1 WATER TREATMENT SYSTEM 5FIELD OF THE INVENTION THIS INVENTION relates to
the treatment of water in order to eliminate aquatic organisms present in the water by
destroying these organisms or reducing their numbers to the point where they are unviable as
colonies. The invention has particular application in the treatment of ballast water carried by
ships, which may give rise to 10undesirable environmental effects when discharged into seas
or lakes distant from the sites where water was takefn on board. 15BACKGROUND TO THE
INVENTION Modern ships generally carry ballast water in tanks within their hulls to balance
and stabilise the ship and to promote its manoeuvrability. As cargo is taken aboard and settles
the ship in the water, ballast water is discharged. Likewise, when cargo is offloaded , ballast
water is punvpAd HROIMRE AN TaBKS Id-Maintain the desired 20equilibrium. It is well known
that, because the volumes of water pumped in and out of ships on this basis are large, arid
because numerous species of organisms inhabit the waters in which ballast water is taken
aboard and discharged, there has been a long history of the release into both seawater and
fresh water of alien species, often taken from a distant

5 FIELD OF THE INVENTION

THIS INVENTION relates to the treatment of water in order to eliminate aquatic
organisms present in the water by destroying these organisms or reducing their
numbers to the point where they are unviable as colonies. The invention has particular
application in the treatment of ballast water carried by ships, which may give rise to
10 undesirable environmental effects when discharged into seas or lakes distant from the

sites where water was taken on board.

16 BACKGROUND TO THE INVENTION

Modern ships generally carry ballast water in tanks within their hulls to balance and
stabilise the ship and to promote its manoeuvrability. As cargo is taken aboard and
settles the ship vin the water, ballast water is discharged. Likewise, when cargo is off-
loaded, ballast water is pumped into the ballast tank; to maintain the desired

20 equilibrium.

It is well known that, because the volumes of water pumped in and out of ships on this
basis are large, and because numerous species of organisms inhabit the waters in
which ballast water is taken aboard and discharged, there has been a long history of the

release into both seawater and fresh water of alien species, often taken from a distant



2 location. These organisms range from minute plankton species to sizeable pelagic fishes,
and include various pathogenic bacteria and micro-organisms (protozoa), present at all stages
of their breeding cycle. Some of them have few natural predators in the waters in which they
arrive, and if they find a suitable food source in these waters 5 they rapidly colonise their new
territory and may begin to dominate it They may thus become a pest and a threat to the
stability of the ecology of their new habitat. The prolglem is recognised worldwide as a serious
threat to the aquatic environment, and the International Maritime Organisation ("IMO")
concluded aldreaiynin Fetarsmry 2004wehishouilirbaventhetefieotiab regpiriivg shipiovanessiiol dgke
rigorous and systematic 10 steps to sterilise the ballast water in their vessels. The treaty is in
the course distatification jrenheiconerietes ppevisigasiceganting thedechrologies e gppliecbm),
implementing it are still under consideration. The applicant previously filed South African
patent applitatien hahital 20501 04730 Es pdntistied GoBMAYRODTasderWeEUral predators
2007/049139), describing a ballast water treatment system based on cavitation in combination
with chemicHl BIs¢@a sctivity datisacPhyvenriifhie thRY GiHer YHSISIRILR BT By Bleapsysiéers
and the introduction of ozone. Although each of these processes individually is known for use

in thetreatntBAY SFHIAIASE WAIRS [3HE W46 86 MM PSR GAC SOOBIEA T3 WASHIEE WS

20combination disclosed therein was not known, and the effects of the interactions petween
these procegggg'Vv%r%%%t[l?ﬁ t%rre&ﬁgé Fo%@.b%{]y OP‘S‘:G eco‘ogy o?%e:r new aglpa?.

The problem is recognised worldwide as a serious threat to the aquatic environment,
énd the International Maritime Organisation (“IMO”) concluded a treaty in February
2004 which will have the effect of requiring ship-owners to take rigorous and systematic
10 steps to sterilise the ballast water in their vessels. The treaty is in the course of
ratification, and concrete provisions regarding the technologies to be applied in

implementing it are still under consideration.

The applicant previously filed South African patent application number 2005/10473
15 (published on 3 May 2007 under WO 2007/049139), describing a ballast water
treatment system based on cavitation in combination with chemical biocidal activity
caused by chlorine and other gases produced by electrolysis and the introduction of
ozone. Although each of these processes individually is known for use in the treatment
of ballast water, and was so af the date on which 2005/10473 was filed, the
20 combination disclosed therein was not known, and the effects of the interactions

between these processes were not known or undersfood.



3 BRIEF DESCRIPTION OF THE INVENTION According to a first aspect of the invention,
there is provided a method of treating ballast water onboard a ship, the method comprising
drawing water into an inlet in piping provided onboard the ship from a body of water in which
the ship is located (typically, although not essentially, from a sea chest in fluid communication
with the body of water), passing the water along the piping and through a cavitation-causing
reactor, configured to cause cavitation in the water ag it passes through the reactor, and 10
discharging the water through the piping into a ballast tank in the ship; the method being
characterised in that the water is caused to flow through the piping by means of a pump
situated in line along the piping, downstream of the cavitation-causing reactor. According to a
second aspé&dtieiitheEHavdtittanOtNgpe ishraWdédNa iIfadthod of treating ballast water onboard a
ship, the method comprising:- pumping the water through a reactor; electrolysing the water in
the reactor so as to introduce sodium hypochlorite into the water in a quantity of between 0.4
and 1.0 milligrams per litre of water passing through the reactor; and causing the water in the
reactor to cAVIGRE! DOCRAVEIRS 6 BAH AR theimlpiRyif aher@ Brboidep i bmics!

of treating ballast water onboard a ship, the method comprising: pumPing water having therein
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water), passing the water along the piping and through a cavitation-causing reactor,
configured to cause cavitation in the water as it passes through the reactor, and
10 discharging the water through the piping into a ballast tank in the ship; the method
being characterised in that the water is caused to flow through the piping by means of a

pump situated in line along the piping, downstream of the cavitation-causing reactor.

According to a second aspect of the invention, there is provided a method of treating
15 ballast water onboard a ship, the method comprising:- pumping the water through a
reactor; electrolysing the water in the reactor so as to introduce sodium hypochlorite
into the water in a quantity of between 0.4 and 1.0 milligrams per litre of water passing

through the reactor; and causing the water in the reactor {o cavitate.

20 According to a third aspect of the invention, there is provided a method of treating
ballast water onboard a ship, the method comprising: pumping water having therein a
concentration of living organisms from a body of water in which the ship is situated;
reducing the concentration of living organisms to meet the criteria laid down in

Regulation D-2 of the Annex “Regulations for the control and management of ships’



The water may be pumped through the reactor at a volumetric flow rate of between 160 and
320 M3 per hour, and preferably at about 280 m3 per hour. Alternatively, in the case of a
larger reactor, the water may be pumped through the reactor at a volumetric flow rate of
between 450 and 1000 m3 per hour, and preferably at about 640m3 per 10hour. The water
may be pumped through the reactor at a mean velocity of between 2 and 3.5metres per
second, and preferably at about 3metres per second,  The electrolysis reaction may be
configured to produce sodium hypochlorite in a quantity of between 0.4 and 1.0 milligrams per

litre, and prefarabininagHantity ah:htd Smilligrants pandire ol twatarm Addidionally; bzaneonay
be introduced into the water. The ozone may be introduced into the water in a quantity of
between 0.00% and:01d gapétatitrejtanrccprefénabbyninfaaianiity afdbeut0104g; peditheciteying
ozone may be generated onboard the ship, 20 preferably by way of corona discharge ozone
generation. fiteineative lyathe iotpnéalagidedeneratddHsywwagedf ultraviolet or other known
ozone generation methods. Preferably, the ozone is introduced into the water before the water
is caused to cavitate, 5 distance of between 2 and 3 metres along the course of its flow
through the reactor. The water may be caused to cavitate, whether continuously or
intermittently, for a period of between 1 seconds and 5 seconds, and preferably for about 5

seconds. ‘ :
The water may be pumped through the reactor at a volumetric flow rate of between 160

and 320 m® per hour, and preferably at about 280 m” per hour. Alternatively, in the
case of a larger reactor, the water may be pumped through the reactor at a volumetric
flow rate of between 450 and 1000 m® per hour, and preferably at about 640m° per
10 hour. The water may be pumped through the reactor at a mean velocity of between 2

and 3.5metres per second, and preferably at about 3metres per second.

The electrolysis reaction may be configured to produce sodium hypochlorite in a
guantity of between 0.4 and 1.0 milligrams per litre, and preferably in a quantity of 0.5

15 mifligrams per litre of water.

Additionally, ozone may be introduced into the water. The ozone may be introduced
into the water in a quantity of between 0.001 and 0.1 g per litre, and preferably in a
quantity of about 0.01g per litre. The ozone may be generated onboard the ship,
20 preferably by way of corona discharge ozone generation. Alternatively, the ozone may
be generated by way of uliraviolet or other known ozone generation methods,

Preferably, the ozone is introduced into the water before the water is caused to cavitate.

The water may be caused to cavitate, whether continuously or intermittently, for a



SAccording to a further aspect of the invention, there is provided apparatus configured for
treatment of ballast water in a ship, comprising a cavitation-causing reactor, configured for
generating cavitation in water flowing therethrough, located in line in piping extending
between a sea chest and ballast tank of the ship, and a pump for pumping the water along the
piping from the sea chest to the ballast tank through the 10cavitation-causing reactor; the
apparatus being characterized in that the pump is logated in line along the piping, downstream
of the cavitation-causing reactor. 15According to a further aspect of the invention, there is

provided appasatbsconfigiwedfar tieatmeantet kadagtiwaterina shig, tomprisinghakeactadtor,
suitable to be placed in line in piping extending between a sea chest and ballast tank of the

ship, the reactor inaladingatleasicre paicaficlectrodesheonfigtirec felyetectroysiig matefor a
flowing from the sea chest to the ballast tank through the reactor, and means for inducing
cavitation 2QistiothefflostirrgewateecThesmedrfs Socondacimyqavtatioryriensineil deseadations
in diameter in conduits in the reactor, and vanes, plates and / or other obstructions placed in
the flow path of the water and calculated to induce cavitation. .1he apparatus may
additionally comprise a filter, suitable for removing particulate matter from the water. 5The

reacto? may CERPAGE LpiiRg or PReALRESh e AAYPHEHUIR G 8 (oG Hifs! siP BBl configured

for treatment of ballast water in a ship, comprising a cavitation-causing reactor,
configured for generating cavitation in water flowing therethrough, located in line in
piping extending between a sea chest and ballast tank of the ship, and a pump for
pumping the water along the piping from the sea chest to the ballast tank through the
10 cavitation-causing reactor; the apparatus being characterized in that the pump is

located in line along the piping, downstream of the cavitation-causing reactor.

15 According to a further aspect of the invention, there is provided apparatus configured
for freatment of ballast water in a ship, comprising a reactor suitable to be placed in line
in piping extending between a sea chest and ballast tank of the ship, the reactor
including at least one pair of electrodes configured for electrolysing water flowing from
the sea chest o the ballast tank through the reactor, and means for inducing cavitation

20 into the flowing water.

The means for inducing cavitation may include variations in diameter in conduits in the
reactor, and vanes, plates and / or other obstructions placed in the flow path of the

water and calculated to induce cavitation.



one pair of electrodes configured for electrolysing water flowing from the sea chest to the
ballast tank through the reactor; means for inducing cavitatiOn into the flowing water; or ozone
injecting means. 10The reactor may comprise a plurality of such modules, connected to one
another in series.  Alternatively, where useful as a result of space or other constraints, the
reactor may comprise a plurality of such modules, connected in series with a section of pipe
15connecting one of such modules to another of sugh modules. According to further aspect of
the invention, there is provided a kit, comprising a plurality of such modules configured for
assembly into a reactor as defined hereinabove. 20 According to another aspect of the
invention, there is provided apparatus comprising a plurality of reactors as described herein,
connected i paraltebvidia mayifalth itiv sabtionrop péeing e reiniableater treatvieot protessis
applied, be that electrolysis, direct injection of biocidal gas, or cavitation. The applicant
intends that theite frovebdsewderapplied in combination, and thus generally refers to a
"reactor" as a single unit in which more than one of these processes are applied. However, in
the case of a

5 The reactor may comprise a plurality of modules, each module including one of: at least
one pair of electrodes configured for electrolysing water flowing from the sea chest fo
the ballast tank through the reactor; means for inducing cavitation into the flowing water:;

or ozone injecting means.

10 The reactor may comprise a plurality of such modules, connected to one another in

series.

Alternatively, where useful as a result of space or other constraints, the reacior may
comprise a plurality of such modules, connected in series with a section of pipe

15 connecting one of such modules to another of such modules.

According to further aspect of the invention, there is provided a kit, comprising a
plurality of such modules configured for assembly into a reactor as defined
hereinabove.

20
According to another aspect of the invention, there is provided apparatus comprising a

plurality of reactors as described herein, connected in parallel via a manifold.

The term “reactor” in this specification is used o denote a system located in line along a



5 modular arrangement as described in this specification, where each module constitutes a
"reactor" as herein defined, references to a "reactor” in the singular should be understood as
references to a combination of such modules. Also, it should be understood that reference to
a "cavitation-causing" reactor is intended to refer to a reactor configured to cause cavitation in
water flowing through that reactor; and as 10such, a "cavitation-causing reactor" as referred to
herein may or may not additionally include means foy applying electrolysis, or the direct
injection of biocidal gas, 15BRIEF DESCRIPTION OF THE DRAWINGS In the accompanying
drawings: FKzcllissasehsmatichepiaseniationehansatertreatngnb systemief thet isventionsis,

installed for shipboard use, 20FIG. 2is a side view of the reactor of the invention. FIG. 3is a
side view of dheateaetciicof &flaidcishowas janghuditally $SeetigmddarB intends that these processes
be applied in combination, and thus generally refers fo a “reactor” as a single unit in
whic}h more than one of these processes are applied. However, in the case of a
5 modular arrangement as described in this specification, where each module constitutes
a “reactor” as herein defined, references to a “reactor” in the singular should be
understood as references to a combination of such modules. Also, it should be
understood that reference to a “cavitation-causing” reactor is intended to refer to a
reactor configured to cause cavitation in water flowing through that reactor; and as

10 such, a “cavitation-causing reactor” as referred to herein may or may not additionally

include means for applying electrolysis, or the direct injection of biocidal gas.

15 BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a schematic representation of a water treatment system of the

invention, installed for shipboard use.

20 FIG. 2 is a side view of the reactor of the invention.

FIG. 3 is a side view of the reactor of FIG. 2, shown longitudinally sectioned.

FIG. 4 is a perspective view, on a reduced scale, of the reactor of FIG. 2.



FIG. 5is a perspective view of a first module of the reactor of FIG. 2. FIG. 6is a perspective
view, on a reduced scale, of a second module of the reactor of FIG. 2, including an exploded
view. FIG. 7is an end view of a third module of the reactor of FIG. 2. 5FIG. 8is a sectioned
side view of the third module shown in FIG. 7. FIG. 9is a perspective view of he third module
shown in FIG. 7. FIG. 10is a perspective view of the fourth module of the reactor shown in
FIG. 2. FIG.s 10A, B and C are sets of views of alter@ative embodiments of fourth modules,
being alternative to that shown in FIG. 10. 10FIG. 11is a block diagram of an electrical control

panel for thergystem shownin &G ediiid Gicllls anieyiing deavingobiieklectrical gontrol
panel module of FIG. 8.

FIG. 6 is a perspective view, on a reduced scale, of a second module of the

reactor of FIG. 2, including an exploded view.

FIG. 7 is an end view of a third module of the reactor of FIG. 2.
5 FIG. 8 is a sectioned side view of the third module shown in FIG, 7.
FIG. 9 is a perspective view of the third module shown in FIG. 7.
FIG. 10 is a perspective view of the fourth module of the reactor shown in FIG. 2.

FIG.s 10A, B and C are sets of views of alternative embodiments of fourth modules,

being alternative to that shown in FIG. 10.

10 FIG. 11 is a block diagram of an electrical confrol panel for the system shown in
FIG. 1.
FIG. 12 is an outline drawing of the electrical control panel module of FIG. 8.
FIG. 13 is a schematic representation of an alternative embodiment of a water

treatment system of the invention, installed for shipboard use, configured

15 for a ship having a pair of ballast tanks.

FIG. 14 is a table setting out the results of tests performed by the applicant.

DETAILED DESCRIPTION OF THE DRAWINGS




FIG. 13is a schematic representation of an alternative embodiment of a water

treatment system of the invention, installed for shipboard use, configured 15for a ship having
a pair of ballast tanks. FIG. 14is a table setting out the results of tests performed by the
applicant. DETAILED DESCRIPTION OF THE DRAWINGS 9 The apparatus illustrated in
FIGS 1 -- 12 is a preferred embodiment of a water treatment apparatus suitable for treating
the ballast water of a typical seagoing ship with con\gantional ballast tanks and a conventional
ballast water pump. The apparatus is intended as an efficient, cost-effective system designed
to meet the requiiepeisof MM Resolaion MERECHF 24 rdhenanRakaitstomMpIHSeScatment
reactor 1 connected into piping 100 extending between a sea chest 101 and one or more
ballast tanks:pR2ratik isterdbe:ship.tAebadasthwaleriast water of a typical seagoing ship with

10

20

conventional ballast tanks and a conventional ballast water pump. The apparatus is
intended as an efficient, cost-effective system designed to meet the requirements of

IMO Resolution MEPC 53/24.

The apparatus comprises a reactor 1 connected into piping 100 extending between a
sea chest 101 and one or more ballast tanks 102 built into the ship. A ballast water
pump 103 is also connected into the piping 100, preferably downstream of the reactor

1.

The reactor 1 is automatically controlied from an electrical control panel module 200,

which is connected to one or more remote monitoring units 201.

The applicant is currently testing two models of the reactor 1 - to suit installation in
ships with 6-inch (15.2 cm) and 10-inch (25.4 cm) ballast water pipe systems
respectively. (Differences between the two models are not generally significant, and
except as pointed out, or would otherwise bé understood by the skilled addressee, a
distinction is not drawn between the models in this specification.) The amount of ballast
water per hour that can be treated is dependent on model of reactor installed. FFor
example, a 6-inch reactor can treat up to 320 m° of ballast water per hour whereas a

10-inch reactor can treat up to 640 m® per hour.



pump 103 is also connected into the piping 100, preferably downstream of the reactor 10 The
reactor 1 is automatically controlled from an electrical control panel module 200, which is
connected to one or more remote monitoring units 201. 15The applicant is currently testing
two models of the reactor 1 - to suit installation in ships with 6-inch (15.2 cm) and 10-inch
(25.4 crn) ballast water pipe systems respectively. (Differences between the two models are
not generally significant, and except as pointed out, ot would otherwise be understood by the
skilled addressee, a distinction is not drawn between the models in this specification.) The
amount of ballast 20 water per hour that can be treated is dependent on model of reactor
installed. For example, a 6-inch reactor can treat up to 320 m3 of ballast water per hour
whereas a 10-inch reactor can treat up to 540 m3 per hour. 10 The automatic operation and
remote monitokrag elowtithershigisrceew torsotstimaee iith theipwohaaiiasksraiile palldstwatdh

operations are in progress. In addition, the relatively small size makes the system an ideal
choice for refii6fit Bperaicaska while ballast water operations are in progress. In addition, the

relatively small size makes the system an ideal choice for retrofit operations. A
5 combination of reactors can be installed into a manifold, to upscale the output capacity
of the reactor to the treatment rate capacity to suit the capacity of the ballast pumps
installed on board a particular ship. Modular construction also allows modules of the |

reactor to be separated so as to permit installation in non-contiguous ar awkward

spaces.
10
The reactor 1 operates u'sing three processes, namely:
introduction of ozone;
electrolysis; and
cavitation.
15 In the system of the invention, the ordinary operation of these processes requires only

energy produced onboard the ship, and requires no input materials other than the air

about the ship and water being treated itself.

Ozone is known fo have biocidal properties, particularly in attacking cell walls, and has

long been used in disinfection of potable water.



5 combination of reactors can be installed into a manifold; to upscale the output capacity of
the reactor to the treatment rate capacity to suit the capacity of the ballast pumps installed on
board a particular ship Modular construction also allows modules of the reactor to be
separated so as to permit installation in non-contiguous or awkward spaces. 10 The reactor 1
operates using three processes, namely: introduction of ozone; - electrolysis' and cavitation.
15In the system of the invention, the ordinary operation of these processes requires only
energy produced onboard the ship, and requires no input materials other than the air about

the ship andpaigrisivatieatestitselh Dzenedsdiaymade Havedyogidialjeropaiasdeartivsiagy
in attacking cell walls, and has long been used in disinfection of potable water. 11
as particularly sodium hypochlorite and limited quantities of trihalomethanes and
bromoform. Sodium hypochlorite particularly is known to have biocidal properties.

Additionally, the electrical current induced into the water is believed to have a

5 detrimental effect on certain organisms.

Further, the introduction of gases into the stream of ballast water before cavitation is

believed to enhance the cavitation and its effects.

10 The term “cavitation” refers to the formatio‘n of vapor- or gas-filled cavities in liquids, and
includes the familiar phenomenon of bubble formation when water is brought to a boil
under constant pressure and the effervescence of champagne wines and carbonated
soft drinks due to the diffusion of dissolved gases. In the present invention, however,
the cavitation involved is caused by localized pressure reductions produced by the

15 dynamic action of the flowing ballast water without change in ambient temperature.
Cavitation in this context is characterized by an explosive growth and occurs at suitable

combinations of low pressure and high speed in pipelines.

Additionally, the preferred embodiment of the invention also includes a filter 104,

20 located in line along the piping 100 before the ballast water enters the ballast tanks 102.



Electrolysis of seawater produces various gases such as hydrogen and oxygen, as well as
particularly sodium hypochlorite and limited quantities of trihalomethanes and bromoform.
Sodium hypochlorite particularly is known to have biocidal properties. Additionally, the
electrical current induced into the water is believed to have a detrimental effect on certain
organisms. Further, the introduction of gases into the stream of ballast water before cavitation
is believed to enhance the cavitation and its effects.,10The term "cavitation refers to the
formation of vapor- or gas-filled cavities in liquids, and includes the familiar phenomenon of

bubble formatien-whes, waler is Arpuahtiie 2 baikkmndan sepstantRressure anddbesteel or from
effervescence of champagne wines and carbonated soft drinks due to the diffusion of

dissolved gasegolRdhe prarentinyamiafeheveven: the savitationibyalved it causestibys three
localized pressure reductions produced by the 15 dynamic action of the flowing ballast water

without changednlambient fiesnpexiily e 0Cayiationd miis lectiiexs is chanacidd 7€) byraa fourth
explosive growth and occurs at suitable combinations of low pressure and high speed in
pipelines. AdditibrialB)thé prefervdd ensbodimante dftithininethatiorsmig dVimglaties|esiltgieedaolts,
12 The reactor 1, as shown in FIG. 2, is manufactured from 316L stainless steel or from any

other Mmaterizighatsaracitesprpieforbaldeterbebt pilseitds sahibverpritbsghrater dwinga!
i.e. a first module 300, a second module 400, a third module 500 and a fourth module 600.
Each modulé9'€anheertf (! sieyushiinan Giainleds'stedt BonsClS WashE s MR Mits!

(not shown). Watertight integrity is achieved by fitting water/chemical resistant gaskets (not
shown) bet R HRIPRBILIE CoHHetanto LR o %’fHmé?mwafaw}%b%%iwwam

standard flanges at the inl 1 and outlet 601 to the reactor 1 respectively, Water/chemica
osistant gack RS e S A B THE L AN T S A She Weldo i !

tested 0 Spafi PIOSSHIeS ALIS TIPSR 940803 S, CoMPRHALY, 200 LORIBIN Res t

IMO requireme
10 ensure compatibility and conformity to IMO requirements.

The internal surfaces of the reactor are treated with a ceramic spray-on epoxy type

coating. The purpose of the protective coating is threefold:

- To protect the interior surfaces of the reactor from corrosion caused by seawater;

15 - To protect the inside surfaces from damage caused by cavitation generated

within the system; and

To assist with the freatment of ballast water by generating a piezoelectric force

that aids the working of the reactor.

The ozone gas is fed into the first module 300. Each of the first module 300 and the
20 second module 400 has a bank of five electrodes (the electrodes not shown, but
located in electrode housings 302, 401). The second module 400, the third module

500, and the fourth module 600, each include cavitation plates 403, 413, 603, and each



The internal surfaces of the reactor are treated with a ceramic spray-on epoxy type coating.
The purpose of the protective coating is threefold: - To protect the interior surfaces of the
reactor from corrosion caused by seawater; 15- To protect the inside surfaces from damage
caused by cavitation generated within the system and - To assist with the treatment of ballast
water by generating a p ezoelectric force that aids the working of the reactor. The ozone gas
is ted into the first module 300. Each of the first moqléle 300 and the 20 second module 400
has a bank of five electrodes (the electrodes not shown, but located in electrode housings

302, 401). Theigecend osude 40d1hedhid medyle &Q0: 3@ the dosthiagsdule H08, egsh for
include cavitation plates 403, 413, 603, and each 13 of the second module 400 and the fourth

module. 000thaversave poiRiss402B02fanthe canmactianofsensrsh(pkt@nchmales can be
salinity) and from which water samples can be taken if required. 5The first module 300, as
shown particakatyiindel@rebl, is connected to the piping 100 by

10

20

The first module 300, as shown particularly in FIG. 5, is connected to the piping 100 by
means of flange 301. The first module 300 has an inlet section 303, having a diameter
corresponding substantially to'the diameter of the piping 100. The inlet section 303 is
provided with an ozone gas inlet 304, operatively connected to the ozone gas generator
202. The ozone gas is infused into the ballast water by means of a Venturi injector (not
shown). Following the inlet section 303, the first module 300 has an electro-chemical
reactor section 305, wherein electrolysis takes place. At an upstream end thereof, the
electro-chemical reactor section 305 has an annular plate 306 extending outwardly from
the inlet section 303. Downstream of the inlet section 303, the electrochemical reactor
section 305 has a cylindrical wall 307 extending from the annular plate 306, defining a
manifold section 308 of increased diameter relative to that of the inlet section 303.
Continuing downstream, the electro-chemical reactor section 305 has a central pipe
section 309 and five, peripherally spaced, electrode housing pipe sections 302, all in
fluid communication with the manifold section 308.  First annular plate 306 is provided
with ports (not shown), spaced evenly thereabout, and corresponding in location to the
electrode housing pipe sections 302. Each of the ports is provided with a
corresponding electrode mounting plate (not shown), fitting into the port, to which one or
more electrodes (not shown) is mounted. [n operation, with the electrode mounting
plates fitted into the ports, the electrodes extend along the electrode housiﬂg pipe

sections 302. This arrangement of the electro-chemical reactor section renders the



means of flange 301. The first module 300 has an inlet section 303, having a diameter
corresponding substantially to the diameter of the piping 100. The inlet section 303 is provided
with an ozone gas inlet 304, operatively connected to the ozone gas generator 202. The
ozone gas is infused into the ballast water by means of a Venturi injector (not 10 shown).
Following the inlet section 303, the first module 300 has all electro-chemical reactor section
305, wherein electrolysis takes place. At an upstream,end thereof, the electro-chemical
reactor section 305 has an annular plate 306 extending outwardly from the inlet section 303.
Downstreamg dhedBletseaiipnc383s e plecinshamical igactonsediien 30 hasaeyindreat
wall 307 extending from the annular plate 306, defining a 15 manifold section 308 of
increased diametetrelativede thaigef 3he intelisgoliaos3lB. Crstinviag dawriaiieasmthenication
electro-chemical reactor section 305 has a central pipe section 309 and five, peripherally
spaced, electrodeiusingrpipesseatians BB2aad thdlaldotamenumicatippipdthdbgomasidald
section 308. First annular plate 306 is provided with ports (not shown), spaced evenly
thereabout, and corresponding in location to the 20 electrode housing pipe sections 302. Each
of the ports is provided with a corresponding electrode mounting plate (not shown), fitting into
the pod, to which one or more electrodes (not shown) is mounted. In operation, with the
electroge moyniing plates fied. g Rotls, the slgclrodes, sxtend along (ne sleqliode o
housing pipe sections 3 2 his arrangemenfoeft e electraiichernical reactor Section rendeérs

the 14 electiodes; readily agcassible:for maiptenance woskoThe fitst madule 300 hagat its g

downstream end a flange 310, having orifices 311 therein allowing fluld communication from

the central pipgseeHoM3O%ans the: eleciinde hersiRoBpaRecions 303 daitne SRAATLY with a

module 400 includes a cavitation chamber 404 and a further electro- chemical reactor 405.

The second medided@Ghasoanddasiieanhenesfiane aaownstreamant 404 Mdheo4 has a

upstream end 406, the second module is provided with a flange 408, for connection to the first
module 300, clfiedravitatiaticchernbies g hdmmsidindugalyseeiiontdd s, draldhigsadiiani#ienf the
roughly that of the manifold section 308 of the 10 first module 300. Following the cylindrical
sectidf 409, fing cavitdtidii chanberddth hasmdrustibscomiced 82 ciec4tidaidecobasihg i 04 has
diameter to meet a reduced diameter pipe section 411, having a diameter corresponding to
the diameteréofrtiséopsingal Geciinside the eergastion ichambeieaibel sesshgedctialedeoipe
provided with four rods 412, extending parallel to a longitudinal axis of the second module
400, on whictaFeTbUhtBAVE paIFEIValRE pratesrerdiBadrdatiaretiitltiba plales UY3. mriste
vane plates 412 have a set of blades about their peripher&inclined SO as in operation to

impart a helildf SRR PaSERG RFAEP AT HPCSRAGRIORYES 4003 5 LEnddRHiv EIGO B daeR 412
compriseaplafg with a plurality of small orifices, T_ubu[la spacers 414 are also provided, for

seting the pESITBHL S A\ Rhe pradee 15 kil BB Bl PE e oS G SbMheTodd W2 are

15 mounied a pair of vane plates 413 and a pair of cavitation plates 403. The vane plates

412 have a set of blades about their periphery, inclined so as in operation to impart a

helical swirl to passing water. The cavitation plates 403 as shown in FIG. 6 each

comprise a plate with a plurality of small orifices. Tubular spacers 414 are also

provided, for setting the positions of the vane plates 412 and cavitation plates 403 along

20 the rods 412,

In the wall of the cavitation chamber 404, there is provided an outlet 402 for monitoring

purposes.



In the wall of the cavitation chamber 404 there is provided an outlet 402 for monitoring
purposes. 15 The further electrochemical reactor 405 of the second module 400 is
substantially the same as the electro-chemical reactor 305 of the first module 300. 5The third
module 500 comprises an extended tube defining a cavitation chamber, corresponding in
diameter to cylindrical section 409. The third module 500 includes a set of cavitation plates
501. In the embodiment shown, these comprise an agay of angled sections. Although shown
with the apex of the angle sections pointing upstream, experiments by the applicant have
shown that cavitation plates of this kind 10are more effective when reversed, with the apex
pointing downstream. The fourth module 600 comprises a cavitation chamber 604,
substantially similar to the cavitation chamber 404 of the second module 400, and is provided
at each end Withfarflarigaca0s, §08 fontomutctidittoithe tird nuodelduE000and pipisg0aly the
respectively. The fourth module 600 is also provided with an outlet 602 for monitoring
purposes. ARérhativeleeblediraciiteoftiéfaiah ol atk showdie PS.s 10A, R and C,
these alternative embodiments have differently configured cavitation plates. It will be
appreciated that various configurations of cavitation plates described in this

5 The third module 500 comprises an extended tube defining a cavitation chamber,
corresponding in diameter to cylindrical section 409. The third module 500 includes a
set of cavitation plates 501. In the embodiment shown, these comprise an array of
angled sections. Although shown with the apex of the angle sections pointing
upstream, experiments by the applicant have shown that cavitation plates of this kind

10 are more effective when reversed, with the apex pointing downstream.

The fourth module 600 comprises a cavitation chamber 604, substantially similar to the
cavitation chamber 404 of the second module 400, and is provided at each end with a
flange 605, 606 for connection fo the third module 500 and piping 100 respectively.

15 The fourth module 600 is also provided with an outlet 602 for monitoring purposes.

Alternative embodiments of the fourth module are shown in FIG.s 10A, Band C. these
alternative embodiments have differently configured cavitation plates. It will be
appreciated that various configurations of cavitation plates described in this

20 specification might be used in any of the molecules designed to induce cavitation.



20specification might be used in any of the molecules designed to induce cavitation. 16 The
system uses a BallastSate BSFcH-1.0 filtration system 104 to remove particles, bodies and
organisms from the water. Ballast water is passed through the filter 104 from the ballast pump
103. The filter 104 may be fitted at any position in the pipe prior to any branch in the pipe and
before it enters the ballast water tank 102. The filtration 5 system 104 can connect to the
ballast water pipe work 100 either by means of stan% rd flanges or specific pipe couplings.
The ballast water enters the filtration system 104 through the inlet pipe and passes first

through a coprse sereen, foJemave any laraedparticles and thea,gHaiba fine-se588 articies,

preferably 40 micron. Cleaning of the screens is carried out as follows: 10Coarse screen is

flushed on receiptof fyshing command (receannendpd evais fouHRoLES) thrbiifh SEeeRGaD4
be flushed either on receipt of flushing command (recommended every two hours) or when a

preset differepfialtpecssuse: aciapsiing stieends dateciodlfieatiiier sekasfushed fipmpher
filter screens can be pumped directly overboard. A block diagram of the electrical control
panel module»20{ isrshowm ihé KHeldnd befequipenéent afi¢henttactiasd tanttdizanEheniddalion
200 comprises a programmable logic
5 system 104 can connect to the ballast water pipe work 100 either by means of standard
flanges or specific pipe couplings. The ballast water enters the filtration system 104
through the inlet pipe and passes first through a coarse screen to remove any large

particles and then through a fine screen, preferably 40 micron. Cleaning of the screens

is carried out as follows:

10 - Coarse screen is flushed on receipt of flushing command (recommended every

four hours).

Fine screen can be flushed either on receipt of flushing command
(recommended every two hours) or when a preset differential pressure across

the screen is detected.

15 The “filter cake” flushed from the filter screens can be pumped directly overboard.

A block diagram of the electrical control panel modute 200 is shown in FIG. 11. The
equipment of the electrical controj panel module 200 comprises a programmable logic
controller (“PLC") 203, control switchgear 204, a rectifier 205, and a pair of ozone
20 generators 202, with chillers to control and maintain ozone output and temperature.
The electrical control panel module 200, is housed in a marine approved waterlight
electrical box. The electrical supply to the electrical control panel module 200 shouid be

routed via the control switchgear of the ballast water pump 103 that it operates in



controller ("PLC") 203, control swltchgear 204, a rectifier 205, and a pair of ozone 20
generators 202, with chillers to control and maintain ozone output and temperature. The
electrical control panel modulo 200, is housed in a marine approved watertight electrical box.
The electrical supply to the electrical control panel module 200 should be routed via the
control switchgear of the ballast water pump 103 that it operates in 17 conjunction therewith.
Adopting this configuration ensures that the system is operational immediately the ballast
water pump 103 is started. The PLC 203 controls th«yworking cycle and manages all

monitoring a@&g@gﬁgg tﬁg;éumf/&%%_ ﬁr?ge&ﬂr&-&ﬁgﬁ%@&%e%&m5;@@%@9&@9%@%%@a%lbnau

{
aspects of the r tputs available from the PLC enable real-time running an

individual reagtar apmpeneNt senditions: o he,cannrRatedioia forabPE 206 dhnsaamingorking

complete monitoring of the reactor 1. Electrode condition, water temperature, reactor

operational stateant ballastwater flewidHepse @lsarmenitosad vis the RiL6t208 andrecorded
on the PC 206. The PLC 203 can monitor up to eight analogue loops and 16 digital inputs:

allowing indivisluabiusersciOreguitenantsiebe bandedadothe exeptiefdagitsithe RhE208.C
initiates audio and visual warnings which are displayed or sounded at the remote monitoring
units 201. Thesswoaldedocated femexariple; b the eactopinstatl atbotinrthébatlashoentrol
room and on the bridge. Actions in response to these warning messages, e.g. emergency
stopping of the selitel, Rypalss: biesardiaving divsuplefieomahicobaast doatreresFrodbmEdectrode
bridge using the remote monitoring unit controls 201. If required, the PLC 203 can link into

existing ballast\Witen conleo oot eidisitsearilao RNy faoaideRiamereby Awintpthe

officer of the watch complete control of the reactor and ballast water operations. The electrical
control panePRRAUIRNBRE S itddsvith & 296 Anb/asvartmici s WHOR subiiidd forer "

the electrodes in th tor 1, via a heavy-duty 20 DG electrical cable. The output polarity of
tne recifir 208U uir gl SURGHE TR RE o o S A0S o B o'

changgover efisyies that de posits do. ot forn,on the slectioden. Two.az008 generalors 207,

re
are mounted Wci IN the €lectrical control panel moauie generator comprises

election Cigu oA APONET Tece Hgh fisauenciransiarmer FIecseR AN AR 201

0zone reactor (corona discharge tube iller unit is provided to maintain ambient air.
and ozone gepeLIQJERIPE ALEGd for example, at the reactor installation, in the ballast control

room and on the bridge. Actions in response to these warning messages, e.g.
emergency stopping of the reactor, bypass, etc are done directly from the ballast control
15 room or bridge using the remote monitoring unit controls 201, If required, the PLC 203
can link into existing hallast water control room circuits and also directly to the bridge,
thereby allowing the officer of the watch complete control of the reactor and ballast
water operations. The electrical control panel module 200 is fitted with a 110 Amp/48 V
rectifier 205 which supplies power to the electrodes in the reactor 1, via a heavy-duty
20 DC electrical cable. The output polarity of the rectifier 205 is automatically switched
under the control of the PL.C 203. This polarity changeover ensures that deposits do not
form on the electrodes. Two ozone generators 202 are mounted within the electrical
control panel module 200. Each generator 202 comprises electronic circuit boards, a

power medule, high frequency transformer, electrodes and an ozone reactor (corona



From the generators 202, the ozone gas is piped to the reactor 1 and infused into the 5
ballast water by means of a Venturi system that becomes operational once the reactor is
powered. In the system, the ozone gas is contained within the ballast water and dissolves
within a matter of seconds in seawater. A Teflon pipe encased in a stainless steel conduit is
used to route the ozone to the reactor. Non-return valves are fitted to ensure that the ozone
does return into the delivery system. This configuration ensures 10that no ozone gas is
released into the surrounding air, thus eliminating or/'\?astly reducing any possibility of danger

to the ships efex Gaoling. on e R2QNR AeNRIALols R97ImBHRRIRg via & doged clieuLaxsinn)

that incorporates a chiller and a heat exchange unit. A 10 mm diameter pipe is used for 15
cooling systqu@ggéwggk with a series of non-return valves ensuring safety regarding the
cooling system. The cooling system is activated via solenoids immediately the reactor 1 is
switched on. Note that the cooling system serves a double purpose in that it provides cooling
for the ozone generators and also cools the ambient air, from which the ozone gas is
produced. 20 The ozone generators 202 have two types of input connectors for cooling water

arid output connectors for ozone,i.e. either 1/4" BSPT or 1/4" NPS Tapered. 19 ]
From the generators 202, the ozone gas is piped to the reactor 1 and infused into the

5 ballast water by means of a Venturi system that becomes operational once the reactor
is powered. In the system, the ozone gas is contained within the ballast water and
dissolves within a matter of seconds in seawater. A Teflon pipe encased in a stainless
steel conduit is used to route the ozone to the reactor. Non-return valves are fitted to
ensure that the ozone does return into the delivery system. This configuration ensures

10 that no ozone gas is released into the surrounding air, thus eliminating or vastly

reducing any possibility of danger to the ships crew.

Cooling for the ozone generators 202 is supplied via a closed circuit system that
incorporates a chiller and a heat exchange unit. A 10 mm diameter pipe is used for
15 cooling system pipe-work with a series of non-return valves ensuring safety regarding
the cooling system. The cooling system is activated via solenoids immediately the
reactor 1 is switched on. Note that the cooling system serves a double purpose in that it
provides cooling for the ozone generators and also cools the ambient air, from which

the ozone gas is produced.
20

The ozone generators 202 have two types of input connectors for cooling water and

output connectors for ozone,i.e. either " BSPT or %" NPS Tapered.



The reMote, monitoring unit 201 comprises an intelligent graphic terminal with a graphic
screen that works in conjunction with the PLC 203 to provide a means on controlling and
monitoring the system. 5 Normally, the reactor 1 and filter 104 will start automatically when
the corresponding ballast water pump 103 is started. Manual controls, however, are provided
for use during maintenance or when required by the crew. Controls available are as follows:
Reactor Start/Stop 10-Filter Start/Stop Bypass Ope%Close The following conditions will result
in a warning display, accompanied by an audio alarm signal: Reactor trip 15-Rectifier failure
Electrode failure or replacement required Over-temperature. - Ozone Generator Failure (03
Generator 1 and 03 Generator 2)

The remote monitoring unit 201 comprises an intelligent graphic terminai with a graphic

screen that works in conjunction with the PLC 203 to provide a means on controlling

and monitoring the system.

Normally, the reactor 1 and filter 104 will start automatically when the corresponding
ballast water pump 103 is started. Manual controls, however, are provided for use

during maintenance or when required by the crew. Controls available are as follows:

- Reactor Start/Stop
10 - Filter Start/Stop

- Bypass Open/Close

The following conditions will result in a warning display, accompanied by an audio alarm
signal:
- Reactor trip
15 - Recflifier failure
- Electrode failure or replacement required
- QOver-temperature.

- Qzone Generator Failure (O3 Generator 1 and O3 Generator 2)

A rectifier failure or ozone generator failure warning is a critical warning as it indicates

20 that the effectiveness of the system is compromised.



A rectifier failure or ozone generator failure warning is a critical warning as it indicates 20that
the effectiveness of the system is compromised. 20 Preferably, the reactor 1 is fitted in-line
into the inlet/suction side of the ship's ballast pump 103 and after the sea chest 101. It can,
however, be installed after the ballast pump 103 if required. The reactor 1 can be installed in
either a vertical or horizontal 5 configuration. A plurality of reactors can be installed into a
manifold/pod, to upscale the output capacity of the r, @ctor to the treatment rate capacity to
suit the capacity of the ballast pumps installed on béard the particular ship. Filters 104 can be
installed either horizontally or vertically. 10In the embodiment shown, both the reactor and the
filter require a 400V AC 60 Hz supply. As illustrated, the power consumption of the reactor
and filter is about 7 kW for a 6 inch system Naturally, the power requirements will vary
according toRhef@anfiguratiemofothe isHip@anhththeflow tateioktite systeariastalledship’s ballast
Nevertheless, power consumption of 7 --10 kW per 6 inch reactor unit is expected. 15 The
individual modubes 1dre aasibfteatied vt dOBy tvainstalation techmitidng. MNeheavpallast

lifting gear or equipment is required, although, for ease of installation, a 500 kg chain hoist or
electrical hoitiEen 188 érployied. The reactor 1 can be installed in either a vertical or horizontal

5

10

20

configuration. A plurality of reactors can be installed into a manifold/pod, to upscale the
output capacity of the reactor to the treatment rate capacity to suit the capacity of the
ballast pumps installed on board the particular ship. Filters 104 can be installed either

horizontally or vertically.

In the embodiment shown, both the reactor and the filter require a 400V AC 60 Hz
supply. As illustrated, the power consumption of the reactor and filter is about 7 kW for
a 8 inch system. Naturally, the power requirements will vary according to the
configuration of the ship and the flow rate of the system installed. Nevertheless, power

consumption of 7 — 10 kW per 6 inch reactor unit is expected.

The individual modules are easily carried via a lift or by two installation technicians. No
heavy lifting gear or equipment is required, although, for ease of installation, a 500 kg

chain hoist or electrical hoist can be employed.

For installation in existing vessels it is important to note that the reactor 1 can be

mounted in any attitude, i.e. vertical, horizontal or at any angle depending on the



20For installation in existing vessels if is important to note that the reactor 1 can be 21
availability of space on board the vessel. The angle at which the unit is mounted or fitted into
the pipeline will not affect the operational capability of the reactor The reactor is modular and
can be supplied in individual sections, taken to the identified installation site and assembled
in-situ, i.e. no major alterations to the ship's structure 5 are required. If in the vessel there is
insufficient space available between the sea-chest and the ballast pump the reactor can be
installed after the ballast pump. Alternatively, provision can be made for additional pipe work

that could leag f.the prsfepadlorationandihendo retum.io e baliast waterRummpte that

if this method were adopted, care would have to he taken to ensure that the additional pipe
work, bendsfigtg giebnole Hirtiversglyrffesidbeiew sata@fhallastavater through-thesystens

In difficult installations, it may be possible install the three chambers in separate sections into
the pipe works Wfith thistype-efingtalation ssyphdactorsiasdielscticaboentetions ttesthgentified
separate sections would have to be considered. 15The applicant has conducted various tests,
the results ofnwiaithtiarestikb alateak e FAigedlit-diuFI@. 1, the atestriptions, ttCGharsibiersi 8fructure
"Chamber 2" and "Chamber 3' refer to the first module 300, the second module 400 and the
fourth modulereoenrespbciive i eTes wie doristio M CHmmbes pRoRfersiad b ahreP mbeure H00est
The description "03" indicates the tests in which ozone was introduced. The description "VAT"
indicates the2Zdtiskallpsimemel@rsipsienias persriake @i bR AT Tereniisgtatirly.

variable amperage transformer / rectifier used in the teSt;Sng Production versions of the reactor

will be supplRE@HATCRL RfidPgiArer adkEanaitinfaratitdlie to tHE racodes PRI ey Rt
s 00, o o e k. conraton o s ol e vroup sl L
care would have to be taken to ensure that the additional pipe work, bends, etc. did not

10 adversely affect the flow rate of ballast water throu‘gh the system. In difficult
installations, it may be possible install the three chambers in separate sections into the

pipe work. With this type of installation, such factors as electrical connections to the

separate sections would have to be considered.

15 The applicant has conducted various tests, the results of which are tabulated in FIG .
11. In FIG.11, the descriptions, “Chamber 17, “Chamber 2” and “Chamber 3" refer to
the first module 300, the second module 400 and the fourth module 600 respectively.
The description “Chamber 4" refers to the third module 500. The description "03”
indicates the tests in which ozone Was introduced. The description “VAT” indicates the

20 tests in which electrolysis was performed (the acronym VAT referring to the variable
amperage transformer / rectifier used in the tests). Production versions of the reactor
will be supplied with a rectifier giving a fixed, optimal output to the electrodes. With
regard to test b0b, it should be noted that thé configuration of diameters of the various

sections within the reactor is such that cavitation is induced notwithstanding the



absence of cavitation plates The tests were performed using a 6-inch reactor, using a 45kW
pump, producing a flow rate through the reactor of 220m3 per hour, except in the case of test
58D, in which a 90kW pump was used, producing a flow rate through the reactor of 320m3 per
hour. Having performed these tests, the applicant has concluded that the effectiveness of a
cavitation-based system is enhanced by the addition of an electrolysis process, producing
sodium hypochlorite and other gases. Although the Eﬁsts performed in sea water were
inconclusive as to whether or not further addition of tfie introduction of 10 ozone into the water

in the dosaggs.contemplaiedhy, %@BPW%@%@?@Béﬁ%rﬂffé?;fbQFnE?s_éﬁt‘{ﬁﬁﬁ@é‘é@é‘?ﬁﬁ@l}/&@

combination described herein, the applicant envisages that the introduction of ozone wi

enhance thesgffiapsy;ah thessyRiem 4m BRSBAIRT B EE-lRathalySisomit prpduce 1855 AliRthe

biocidal gases. Further, when used in combination with a cavitation process: a significantly
lower dose efRioeifielgasthaniaEovided Ky ks BHOp Yl SYBiE B ds reqeinet tgh the
achieve the required kill rate. This accordingly results in a lower power requirement, and lower
amounts of pesentiadly Imrardeusichemicals.  While the specification describes particular
embodiments of the present invention, it will 20also be apparent to those of ordinary skill that
various modifications can be made without departing from the spirit and scope of the
inventfon. 23 CLAIMS 1.A method for reducing aquatic organic contamination present in a
volume of water contained in a ballast tank of a ship, comprising: pumping the water from an
open body of water corgtamiréa}tr(‘ad with ﬁtqgﬁtic or ani§ms throuc%h an Q}I%p%aet%t 1%?&%%5 %ggtgpg],

the water ha@%\ﬁng VEUMEHE HEw Faes T gﬁ?oomqg in the system, and having,

at any point i (e pyslsin. 4 Rigssire head and.a vslogly headandicisehacaing fhe vttt

into the tank; an aracterised by introducing ozong into the water in a quantity of between

0.001 and 0 4,8 Reti /i AlERIrANRIRG RS INANE J8aStOt 80,85 WIETESR WAER 1Sd in sea

seawater, to introduce sodium hypochlorite into the water in a quantity of between 0.4 and 1.0

milligrams pgrliiewand PBHIRG e YIS IREENS reacionhelitdneltding R ceNEUERYSIBM of
of varying diameter such that the pressure head in the water is caused to fall to a level below

atmosphericgasie, inadweectocadtateaia fsstaainbiadhy systamikyinareasiogdhiee effect
velocity head of the water at the first point.

of the cavitation-electrolysis combination described herein, the applicant envisages that

the introduction of ozone will enhance the efficacy of the system in fresh water, where

electrolysis will produce less, or no, biocidal gases. Further, when used in combination

with a cavitation process, a significantly lower dose of biocidal gas than that provided in

15 known prior art systems is required to achieve the required kill rate. This accordingly

results in a lower power requirement, and lower amounts of potentially hazardous

chemicals.

While the specification describes particular embodiments of the present invention, it will
20 also be apparent to those of ordinary skill that various modifications can be made

without departing from the spirit and scope of the invention.



2. A method as claimed in claim 1, wherein the water is drawn through the reactor by means
of a pump situated in line along the conduit system, downstream of the reactor. 3. A method
as claimed in claim 1, wherein water is pumped throtigh the reactor at a mean velocity of
between 2 and 3.5metres per second. 24 4. A method as claimed in claim 3, wherein water is
pumped throggh g reactor at about 3metres per second. 5. A method as claimed in claim 1,
wherein water is pumped through the reactor at a volumetric flow rate of between 160 and
320 m3 per hour. 6. A method as claimed in claim 5, wherein water is pumped through the
reactor at a volumetric flow rate of about 280 m3 per hour. 7. A method as claimed in claim 1,
wherein water id pumgedgihaggietieducing aquatic organic contamination present in a volume

of water contained in a ballast tank of a ship, comprising: pumping the
water from an open body of water contaminated with aquatic organisms
through an elongate conduit system, the water having a volumetric flow
rate that is the same at all points in the system, and having, at any point in
the system, a pressure head and a velocity head; and discharging the
water into the tank; and characterised by introducing ozone into the water
in a quantity of between 0.001 and 0.1g per litre, electrolysing the watef in
the reactor so as, where the water is seawater, to introduce sodium
hypochiorite into the water in a quantity of between 0.4 and 1.0 milligrams
per litre, and pumping the water through a reactor unit including a conduit
system of varying diameter such that the pressure head in the water is
caused to fall to a level below atmospheric pressure, and so to cavitate, at

a first point in the system by increasing the velocity head of the water at

the first point.

2. A method as claimed in claim 1, wherein the water is drawn through the
reactor by means of a pump situated in line along the conduit system,

downstream of the reactor.

3. A method as claimed in claim 1, wherein water is pumped through the

reactor at a mean velocity of between 2 and 3.5metres per second.



reactor at a volumetric flow rate of between 450 and 1000 m3 per hour. 8. A method as
claimed in claim 7, wherein water is pumped through the reactor at a volumetric flow rate of
about 640m3 per hour. 9. A method as claimed in ctafm 1, wherein the water is caused to
cavitate, whether continuously or intermittently, for a distance of between 2 and 3 metres
along the course.of itsAlanetheruab Bigigeadint S¥stem). Whefeimataast as plaiped ithelath the
wherein the water is caused to cavitate, whether continuously or intermittently, for a period of
between 1 and 5 secoregtdrlatfabmeih@datseslpeneddondaim 10, wherein the water is caused
to cavitate, whether continuously or intermittently, for a period of about 5 seconds. 25

5.

10.

11.

A method as claimed in claim 1, wherein water is pumped through the

reactor at a volumetric flow rate of between 160 and 320 m® per hour.

A method as claimed in claim 5, wherein water is pijmped through the

reactor at a volumetric flow rate of about 280 m? per hour.

A method as claimed in claim 1, wherein water is pumped through the

reactor at a volumetric flow rate of between 450 and 1000 m® per hour.

A method as claimed in claim 7, wherein water is pumped through the

reactor at a volumetric flow rate of about 640m? per hour.

A method as claimed in claim 1, wherein the water is caused to cavitate,
whether continuously or intermittently, for a distance of between 2 and 3

metres along the course of its flow through the conduit system.

A method as claimed in claim 1, wherein the water is caused to cavitate,

whether continuously or intermittently, for a period of between 1 and 5

seconds.

A method as claimed in claim 10, wherein the water is caused to cavitate,

whether continuously or intermittently, for a period of about 5 seconds.



12. A method as claimed in claim 1, wherein ozone is introduced into the water in a quantity of
about 0.01g per litre. 13. A method as claimed in claim 12, wherein the ozone is generated
onboard the ship. 14. A method as claimed in claim 3 wherein the ozone is generated by
way of corona discharge ozone generation. 15. A method as claimed in claim 12, wherein the
ozone is introduced into the water before the water is caused to cavitate. 16. A method as
claimed in any of claims 1 to 15, including the step of reducing the concentration of living
organisms to méet thefcnitertizokhid s omimedieg glaton! Dgheidie dzorex iReduidticed iatdhthe
control and management of ships' Ballast Water and Sediments" to the IMO Ballast Water
Convention 2004 by c#@aidntiseanantieicaomate- A recditrdination of cavitation and
electrolysis, before discharging the treated water into a ballast tank aboard the ship. 17. An

apparatus for reducing aquatic organisms in a body of water contained in a ballast tank of a
an upstream end and a

domnstream endSand bEUCH A APAETES R AR oAl e ibR (HEIS R e e Anboard
the ship.

14. A method as claimed in claim 13 wherein the ozone is generated by way

of corona discharge ozone generation.

15. A method as claimed in claim 12, wherein the ozone is introduced into the

water before the water is caused to cavitate.

16. A method as claimed in any of claims 1 to 15, including the step of
reducing the concentration of living organisms to meet the criteria laid
down in Regulation D-2 of the Annex “Regulations for the control and
management of ships’ Ballast Water and Sediments” to the IMO Ballast
Water Convention 2004 by causing the water to cavitate with a
combination of cavitation and electrolysis, before discharging the treated

water into a ballast tank aboard the ship.

17.  An apparatus for reducing aquatic organisms in a body of water contained
in a ballast tank of a ship, comprising: a reactor having an elongate
~ conduit system having an upstream end and a downstream end, and

being configured to permit the water to flow therein at a constant



26 volumetric rate, characterised in that the reactor includes at least one pair of electrodes
located within the conduit system configured to induce an electric current in water flowing
within the conduit system so as in operation, when tR water is seawater, to electrolyse the
seawater and so to introduce sodium hypochlorite into the water in a quantity of between 0.4
and 1.0 milligrams perJgrenatit insledicigapacts ase@tad thantredusectgoneiodsdnio tbesvaigs
in a quantity of between 0.001 and 0.1g per litre; and the conduit system defining portions that
comprise: a first tapergaipoftieledieydeg fogateeralithfrutiie-comital shisiee; andfiavat @ induce
downstream end defining a first opening having a first diameter, and an upstream end defining
a second opening haviiy elesidereudientdtewateeflgvdnahwitivist thantsieduiinesteint seadtoin
portion having a generally cylindrical shape with a third diameter, larger than the first

diameter, the first rea@BRFERBIMRER S WA it SeAvatab i slrRcY SIRthe PRARRISRARFLEP

portion by a radially disposed connector, such that the diameter of the conduit syste
immediately increaseg(gﬂmﬁﬂvcﬁo HELRY B‘P‘Eha@?ﬁ%t'B&?emﬁd“fﬁtﬁ{e"?aﬁé%@%tﬂﬂbemeen

wherein the first diameter is si to,jnitiate cavitation in water flowing downstr through
the condut systom 16 AgY e AU LGB AE! e TG BoLG s TSy gl

along the condut syetesmEMBSHEARL e RAE'GEal 19 ARRALAUES SiRmEf el

17 including corona disc 0zone generating means. 20. Apparatus as claime

claim 17, dimensionegadreoRAAIRE SR RHINGRRIAGPLIRFAUIANBINAIRELO SR apered

whether continuously or intermittently, for a distance of between 2 and 3 metres along the

course of its flow thropgRigeHvil i gesieran kubBRrasaiis ardpained Ravitialdownstream

dimensioned and configured so as in operation to cause the water to cavitate, whether
continuously or interngtierdbfirfipgoapiingo o pédiaeaing anftrst seanets, and an upstream end

defining a second opening having a second diameter larger than the first
diameter; and a first reactor portion having a generally cylindrical shape
with a third diameter, larger than the first diameter, the first reactor portion
being connected to the downstream end of the first tapered portion by a
radially disposed connector, such that the diameter of the conduit system
immediately increases abruptly downstream of the first opening in the
tapered portion; wherein the first diameter is sized to initiate cavitation in

water flowing downstream through the conduit system

18.  Apparatus as claimed in claim 17, including a pump located in line along

the conduit system, downstream of the reactor unit.

19.  Apparatus as claimed in claim 17 including corona discharge ozone

generating means.



22. Apparatus as claimed in claim 21, dimensioned and configured so as in operation to
cause the water to cavitate, whether continuously or. intermittently, for a period of about 5
seconds. 23. Apparatus as claimed in claim 17, wh@r]gin the reactor comprises a plurality of
modules, each module including one of: at least one pair of electrodes configured for
electrolysing water flowppaithatiauial heaifeactor chapansy fadimdusingdaxiiatieonijortie dowien
water; or ozone injecting means. 24. Apparatus as claimed in claim 23, wherein the reactor
comprises a plurality efpsuatiomotiulesusenribeteddteonte anatiiatan sdratsepScoipacialy asr
claimed in claim 24, wherein the reactor comprises a plurality of such modules, connected in

series with a section dpisifseitenhedong shidasiosueh habregas2@af ctieeises wong daelesurse

26.Apparatus comprising a plurality of reactors according to claim 17, connected in parallel via
a manifold. of its flow through the conduit system.

21. Apparatus as claimed in claim 17, dimensioned and configured so as in
operation to cause the water to cavitate, whether continuously or

intermittently, for a period of between 1 and 5 seconds.

22. Apparatus as claimed in claim 21, dimensioned and configured so as in
operation to cause the water to cavitate, whether continuously or

intermittently, for a period of about 5 seconds.

23. Apparatus as claimed in claim 17, wherein the reactor comprises a
plurality of modules, each module including one of: at least one pair of
electrodes configured for electrolysing water flowing through the reactor;

means for inducing cavitation into the flowing water; or ozone injecting

means.

24. Apparatus as claimed in claim 23, wherein the reactor comprises a

plurality of such modules, connected to one another in series.

25. = Apparatus as claimed in claim 24, wherein the reactor comprises a
plurality of such modules, connected in series with a section of pipe

connecting one of such modules to another of such modules.
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26. Apparatus comprising a plurality of reactors according to claim 17,

connected in parallel via a manifold.



