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WATER TREATMENT SYSTEM FI ELD OF THE | NVENTI ON THI S
I NVENTION rel ates to the treatnent of water in order
w0 00813288 hat e aquati c organi sns present in theP@EIB008%051604
destroyi ng these organi sns or reducing their nunbers
to the point where they are unviable as colonies. The
i nvention has particular application in the treatnent
of ballast water carried by ships, which may give rise
to undesirabl e environnental effects when discharged
into seas or takes distant fromthe sites where water
ken on board. BACKGROUND TO THE | NVENTI ON Moder n
WAE%RH@%@FM@\\IT $YSIEM ballast water in tanks within
their hulls to balance and stabilise the ship and to
pronote its manoeuvrability. As cargo is taken aboard
and settles the ship in the water, ballast water is
di scharged. Likew se, when cargo is off | oaded,
bal | ast water is punped into the ballast tanks to

FIELﬁ'dFt ﬂ?ﬁ NVENEeNed equilibrium It is wel! known
e vol unes of water purrped i n and out
TSR GRP Bk BRI bRt RE AL SR B A acuane

bal | ast water is taken abpard and di scharged, th

OrgATNS SRS BrifeniVelaT Y G R NCe INES8 ORI S Mo h reducing their
seawat er and fresh water of alien species, often taken

numbeshicthaipoind mihess telyaie UTH@dEE 25 eplaniess T haiyentips fas particular
m nut e pl ankton species to sizeable pelagic

application in the treatment of ballast water carried by ships, which may give rise to

undesirable environmental effects when discharged into seas or lakes distant from the

sites where water was taken on board.

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 .in the water, ballast water is discharged. Likewise, when cargo is off-
loaded, ballast water is pumped into the ballast tanks to maintain the desired

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
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fishes, and include various pathogenic bacteria and
m cr o-organi sns (protozoa), present at all stages of

wo b@sn3deseedi ng cycle. Sone of them have few nBETIBA008/051604
predators in the waters in which they arrive, and if
they find a suitable food source in these waters they
rapidly colonise their new t2erri tory and may begin to
dom nate it. They may thus becone a pest and a threat

.0t stability of the ol ' ' .
ocaliy' ofdiebferbisht bGP Blact ) 5pR3% §7glzE8bie petagic
. threat 't he aquatic envirgonnent, and the .
fishqny @Tch A IV2NANS (TAROIH T HASRTI AN TN T RRlEMSaRIotoz0a),

atreaty in February 2004 which will have the effect
present ateajldtageroisheipbmasingcyrae .t Hane piibeauav@fgw natural predators

systematic steps to sterilise the ballast water in
in thehetersve siidrstherhaivier aad ¥f thesy fimd & beitaive feed sdurce in these waters
ratification, and concrete provisions regarding the

theylrapIOEABHISE tHdr ﬁww@i&d@@nﬁ%bwb?m&wmmﬁe ifr §hey may thus
sti 11" under consideration. The applicant previously

vocd A0 30 e SERITB e Lty SR ey ey
39), describing a ballast water treatnment system based
. , e At | . hi O] )
The 3RoREH 5TbbEdutH FONRMAR! 228 s8bls FIER EEbs U B R Rnyironment,
- b | ectrol ysi nd the i.ntroductiqn of ozone. .
and Al pieghatoneh Mor tinie. Cuogniseuars bVMERLieonelided & treatij february
for use in the treatnent of ballast water, and was so _
2004 whidhevil hewe the olfect BT eonwing Prip-Dwiess 1q takg rigpres and systematic
conbi nation disclosed therein was not known, and the
stepsftbesteslise tHehbaliast evadet irotheir vessels. The treaty is in the course of
ratification, and concrete provisions regarding the technologies fo be applied in.

implementing it are still under consideration.

The applicant previously filed South African patent application number 2005/10473
(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 bailast water, and was so at the date on which 2005/10473 was filed, the
combination disclosed therein was not known, and the effects of the interactions

between these processes were not known or understood.
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bet ween these processes were not known or
under st ood. BRI EF DESCRI PTI ON OF THE | NVENTI ON
woewenslosy to a first aspect of the invention, PETTEB2008/51604
provided a nethod of treating ballast water onboard a
ship, the nethod conprising drawi ng water into an
inlet in piping provided onBoard the ship froma body
of water in which the ship i's |located (typically,
al t hough not essentially, froma sea chest in fluid
conmuni cation with the body of water), passing the
water_ along th ) b ough a
P DESERERION QF i 1 IVEMTION hf i gured to cause
cavitation in the water as it passes through the
reactor, and discharging the water through the piping
into a baliast tank in the ship; the nethod being
Accartimgas adirstsapetiofithatnvehéonehere is praddesbalimethdd aireating ballast
t hrough the piping by neans of a punp situated in |ine
watc?! HhDatd @ hipl i nleNBs ChRpMsRly dRvisd et intdagauftng piping
reactor. According to a second aspect of the

prov@%\ﬁe Sl{o%rr]d tﬁé‘gﬁiﬁg}o?n %r@dmﬁ?ﬂ@t\@gng@e %fg ak idiited (typically,

_ al'last” wat er ohboar rising:-
unping the water through a reagtor; el rol vsi

alth epoll-gﬁs§%|a %a#é?rara §8ga@el5£ M Hdo%cﬂﬁ@%&ctﬂ%ﬁﬁs\hmg th€Boay of
hypochlorite into the water in a quantity of  between

wateg] PaRINIING WFIET PG EgRIpIng: aTcLhdpUaly P iaia-figising reactor,
through the reactor; and causing the water in the

configeaed do capiseatdMvitation imdberwatay asoit dashes dhigsigbctheofeactor, and
the invention, there is provided a nethod of treating

dischaldiras thevatar throughr theapipinignintd Adateshiankdoripe istimghe method
punpi ng water having therein a concentration of |iving

being{c?é%cﬁ@ﬁséd iRRRa tRO dhatdtlis WAl thMowthedudhtRe BiYify bg means of a

uat ed;

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
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 cavitate.

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’
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reduci ng the concentration of |iving organisns to neet
the criteria laid down in Regulation D-2 of the Annex

WO Reguszmsi ons for the control and managenent oOPCT/IB2008/051604
shi ps' Bal | ast Water and Sedinments" to the I MO Bal | ast
Wat er Convention 2004 by causing the water to cavitate
Wi th a conbination of cavi t%tl on and el ectrolysis; and
di scharging the treated water into a ballast tank

i 8 S P

per hou refer bI a . . .

the T 10 gttt miin At Rﬂ‘ﬂ%@‘a %%iy t@ﬁelﬁ 3nd |eiﬁf§'a?y8ﬂ% 5&5&4‘?‘3‘“3@'“9

the water may be punped through the reactor at a
the treatedwtatercintd awallastdank ab@ﬂﬁa‘%ﬁ wseeland 1000 nB per

hour, and preferably at about 640n8 per hour. The

wat er nmay be punped through the reactor at a nean

velocity of between 2 and 3.5netres per second, and

preferably at about 3netres per second. The

el ectrolysis reaction nmay be configured to produce

o R PABEILA A g e B 10
ans Sl i LR el

be introduced into the water in antl P \{ve
caseyolp Bragfregcior ghgeavatey mag beaqq.gnBcle pggh %ﬂq reagtor at a volumetric
quantity of about 0.01 per litre. The ozone nay be

flowgetecohibeltvasmod( and rﬂ@oﬁhnppeph@ﬂ@ram greﬁgfawdyatoabout 640m” per
corona di scharge ozone generation. Alternatively, the

houzThe wayr inaygpenrmped tHiyugiatheokaotor ehainudat vedocitt dfdretween 2
known ozone generation nethods.

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 preferably in a quantity of 0.5

milligrams 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,
preferably by way of corona discharge ozone generation. Alternatively, the ozone may
be generated by way of ulfraviolet or other known ozone genreration 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
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Preferably, the ozone is introduced into the water

before the water is caused to cavitate. The water may
wheoosasset to cavitate, whether continuously oPCT/IB2008/051604

intermttently, for adistance of between 2 and 3

metres along the course of its flow through the

reactor. The water may be cgused to cavitate, whether

continuously or intermttently, for a period of

s 5P 30 SEFRLPE Y B L BRI bR roacor
hou e b S5 e SRRSOy, rr o

cavi tation-causing reactor, configured for generating
pericéef betviesm 1 seorndsraid bwieagndhane: prefarghly frbakewdd seconds.

line in piping extendi ng between a sea chest and

bal | ast tank of the ship, and a punp for punping the

wat er al ong the piping fromthe sea chest to the

AccBRlih@ e a fatierldahasiobr thBenetitiohatHepd ieiesided dRRe41eE;configured

t he apparatus being characterized in that the punp is

for Jggéﬁ%rﬂi of bhlhar\kef.\%fé?%t%1gsrh?é,pmeglgﬁé“?gd'agﬁ?ﬂbﬁ-ﬁ%@ﬁng reactor,

on-"causi ng reac ACCO

spegt. of the.invention, .there 4s .provided ar T
confGiiBRar aanParng timert ronois Bl T ERttolBR ofHR in tine in
_.conprising a reactor suitable to be placed in . line in
Pipifg IRSAUS BRHARY oeAce s aod PARBLENKTRI D8I U AL APUMP for
of the ship, the reactor including at |east one pair
punyfing Hrecwatsd edongotivel going drcfo theeser chestytethey bakias tank through the
flowng fromthe sea chest to the ballast tank through
cavitdtreeasing readidr; neanspganatusnidsiogncharavtietiaéd om that the pump is
the flowi ng water. The nmeans for inducing cavitation

locdt®Y il Mfd H9Rg{RE biMin® Howrstidar Bt Be davitsRsrluadsing Reddi6r.

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 to the ballast tank through the reactor, and means for inducing cavitation

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.
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reactor, and vanes, plates and / or other obstructions

placed in the flow path of the water and cal cul ated to
WO paas268avi t at i on. The apparatus may addi ti onabdT1B2008/051604

conprise a filter, suitable for renoving particul ate

matter fromthe water. The reactor nmay conprise a

plurality of nobdul es, each dul e including one of: at

| east one pair of el ectrodes configured for

el ectrolysing water flowng fromthe sea chest to the

bal | ast tank through the reactor; nmeans for inducing

cavitation into the flow ng mat$r; or. ope |n'ectin% ,

The pepasatusHeay esditionakn poptrise; @ & tsﬂp?tuﬁaﬁf% ?cgf Mg particulate
nodul es, connected to one another in series.

mattar frormthei watey, where useful as a result of space or
ot her constraints, the reactor nmay conprise a
plurality of such nodul es, connected in series with a
section of pipe connecting one of such nodules to

The AR GEHaf CofipeiBe BRALLAS of AfSRIEE, Rach enddid MeludaRPs® of. atleast

of the invention, theré is provided a kit, conprising

one @ﬁ?loﬁ’ re?elétrto\éegfcoﬁHQ%gg?ﬁg%I‘éEtrG@?i{g%ﬁt@pflé\ﬁ??’ﬂg?ﬁ:ﬁﬁgii?ét %ea chest to

O a reactor as er bove. Acc

anot her aspect .of the invention. there Ls. proyi :
tne E3B5f S BBHAb i rergtar DREPIT R Y iRl ARG A8 fowing water,
descri bed herein, connected in parallel via a
Or OZR{HY MIRANITARARSrm "reactor” in this specification is
used to denote a systemlocated in |ine along asection
of piping, wherein a water treatnent process is
appl i ed, be that electrolysis,

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 reactor may
comprise a plurality of such modules, connected in series with a section of pipe

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.

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 to denote a system located in line along a
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direct injection of biocidal gas, or cavitation. The
applicant intends that these processes be applied in

W@ oivBiseasi on, and thus generally refers to a "PEEHDB2008/051604
as a single unit in which nore than one of these
processes are applied. However, in the case of a
nodul ar arrangenent as described in this
speci fication, where each dul e constitutes a

"regctor" as herein ef n ef eren t
sectioh P B, Bt &huars s mﬁaL 8%8*%%9#@?% e@nﬁ@ai estrolysis,
a_conbi nation of such rmdul . i t. shoul ?
direqlieAGIPiRdidAl Gaet e eitatan, Ehe 'P?%\ft'ﬂt?ﬂdéél"ﬁ' higpe processes
reactor is intended to refer to a reactor configured
be appliechirsecrnhinatian; and thua/mrafaw wiprsgtor ani'ieagert Aae single unit in
reactor; and as such, a "cavitation-causing reactor"”
whic&smbed ﬂﬁdred’némﬂl’meeérprﬁwssas areyapyiedad tHaweweal inythe case of a
include neans for applying electrolysis, or the direct

modufdr %%N?g@n@nt Bs aesEbediAthis B Eficd¥oRCRhBId éddHthodiie constitutes

In the acconpanying drawings: FIG 1 is a
“ r a t. a t
» ST el R o S ey o
side view of  the re r of the invention, Fl
undg 3t pySetir@li td AecdriBiplin G suih mot8 Hsnoiple>
l ongitudinally sectiaoned. FIG 4 is a rspecti
understand it seleeenpectp 3capdtatign- qalﬁ'é"\geé%@gtf’rb? inEprsled to refer to a
2.FIG 5 is a perspective view of a first nodul e of :
reactdrecardigotant totagsascaitationl i water flowingethypegh ithat igaeter; and as
on a reduced scale, of a second nodul e of the
such, a “cavitation-causing reactor” as referred to herein may or may not additionaily

%shouid be

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

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.

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.



reactor of FIG 2, including an exploded view F G 7

is an end view of a third npodule of the reactor of
WOL@s/1268FI G 8 is a sectioned side view of theCT/B2/051604

nodul e shown in FIG 7 . FIG 9 is a perspective view

of the third nmodule shown in FIG 7 . FIG 10 is a

perspective view of the foursth nodul e of the reactor

shown in FIG 2 . FIGs 10A~- B and C are sets of views

alternative enbodi ments. of fqurt dul es j
FIG X ¢ or nab AARETPRoTNE eR g oL et Hereedin oGS
bl ock di agram of an eiectrical control pane! for the
system shown in FIG . 1. FI G éz i ar] ou#line dravvicri]g
FIG.& the 812PESPESIVE ¥igW AN B4R FoatbacAle. Bf apegong moddle of the
FiG 13 is a schematic representation of an
al t er natsactor@tibd@i Aeincludingaameaxpipded sigvhent syst em of
the invention, installed for shipboard use, configured
for a ship having a pair of ballast tanks. FIG 14 is
FIG.& t abl eissat ¢ndgicoudf 4 trérdrrasdllesof dife tessttar gidroZmed by
" the applicant. DETAI LED DESCRI PTI ON OF THE DRAW NGSThe
apparatus illustrated in FIGS1 - 12 is a preferred
5 FIG.egrbodi ngnf sedtiodedalidy vibesftine tirdupoauid stsovein Bid .7 .f or
treating the ballast water of a typical seagoing ship
wi th conventional ballast tanks and a conventi onal
FIG @l | astisuabefspBER vidheraRd tiidf meduR dHRNRERIY an
efficient, cost-effective system designed to neet the
requi renents of

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 control panel for the system shown in
FIG. 1.
FIG. 12 is an outline drawing of the electrical control panel moduie 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
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| MO Resol ution MEPC 53/24. The apparatus conprises a

reactor 1 connected into piping 100 extendi ng between
wa2@easwhest 101 and one or nore ballast tanksPADBB2008/051604

built into the ship. A ballast water punp 103 is al so

connected into the piping 100, preferably downstream

of the reactor 1. The react 1 is automatically

controlled froman electrical control panel nodul e

200 d r

e R GRS ¥ A B grcomnen
testing two nodels of th e acto

appaAkisa RIS fOT ﬂr%a%ﬁﬂssfhfa Palast wa r(Oflé ‘f:!pkﬁ%'i sgagoing ship with
10-inch (25.4 cm ballast water pipe systens

convestipaal ballast tankBianbea eneantivepikalinst matenpumpdding apraratus is
not generally significant, and except as pointed out,

. interafednesibd efﬁﬁdi@ﬂtv\/bset—éféecﬂind@ystemdlebggneu o Sikadt|tee requirements of

addressee, a distinction is not drawn between the

IMOTRsIstidnvEmssspaci fication.) The amount of ball ast
wat er per hour that can be treated is dependent on

nodel of reactor installed. For exanple, a 6-inch
reactor can treat up to 320 nB of ballast water per
hour whereas a 10-inch reactor can treat up to 640 nB
per hour.The automati c operation and renbte nonitoring
allow the ship's crewto continue with their nornal

The tappheatub compbass ageackar drcoopected iviespiaing 109 priendiag petween a
I'n addition, the relatively small size nmakes the

sea gyestery Rand d)ﬁalorQ‘hoieEBalfaSt taredsr 14 buitipetoatheamsp. A ballast water
conbi nation of reactors can be installed into a

purmfB i d Rlatho EdhridRESRInfo iHRSiBIMGPLI0, SAstaRdlY downstream of the reactor

1.

The reactor 1 is automatically controlled 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 8-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 be 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 instalied. For
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 msf per hour.
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of the reactor to the treatnent rate capacity to suit
the capacity of the ballast punps installed on board a
w@aoosiigaeBar shi p. Mdul ar construction al so al PGUEB2008/051604
nodul es of the reactor to be separated so as to permt
installation in non-contiguous or awkward spaces. The
reactor 1 operates using thﬁge processes, nanely:
i ntroduction of ozone; electfolysis; and cavitation.
In the systemof the invention, the ordinary operation
of these processes requires onIy ener gy produced
onboard the ship, and requires no input naterials
r than the air about the ship,an ter » .
The ahbibate Saahen od saotamenianng B1RA e B Bl gt continue with
properties, particularly in attacking cell wails, and
theirhta@rnnaint@sb%@rhllas%@l!ash wiitel APeatiopR FF iPopraeress. Ih addition, the
wat er . El ectrol ysis of seawater produces various gases
relatbieth samalhyide ogekearide wygtem, amddeall thaise gar réteofitappgrations. A
sodi um hypochlorite and limted quantities of
comblridfish @RS duacie Sap e ikstaned pite nsasialintbyipecdit te betput capacity
particularly is known to have biocidal properties.

of thédr‘é'ak’[d?'?éltlkclé( treb eﬁ’c'r% Eéé‘é’&lt B @the IABHERHC! HeObdIRRt pumps

water 1s ieve ave etrinmental effect on

er.t ai :
T T

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

spaces.

The reactor 1 operates u'sing three processes, namely:
— introduction of ozone;
— electrolysis; and
- cavitation.

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 to have biocidal properties, particularly in attacking cell walls, and has

long been used in disinfection of potable water.
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believed to enhance the cavitation and its effects.
The term"cavitation" refers to the formation of

W 29813268t gas-filled cavities in |iquids, andP¢TB20eRE51604
the fam |iar phenonmenon of bubble formation when water
IS brought to a boil under constant pressure and the
ef fervescence of chanpagne y4 nes and carbonated soft
drinks due to the diffusion of dissolved gases. In the

resent. inveption, h V. ' [ ' '
elecf o 55 En TS BLBle obrG iR 45h Babi R bEert s el
the dynam ¢, action of the flow ng ball ast ter :
as RATVGHATD SRAINGS TYROSABH I ang P ee e oY Rifaigsthanes and
this context is characterized by an expl osive growth )
bromagfarmc ceedivat hypoerieiite pastienlady ioksown tPdiaver kiesidaé properties.
and high speed in pipelines. Additionally, the
Additiorfigy, ribe eldotittarentrrent indhecednirdat thenwalteroisi beliesdes ta have a
filter 104, located in line along the piping 100

'detrikirgézrﬁéleeﬁé&ohaiér@ﬁ oMfiniment ers the ballast tanks

. The reactor 1, as shown in FIG 2, is
manuf actured from 316L stainless stee! or from any
other materials that are acceptable for ballast water
pi pe-lines, and conprises three nodules, i.e. a first
nodul e 300, a second nodul e 400, a third nodul e 500

Furtﬁﬁlg t@? Lngwdhlatigrl? %r/bgs%) Bito Fgeggtré%q f?ﬁ@%@?&‘%@%%}etc‘%vi ation is

usi ng alnl'ess stee ers an

.huts (not shown). Watertight jntegrity is achieved by
be"?WeP(tPr?j‘?\fd&P@SV‘% ﬁ@\‘n@@lﬂ WE@'FSS?%?QSQ askets (not shown)

bet ween the nodul es. Connection to the ship's ball ast
wat er piping 100 is via the standard fl anges at the

inlet 301 and outlet 601 to the reactor 1
respectively. Water/chem cal resistant gaskets are

The 3P dRHafil rERES B IheR6Hh &% ofdhbor- 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
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,

located in line along the piping 100 before the ballast water enters the ballast tanks 102.
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fl anges, joints, gaskets and welds are tested to
specific pressures and tenperatures to ensure

w@opasioki | ity and conformty to | MO requi r emneP@BIB20EB2051604
internal surfaces of the reactor are treated with a
ceram c spray-on epoxy type coating. The purpose of
the protective coating is tﬁ]ﬁeefold - To protect the
interior surfaces of the reactor from corrosion caused

o SISk e RS B o B 9 Bt oo

system and - To assi st he treatnment of ba
any QiReemaisriaie ihat ate AgPoptanle i@&a@a%frw%eﬂa% éln?ﬁaetndaﬁ%mes three
the working of the reactor. The ozone gas is fed into

modules, {.¢.rasfirshmedute HUD a segohd sfodied 89 asthirdwaed we 360 a@ﬁlca fourth
t he second nodul e 400 has a bank of five el ectrodes

mod(ich@0@| eadhr ndesianstcainesied touthel ddbat esing M2 stzinleske steel bolts,
housi ngs 302, 401). The second nodul e 400, the third

washBdHn mRY(nABHoWRE WaterH t@égﬁt@ iSHEhie @R By fitligh vdker/chemical

cavitation plates 403, 41 and eachof the second

resi a?sk O b ﬁ b éelﬁ FRdibgueo BﬁH@ctﬁﬁ'x‘%ltﬁe ship's ballast
i HE G5O} PP ¢ TR

connection of sensors (p
L ni.t nd.fr whi ch, wat l,es
waigf Do ’7?5 i an#ﬂ@‘*ﬁﬂ@&? AsiRinEt %@3”999%'%@594% the reactor
part|cularly in FlG , 1S connected t ing .
1 reqwtlt«@IVn\é\éﬁ#gr/%emlcah@eé'sé@a’f gasygls @fer%%ppﬁﬁa %re#@g@ ions. All
an inlet section 303, having a dianeter correspondi ng
flangash st gaskeys and welsistiratested tospadiic piesbwigs 00 temperatures to

inlet section 303 is
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;

- 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 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
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
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provided with an ozone gas inlet 304, operatively

connected to the ozone gas generator 202. The ozone
w@a®sinesnfused into the ballast water by neanBCDiB2808/051604

Venturi injector (not shown). Follow ng the inlet

section 303, the first nodule 300 has an

el ectro-chem cal reactor segéi on 305, wherein

el ectrol ysi s takes pl ace. an upstream end thereof,

o e I R R A B B g2, 502 o

section 303 Downst r eam of the |nI t secg n 303, the
the ONBEENGLHSANSATS (PERRTVaLES SaITH) 308 oW cgy'va tRRaneRles can be
wal | 307 extending fromthe annul ar plate 306,
takeddffrequingd.a mani f ol d section 308 of increased di aneter
relative to that of the inlet section 303. Conti nuing
downstream the electro-chenical reactor section 305
has a central pipe section 309 and five, peripherally
spaced, el ectrode housing pipe sections 302, all in

The Bl bbATENE A2 M S RGP, S e PRl Tio W piping 100 by
meaf A 01+ ﬂaeé L etadlieo 808 hp Fpedit ?ﬂﬁﬁ"@%@ a diameter
Each of the ports is provided with _a correspondi

corr%ﬁr%&wwmﬁtallmgo hadiamaiet ofdhswining 109+ iThg m!ﬁ¥ %efftwa 303 is
port, to which one or nore el ectrodes (not shown) is

provigahitian bronspgrainied304nppdratively ebentatedito the waon@gas generator
plates fitted into the ports, the el ectrodes extend

202.aThagzbmegead Bdhiusdd intotiss ballast paterdytrmems SR2Verturisnjector (not
arrangenment of the el ectro-chem cal reactor section

shoWr?)nqﬁdl%\AM‘@ﬂeeiﬁFét @Qéﬁorf 2adlithy fl?é%crﬁééuI@S@OfI{Hs an electro-chemical
mei nt enance work. The first nmodule 300 has at Its

reacfljc% hBﬁ%HEf\PHe%H !e%rBHSlHé.%Qak&aMbEQ 9\% éﬁ hﬁ@ﬁ‘eé”m end thereof, the

erelrn conmmuni ca

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
corrésponding electrode mounting plate (not shown), fitting into the port, fo which one or
more electrédes (not shown) is mounted. In operation, with the electrode mounting
plates fitted into the ports, the electrodes extend along the electrode housing pipe

sections 302. This arrangement of the electro-chemical reactor section renders the
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fromthe central pipe section 309 and the el ectrode
housi ng pi pe sections 302. The second nodul e 400

WO p@BOskE81 a cavitati on chanber 404 and a furt hRCT/EB20¢%/051604
ro chem cal reactor 405. The second nodul e 400 has an
upstream end 406 and a downstream end 407. At the
upstream end 406, the seconq4nndule is provided with a
flange 408, for connection to the first nodul e 300.

h vi t.at | r | iqndr g [ .

cloc oS RN R AP RREREIm ARGRTSe Budk TS HEPlngRfiR pR0 has atits

section 308 of the first dul 0. Fol | ow ng .t he -
doWRS VIR TR B NAYSD ATRES® 501 (I8re bR pRANb N0 Bgmmunication

has a frusto-conical section 410, decreasing in
fromdihgrasindial piperasstion 308ansktidedlesteads hprisieg petsastions BP2.

havi ng a di aneter corresponding to the dianeter of the

pi ping 100. Inside the cavitation chanber 404, the

second nodul e 400 is provided with four rods 412,

extending parallel to a |longitudinal axis of the

second nodul e 400, on which are nounted a pair of vane

Thepeabad moddlead@d inghades af cadtatib@tchambelr atlisad®3 furtiesr electro-
vane plates 412 have a set of bl ades about their

chefial PESEYr 408C! TRE Ge28nd@SmblulePEIRhES bl Apt@ahte 406 and a
helical swirl to passing water. The cavitation plates

dowé?ﬁe%.@{/&odé@. L@ntatﬁfeﬁgrsﬁ?%"éhocgﬁ% the Sedorfd rﬂbﬂu%‘féggc?véded with a

ural i Ices. Tubul ar spacers
) 300 oSSk b RE o 4 2005 e udber e HRP 404 has o
cyiiq%iiapéﬁ%igggo\gﬁrl]%{j@ogf; @{dri]sfmétae\fr/ gﬁ%ﬁ%ﬁgﬁﬂg %andiffglda’ setc?igE%OB of the
first module 300. Following the cylindrical section 409, the cavitation chamber 404 has
a frusto-conical section 410, decreasing in diameter to meet a reduced diameter pipe
section 411, having a diameter corresponding to the diameter of the piping 100. Inside
the cavitation chamber 404, the second module 400 is provided with four rods 412,
extending parallel to a longitudinal axis of the second module 400, on which are
mounted 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

the rods 412.

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

purposes.
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pur poses. The further electro-chem cal reactor 405 of

the second nodul e 400 is substantially the sane as the
web®@stuswschen cal reactor 305 of the first nodedBIRR0EGB/051604

The third nodul e 500 conprises an extended tube

defining a cavitation chanber, corresponding in

di anmeter to cylindrical section 409. The third nodul e

500 includes a set of cavitation plates 501 . In the

enbodi nent shown, these conprise an array of angl ed

sections. Although shown with the apex of the angle

sections pointing upstream experinents by the

5 | i cant have shown th cayitation plates of thjis

The 'ﬂl?r EURBFRETBICH @?P@é%ﬁ@ﬂﬁ% ,Oahi'?rf‘q%\iésﬁb%t@”t'a"ythe
poi nting downstream The fourth nodul e 600 conprises a

same &g thatdlesircakemise! BawiorWssefdheifisst podulgidld: to the
‘cavitation chanber 404 of the second nodul e 400, and
is provided at each end with a flange 605, 606 for
connection to the third nodul e 500 and pi ping 100
respectively. The fourth nodule 600 is al so provided
with an outlet 602 for nonitoring purposes.

The Ahire madiule esETbocibriessd ainofxtehded duisd kiefinitgl # cavigatidrovhamber,
in FIGs 10A, B and C these alternative enbodi nents

corrdpendifd ihedigmiter 16 @pfiddichrse GrRWI 408 | T MirdtRSdulk500 ihbludes a
be appreci ated that various configurations of

set SRR DAL o8, 5360 FREdebE sfiodR st Binibe an array of
i nduce. cavi tation. The syst uses a i ast Safe . L

anglgdretenso. ARPRGE 1 DI0Ey SENNEOFPES Folfsy anglar epgians pointing
bodi es and organi sns fromthe water. Ballast water is . .

upstraig eaxratineRh byriee epplient bexe shewntthat ervitatian pialas of this kind
103. The filter 104 may be fitted at any position in

are mee pffpetiverwben 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 to the third module 500 and piping 100 respectively.

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, B and C. these
aliernative embodiments have differently configured cavitation plates. It will be
appreciated that various configurations of cavitation plates described in this

specification might be used in any of the molecules designed to induce cavitation.
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to any branch in the pipe and before it enters the
bal | ast water tank 102. The filtration system 104 can
W@ owaes268t 0 t he bal | ast water pipe work 100 eiREIETB2§8/051604
means of standard flanges or specific pipe couplings.
The ball ast water enters the filtration system 104
t hrough the inlet pipe and ﬁ)esses first through a
coarse screen to renove any arge particles and then

The Sy i uses BRI a BB SR dl Fihatiog Py Sieed qﬁ,%a%%move%amcles

screen is flushed on receipt of flushing comman

bodies endnergatisoselfemythtouatenddaligst wates Iﬁep@@eééhr%@ﬁl the filter 104
flushed either on receipt of flushing comand

from(the dathasinuledp 081 Yheé fitiehthd sipyde fitleeinatanyrpgsédton in the pipe prior
differenti al pressure across the screen is detected.

to aﬁhl@ranﬁ:h'n‘i e gipkaind bafsRatehtepimHeaalibst Watersafileens. TAB filtration
be punped directly overboard. A block diagram of the

syst%rT L felorfat footlhe?)%ﬂﬁét \ﬁ%}lg@% Ee WPk k6o %hﬁ’%‘ﬁbﬁ} r‘he%@of standard

he eqw pment o Ical contro anel

e corrpr
f'anqe%:erc%ee B RE iR of P ERAT Befer <A S 466 fllelobGystem 104
and a pair of ozone generators 202, with chillers to
thfo%%fh%lm%?rﬁjp%nﬁt%ﬁ% ézf'éﬂetth[ﬁﬂgﬁﬁ CRAPS: PR &2 (FBOVEREY large
el ectrical control panel nodule 200, is housed in a
partictesiansl thpp thneedhwdinersaregn, peslesaly 4amipiex. Claraing of the screens
el ectrical supply to the electrical control panel
is caredloat 20@olkineul d be

- 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.

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

A block diagram of the electrical control panel module 200 is shown in FIG. 11. The
equipment of the electrical contro_l panel module 200 comprises a programmable logic
controller (“PLC”) 203, control switchgear 204, a rectifier 205, and a pair of ozone
generators 202, with chillers to control and maintain ozone output and temperature.
The electrical control panel module 200, is housed in a marine approved watertight
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
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routed via the control sw tchgear of the ballast water
punp 103 that it operates inconjunction therewth.
wQ@\d@pidaegl t hi s configuration ensures that the BYBIBE2VE/E1604
operational imrediately the ballast water punp 103 is
started. The PLC 203 controls the working cycle and
manages all nonitoring and rning alarns of the
reactor 1. The PLC 203 contrél enabl es access to ali
aspects of the react 1. Qutputs avail fromthe
comrbn QiriBsrewie Adopling iLeRNTIgYrating SnaHrsst %T&ﬁe £dF operational
onponent conditions to be connected to a | ocal PC 206
:mmteﬁlaéeimﬁm@hﬁlla}t westp Rurep RS elaried. dine: RleC P83opirols the working
El ectrode condition, water tenperature, reactor
cyclepadatiacagds sit atoexitaridg bat lvesrhingedlemé bbthe reaetarie Talesi®LC 203
nonitored via the PLC 203 and recorded on the PC 206.

contTa%anfés?&%egérro an%sfa@étslwtﬁ@re@cgm @Lﬁb@@@aﬁ!@ﬂ@iﬁcﬂﬁ%e PLC
digital inputs, | owi ng i ndivi dual user

ena@%%@élgtgﬂlg rfhl ag ah@aﬁ%ﬁgbgldr bBrok REmPYRBAt ﬁn&ﬁl’isttﬁ betéb%nected

o) an i sual "war ni n

o S B R 0Bl PRI LT —

reactor installation, in the ballast contr room
congiHon HuatsF t%@eraﬁwﬁ mrRctenpreasaif staty aﬁﬂé@ﬁa%weﬁ ow rate are
nessages, g emer gency stopping of the reactor,
e

alsowpaﬁeredewa theePoridd Wrnedecerded on thee PEaRPEst TheyMLCRO3 can

room or bridge using the renote nonitoring unit
moriiontupoloseig il analobuedqops ead 16 eigiaCirdads, calowingn kndivitoal user's
exi sting ballast water control roomcircuits and al so

reqLﬁl*ern(?&{tls Yo be kAYRibd dgene Bhehiediaalts ane ¢ Pe30hitia&s audio and

of the watch conplete control of the reactor and

VISUQ?\gEﬁﬁﬁgz%@iﬂ ?i%f{]l@%l'a%&?ﬁrgeﬁ g&%‘é‘( %@W%%Bﬁﬁorm?d”@hlts 201

These would be located for example, at the reactor installation, in the ballast control
room and on the bridge. Actions in response to these warning messages, e.9.
emergency stopping of the reactor, bypass, etc are done directly from the ballast control
room or bridge using the remote monitoring unit controls 201. If required, the PLC 203
can link into existing ballast 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

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 module, high frequency transformer, electrodes and an ozone reactor (corona
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rectifier 205 which supplies power to the el ectrodes

in the reactor 1, via a heavy-duty DC el ectrica
w@2Ba3268he out put polarity of the rectifier 2BGI/IB008/051604

automatically switched under the control of the PLC

203. This polarity changeover ensures that deposits do

not formon the el ectrodes. ,Jwo ozone generators 202

are nounted within the elecg i cal control panel nndule

ach ner at or. 202 ri ses .electroni.c circu

dischigedibOn ATTIET Wt PEVITRLR TRBLRIB RGP e RIS S hedne generator

electrodes and an ozone reactor (coronadi scharge
temperst)e. A chiller unit is provided to maintain ambient

air and ozone generator tenperature. Fromthe

generators 202, the ozone gas is piped to the reactor

1 and infused into the ballast water by neans of a

Venturi systemthat becones operational once the

reactor is powered. In the system the ozone gas is
Frorm aifé genechtovs 02N tHehezdrad dasis pipdcto thededties dlaresinfused into the

wthin a matter of seconds in seawater. A Teflon pipe

ball &R 4238ty Medn$ bbh VeRfifi $istah tearlidomdsSopirationdl ohed tife reactor
the ozone to the reactor. Non-return valves are fitted

is pé\ﬁer%%s s $’) g%te '$h& Z&Bﬁegfb%slsr@&rﬂélﬂﬁa Rhithit B ‘E:%héé‘te\ﬁré{ter and

stem con |gurat| o ensures that no ozone

rel.eased | to.the sur.roundi us eI|mn

dlsssﬁfem i 2 R o 505N sdaégﬁw#%@fﬁicafﬁ@%?n‘faﬁda aaﬁam‘ess
shi ps crew. Cooling for the ozone rators 202 is

steed egrpqiwb@ ysed ta reutsasfae qzopedp the yeq % retyRofhessaRedfitted to
a chiller and a heat exchange unit. A 10 nmm di aneter

ensyiedbai theugode does ceivim ingo Hyesdadivepi %@tamr'lihwcpnﬁguratlon ensures
series of non-return val ves ensuring safety regarding

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
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.

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.
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the cooling system The cooling systemis activated

via solenoids imediately the reactor 1 is switched
W@re0sMBee1 t hat t he cooling system serves a doubdEIB2008/051604

purpose in that it provides cooling for the ozone

generators and al so cools the anbient air, from which

t he ozone gas is produced. Ige ozone generators 202

have two types of input connéctors for cooling water

and output connectors for ozonej.e. either VA BSPT or

" NPS Tapered. The renpte nonitoring unit 201 conprises

an intelligent graphic termnai with a graphic screen

The S REI OO UEHTLRY | RYMHE A Qe crfiehie j e win a araphi

Normal |y, the reactor 1 and filter 104 will start _
scregottbatwpde! inycophnetionavitioheddde REBHg Mhayifast meapgon controlling

punp 103 is started. Manual controls, however, are
and panitadied thesysteen.dur i ng nai nt enance or when required

by the crew. Controls available are as follows: -

Reactor Start/Stop - Filter Start/Stop - Bypass

Open/ Cl ose The following conditions will result in a

war ni ng di spl ay, acconpani ed by an audi o al arm si gnal :

- Reactor trip - Rectifier failure

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
- Filter Start/Stop

- Bypass Open/Close

The following conditions will result in a warming display, accompanied by an audio alarm

signal:

Reactor trip

- Reciifier failure
- Electrode failure or replacement required
- Over-temperature.

- Ozone Generator Failure {O; Generator 1 and O3 Generator 2)

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

that the effectiveness of the system is compromised.
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- Electrode failure or replacenent required -
Over-tenperature. - Ozone CGenerator Failure (O3
wazendedr 1 and O3 Generator 2) A rectifier fRCT/IB20084051604

ozone generator failure warning is a critical warning
as it indicates that the effectiveness of the system
i's conprom sed. Preferably, %@e reactor 1 is fitted
in-line into the inlet/suctTon side of the ship's
bal | ast punp 103 and after the sea chest 101 . It can,
however, be installed after the ballast punp 103 if
requi red. The reactor 1 can be installed in either a
vertical or horiz | configyratiaon. A plural f,

Prefeighiy, 4ps EObb 1§ RGN GP i ﬁ’%’”t‘?&%“%@'gﬁiﬁi&oo# thg ip's ballast
upscal e the out put capamt)( of the reactor to the

pumpré andafteathe semabesty! Ko ltsean, homeverhecinsipllefl aftes the ballast
bal | ast punps installed on board the particul ar ship.

pumpi 10%if sediiidedc afhd ecaotst Alcher dhednsiaded roeitzema seittigabor horizontal
vertically. In the enbodi rent shown, both the reactor

conf iafidie A t:)iutrzﬂf‘£¥1 bE@dctdRs 8art 88 A&l RDintdza BidREbM/pddS to upscale the
| ustrated e power consunption of the reactor and

ou‘cpEJF1 l:éﬁégﬂgsbf O WactortWthe rtre%ltrﬂehf‘l“atfe %éiﬁégﬂ? tol\@ﬁt%ﬁlcla}ﬁamty of the

requi renents var accoradirng to

N

Wper 6 inch reactor unit is expected. The
ho“#%@”ﬂi@{u‘@ igAlul es are easily carried via a lift or by
two installation technicians. No heavy lifting gear or
equi pnent is required, although, for ease of
installation, a 500 kg :

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
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chain hoist or electrical hoist can be enpl oyed. For

installation in existing vessels it is inportant to
W@i08/15%8t t he reactor 1 can be nounted in anyPCT/IB2008/051604

attitude, i.e. vertical, horizontal or at any angle

dependi ng on theavailability of space on board the

vessel. The angle at which me unit is nounted or

fltted into the pipeline w not affect the

onal capabi lity of the reac i
avaifBity & e SRR P T’%e ARl roles fé% e hunted or
taken to the identified installation site
fittech diaribe ripelines lunoy aiectribe rrpesational <aRebijhe Oi & fractor. The
ship's structure are required if in the vessel there
reackey is meoddlac ped cagguceupplisd| inbndvidoalheestions etaken-te fibe tidentified
and the ballast punp the reactor can be installed

instaalatien sitbendcddsambiedl impsittAli ke nbahajoe biterationy its trenstdp® structure
be made for additional pipe work that could lead to

are r(eﬁﬁlréé efex R dsesmhbNs ﬁf&@fﬁd@ﬁ sb@cé al4ildbld BefeRn the sea-chest
last water punp. Note that if this nethod were

and ?ﬂ%gélﬁ’t {)ﬁﬂﬂ)e h@orgggtop éé{r‘? bg(?nﬁgtléoagﬁ& th%.b%ﬂé&rpﬁjrﬁﬁ.%ltematwe]y,
oSS LSBT bR R B e 2 gt

be possible install the three chanbers in separate
and §'é%fi tq)ﬁaéurmtoOth@Héal\@ﬁbwamrn@mm/wwetthabIftt%én%thod were adopted,
installation, such factors as electrical connections
caretwotlddage p@baﬁﬁardoﬁn@nse thatihe dditioned plpe warksherstsegic. did not
The applicant has conducted various tests, the results

advé}%ewﬁ'aﬁbc’am@etfaiwl ratee cbf i balfdsG watkt . throudH @he 1dystdrhe In difficult
descri ptions, "Chanber 1", "Chanber 2" and "Chanber 3"

mstél%ﬁs%ﬁs |ﬂntap%efdds§FbléTPx§t§lIQh§WeebHSn&%?@ﬁ%e’ﬁB%’cb%e&@&us into the
and the fourth nodul e 600 respectively.
pipe work. With this type of installation, such factors as electrical connections to the

separate sections would have to be considered.

The applicant has conducted various tests, the results of which are tabulated in FIG .
11. In FIG.11, the descriptions, “Chamber 1°, “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
tests in which electrolysis was performed (the acronym VAT referring to the variable

amperage fransformer / 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 50b, it should be noted that thé configuration of diameters of the various

sections within the reactor is such that cavitation is induced notwithstanding the
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The description "Chanber 4" refers to the third nodul e
500. The description "03" indicates the tests in which
WO2®Ra432685 | ntroduced. The description "VAT" i PCi/tB0e#051604

the tests in which electrolysis was perfornmed (the
acronym VAT referring to the variabl e anperage
transfornmer / rectifier use?zin the tests). Production
versions of the reactor wilf“be supplied with a

rectifier giving a-fixe opti out.put to.th .
abseea st AU ONRIRRS, die Bt yATE SEBgBot gk g gactor, using
noted that the configuration of diameters of the "
A5KW punePredusing Adloy ek irewgh thedepeter pE24QiBhpeHaur, exceptin the

cavitation is induced notw t hstandi ng t heabsence of
casecaMieshbSlmrin pitatie s O0kNE ptioyt waswsed peoflocimgd e mgtedhrough the

6-inch reactor, using a 45kW punp, producing a flow
reactcrtef 3VOROYEr Howe. react or of 220n8 per hour, except in

the case of test 58b, in which a 9CKW punp was used,

producing a flow rate through the reactor of 320n8 per

hour. Having perforned these tests, the appiicant has

concl uded that the effectiveness of a cavitation-based

systemis enhanced by the addition of an electrolysis

_ ( . o '
Hawgggegﬁ%eta Eggéé’nﬁ{ét%%sé %?g??gﬂ&éé?ﬁ%? rcr;ggblhﬁeéﬂ%t%g gffectiveness of a

I'n sea water were
g ¢l usi 0 or,not  f.urth ddi.tJ of
caviph bRl RN PSR bt wB hetb &Y ol AOREHTS8 process
dosages, cont enp] ated by the appli t increases the .
prod PEO T R PORUIPT IR # otéueé8@§§$-yéﬁﬁowﬁﬁmsﬂsowpmmed in sea
descri bed herein, the applicant envisages that the ,
watdrnweredineendusive asztnwhaiher asmedivdhenaddition efdhe dntrediction of
systemin fresh water, where electrolysis wll produce
ozoresinty therwater inthe diodagegecsdamphaied bg the apylitantiedraases the effect
conbi nati on
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
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 preseht invention, it wilt
also be apparent io those of ordinary skill that various modifications can be made

without departing from the spirit and scope of the invention.



with a cavitation process, a significantly | ower dose
of biocidal gas than that provided in known prior art
WE®BAI®S8i S required to achieve the required KPCT/IB28084051604
This accordingly results in a | ower power requirenent,
and | ower amounts of potentially hazardous chem cal s.
Wil e the specification desggibes particul ar
enbodi ments of the present vention, it wili also be
CLAﬂ@Sarent to those of ordinary skill that various
ifications can be nmade w thout departing fromthe
spirit and scope of the invention. CLAIMS 1. A net hod
for reducing aquatic organi c contam nation present in
a volune of water, conprising: punping the water from
fan opemebiumtifoo fedretirgy aguaticarganit ednt@ntihatiguatdsent in a volume of
organi sns t hrough an el ongate conduit system the
vat erwdiani sgmpriviagurmimpiagf thewwaee fidrat ansopde Isede of water
at all points in the system and having, at any poi nt

5 I n thene¥RihgBd \ﬁlﬂﬁ’%\%ﬁéﬁ& Br §E}‘E’ro§%?°f%in°ézlbﬁ§at€%du[t system,

and directing the water into the tan

char [ r

uni t ?ﬁ%g{a:ﬁ%%ga\ﬁig %;Urﬁjl)lﬁlﬂ?tr %Wgﬁ]étgfthéﬂ;lr'é%g I%a@né Sfa%l FSBmts in the
such that t he ressur head g qu water i s caused,t

fall Y8R APt A WoRYREM NGPEIST & PERFUED hegd and
cavitate, at a first point in the system by increasing

t he \X@lQﬁthWﬁaﬁéaﬂd sfirectieg e Wlat%itmﬁoﬁéeftﬁﬁ'sitarﬂbﬁh@faq@eflsed by
A nethod as clained in claim1l, wherein the water is

di schamgsidg ithe ovates thiwugh a reactor unit including a conduit system of

10 varying diameter such that the pressure head in the water is caused to fall fo
a level below atmospheric pressure, and so o 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 discharged into a ship's
15 ballast tank after being pumped through the reactor unit.
3. 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.
20
4. Amethod as claimed in claim 3, wherein water is pumped through the reactor

at a mean velocity of between 2 and 3.5metres per second.
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bal | ast tank after being punped through the reactor
unit. 3. A nethod as clained in claim1, wherein the

W@1081132681 dr awn t hrough the reactor by neans OPCHIB008/051604

situated in line along the conduit system downstream
of the reactor. 4. A nmethod as clainmed in ciaim a3,
wherein water i s punped thrgégh the reactor at a nean
vel ocity of betvveen 2 and 375netres per second.5. A

nr odunensd PRty 4’ il nedlinet s e e Pob s frotgRRG reactor

nmet hod as clalned in claim3 , wherein water is punped

t hr o RPPHESTEHBS LT §8CA Yol unetric flow rate of

bet ween 160 and 320 nB per hour. 7 . A method as
claimed in claim4, wherein water is punped through
the reactor at a volunetric flow rate of about 280 nB

fher Homethdd as’clamtdubich chsincd avheediniwater igiponrbedihexughnhe reactor
wat er i s punped through the reactor at a volunetric

fl OWaﬁ%t\%ltﬂﬁe@%tﬂM%\?thé%@ bafekeD 960 BRd 320 Mdper hdur. A

nmethod as clainmed in claim6 , wherein water is punped
through the reactor at a volunetric flow rate of about
640n8 per hour. 10. A nmethod as clained in claiml,

Yo'l i Pl CHa e'%‘%ﬁaw N il Epun GRS reactor
quantity of between 0.4 and 1.0 mjlligranms per litre
of wa?tt@rv%taggtrwgrl%faia@ﬁapﬁét 288t qrer hour.

8. 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.

9. A method as claimed in claim 6, wherein water is pumped through the reactor

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

10. A method as claimed in claim 1, wherein the water is electrolysed in the
reactor so as to introduce sodium hypochiorite into the water in a quantity of

between 0.4 and 1.0 milligrams per litre of water passing through the reactor.

11. A method as claimed in claim 3, wherein ozone is infroduced info the water

passing through the reactor.

12. A method as claimed in claim 11, wherein the ozone is introduced into the

water in a quantity of between 0.001 and 0.1 g per litre.
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11. A nmethod as clained in claim3, wherein ozone is
i ntroduced into the water passing through the reactor.

wa 20083268t hod as clained in claim1l, wherein PCEIBXAGNS1604

is introduced into the water in a quantity of between

0.001 and 0.1 g per litre.13. A nethod as clained in
claim12, wherein ozone is égtroduced into the water

in a quantity of about 0 Olg per litre. 14. A nethod

as clainmed in claim1ll, wherein the ozone is generated
onboard the ship. 15. A nmethod as clained in claim14
wherein the ozone is, generated by way of corona .

18 AU S ao GO 2 1T AORGS KOOk Gpshinto the vater
claim 11, wherein the ozone is introduced into the

wat ein Befuangty ¢tfealwat 8:0tigsperdilied to cavitate. 17. A

met hod as clainmed in any of clains 1 to 16, including

the step of reducing the concentration of |iving

organisnms to neet the criteria laid dowm in Regulation

12- 2 gf o B8 elaimBa g bRirh oS wWiireihtBe ©26hé ® g@istated onboard
managenent of ships' Ballast Water and Sedi nents" to

t he &ﬁ§g |l ast Water Convention 2004 by causing the

water to cavitate with a conbination of cavitation and

el ectrolysis, before discharging the treated water

into a ballast tank aboard the ship.

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

corona discharge ozone generation.

16. A method as claimed in claim 11, wherein the ozone is introduced into the

water before the water is caused fo cavitate.

17. A method as claimed in any of ¢claims 1 to 18, 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.

18.  An apparatus for reducing aguatic organisms in a body of water, comprising:
a reactor having an elongate conduit system having an upstreamend and a

downstream end, and being configured toc permit the water to flow therein at
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18. An apparatus for reducing aquatic organisns in a
body of water, conprising: a reactor having an

W@L@ag3ee1 condui t system havi ng an upstream eneiCEIBL0E8/051604

downst ream end, and being configured to permt the
water to flow therein ata constant volunetric rate,
characterised in the condui bgsystem defining portions
that conprise: a first tapeiréd portion having a

na doprisiaht SORRREC FrenPRBFeBRgd 3N R PRSP Beining

and an upstream end defi ni ngt a second. openi ng having a
secoRPrpEa canpPRS: @ ﬁé‘ﬂ fRerad pertiogi Agdng @ gaperadly frusto-
first reactor portion having a generally cylindrical
shapeonicahshapgiand hivinga dewnsiaeayarendrdaiiningea fifst spening having
di anmeter, the first reactor portion being connected to

t he dofirss ticpaatee rehdén Ubetréamsdnd deftieg apsdondropgeiray having a
radi al | y di sposed connector, such that the dianeter of

t he cRREHHdiISMSES ThiJEMBRARLRE Yirdt NGAPRERS aABRid: Yeactor portion
downstream of the first opening in the tapered

por ti v%ng\@g{eﬁér%i”%Eﬁlirﬁri\'é\;gisef%ip%{@m?% Bﬂi o%l@t%?eer;%rger than the first

initiate “cavitat

through the conduit system 19. . aratus,as, clainmed in

ol o e R T a8 p P e S et P oy Tefrgafh end of

condujt system downstream of the reactor unit. 20.

AppartBe feSthianered madtion by airagialy disgesed spnnestare ey that the

i ncludes at | east one pair of electrodes configured

f or dliawetasiof thaegonditisystarwhmgdidielyuntrenbes akraptly 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

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

conduit system, downstream of the reactor unit.

20.  Apparatus as claimed in claim 19, wherein the reactor includes at least one
pair of electrodes configured for electrolysing water flowing through the

reactor.

21. Apparatus as claimed in claim 19, wherein the reactor includes ozone

injecting means.

22.  Apparatus as claimed in claim 21 wherein the ozone is generated by corona

discharge.
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2 1. Apparatus as clainmed in claim19, wherein the
reactor includes ozone injecting nmeans. 22. Apparatus

w@2008l13068ed in claim?2 1 wherein the ozone i s BENEB2A084H1604

by corona di scharge.23. Apparatus as clainmed in claim
18, di nmensioned and configured so as in operation to
cause the water to cavitategy,-whether continuously or
intermttently, for a distance of between 2 and 3
nmetres along the course of its flow through the
conduit system 24. Apparatus as clainmed in claim18,

i mensi oned and configured so_as. in operation tg cause .
Zhe VRRPAAHS %savliafra?é,w%&mi% ala?ﬁﬂ%'ﬂ[bﬁ?gﬁpg Sonfigiired so as in
intermttently, for a period of between 1 and 5
secorfpsratizd  toppacag utheasvaleni ivedaviiaigl, avhett@r continuously or
di mensi oned and configured so as in operation to cause

t he vateeniticotigdor batiganyd ef betwezort and Guaélye®along the course of
intermttently, for a period of about 5 seconds. 26.

Appari@tfisv BFoGdRtHEEEbAdLIIEyBtdM 19, Wherein the reactor
conprises a plurality of nodul es, each nodul e

i ncluding one of: at |east one pair of electrodes
configured for electrolysing water flow ng through the

actpor: nmeans for inducin viitation into,the. .
owi PS5 GREeaR Gaie 8 Hlyensioned 990 cREfigpsd s as in
as clainmed in claim26, wherein the reactor conprises
a pl \Pgralign to cause the water to cavitate, whether continuousty or

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

25. Apparatus as claimed in claim 19, dimensioned and configured so as in
operation to cause the water to cavitate, whether continuously or

intermittently, for a period of about 5 seconds.

26.  Apparatus as claimed in claim 19, wherein the reactor comprises a plurality
of modules, each module including one of. at least one pair of elecirodes
configured for electrolysing water flowing through the reactor; means for

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

27. Apparatus as claimed in claim 26, wherein the reactor comprises a plurality

of such modules, connected to one another in series.
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of such nodul es, connected to one another in
series.28. Apparatus as clained in claim26, wherein

W@ b@snagmet or conprises a plurality of such nodedEB82008/051604

connected in series with a section of pipe connecting
one of such nodules to anot her of such nodules. 29. A
nodul e i ncl udi ng one of: éeast one pair of

el ectrodes confi gured for e? ctrolysing water flow ng

t hro the react.or ; I nduc| vi t at

28t o 3 H%@ﬁﬁgﬁ W&@éP ol iﬁ?aﬂwrﬁm tbe?%%%omﬂgﬂsm plurality
nodul e bei ng conflgured for inclusion in a reactor .

uni t cAsboh faslylass cenapeted & sgues WithiaseciBRdf PREgPrNecting one
plurality of nodules as clained in claim?29,

conf iofjsuekl nfaiuiesteearndtped oft suchppadaless as clainmed in
claim26. 3 1. Apparatus conprising a plurality of

reactors according to claim18 , connected in parallel

via a manifol d.

29. A module including one of: at least one pair of eléctrodés configured for
electrolysing water flowing through the reactor; means for inducing cavitation

into the flowing water; or ozone injecting means; the module being configured

for inclusion in a reactor unit according to claim 26.

30.  Akit, comprising a plurality of modules as claimed in claim 29, configured for

assembly into apparatus as claimed in claim 26.

31.  Apparatus comprising a plurality of reactors according to claim 18, connected

in paraliel via a manifold.



