. On the left of the
Figure a protection apparatus for a manifold or similar
structure 1s shown. The cap 1 i1s non-circular in plan view 1n
order to accommodate the rectangular shape of a manifold.
The sleeve 2 has a similar shape to the cap 1. The cap 1 fits
into the sleeve 2 and the sleeve 2 has trawl protectors 3. On
the right of FIG. 4 an XT protection apparatus for XT 1s
shown. In both cases, a flexible flow line 4 can be wrapped
around the sleeve 2 as discussed above. A further feature
shown 1 FIG. 4 1s a frustoconical element 11 for trawl
deflection. Thus, with these examples the trawl detlector can
be made up of the angle plate 3 and the frustoconical
clement 11. Of course, with the manifold protection appa-
ratus the frustoconical element 11 1s not a true cone since 1t
must also follow the non-circular shape of the cap 1.

FIG. § shows another example protection apparatus, simi-
lar to that on the left of FIG. 4. The subsea equipment 16
may be a manifold. The apparatus of FIG. 5 1s similar in
form to that of FIG. 2 aside from that the shape 1n plan view
would be non-circular, for example a stadium shape or an
oval, so that 1t fits closely around generally rectangular
subsea equipment 16.

The cap and sleeve protection apparatus can be used 1n a
subsea 1nstallation to protect various different parts of sub-
sea equipment, as shown in FIG. 6 and FIG. 7.

In FIG. 6 a CAN and X'T on the left are protected by a first
cap 1 and sleeve 2 arrangement, which would be generally
circular 1n plan view, and a manifold on the right is protected
by a second cap 1 and sleeve 2 arrangement, which would
be non-circular 1n plan view. The XT protection apparatus 1s
shown 1n side cross-section. The manifold protection appa-
ratus 1s shown in partial side cross-section. In FIG. 7 a
subsea installation 1s shown 1n plan view. Three Christmas
trees with circular caps 1 are connected to a mamifold with
a stadium shaped cap 1.

The subsea equipment 1s connected together by line 13,
which can be protected by a concrete mattress 15. Since the
various elements of subsea equipment 16 are separated apart
and have separate protection then they can be placed freely
wherever 1s most convenient, and also it 1s possible to easily
remove and add elements 1n a modular fashion. Intervening
clements could also be easily added later on, for example a
booster pump 17 as shown 1n FIG. 6. This type of tlexible
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approach 1s not possible with prior art shielding structures
where multiple pieces of equipment are combined together
under one shield.

With reference to FIG. 8, 1n contrast to FIGS. 2 and 6, the
sensor 5 1s fixed to the subsea equipment 16 via support 18,
such that the sensor 1s suspended above the subsea equip-
ment 16 1n an upper region of the cap 1. Thus, the sensor 3
1s not fixed to the cap 1.

With reference to FIG. 9, in contrast to the previously
described embodiments, the cap 101 comprises a hole 121 1n
an upper portion of the cap 101. The hole 121 1s provided at
a centre of symmetry of the cap 101. A tubular portion 122
extends from the hole 121 and into the upper portion of the
cap 101. Thus, a cavity 123 1s formed between the tubular
portion 122 and the cap 101. The leak-monitoring device 5
1s positioned 1n this cavity 123 and 1s attached to the cap 101.

FIG. 10 shows 1s a similar embodiment to FIG. 9, except
that the sensor 105 1s fixed to subsea equipment 116 via
support 118, similarly as shown in FIG. 8.

FIGS. 11q and 115 1llustrate an embodiment of a method
of lowering an apparatus through a body of water. As shown
in FIG. 11a, the method comprises suspending the cap 1
above a sea surface 24. The cap 1 1s supported by retractable
protrusions 29 of a weight 27 which 1s connected to a lower
end of a cable 25. The cable 25 i1s connected to a crane 23
located on a vessel 21.

The method further comprises releasing the cable 25 by
fast pay out. Thus, the cap 1 and the weight 27 begin to free
tall. Due to their respective shapes, the weight 27 1s subject
to smaller hydrodynamic forces than the cap 1. Thus, the
weight 27 sinks faster than the cap 1.

As shown 1n FIG. 115, once the weight 27 has reached 1ts
desired depth, the fast pay-out 1s ceased and the weight 27
1s suspended by the cable 25. The weight 27 causes the cable
25 to be under tension, and hence held 1n a generally vertical
direction.

Due to interaction between the cap 1 and the cable 25 (e.g.
via hole 121 discussed above), the cap 1 may descend whilst
being guided by the cable 25. As shown 1n FIG. 11c¢, once
the cap 1 reaches the weight 27, the protrusions 29 again
support the cap 1 and prevent the cap 1 from descending
turther.

The invention claimed 1s:
1. A method of lowering an apparatus through a body of
water, the method comprising:

lowering a guiding element and a weight through the body
of water to a lowered position 1n which the weight i1s
suspended by the guiding element, the lower end of the
guiding element being attached to the weight such that
the guiding element 1s under tension and 1s maintained
in a generally vertical orientation when in the lowered
position; and
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lowering the apparatus through the body of water whilst
being guided by the guiding element until the apparatus
reaches the weight at the lowered position,

wherein the lowering of the apparatus comprises allowing
the apparatus to free fall through the water along the
guiding element to the lowered position, and

wherein the weight and the apparatus are configured such
that the weight supports the apparatus when the weight

and the apparatus are 1n contact.
2. A method as claimed 1n claim 1, wherein the apparatus

1s subsea equipment-protection apparatus.
3. A method as claimed 1n claim 1, wherein the apparatus

1s configured such that the apparatus 1s subject to greater
hydrodynamic forces than the guiding element and the

weight.

4. A method as claimed 1n claim 1, wherein the lowering,
of the guiding element and the weight comprises allowing
the guiding element and the weight to free fall through the
water.

5. A method as claimed 1n claim 1, wherein the apparatus
comprises a hole through which the guiding element passes
as the apparatus 1s lowered through the water, and wherein
the weight 1s configured such that the weight 1s able to pass
through the hole 1n the apparatus.

6. A method as claimed 1n claim 1, further comprising,
once the apparatus has reached the weight, moving the
apparatus to a desired position by moving the guiding
clement and the weight vertically and/or laterally.

7. A system for lowering an apparatus through a body of
water, the system comprising the apparatus to be lowered, a
guiding element for guiding the apparatus as the apparatus
1s lowered, and a weight,

a lower end of the guiding element being attached to the
welght such that the guiding element 1s under tension
and 1s maintained 1n a generally vertical orientation
when 1 a lowered position at which the weight 1s
suspended by the guiding element, and the apparatus
being arranged to be coupled to the guiding element so
that the apparatus can be lowered through the body of
water whilst being guided by the guiding element until
the apparatus reaches the weight at the lowered posi-
tion,

wherein the apparatus 1s arranged to be coupled to the
guiding element so that the apparatus will free fall
through the water along the guiding element to the
lowered position when the apparatus 1s lowered, and

wherein the weight and the apparatus are configured such
that the weight supports the apparatus when the weight
and the apparatus are 1n contact.

8. A system as claimed in claim 7, wherein the system

turther includes a surface vessel or platform that holds the
guiding element.
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