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WATER RECYCLING AQUACULTURAL EQUIPMENT AND ITS
APPLICATION

FIELD OF THE INVENTION

This invention relates to water recycling aquacultural equipment suitable for
use in the culturing of aquatic species including fish and marine organisms
that may be of a type that grow and develop on submerged surfaces, but are
not necessarily so. The invention also relates to the application of such

equipment to the production of aquatic species and.

More particularly, but not exclusively, the invention relates to aquacultural
equipment that is especially suitable in application to the culturing of abalone
but that may find application in the culturing of numerous other types of
aquatic organisms as well as fish, depending on the configuration of the tank

used and the nature of the particular aquatic species.

It is to be noted that, because of its particular economic significance, the
culturing of abalone will be discussed in particular in the specification. It will,
however, be apparent to those skilled in the art that the equipment and
application thereof discussed in this specification can be used for the
culturing of numerous other aquatic species including fish and the scope of
this invention is not intended to be limited in any way by the reference to
abalone.

BACKGROUND TO THE INVENTION

The culture of aquatic species, and in particular abalone, has long been
practised to some extent and, more recently, to an appreciably increasing
extent. Many such culture facilities, from the point of view of the supply of

clean aerated water (seawater in the case of marine species) simply draw

CONFIRMATION COPY
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water on a continuous basis and discharge used water to waste, generally
back into the body of water from which it was originally drawn, after it has

passed through the culture facility.

This practice has come to be regarded by many as unacceptable not only
from a pollution point of view, but also from an economic point of view in that
a substantial amount of water needs to be supplied to a facility operating on

this basis and the cost of pumping it is generally significant.

The tendency has therefore been towards facilities in which the water is
recirculated with possibly a small bleed stream being discarded and a small
make-up stream of fresh water or seawater being provided. In many, if not
all cases, in particular in the instance of marine species such as abalone, the
recycled water needs to be treated for the removal of nitrogen, typically

released in the form of ammonia, and the removal of protein.

The nitrogen is commonly removed using a biofilter that is generally

‘contained in a separate container although, in one prior art arrangement, it

has been located in the bottom of the aquaculture tank. In either
arrangement, water is drawn through the biofilter and passed through a
separate protein skimmer in order to remove the protein. The water is
thereafter returned to the tank. Typical of such an arrangement is that
described in US patent 5,961,831 to Lee et al.

With further reference to the equipment used, aquaculture is, in appropriate
instances, often conducted in tanks in which a series of removable
aquaculture containers, often referred to as baskets, are positioned. Each
aquaculture container has an assembly of a series of generally vertical,
spaced, parallel plates located in the container and on the surface of which
abalone or other organisms are cultivated. In the arrangement referred to
above in which a biofilter is positioned in the bottom of the tank, these

containers have perforated bottom walls; are open at the top; and have
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impervious sidewalls. The recycled water flows in at the top; over the plates;
through the perforated bottom wall of the container; through the biofilter;
through the protein skimmer and back to the tank. In instances in which the
biofilter is separate from the tank, it is sometimes positioned downstream of
the protein skimmer, as in the case of the arrangement of Lee et al referred

to above.

Whatever the aquatic species being grown, the requirements for enabling
water to be effectively recycled are very much the same in that both the

function of a biofilter and the function of the protein skimmer are required.

OBJECT OF THE INVENTION

It is an object of this invention to provide equipment having an enhanced
water circulation and purification system that renders the recycling of water in

an aquacultural tank installation both effective and efficient.

It is another object of the invention to provide aquacultural equipment that is
particularly suitable for the culture of abalone or other organisms in tanks,
particularly, but not exclusively, organisms that grow and develop on

submerged surfaces of the general type outlined above.
SUMMARY OF THE INVENTION

In accordance with this invention there is provided an aquaculture tank
assembly comprising an open topped tank having formed in a lower region
thereof a biofilter, a water outlet assembly located at or towards a bottom of
the biofilter, the water outlet assembly being arranged to feed water from the
biofilter to a protein skimmer, and a water return arrangement for returning
water from the protein skimmer to the aquaculture tank, the aquaculture tank
assembly being characterized in that at least one upwardly extending airlift
pipe is provided for lifting a portion of the water that has operatively passed
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through the biofilter to an elevated position within the tank by an airlift
process so as to aerate said portion of the water and return it directly to an
upper region of the aguaculture tank and the said water outlet assembly
communicates with the biofilter to provide a path for the balance of water that
has operatively passed through the biofilter to pass it to the protein skimmer

preparatory to its return to the aquaculture tank.

Further features of the invention provide for there to be a series of upwardly
extending airlift pipes positioned to collectively return said portion of water
directly to the upper region of the aquaculture tank; for the airlift pipes to
communicate at their upper ends with transverse distribution pipes typically
located at or above the operative water level of the aquaculture tank; for the
transverse distribution pipes and the airlift pipes to communicate also with a
main return pipe from the protein skimmer such that water elevated directly
from the biofilter and water passed through the protein skimmer are delivered
together to the upper region of the aquaculture tank; for the water outlet
assembly to include a transfer pipe with which communicates an
arrangement of collector pipes in the lower region of the biofilter for drawing
water downwardly through the biofilter; for the lower ends of the airlift pipes
to communicate with the interior of the transfer pipe at spaced positions
along its length; and for approximately 25 to 50%, and preferably about 33%
of the recycled water to be passed through the protein skimmer with the
balance being recycled directly from the bottom of the biofilter by way of the
upwardly extending airlift pipes.

Still further features of the invention provide for the aquaculture tank to be of
elongate shape in plan view in which case the transfer pipe and main return
pipe extend centrally along the length of the tank in plan view; for the tank to
operatively receive a series of aquaculture containers above the biofilter in
which case the water distribution pipes preferably extend over the
aquaculture containers and are adapted to distribute return water over

substantially the entire length of each aquaculture container; for the protein
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skimmer to be located externally of the tank; for the protein skimmer to
operate on the basis of an airlift combined with a froth flotation process; and

for froth generated in the protein skimmer to be discarded.

It will, of course, be understood that in each case in which an airlift is used,
simultaneous transport and re-aeration of the water that has passed through
the biofilter takes place. This water is inherently depleted of oxygen in
consequence of the action of the biofilter.

It is a particular feature of the invention that a solids collection facility be
positioned above the biofilter and, in the case that aquaculture containers are
present, between the bottom of the aquaculture containers and the biofilter.
Such solids collection facility may comprise a plurality of juxtaposed elongate
channels having downwardly convergent walls that terminate in a gutter at
the bottom of the channel with the entrance to the gutter being restricted so
that an elongate closure can be supported by the entrance to the gutter. The
entrance to the gutter is generally open with the elongate closure raised so

that solids collect in the gutter itself.

From time to time the elongate closure may be lowered to close the entrance
to the gutter and the solids that have accumulated may be withdrawn,
typically by suction, for disposal. Provision is made for the flow of water
through, or past the layer of channels, and in the case that aquaculture
containers are present, the sides of the channels can be perforated in
between adjacent aquaculture containers. Alternatively, adjacent edges of
sides of the channels could overlap, in plan view, with a transverse gap
between the edges of adjacent channels in which case flow of water takes
place between such edges.

In the event that the aquaculture tank assembly of this invention is employed
with aquaculture containers, those containers are preferably as set forth in

my co-pending patent application of even date and entitied "AQUACULTURE
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CONTAINER AND COMPONENTS THEREOF". Briefly, that application
discloses an aquaculture container element in the form of a panel having a
surface suitable for the growth of abalone or other organisms thereon
wherein the panel has extending along two opposite side edges an integral
sidewall section with the two sidewall sections each having a free edge lying
in a plane that is parallel to the panel but spaced therefrom. The panel and
sidewall sections are such that the free edges of the sidewall sections can be
engaged with another similar container element in a series thereof to form a
series of parallel panels held in spaced relationship by means of said
sidewall sections that together define composite aquaculture container
sidewalls. Various additional features of those panels are described in my
said co-pending patent application, and the disclosure of that patent

application is included herein by reference.

In order that the above and other features of the invention may be more fully
understood one embodiment thereof, and its application in an aquaculture
tank assembly used together with aquaculture containers that are particularly
suitable for growing abalone, will now be described with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:-

Figure 1  is a schematic perspective illustration of an aquaculture tank
assembly employing, in this particular case, aquaculture
containers in a system particularly adapted for the growth of

abalone, and being partly empty for illustrative purposes;

Figure 2  is a plan view thereof;
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Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

PCT/IB2003/003471

is a perspective illustration showing an assembly of
container elements forming a composite aquaculture
container suitable for use in the aquaculture tank assembly

according to the invention; with

is a schematic cross-section taken through the tank

illustrated in Figures 1 and 2;

is a detailed cross-section of two juxtaposed channels of a
solids collection facility showing the gutter in its normally

open condition;

is a the same as Figure 5 but illustrating the gutter in its

closed, solids removal condition;

is a side view of a part of the length of a solids collection

channel;

illustrates in cross-section an alternative to the provision of

the holes illustrated in Figure 7; and,

is a longitudinal section taken through the end of the

aquaculture tank to which is connected the protein skimmer.

DETAILED DESCRIPTION WITH REFERENCE TO THE DRAWINGS

In this embodiment of the invention an elongate, open topped, generally

squat aquaculture tank (1) has an upper region (2) for the conduct of the

culturing of aquatic species and a lower region that is formed into a bed (3) of

biofilter material that is adapted to act on the excess nitrogen formed in the

water, in the normal way. At the bottom of the biofilter is a series of laterally

extending collector pipes (4) communicating with a single longitudinally
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extending transfer pipe (5) of relatively substantial diameter. The collector
pipes and transfer pipe together formed the outlet assembly referred to

above.

The transfer pipe (5), as shown in Figure 9, communicates with an external
sump (6) that is located adjacent an external upright protein skimmer (7) at
one end of the tank, the sump extending somewhat below the bottom of both
the tank and the skimmer. The arrangement is such that an advantageous
height is achieved for an airlift pipe (8) that operates to lift the water drawn in
through the transfer pipe to the top of the protein skimmer. Air for the airlift is
supplied through an air pipe (9) that is positioned within the airlift pipe (8).

The bottom of the protein skimmer is connected by way of a vertical
connecting pipe (10) with a longitudinally extending return pipe (11) that is
located centrally above the longitudinal axis of the tank. The return pipe has
a series of downwardly directed outlets (12) each of which communicates
with a four way connector (13) to which is connected a pair of oppositely
directed horizontal distribution pipes (14) and the upper end of a vertical airlift
pipe (15). The lower end of each of the vertical airlift pipes opens into the
transfer pipe (5), typically between collector pipes (4).

The air supply for the vertical airlift pipes (15) is by way of a small diameter
air pipe (16) positioned within the relevant airlift pipe. Each of these air pipes
(16) passes, in its upper region, through the return pipe and thence through
an air supply pipe (17) located above the return pipe and extending along the
length thereof. The small diameter air pipe (16) has, in each case, lateral
perforations whereby air can pass from the air supply pipe into the small
diameter air pipe. The upper end of each small diameter air pipe that is
located above the air supply pipe is fitted with a plug in order to close it. This
arrangement is highly advantageous in that the air pipe can be withdrawn at
any time in order to unblock its lower end, for example, or easily replace it for

whatever reason.
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The water recirculation circuit is thus from the upper region (2) of the tank;
through the biofilter (3); into the lateral collector pipes (4) and thence into the

longitudinally extending transfer pipe (5) at the bottom of the tank.

Part of the water in the transfer pipe is extracted by the airlift pipes (15) that
each extracts a portion of the water and lifts it, whilst aerating it, to the four
way connector (13) from whence it is split to flow two ways into the two
laterally extending horizontal distribution pipes (14). In practice, as at the
present time, and as applied to be culturing of abalone, it appears that
approximately two-thirds of the total water collected by the collector pipes
may be returned to the tank via the airlift pipes directly to the upper region of
the tank whilst approximately one third proceeds along the transfer pipe and
through the protein skimmer. Different proportions may well apply to different

aquatic species being cultured.

At the protein skimmer, the water from the transfer pipe enters the sump; is
elevated by the airlift pipe (8) to an upper region of the skimmer and thence
flows downwards through the skimmer in counter-current fashion to air
introduced towards the bottom of the skimmer through an air ring (18)
supplied by a downwardly extending air pipe (19). This is a substantially
conventional operation of the protein skimmer that operates on a froth
flotation principle. Water that has passed through the skimmer proceeds up
the vertical connecting pipe (10) and into the return pipe (11) from whence it
becomes distributed to the various outlets (12) and thence to the four way

connectors (13) and laterally extending distribution pipes (14).

It will be quite clear that the distributed return water from the protein skimmer
becomes mixed, in this way, with the water that has been conveyed directly
up the airlift pipes (15). This is considered to be advantageous in order to
ensure that the water delivered to each part of the tank is of the same overall
composition and contains the same amount of oxygen. It is to be noted that

the oxygen content of the water leaving the protein skimmer is generally
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higher than that of the water that is directly airlifted by way of the airlift pipes
(15).

It is to be noted that, in order to ensure an equal distribution of the two
separately recycled portions of water, the transfer pipe and return pipe each
have a substantial diameter relative to the individual collector pipes, airlift
pipes and distribution pipes so that a substantially even distribution of water
drawn through the collector pipes and delivered through the distribution pipes
is achieved as a result of the fact that there is substantially no relevant

pressure drop along the length of the transfer pipe and return pipe.

Froth (20) that develops in the top of the protein skimmer, exits to waste via a

discharge pipe (21) communicating with the top of the skimmer.

It is also to be mentioned that tablets or chemicals in any other form, that are
known in the art for the purpose of stabilising the pH and correcting alkalinity
can conveniently be located within the body of water in the top of the

skimmer, typically at a position such as that indicated by numeral (22).

Still further, whilst not being illustrated, it will be clear to those skilled in the
art that make-up water will be added either continuously, or from time to time,
and an overflow or bleed stream of the water in the tank could be discharged
to waste in the normal manner to avoid any undesirable buildup of dissolved

materials, in particular nitrates.

In one practical implementation of the invention it has been found that with a
water content of a tank being about 10 cubic metres (about 2600 US
gallons), water recirculation is carried out at a rate that results in the water in
each container being changed every five to ten minutes, typically about every
8 minutes. In this case, make-up and overflow (bleed) streams of about 0.1 -
0.2 cubic metres/hour (about 26 - 52 gallons/hour) operates effectively to

maintain water chemistry at satisfactory levels.
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In a preferred application of the invention, a solids collection facility is
provided for solids such as faeces and this facility may, for example, assume
the form of a series of generally horizontal juxtaposed channels (23) that
substantially cover the top of the biofilter. These channels each have, in
cross-section, a downwardly convergent configuration in the basic form of a
Vee, with the bottom opening, by way of a restricted entrance (24), into a
generally circular cross-sectioned gutter (25). The angle at which the sides
of the channels converge is chosen such that solids falling on the surfaces

will slide down them into the gutter.

In order to enable the removal of accumulated solids to take place, each of
the restricted entrances has associated with it a longitudinally extending,
elongate closure (26) that is adapted to be held, either by virtue of buoyancy,
or mechanically, in an elevated position such as is illustrated in Figure 5
during normal operation of the tank. Each of the elongate closures can be
lowered into a position in which it closes the associated entrance (24),
periodically, in order to remove the solids within the gutter, typically by flow
out through a manifold (27) that interconnects all of the gutters. Flow of
water into the gutters takes place from the end opposite the manifold so that
there is a constant flow along the entire length of the gutter. This
arrangement ensures removal of the solids along the entire length of the
gutter. The elongate closures could be heavier than water and held off the
entrances by any mechanical means or, they may be hollow so that, when
filled with the air, they are buoyant, and if filled with water they sink in order
to close the entrances to the gutters. Many different possibilities are

envisaged.

In order to enable the flow of water to take place past the channels, the sides
of the channels can be provided, as shown in Figure 7 with holes (28)
through them in regions in which solids are unlikely to fall upon them.
Alternatively, as shown in Figure 8, the sides of the channels could be

configured to overlap whilst leaving a vertical gap (29) between them for the
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flow of water yet providing an uninterrupted catchment surface for solids, in

plan view.

It will be understood that, in this way, solids, and in particular faeces, are
collected in the gutters and withdrawn for disposal from time to time, as may

be required.

It is to be mentioned that, in this particular embodiment of the invention the
aquaculture tank is designed to receive a series of composite containers or
so-called baskets (30) in which marine species are to be cultivated and, in
this particular application of the invention, abalone. In this particular case the
containers are arranged in two rows of ten containers each with the length of

the containers being transverse to the length of the tank.

The containers are conveniently those made according to my co-pending
patent application referred to above and are as illustrated in Figure 3. Each
thus has a circular hole (31) in the one end wall (32); an imperforate end wall
(33) at the other end; and a pair of frame members (34) extending outwards
from the latter end and serving to interconnect the individual plastics
elements (35). Engagement of a hole (31) with the cross piece (13) supports
the one end of each container, in each case, and the pair of frame members
(34) resting on the edge of the tank support the other end of each container.
The associated distribution pipe (14) therefore extends through the hole (31),

as well.

In this instance therefore, there is one horizontal distribution pipe (14) that
extends centrally over each of the containers and, clearly, one airlift pipe for
each pair of distribution pipes. There are thus ten airlift pipes equally spaced
apart along the length of the transfer pipe and return pipe and twenty laterally
extending distribution pipes. With this arrangement, the sides of the gutters
are perforated in between the containers as shown most clearly in Figure 9.

For more detail on the construction of the containers and the effective use
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thereof, reference can be had to my said co-pending patent application. For
the purposes of this patent application, that is primarily concerned with the
purification and recycling of the water, the aforegoing will enable any person
skilled in the art to implement the invention without any difficulty.

It will be understood that numerous variations may be made to the
embodiment of the invention described above without departing from the
scope hereof. In particular, the tank could be used without any containers to
cultivate fish, crustaceans or other species not needing a submerged surface
on which to live, such as abalone, and the configuration of the containers

could be varied to suit any other type of aquatic species.

Also, the exact nature of the solids collection facility could be varied widely,
and could indeed be omitted although such an omission would give rise to
existing problems, in particular, temporary removal of the species being

cultivated.

Numerous other variations may be made to the embodiment of the invention

described above which is only intended to be illustrative of the invention.
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CLAIMS:

An aquaculture tank assembly comprising an open topped tank (1)
having in a lower region thereof a biofilter (3), a water outlet assembly
(4,5) located at or towards a bottom of the biofilter, the water outlet
assembly being arranged to feed water from the biofilter to a protein
skimmer (7), and a water return arrangement (11,14) for returning water
from the protein skimmer to the aquaculture tank, the aquaculture tank
assembly being characterized in that at least one upwardly extending
airlift pipe (15) is provided for lifting a portion of the water that has
operatively passed through the biofilter to an elevated position within the
tank by an airlift process so as to aerate said portion of the water and
return it directly to an upper region of the aquaculture tank and the said
water outlet assembly communicates with the biofilter to provide a path
for the balance of water that has operatively passed through the biofilter
to pass it to the protein skimmer preparatory to its return to the

aquaculture tank.

An aquaculture tank assembly as claimed in claim 1 in which there are a
series of upwardly extending airlift pipes positioned to collectively return
said portion of water directly to the upper region of the aquaculture tank.

An aquaculture tank assembly as claimed in either one of claims 1 or 2
in which the airlift pipes communicate at their upper ends with
transverse distribution pipes (14) located at or above the operative

water level of the aquaculture tank.

An aquaculture tank assembly as claimed in claim 3 in which the
transverse distribution pipes and the airlift pipes communicate also with
a main return pipe (11) from the protein skimmer such that water

elevated directly from the biofilter and water passed through the protein
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skimmer are together delivered to the upper region of the aquaculture
tank.

An aquaculture tank assembly as claimed in any one of the preceding
claims in which the water outlet assembly includes a transfer pipe (5)
with which communicates an arrangement of collector pipes (4) in the
lower region of the biofilter for drawing water downwardly through the
biofilter.

An aquaculture tank assembly as claimed in claim 5 in which the lower
ends of the airlift pipes communicate with the interior of the transfer pipe

at spaced positions.

An aquaculture tank assembly as claimed in any one of the preceding
claims in which approximately 25 to 50% of the recycled water is to be
passed through the protein skimmer with the balance being recycled
directly from the bottom of the biofilter by way of the upwardly extending
airlift pipes.

An aquaculture tank assembly as claimed in any one of the preceding
claims in which the aquaculture tank is of elongate shape in plan view in
which case the transfer pipe and main return pipe extend centrally along

the length of the tank in plan view.

An aquaculture tank assembly as claimed in any one of the preceding
claims in which the tank operatively receive a series of aquaculture
containers (30) above the biofilter in which case the water distribution
pipes extend over the aquaculture containers and are adapted to
distribute return water over substantially the entire length of an

aquaculture container.
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An aquaculture tank assembly as claimed in any one of the preceding
claims in which the protein skimmer is located externally of the tank and
operates on the basis of an airlift (8) combined with a froth flotation
process.

An aquaculture tank assembly as claimed in any one of the preceding
claims in which a solids collection facility (23) is positioned above the
biofilter.

An aquaculture tank assembly as claimed in claim 11 in which the solids
collection facility comprises a plurality of juxtaposed elongate channels
(23) each having downwardly convergent walls that terminate in a gutter
(25) at the bottom of the channel with the entrance (24) to the gutter
being restricted, and an elongate closure (26) adapted to be supported
by the entrance to the gutter to close it selectively from time to time and
wherein means are provided for holding the closure in a raised position
relative to the entrance and allowing it to move into contact with the

entrance selectively.

An aquaculture tank assembly as claimed in either one of claims 11 or
12 in which provision is made for flow of water through, or past the
channels, such provision being selected from perforations (28) through
the sides of the channel and an overlap of adjacent sides of the

channels with a vertical gap (29) between the overlapped sides.
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