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Fish Enclosure

The present invention relates to fish farms and to methods for farming fish.

Aquaculture has progressed with considerable success from ponds and rivers to
estuaries and inshore cages. However, the largest cages in the open sea are expensive,
vulnerable to storm damage and require a high density of fish in order to be economic.
The resulting problems of disease and concentrated detritus are being combated with
chemicals, medication and antibiotics etc. Although such aquaculture is developing
relatively fast, fish reared in captivity cannot yet adequately replace the quality,

diversity and survivability of wild fish.

Ideally, the stocks of each species of fish in the wild should be maintained at a
naturally sustainable level, and the fishing fleets of the world should be able to catch
enough fish to satisfy demand. However, many species are now endangered and
quotas have had to be imposed. Some stocks are so low that fishermen are struggling
to catch even their quota. There is no solution as yet proposed that will quickly and
surely restore the stocks of wild fish to a naturally sustainable level and secure the

future livelihood of the fishing community.

Existing fish farms which use cages are only suitable for inshore/sheltered locations
and there is a limit to the size of enclosures that can be used and they suffer from
defects such as:- they could lose cages and fish during storms; they are limited to less
than 1 knot of current; the weighting of the nets requires more buoyancy; vessel
access restricted to small boats; they are vulnerable to vessel collisions and theft; high
algal growth, UV damage and corrosion; they require complex mooring system and
maintenance; they have high unit costs, which escalate with size; there can be detritus
concentrations; they have high asset risks due to exposure; they can be a hazard to

navigation etc.
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Another limitation is that, because of the size of the existing cages that can be used,

these systems cannot be used to replenish the stocks of wild fish.

Patent Application PCT GB2003/003582 describes a structure for raising fish in which
the structure is associated with an offshore platform, which is either tethered or fixed
to the seabed and from which the submergence of the structure can be driven and/or
controlled. Of course a suitable platform is not always available in locations where a
large fish farm might be desired, and it will rather often not be a sensible or economic

proposition to build such a platform for association with a fish farm.

Net enclosures are known that are towed from one location to another such as those
containing tunny, but such enclosures are not easy to be kept substantially open and in

shape.

The present invention provides a structure for fish farming which overcomes these
problems and provides a wide range of tension structures that can contain fish with or

without an associated fixed or floating platform or moored vessel.

According to the invention there is provided a net array for fish farming which
comprises:

(1) a plurality of vertical strut members arranged for defining the exterior shape of
the array;

(i1) enclosure mounting cables connected between the strut members;

(i)  mooring cables anchored to the sea bed and attached to the strut members and
arranged for maintaining the enclosure mounting cables in tension;

(iv)  at least one net enclosure comprising side members and a base member and
detachably attachable to the enclosure mounting cables thereby to be maintained in a

fish containing configuration.



WO 2007/125363 PCT/GB2007/050212

1C

NY
tn

Preferably the strut members are buoys comprising a flotation portion and a ballast
portion whereby the strut naturally floats in a vertical configuration and there are
associated winches for adjusting the tension and raising and lowering the array with
respect to the surface. It may be desired to lower the array for example to avoid storm
damage. The winches may incorporate depth sensing devices whereby the buoys can
be permitted to rise and fall with tide, if desired, while maintaining the tension of the
mounting cables. The winches are preferably mounted on the buoys and may be
controlled and powered via cables run along the sea bed from land, insofar as

rechargeable power means and remote control are unavailable or inadequate.

Where the strut members comprise piles attached to the sea bed winch means may be

employed to lower the net array with respect to the piles.

Preferably the net enclosures have regular shapes which are defined by the net cables
so that the sections have substantially straight sides, e.g. triangular, rectangular,
square etc. which enables an array to be formed of separate sections connected
together along their sides. The sides will not be mathematically straight as the cables
will move with the water and sag etc. under their weight, but the sections should be
able to form a network of linked sections, herein called a network structure. A
triangular shape is preferred from the point of view of readily maintaining shape and

tension.

There are preferably top and bottom mounting cables. Advantageously the net
enclosures are detachably attached to both the top and the bottom cables. The
mounting cables may be formed by steel wire, preferably stainless, or from fibre rope
or chain, the intention being that the struts and cables may remain in situ for periods
substantially longer than the net enclosures. Attachment of the net enclosure to a top
cable may be by means of suitable cleats or bobbins and eyes, though ties or corrosion

resistant carabiners may be employed.
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The net enclosures are preferably formed from a light weight material which has a
degree of endurance in sea conditions. Artificial fibre such as dynema is preferred,
with nylon, glass, carbon or Kevlar being possible alternatives. Preferably the net

enclosure has a roof member also.

In use the network structure is kept in tension by installing it within or between piles,
in relatively shallow water or moored buoys in deeper water, the said buoy mooring
also having no compression members between the buoys. Preferably the buoys have a
high centre of buoyancy, generally by being buoyant in the upper part and negatively
buoyant, or ballasted, in the lower part. The buoy mooring system is in tension, which
is imposed by the mooring cables and the buoyancy of the upper part of the buoys,

and the structure is devoid of any compression members.

In use, to avoid storms or rough weather, the network structure can be submerged by
shortening one or more of the mooring cables and raised again by lengthening the
mooring cables. The shortening or lengthening of the cables to submerge or raise the
network structure can be achieved by winches mounted on a nearby platform.
Alternatively, submersible winches (winches that are designed to operate under water)
can be mounted on the buoys and can be operated remotely, preferably via a power
and control, cable run to a nearby platform or land. In addition the ability to submerge
enables the net sections to be moved clear of surface navigation and/or other business
or leisure users on the water surface. Typically, submergence by 20 to 30 metres is

desirable to avoid storm damage or surface navigation.

In order to maintain the three dimensional shape of the net section, the lower ends of
the nets can conveniently be weighted or moored to the sea bed or to an anchor. In
still water the weight of the nets will tend to keep the shape of the nets and no further
weight would be needed. Preferably however the enclosure is attached to a bottom

cable. This is advantageously accomplished via one-way catches associated with the
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bottom cable and having lines attached to the top cable whereby pulling on one line
lowers the net enclosure bottom toward the bottom cable and the one-way catch holds
the enclosure to the bottom cable and pulling on the other line opens the one way

catch and draws the fish enclosure to the surface.

In use a network structure can be built up from a number of individual net sections
and there is no theoretical limit to the size of structure which can be built. The
sections can be added or removed as required, so the size of the network structure can

be adjusted to specific situations.

The large network structure can be installed, removed or replaced from a fishing
vessel with the assistance of either a second vessel on the other side of the buoy
mooring array or with manned intervention along an appropriately positioned walkway

in mild sea conditions.

By building the array or structure up from individual units a large network structure
can be easily assembled without the handling difficulties which would be caused by a

single very large structure.

The buoy mooring array may itself be based on 3, 4, 5, 6 or more buoys, such that a
balance is achieved between the simplest possible array for economic reasons, and
adequate structural redundancy to minimise the effects of a failure in one or more

tension members.

The network structure can be moored to large vessels such as fishing boats, offshore
structures such as platforms or the shore by attachment to the buoys, and all handling
of the net enclosures and all husbandry of the fish can be carried out therefrom, which

facilitates the use of mechanical handling and remote control and increases safety.
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The network structure enclosures can be towed slowly from one location to another
by two or more towing vessels. The structure can be moved around between widely
spread mooring points, either to change the geometry of the moorings in a strong
current and so keep the structure level, or to assist in dispersing the detritus,

particularly in locations where the water currents are insignificant.

The network structures of the present invention can be used offshore in the open
ocean, inshore, in lakes and other inland waterways, in areas of high water currents, or
of negligible water currents, in small installations or extremely large installations, but
all with the feature that the fish enclosures consist entirely of tension members and
that the enclosures can be individually removed or replaced without removing the

buoy mooring array in which they are held in tension.

There can be cover to the structure such as a ceiling net so that when the structure is
submerged the fish cannot escape. The ceiling net can also protect the fish from birds

etc.

State of the art feeders are now available for floating, neutrally buoyant and ‘heavy’
fish feed. Such feeders can cater for surface, mid-water or bottom feeding species.
Insofar as a reservoir of feed is not maintained, restocked when required, in close
association with the array, feeding may be achieved by ‘slugging’, where the feed is
transported to the enclosures fast enough to minimise its time in the long distance
pipe, in a high density slurry that avoids breaking down the structure of the feed
pellets; and, between slugs the long distance feed pipe is flushed clear of feed.

Removal of the fish may be effected by detaching the net enclosure from the mounting
cables and reeling it into a suitable boat or towing it to land. Alternatively there can
be an inner net enclosure, an opening in the net enclosure through which fish can be

induced to pass, perhaps employing sound means to drive the fish or a suction tube
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arranged to remove water and fish therein.

The operation and integrity of the enclosures can be monitored by ROVs (Remotely
Operated Vehicles or ‘eyeballs’), garaged on the sides of the vertical struts and
powered and controlled by long distance power & control cables. These ROVs can
also inspect the installation for marine growth. Free swimming ROVs or AUVs
(Autonomous ROVs, without umbilicals), perhaps recharging at plugs mounted on the
inside of the enclosures, connected to power available on the buoys can also swim

with the fish and observe social and feeding behaviour.

Rather than use divers based on land or an adjacent platform, maintenance and repair
can be carried out by work class ROVs based on the vertical, capable of removing
marine growth and capable of patching any hole in the enclosure’s net walls, floor or
ceiling. Holes can be unlikely with dynema material as this is strong enough to resist
attach by large predators. The ROVs, of all sorts can, themselves be maintained and
repaired, during periodic visits by fishing boats in periods of good weather to the

surfaced buoys.

Compared with the known cage structure presently used for fish farming, the present
invention provides structures which are suitable for exposed ‘open ocean’ locations;
can avoid storm damage by submerging; can be designed for any current e.g. up to 2
or 3 knots and higher, require no weighting of the nets, facilitate large vessel access
and mooring, have higher security and safety due to submergence, have low algal
growth, UV damage and corrosion, have a simple mooring system and maintenance,
have lower unit costs, which reduce with size; any detritus is easily dispersed, and is

minimal hazard to navigation.

In the open ocean and very deep waters, a net array according to the present invention

can avoid the need for manned access completely. Some walkways may be provided
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to enable manned access during installation (or removal) of the vertical struts only,
which should stay in place for 10 to 15 years. By virtue of the present invention all fish
ranching operations can be carried out remotely and, at the closest, over the side of a
fishing vessel, to no more extent than is used to handle fishing nets normally.
Intervention can be confined to periods of fair weather and at all other times the entire

system is submerged. The need for manned access can be eliminated entirely.

Because of the size of the enclosures that can be formed, the system can be used to
replenish the stocks of wild fish, as well as to supplement fish supply, provide research
data and prepare for marine farming. The system enables wild fish, i.e. first generation
fish bred from wild brood stock, to be reared economically, without overcrowding and
in an open ocean or large lake environment. The system enables fish to grow in natural
conditions with room to swim and feed as in the wild, but are protected form
predators. In order to eliminate the need for medication and ‘“unnatural treatments’
and oxygenation of the water, it is necessary to keep the density of fish low and the
system of the present invention can achieve this. In practice brood stock from the
hatching of eggs can be taken as fingerlings or juveniles from the hatchery or fishery
areas into the enclosures into which they are released; a wide sampling of brood stock

should ensure that the genetic range remains diverse.

In one embodiment some sections consist of nets with preferably a finer mesh net
mounted on a coarser net mesh or lattice. This enables the containment of the young
fry or fingerlings, and the coarser mesh net or lattice can transmit and spread the load
of the moorings. A net enclosure of finer mesh to contain young juveniles may be
located within, or adjacent to, a net enclosure of coarser mesh so that they may be

easily reared and transferred from one enclosure to another.

The invention is illustrated in the accompanying drawings in which:-

Figs. 1a and lb show elevation and plan views of the simplest example of a buoy
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mooring array;

Figs. 2a and 2b show the net enclosure installed within the mooring array;

Figs. 3a and 3b show an extended mooring array;

Fig. 4 shows a method of handling the enclosure base corners;

Fig. 5 shows a variety of net enclosure configurations;

Fig. 6 shows a simplified configuration for low current conditions;

Fig. 7 shows an arrangement for locations with a significant current;

Figs. 8 and 9 illustrate different configurations;

Figs. 10 shows change of location of the enclosure;

Fig. 11 shows change of attitude on submergence;

Figs 12 and 13 show submerging of an enclosure and added buoys;

Fig. 14 shows a single enclosure of four compartments for use in high water current
environments;

Fig. 15 shows a single enclosure for use in a low water current environment, and

Fig. 16 shows structures for use in fish ranches in lakes or at sea with typical capacity

for fish @10kg/m’.

Referring to fig. la this shows an eclevation and fig. 1b shows a plan view of the
simplest example of a buoy mooring array (1) without the nets in position. This
structure consists of three buoys (2) moored with mooring cables (3) under tension in
such a way that the whole structure substantially maintains its shape without the need
for any structural compression members between the buoys. The buoys (2) have a
high centre of buoyancy, generally by being buoyant in the upper part (4) and
negatively buoyant, or ballasted, in the lower part (5). The cables at (6) and (7)
connecting the buoys (2) complete the structure. The buoy mooring system is in
tension imposed by the mooring cables (3) and the buoyancy of the upper part of the
buoys (4), and there are no compression members. To submerge the structure one or

more of the mooring cables (3) are shortened.
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Referring to figs. 2a and 2b, these show the net enclosure (8) installed within the
mooring array (1) of figs. 1a and 1b and held open, and substantially in shape by the
mooring array (1) in such a way that the enclosure (8) substantially maintains its shape
without the need for any structural compression members. Hence, both the mooring
array (1) and the enclosure (8) are both entirely tension structures and can therefore
be enlarged to many times the size of conventional fish cages without excessively

increasing their complexity or cost.

Figs. 3a and 3b show a mooring array (1) extended to accommodate two simple
enclosures (8a and 8b) and in which the enclosure at (8b) can be installed or removed
by handling it from a vessel at (9a) with assistance of a vessel at (9b) or by manned

intervention along the walkway (10).

The mooring array (1) would typically be installed, removed or relocated using an
anchor handling or construction vessel and remain for many years, whereas the
enclosures (8a and 8b) would be typically installed removed or replaced using a fishing
vessel and remain for a matter of months only. Additionally both mooring array (1)
and the enclosures (8a and 8b) would be accessed for inspection, cleaning or repairs
by those with the seamanship skills and experience of handling cables, nets and fish, in

the open ocean, preferably by seamen with fishing vessels.

The walkway (10) is also a tension structure and may also be partially buoyant to
ensure it remains above water in significant sea swells. In Fig. 3a the attaching of the
bottom edge of the enclosure (8) to the mooring array cable (7) at (18) can be carried
out above water by running a halyard line or wire rope from (17) via eyes, chain links
or sheaves at (18) and (19) to (20) at the top of the nearest buoy (2). Thereby passing
the tethering tension laterally to the buoy (2) rather than pulling the two cables (6 and

7) towards each other.
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Referring to fig. 4 the bottom edge of the net enclosure (40) can be pulled down to
the bottom mooring array cable (7) with a ‘one way catch’ (41) by pulling upwards on
line at (42) so that, once installed, no tethering tension force is transferred up line
(42). The ‘one way catch’ (41) can be released by pulling upwards on line at (43).
These details eliminate the need for diving which is costly and could be hazardous in

bad weather and/or high water currents.

Figs. 5a and 5b illustrate net enclosure configurations that could be accommodated
within the buoy mooring array (30). The net enclosures can be shaped and sized to fit
two or more individual enclosures adjacent to each other, within the same space
within the mooring array. Hence, 3 separate enclosures are installed separately in the
mooring array space at (11). The enclosure at (12) is shown as a single enclosure
partitioned into four sections or compartments to accommodate small fry in the
smallest space, surrounded by fine mesh netting and up to large adult fish in the largest
space within course mesh netting. Enclosure (13) has 3 sections and is adjacent to an
enclosure (14), which can be separately removed. The mooring array space can be
separately sectioned off with walkways as shown in (15) which could facilitate closer
monitoring of several different batches of fry (say); such extra walkways could have
intermediate buoys at (16) to assist with stabilizing the walkways in rough weather. In
all cases however the design favours flexibility in handling various batches of fish
reared in parallel and facilitates ‘grading’ which is the separating of fish by size, as

they grow at different rates.

Fig. 6 illustrates a simplified configuration which can be used, where water currents
are low, e.g. of less than about %2 knot, the buoy mooring is simplified to restrain only
the upper edges of the net enclosure and the internal space and shape of the net
enclosure may be substantially retained by the addition of weights around the lower

edges. Additionally such net enclosures may be used in sufficiently sheltered waters
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and not compete for surface space with other users and as such may not be required to
submerge; in such cases it will not be necessary to close the enclosure roof, except to
deter birds. A typical size for such an enclosure would be 100m x 115m with a depth

of 10 to 20m. The capacity is about 500 to 1,000 tons of fish at 10Kg/m’.

Fig. 7 illustrates the extra restraint available to maintain the enclosure shape in
locations of significant currents (>1 knot) a typical size is 100m x115m with a
maximum depth of 30m. The capacity is about 1,500 tons of fish at 10Kg/m’. For use
in lakes or sea an enclosure of dimensions 165m x 190m x 30m would have a volume

of 400,000m’ and a capacity of 4,000 tons fish at 10Kg/m’.

Figs. 8 and 9 illustrate different configurations as examples of the arrangement of
individual sections or compartments having typical dimensions of the arrangement of
fig. 8 with dimensions of 200m x 200m with a capacity of 1,000,000 nm’ and a capacity
of 10,000 tons fish at 10K g/m’.

Fig. 9, in particular illustrates the essential design principle, to achieve a fish enclosure
system of a substantial size, with dimensions of 330m x 380m with a volume of
1,000,000 n1’ and a capacity of 24,000 tons fish at IOKg/m2 or more, that can allow
the removal or replacement of temporary fish enclosures within a relatively permanent
mooring array; only the present design is currently capable of providing an economic

solution on such a scale. Figs. 14, 15 and 16 illustrate these arrangements.
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Fig. 10 shows that the mooring system can change the location of the enclosure
significantly in 2 dimensions, from position A to the other shown positions. This is
important in areas of low water current, to spread the detritus and avoid high
concentrations; it is also important in areas of high water current, where allowing the
enclosure to move ‘downstream’ enables the enclosure to remain more level when the

mooring lines resist the drag forces.

The off-centre location illustrated in fig. 10 is shown in Fig. 11 as having an upsetting
or tipping effect, which is not of concern on the surface but is greatly increased once
the enclosure is submerged and the buoys no longer have a ‘righting’ effect. Although
this does not matter in deep water, it may be required to remain closer to the
horizontal in shallower waters. This can be achieved by designing the buoyancy to
conform to that shown in Figs 12a and 12b. Additionally the extra (external) buoys
can wind in the slack cable and only come into operation when the enclosure is
submerging, as in Figs. 13a and 13b. Referring to fig. 14 this structure provides a
volume of 100,000m’ with a capacity of 1,000 tons of fish @ 10Kg/m’ and is suitable

for use in areas of low water current such as lakes etc.

Referring to fig. 15 this structure provides a volume of 100,000m’ with a capacity of
1,000 tons of fish @ 10Kg/m” and is suitable for use in areas of water currents of 2 —3

knots such as open ocean locations e.g. at sea etc.

Referring to fig. 16, these show structures capable of rearing very large quantities of
wild fish as a fish ranch and show possible configurations of individual structures

which can be put together.

In this specification references to sea and sea bed may be taken to refer to other

stretches of water such as lakes and the beds thereof.
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Claims

1. A net array for fish farming and comprising:

(1) a plurality of vertical strut members arranged for defining the exterior shape of
the array;

(i1) enclosure mounting cables connected between the strut members;

(i)  mooring cables anchored to the sea bed and attached to the strut members and
arranged for maintaining the enclosure mounting cables in tension; and

(iv)  at least one net enclosure comprising side members and a base member and
detachably attachable to the enclosure mounting cables thereby to be maintained in a

fish containing configuration.

2. A net array as claimed in claim 1 and wherein the strut members are buoys
having a flotation portion and a ballast portion whereby the strut naturally floats in a

vertical configuration.

3. A net array as claimed in claim 1 or claim 2 and having associated winches for
adjusting the tension and raising and lowering the array with respect to the water

surface.

4. A net array as claimed in claim 3 and wherein the winches incorporate depth
sensing devices whereby the buoys can be permitted to rise and fall with tide while

maintaining the tension of the mounting cables.

5. A net array as claimed in any one of the preceding claims and which is

substantially triangular in planform.

6. A net array as claimed in any one of the preceding claims and wherein there is

a plurality of separate net sub enclosures.
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7. A net array as claimed in any one of the preceding claims and wherein the net

enclosure is attached to a top cable with cleats.

8. A net array as claimed in any one of the preceding claims and wherein the net

enclosures are formed from dynema.

9. A net array as claimed in any one of the preceding claims and wherein the

enclosure mounting cables comprise upper and lower cables.

10. A net array as claimed in claim 9 and wherein the net enclosure is attached to
the lower cables via one-way catches associated with the bottom cable and having
lines attached to the top cable whereby pulling on one line lowers the net enclosure
bottom toward the bottom cable and the one-way catch holds the enclosure to the
bottom cable and pulling on the other line opens the one way catch and draws the fish

enclosure to the surface.

11. A net array as claimed in any one of the preceding claims and having a remotely
operated vehicle or “Eyeball”, garaged on the sides of a vertical strut and powered

and controlled by long distance power and control cables.

12. A net array as claimed in any one of the preceding claims and having a
walkway.
13. A net array as claimed in any one of the preceding claims and having a fish

feeder comprising a feed reservoir an openable port and a timer.

14. A net array as claimed in claim 13 and wherein the fish feeder is associated
with a vertical strut but is arranged to discharge feed approximate the centre of the

array.
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15. A net array as claimed in any one of the preceding claims and comprising a long
distance pipe wherethrough feed is transported to the enclosures in a high density
slurry which avoids breaking down the structure of the feed pellets and, between slugs

the long distance feed pipe is flushed clear of feed.

16. A net array substantially as hereinbefore described with reference to the

accompanying drawings.
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