Titl e AQUACULTURE SYSTEM Field O The Invention The
present invention relates to an aquaculture system
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grow ng fish in inland water bogies IS in open ponds,
either free range or in cages. Such ponds take
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dragged through the water. Predation by birds and
water rats is also highly problenmatic. Arguably the
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growth rate. Harvesting fish from such a wide area is

also difficult as either the pond needs to be drained (a
process which may take many hours) or a large net dragged
through the water. Predation by birds and water rats is
also highly problematic. Arguably the greatest
disadvantage is pollution of the water through nutrients
from uneaten food and fish waste. The pollution typically
limits the pond yields to 1-2 tonnes per hectare -
particularly when water exchange rate through the pond is
low.

Nutrients limit a pond’s yield by encouraging blooms of
microalgae. As nutrient input into the pond increases, so
does the strength of the blooms. The bloom strips oxygen
from the water at night time leading to many fish kills.
If the bloom of microalgae gets too thick, the algae will
die, sink to the bottom of the pond and again strip oxygen
from the water. Solid waste excreted by the fish and
uneaten food creates a sludge on the bottom of the pond



is dragged through the pond it stirs up the sludge,

further depleting oxygen and killing fish. In an
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pond cul ture, people often contgin fish within net

cages. That overcones the probl éns of harvesting,

predation and_fish managenment. Nevertheless yields are
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re-circulates water froma body of water in which the
receptacle floats, through the receptacle and back to
thsdmmatyﬂbﬂmmhﬂ.ﬂﬂvﬁnﬂfﬂﬂy the water reticulation

system conprises a water inlet that directs water

entering the receptacle in a manner to generate a
suBscardiad yaiomulapddpwbftmtisivention there is provided

an aquaculture system comprising:

15

20 a body of water;
a liquid-impervious receptacle disposed within the body of
water; and,
a water reticulation system that re-circulates water from
the body of water through the receptacle and back to the
25 body of water.

According to another aspect of the invention there is
provided an aguaculture system comprising:
an aquaculture system comprising:

30 a liquid-impervious receptacle provided with a buoyancy
apparatus to enable the receptacle to float in a body of
water. In this aspect the system may further comprise:

a water reticulation system that re-circulates water from
a body of water in which the receptacle floats, through
35 the receptacle and back to the body of water.



in the receptacle. Preferably the water inlet
conprises a conduit provided with at | east one opening
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pr Rieferaeoadhd waiter imlethecompeides| 2 cehduiveptovided

t h%vlktqﬁb@flé@éterong rﬁ&[ﬁ% Vet cﬁﬂ%&% a({%é@é‘r SYyEb&ntially

conprises a water acement, appara

di dRngeRtigdiler §9 c:m U Iy TrIFﬁJedQ heuy Exept af | Ehe

Pr efeyeptlaclihe wat er di spl acenent apparatus conpri ses

an air punp that air lifts water fromthe body of

water to the receptacle. Preferably the water

di Q:ﬂea?cee:mmy a:mmrcanmnfmrddmrmmra sxeartalm)hdnamlfold where

ot i 1 HRACY RS IArLS Mheltlof in che

fl ma@li@fh%rﬂléfﬁqt@m%watqmeswmulaﬁlm ¢mmbxally to the
beliow itdee wpHifare Qfrdhe Wit ahd ddigdadye Pref erably

the aquaculture systemfurther conprises a waste

extraction systemthat draws solid waste from water
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with water from the body of water by the water re-
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20 circulation system to a level to produce a head of water
in the receptacle relative to the body of water.

Preferably the reticulation system comprises a water
displacement apparatus that displaces water from the body
25 into the receptacle.

Preferably the water displacement apparatus comprises an
air pump that air lifts water from the body of water to
the receptacle.

30
Preferably the water displacement apparatus further
comprises a conduit providing fluid communication between
the body of water and the receptacle and where the pump is
in fluid communication with the conduit at a location

35 below the surface of the water in the body.



receptacl e through which water and waste can be drawn
to the waste separator. Preferably the waste separator

W@vpHi®es a gravity separator. Preferably thePQr/av2ayg000927
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separator is a cyclone separator. Preferably the waste
separator conprises a water olit Fef fed from an upper
portion of the separator through which water within
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to the location. Preferably the receptacle has a

circul ar cross-section. Preferably the receptacle
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separator and returned to the body of water.

Preferably the waste separator comprises a waste removal
conduit in communication with a lower portion of the
separator through which solid waste collected in the
separator can be removed, and a pump apparatus to pump the
solid waste through the waste conduit to a location '
isolated from fluid communication with the pond.

Preferably the waste removal system further comprises a
sensor for sensing when solid waste in the separator
reaches a set quantity and automatically operating the
pump apparatus to pump the solid waste through the conduit
to the location.

Preferably the receptacle has a circular cross-section.

Preferably the receptacle comprises buoyancy apparatus for
floating the receptacle within the body of water.



acconpanying drawings in which: Figure 1 is a

schematic representati on of an enbodi nent of the
wa@euwaoulogur e systemin accordance with the preBEnAU2005/000927

invention; Figure 2 is a representation of an

enbodi nent of the aquacul ture~system Figure 3 is a

schematic representation of a receptacle and waste

renoval systemincorporated in the aquaculture system
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20 Figure 2 is a representation of an embodiment of the
agquaculture system;

Figure 3 is a schematic representation of a receptacle and
waste removal system incorporated in the aquaculture
25 system;

Figure 4 is a further view of the receptacle and waste
extraction system shown in Figure 3 but in an alternative
state of operation;

30
Figure 5 is a schematic representation of the receptacle
and waste extraction system in a waste extraction mode;
Figure 6 is a plan view of the waste extraction system
incorporated in the aquaculture system;

35 5

Figure 7 is a representation of an embodiment of a
receptacle incorporated in the agquaculture system;



tanks 14 . Wiile the acconpanyi ng draw ngs depict the
use of a nunber of tanks 14 alternative enbodi nents of

W b@cacpoarul ture system 10 may function with aPGI/AYR®S/000927
tank 14. The aquaculture system.10 further conprises a
reticul ation system 16 that re- 8ifcul ates water from
the pond 12 through the tanks 14. It will be
appreciated fromthe foll ow ng description that the
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metr
of a number of tanks 14 alternative embodiments of the

aquaculture system 10 may function with a single tank 14.
The aquaculture system 10 further comprises a reticulation
system 16 that re-~circulates water from the pond 12
through the tanks 14. It will be appreciated from the
following description that the reticulation system 16 is
not a single item but an ensemble of pipes, conduits and a
water displacement device or apparatus such as a pump or
blower.

In broad terms, the aquaculture system 10 operates by
maintaining aquatic animals such as fish 18 within the
tanks 14 and circulating water form the pond 12 through
the tanks 14. A substantial proportion of the solid waste
produced by the fish 18 and uneaten food is extracted from
the receptacles 14 and deposited at a remote location.

The remote location is isolated from fluid communication
with the pond. As explained below this could constitute



created by providing an outlet 24 at an appropriate
| evel or position in the tank 14 to produce the
w0 egpaiosma2 head H . The reticul ation system 16 PORpUR2®&8800927
a water inlet in the formof a pmanifold 26 that
directs water entering the tank’12 in a manner to
generate a substantially circular flow of water within
t hederosdi Uilng | the eaptesent land oo pebdet df sthe pond, or in
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of water within the tank 14. In the present embodiment
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this is achieved by forming the manifold 26 as a vertical
pipe having a plurality of openings 28 that direct water

25 substantially tangentially to an upright inside surface 30
of the tank 14 (see in particular Figures 5 & 8).

Water from the pond 12 ié directed into the manifold 26 by
an external pipe or conduit 32 that is connected at one

30 end to the manifold 26 and.is open at a lower end below
the water level L2 of the pond 12. While a pump can be
used to pump water from the pond 12 into the conduit 32 it
is preferred that the water be displaced from the pond 12
into the tank 14 via an air lift system which incorporates

35 an air blower 34 (see Figure 1) that directs air via a
hose 36 into the conduit 32. As the air bubbles up
through the conduit 32, it lifts water within the conduit



the conbined action of gravity and centripetal force
generated by the circular flow of water, congregate on

w@2@enom surface 38 of the tank 14 and in parPCTAD2005/000927
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be drawn toward the centre of_t e_bottom surface 38. A
wast e extraction system 40 operates to renove the
solid waste fromthe tanks 14. The waste extraction
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waste pipe 44. The air lift 60 conprises a conduit 62
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waste from the tanks 14. The waste extraction system 40
comprises a gravity separator 42 mounted on an outside of
the tank 14. The separator 42 is more particularly in the
form of a cyclone or swirl separator. A .waste pipe 44 is
coupled at one end to an inlet 46 on the separator 42 and
extends for a first length 48 substantially horizontally
below the water level L1l within the tank and then extends
for a second length 50 substantially vertically along a
central axis of the tank toward the bottom surface 38. A
lower end 52 of the length 50 is open and has coupled to
it a circular flange 54 that is held above the bottom 38
by a number of short legs 56. The creates a waste
collection region 58 between.the flange 54 and the bottom
38 of the tank 14.

An air lift 60 is coupled with the separator 42 to draw
water from the tank 14 through the separator 42 wvia the
waste pipe 44. The air lift 60 comprises a conduit 62
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This further assists in preventing Soli
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bubbles up through the conduit 62 being discharged from
the end 68 and displacing with it water contained within
that part of the conduit. This generates a flow of water
from the separator 42 through the conduit 62 resulting in
a drop in the water level L3 relative to the water level
L1 in the tank 14, as shown in Figure 4. As a
consequence, water is drawn from the tank 14 through the
waste pipe 44 to the separator 42. This flow of water is
drawn in from beneath the flange 54 and carries with it
solid waste deposited on the bottom 38 of the tank 14. As
the inlet 46 is below the outlet 66 solid matter contained
within the water drawn into the separator 42 will by and
large settle to the bottom of the separator 42. Further,
the water as it enters through the inlet 46 does so
tangentially to an inside surface of the separator 42
resulting in a circular flow of water which assists in
separating the solid matter from the water. Water at or



t hrough the opening 66. In order to discharge the

waste matter accunul ated within the separator 42, a
w@emonahodi r [ift 74 is coupled with the separ ap@¥r/AG2105/000927

The air lift 74 conprises a co qﬁﬁj 76 which is

coupled to a waste discharge 09' ing 78 at a |l ower end

of the separator 42. The conduit 76 |sdgenerally in
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2 4SS odiha it el bt i e L WA e
ca&ﬁ%@qghlﬁh@(ﬁPQMﬁng &&om the separator 42 through

the waste discharge opening 78 and through the conduit
76._ Thi s rom;c rries mnt it slud e and ot her waste
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t heeheordyidratordidd,ard dduwnb s iar mMngag&d@ﬂé&aﬁm the

l 1.l h
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The waste _matter can further processed for

exSFpEEald Ypisgdide shapg ot dretihamahdaviig a U bend 80
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an a u er C | Narl.Gca | ON r |1.C
15 Dordh a8 SR Lom Bta ity SRk S Boowse 34 and
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b d II e e ,hon
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as nmuch water aspaossible fron1the Sé]l waste. This
0 waférsesnat hdpWwpef water from the separator 42 through the

waste discharge opening 78 and through the conduit 76.
This flow carries with it sludge and other waste material
collected within the separator 42. An end of the conduit
76 distant the waste discharge 78 may lead to a floating
25 waste collection box 84 as shown in Figure 5.
Alternatively, the conduit 76 may be coupled with a
reticulation system which delivers the waste material to a
location remote of the pond 12. The waste matter can then
be further processed for example to produce fertilizer or
30 methane. The separator 42 has a lower frusto-conical
portion 86, and an upper cylindrical portion 88. Frusto-
conical portion 86 assists in generating a circular flow
of water within the séparator 42 when so0lid waste is being
discharged. Only a small percentage of the pond water is
35 passed through the waste discharge 78 and conduit 76 to
minimise water loss. This loss may be further reduced by
treatment of the waste to separate as much water as



treated and returned to the pond 12 . The structure
and operation of the aquaculture system 10 is

wawwmmeiosed as follows. Firstly, the tanks 14 peDXU2®5/000927

an isolated environment wthin the pond 12 within

which to grow fish or other marine animals 18. In this
regard, the tanks 14 are inpervious so that water

camffs il fram ovhe e olifh warteur fHeks arabenfcamethen be
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tank 14. Additionally, as a consequence, substantially
all of the solid waste generated during the
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action of gravity and the circular flow of water within
the tank 14, the water discharged from the opening 28
contains only at most a very small percentage of dispersed
solid waste material. The bulk of the waste material
settles to the bottom 38. Air can be continuously |
delivered to the first air 1ift 60 which causes a flow of
water from the bottom 38 of the tank 14 into the separator
42 via the waste pipe 44. Substantially all of the solid
waste material is entrained within this flow of water.

The solid waste material is separated by the separator 42
from the water and settles to the bottom of the separator
42. Overflow water created during this process from the
separator 42 is delivered back into the pond 12 and again
substantially free of waste matter. Accumulated solid
waste and sludge can be removed from the separator from
time to time by operation of the second air 1lift 74. This
waste matter may be delivered to floating sludge boxes 84,
or more preferably discharged at a location remote of the



wast e and sl udge can be renoved fromthe separator
fromtinme to tine by operation of the second air lift
w(Q 2006001082 wast e matter may be delivered to fl oBET/AY2005/000927

sl udge boxes 84, or nore preferaply discharged at a

| ocation renpte of thepond 12 .” A sensor can Ped

rovid o0 detect when the SO|Id ter or sludge
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in Figure 1Q. The provisi g |1 ner
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fluid, conmuni cation b tmee he ta tlonal
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t heonneer/hetlterke aee aﬁhmmwdhie nverted by punplng of

air via the blower 34 between the liner 34 and the

i nside surface of the tank in which it is disposed.
Fulthieesygéeni L9 ohyvt be dpertdsoendlandsds yi merovardirgpteach
OUt gk ﬁ@p%hﬁﬁnhnslH§e@%%%ﬂ% NQn.g’§%5a§1%%g}%t%d in Figure

contents of are incorporated here
r eftl@rendBe NBRNPE&Pnaﬁfeﬁ@@d#ﬁ@ﬁﬁt@blﬁhéhnﬁnﬂ#q(ﬁﬁQﬂ%#tateS

beaﬁtdﬁa@ﬁbbeﬂahﬁeﬁgﬁﬁd oift tiel IFilke PRIRWRM ARJNAS®e tanks

ZOSklhleghhﬂng S (not shown) providing fluid communication

between the tanks. Additionally, the inversion of the
liner 90 enables easy cleaning of the liner. The liner 90
may be inverted by pumping of air via the blower 34
between the liner 34 and the inside surface of the tank in

25 which it is disposed. Further details of the operation of
this liner are set out in Applicant’s US Patent No.
6,195,812 the contents of which are incorporated here by
way of reference.

30 ©Now that an embodiment of the invention has been described
in detail it will be apparent to those skilled in the
relevant arts that numerous modifications and variations
may be made without departing from the basic inventive
concepts. For example the aquaculture system 10 may

35 comprise any number of tanks or receptacles 14.
Additionally, while the system describes the use of an air
pump or blower 34 to generate the required flows of water



rel evant arts that nunmerous nodifications and
vari ations nay be nmade w thout departing fromthe

wha®sooiomyent i ve concepts. For exanpl e the aquecT/AU2008/000927
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system 10 may conpri se any nu of tanks or

receptacles 14. Additionally, I'e the system

describes the use of an air punp or blower 34 to
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co §:|1|If§5r operates the alr llft 4 for ten minutes to

remove solid waste from the tank 14.

All such modifications and variations are deemed to be
within the scope of the present invention the nature of
which is to be determined from the above description and

appended claims.



a body of water; a liquid- inpervious receptacle
di sposed within the body of water; and, a water

WO 2d0b00uloat i on system that re-circul ates wat er PCDAURM08000927
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body of water through the receptacle and back to the
body of water. 2 . An aquacult ure System conprising: a
liquid- inpervious receptacle provided with a buoyancy
apiMRE: t 0 enable the receptacle to float in a body
of water . 3 . An aquaculture system according to
claim2 further conprising: a water, reticulation
system t%taqﬂé@%‘ﬂr‘@t‘ﬂ%t%\és%%{?

i N aMbady tée weeept acl e floats, through the receptacle

and back 1o ithe body of r . o An _aquacul t.ur

syst 21 3 clc(%r]tf[ll%egr‘fjog alf%%éﬁt%?f% %%?%‘Tg?ﬂgt‘ﬁﬂet%rse?he body of

r etwasigat iardsyst em conprises a water inlet that

di rae%asté/iﬂtfétbféﬁﬂﬁﬂﬁt%tf&ff%ég'felé‘jffc&?é‘@@é f&er from
a oW 0

generate a su

FOTRHHF H%ody of wat er

stanti y circul ar fl water in the

& of wabendthiQndturidi’ yseesrtrebe Bng hack to the

cl ¥ogay ohefeiar-t he water inlet conprises a conduit
provided with at | east one opening that directs water

substantially tangentially to an upright inside
surX.ace Zof ddiemcEicapteacdyestdn . compabgEaog] t ure system

SCR A 4 QAR B LR AOF SIS YL Fhoyancy
pl @rEanatus twpeanahje ithe eecrptdole W rékeangime dpody of

subsirgptially tangentially to the inside upright
surface of the receptacle.7 . An aquaculture system

Saccor di ng to any one of clainms 1-6 wherein the recep
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tagl.e caiprdgasd irss hargeemparddgiig acd eyRdin R therther
receptacl e above a surface |evel of the ,
comprising:

a water reticulation system that re-circulates water from
a body of water in which the receptacle floats, through
the receptacle and back to the body of water.

4, An aquaculture system according to claims 1 or 3
wherein the water reticulation system comprises a water
inlet that directs water entering the receptacle in a
manner to generate a substantially circular flow of water

in the receptacle.

5. An aquaculture system according to claim 4 wherein
the water inlet comprises a conduit provided with at least
one opening that directs water substantially tangentially
to an upright inside surface of the receptacle.

6. An aquaculture system according to claim 5 wherein
the conduit comprises a vertical manifold where the
opening is one of a plurality of openings in the manifold
directing water substantially tangentially to the inside
upright surface of the receptacle.



water in the body. 8 . An aquacul ture system accordi ng
to any one of clains 1 or 3-7 wherein the reticulation
W@ y®bemoennpri ses a wat er di spl acenent appar at BRT/ANA105/000927
di spl aces water fromthe body into the receptacle. 9 .
An aquacul ture system accordingt? o clai m8 wherein the
wat er di spl acenent apparatus conprises an air punp
that air lifts water fromthe body of water to the

recept a : ceording :

ok 0 hp ok bR ol lpCUOEEMECES S Uohe of clains
f urkHervhempin sidie reesrkael oreovmpihges | @i discharge opening
COMRING CRi&ON fHetmren-ddeh hase oéb&‘@éeé_%@ﬁfégg level of the

recept acl e d ere the punp is in flui

Sco Tat® gﬂ‘%}lﬁq&fhe conduit at a |location below the
surface of the water in the body. 11. An aquacul ture
syst em ' t V. f i 1-10 further .
coﬁ%’ri s?%go‘{a&véakgﬁe&e%] rse?g%}%)rﬁ %‘%ﬁ?%%f%% 2t PR3 <?%I claims
washt ©% rom wesreint ttiiien netul qulbapter| sysinen f eenisrides a water
V\/aiii%éiil%c%ﬂ@ﬁ BPRRAH AL thalt? di P KAAaGH] L SeSYRTER body

accor to claim1l wherein the 'waste extraction

105y A RSP RGSt e pi pe having an opening near a
bottom i nside surface of the .receptacle through which
water and waste n_be drawn to the waste sepasator. .
155 " 20 A iy (iR L AR RS chy g § wherein
whdthei nwattes: whistod asspeandt GPresrginis esopgisas tan air pump
SORAGA! Yixlds AL QUG AMEE SRR S NG: L0 Ll M
13 wherein the gravity separator 1s-a . cyclone

15 seg@cadaclss. An aquacul ture system according to any
one of clains 11-14 wherein the waste separator
conprises a water. outlet fed from an upper portion of

t he YsepaPatEIR SR FYSERMWRCSORAH FQ Hel &g at aiprein
| S tities olaafegedlifspdrcdei®ent apparatus further comprises a

conduit providing fluid communication between the body of

20 water and the receptacle and where the pump is in fluid
communication with the conduit at a location below the
surface of the water in the body.

11. An aquaculture system according to any one of claims

25 1-10 further comprising a waste extraction system that
draws solid waste from water within the receptacle and
feeds the waste to a waste separator.

12. An aquaculture system according to claim 11 wherein

30 the waste extraction system comprises a waste pipe having
an opening near a bottom inside surface of the receptacle
through which water and waste can be drawn to the waste
separator.

35 13. An aquaculture system according to claim 12 wherein
the waste separator comprises a gravity separator.



separator and returned to the body of water. 16. An
aquacul ture system according to any one of clains

wdae0dB00mer ei n the waste separator conprises aP@EAU2005/000927
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renoval conduit in conmunication with a | ower portion
of the separator through which 1BI17d waste col | ected
in the separator can be renoved, and a punp apparatus
t 0 unp AheaGwhidl Mese eSYWQmIgﬁpQ‘CWedmt ’eocoh@Iuntll ovlgerein

| ogatd (@;ra@péﬁt%éf?)mf |14 dy coppnnh gagion -y ih the

pond. aquacul ture system accordl g to any one
of claims 11-16 wherein the waste renoval system
fumsher Z0 U SES] BusE NS t S0l a SENEd NGy W NasP| bile of claims

t.he s rat or_reaches a set guantjty and
>aut olrra]tdqca ?relolga?l'é?l% % T S p ar SRt ‘T’%s FuniP e outlet
solfiefl viasme armhruppgr thercionwf the tdepdoatdt orthrdggh which

Al it t
(R R I SRRE O o A O Gn S

cr@@@@&qlbrﬁnqgfewrf&éﬂjd@ltthﬁ dagptemwredfding to
any one of clains 1-18 wherein the receptacle further

co ises an i nv tibIeIinervvithiéltheouter
ﬁ%{, L. aquaculture system according to any one of claims

11-15 wherein the waste separator comprises a waste
removal conduit in communication with a lower portion of
the separator through which solid waste collected in the
separator can be removed, and a pump apparatus to pump the
solid waste through the waste conduit to a location
isolated from fluid communicétion with the pond.

17. An aquaculture system according to any one of claims
11-16 wherein the waste removal system further comprises a
sensor for sensing when solid waste in the separator
reaches a set quantity and automatically operating the
pump apparatus to pump the solid waste through the conduit
to the location.

18. An aquaculture system according to any one of claims
1-17 wherein the receptacle has a circular cross-section.

19. An aquaculture system according to any one of claims
1-18 wherein the receptacle. further comprises an
invertible liner within the outer structure.



