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1 METHOD AND APPARATUS FOR WATER TREATMENT TO
ELIMINATE AQUATIC ORGANISMS FIELD OF THE INVENTION 5 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 but not exclusive application in the treatment of
ballast water carried by ships, which may give 10rise to undesirable
environmeniaEgieos AN ASBARKTES  FORB YA TERKREASMBENTOM the
sites where the water was taken aboard. BACKGROUND TO THE
INVENTION 15 ModE@h BhildéNfeHe ARG BARGANIAMS 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
F\-‘Y%FB 8@'@3&Wﬁ€fé&%@ iharged. Likewise, when cargo is offloaded,

o the ballast tanks to maintain the desired
20equilibrium. It is well known that, because the volumes of water pumped

hidnleHEGHE RS OR this Rasin e dpiRRe ARG RAGIY SHMINERY BYGRASIESIsms

of organisms inhabit the waters in which ballast water |s taken aboard and

RIRFRI LI MEHE HRY FRIFPYIGHE $REBFY B I SEHGIRG Bthnumbers to the
seiavatesrantdie afewaianblcabencaimieas, offée tmkentfopnmhasdistativ®sr but not

SRR Thsre AT S ante Form AL G ALNKOR SBE SRBLORRATHIEY ove

agic AN Incllide Various pa i
stz to-unganitahle (PnviorvagnirceBectstwias sigeharaedintpaegingiciies distant
remeeShehaeHiRaRIADIRRIBdare waters in which they
arrive, and if they find a suitable food source in these waters they rapidly
colonise their new territory and may begin to dominate it. They may thus
30become a pest and a threat to the stability of the ecology of their new

BARKEROUND 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
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 bréeding 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
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.
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2 The problem is recognised worldwide as a serious threat to the aquatic
environment, and the International Maritime Organisation concluded a
treaty in February 2004 which will have the effect of requiring ship-owners
to take rigorous and systematic steps to sterilise the ballast water in their
vessels. The treaty is in the course of ratification, and 5 concrete
provisions regarding the technologies tg be applied in implementing it are
still under consideration. Considerable Thventive activity has been

Y Rt TUGUI I I GRMMAGESad & RSBt R MtieNR O b Ritic environment,

problem.Mainly this has taken the form of chemical treatment of the wa

h ter |
Mt itsartine NMarfisQmaaisatitaspRctAed AR Rehrdary 2004 which
whiemnaigathdsetiesyeyesquping shipaplecasgiesisablagnblivarsinssib@atic steps to
hemicals ontamingte.the waters.intq which ballast water is__,... ..
S T P R e s Bl P SR PR LR oy, and
coRLRaNtiisionnaguaneing theteakaomabiein haappidiniotrtaeealiag it are still
iRiended iisplugn To mitigate the effects of releasing powerful chemicals
into the waters of harbours and 15 anchorages, it has been proposed that

hemicale with 2 ransient sustence Jn walcr shpuld be.sed SUERES years, to
ozone. Ozone has a half-lite’in sea water of only’ some mindtes, and ifs

potendiat tenivititos afl tbeweiehlam a stitdisinghigdiashtakpachprioposed themical
HaRHRNFRewadriR SRS RN Bro SRy ZRR s MG ISt AP PlRETARoBAction of

20040055966 (Nguyen et al). 200ther inventors have corjtemglated a .
djnisale b EXFhRiBrPEnfiRS A fesTs iR ap EBRdRsssthe whftRicals may

dbtiantirgaaiaawiend tadlighich evled bydeax\isnaitgad forgsioe tiker harmful

water.fo an acceptable qu &t in terms of various standards for it to b
RIS (Lo Eotma IS o AL OR e NI RS B il Aygater problerm
thaftihad ok thpptanet inteodiddosedvthe concept of initial

hyper-oxygenation of the water. As oxygen 25 alone, brought into

THOHifighYS S &TTa0N bYiRgcaigRg isoheafchdinciicinmiian heeaidss phitsours and

S ARG S e & AR S8 i e
shw@:b&wgeanas_fazm, a@dcthe m afrelilifieabio sesf wqte{ti_cf only some
rgl(%%%%@ﬁd%t%&%%&%% il Mé?éé‘&%f&%%ﬁ@%&%ﬂﬂ?&@ﬂ% proposed

es, and requires considerable monitoring an supervision.
in US patents 6,125,778 (Rodden), 6,516,738 (Cannon), and application no.

20040055966 (Nguyen et al).

Other inventors have contemplated a sequence of de-oxygenation of the water, to
create conditions in which living organisms tend to die, followed by re-oxygenation, to
restore the water to an acceptable quality in terms of various standards for it to be
discharged (see for example US patent 5,932,112 (Browning)). The last-mentioned
patent also discloses the concept of initial hyper-oxygenation of the water. As oxygen
alone, brought into proximity with many living organisms has a biocidal effect because
of its oxidising properties, this type of process has merit. Optimal effects are however
only obtained under confrolled conditions of pressure, temperature, and other factors,
and the rate of elimination of aquatic organisms is problematic. lts application is thus
not free from technical difficulties, and requires considerable monitoring and

supervision.
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3 Several other forms of treatment have been proposed, including the use
of filtration and ultra-violet radiation (US patent application 20040055966
of Nguyen et al), heating (US patent 5,816,181 of Sherman)), and
combinations of two or more forms of treatment, such as filtration by
centrifugal separation, coupled with exposure to ultra-violet radiation or
biocidal chemicals (US patent 6,500,345 of Constantine at al). Most of
these processes have the disadvantage of requiring either a lengthy or

SR\IIAEHIHITIRIRY S REERRLRA R ISELIPHRIDJR &I GHENTIRRARS U%é‘\’&'ﬁhratxon and

extenswe monltorln IS necessary ASs What dlﬁerent course Is taken
e gD S5 AT R Getian SnA e e Nl &t abopatige (US
ihetéasb\BaE 1 &1 oitGisemimmyiatiocontbihatibasisitives drisetbabtoaqtiatetment,

858?%“?%%&% %Mﬁﬂééﬁ@é %ﬁ'&g o %H”ﬁlﬂﬁ"’@ B 7290l Eviolet

material s atra spon génerate appropriate equenues
rediatieater b‘@@i@ gheniseis & Ribatesbmalfidtfe s snshatinegtated

by this equipment which tend to destroy organisms in the water are also
Memds@wmﬁegadwm disddvantagens retidiesiy@jting adpragthy or relatively

rgani mentio ed nan |an | repout, S i
R Bl R SR L S Ll S oo e
negassBillast Technology Demonstration Project of Northeast-Midwest
Institute, Washington, DC and the Lake Carriers Association
AGlarskenntiedifftstdry deuviarinetaken 2, LSt puigniosada e SqSapivbnet al), which

Itr sonl(fhradlatlon ar%p baﬁ,as aeql’gg%lf Cécgﬂ%[ uld'%%angnr?ﬁéangi that it is
ol 80 S some'living org anlsms as been fro many ears %

laﬁ@lfm aﬂgqjmpmmbgem@i@g@m@anhlnwmleg@ta@wm%@mb a piezo-
AiinteoERtng amrIRIBeH atEXEpsHAg BAGkrrrkfE id® freffuencies. The

Stumpf, D.E. Green, and F.W. Smlth Jr, published in.J. Bacteriology. 51(4)
vxwrmmmwbwa%% ST BRI B SAene ! %9&%&? atipment

WY G et el c&?véa'ﬁhs’m@ in 2eetelars Hsbelussased. jufsadonic radiation as

Stroudburg, Penns vanl 1975 405-493. The Ia tment
st sh et e T Kl Ealyeper £
Righ Siyllias ofi B alld 5 i &4 S, @n’gaa@dﬁqné_be Great

LEo%’ﬁfgst”?MHJ@;%HS&E%H'%@&P%‘P W&Qﬁe‘a\éﬁ\mﬁ%&?qlnstutute

or a physical-chemical €ffect produced by cavitation associated with the

Wrelioatrrafatid itht & AsnariFigimishiasaion (Siestand tebed Hydedvarine,

A ButRé prodeldubysHdP apshintiurisbchid rhliigioe wes, deprosed from
Proc. Soc. Exptl. Biol. Med., 27(7), 626-628 (1930). This article mentions

fﬂg Q@%&?Wt@%ﬁm ?Elﬁﬁgﬂfﬁ‘ég% édsgf‘ng% B}d?ﬁl&ﬂ‘é'i‘?ﬁ?ﬂe%fn known for

dissolved gas, reporte C.H Joh sonin J. siol., 1929, Ixvii, 365
RMh KPS AREN %H%ﬁef?ih’@'ﬁ)Nﬁ@ﬁ%héﬁ\)ﬂ%@i@)ﬁ%@dﬁﬁﬂﬂédﬁﬁf@ﬁﬁe ‘such as

Lﬁﬁﬁ@éﬁl?%[ﬁl@&i‘éﬁtﬁh% éﬂ%@%@ﬂ%ﬁ%@j@f@f@?ﬁw& BgP.K. Stumpf,
ysical Env nt. T se o u rasonic radiation for n
MR Bckive S R SHERAY AL G100 (1946),
re;&toaimeedsmlmmmbm!slnt&rabwmmm MPW@JJIEQ_@MQMOMWe Thayer,
lﬁcﬁﬂﬂl ] v HW% lengrs HROWEEbs. Th
e ec%whqi%ﬁqﬁgﬂ%?avg‘ﬁ%%%hgr %r‘ganlgr%%%gg ﬁé}i (jéent In s?égw%t?ér ©
lagtementioned publication also contains an article in Wthh a tentative explanation for
the lethal effect of ultrasonic radiation on protozoa and other organisms was put
forward, namely that rupture of the plasma membrane by a chemical or a physical-
chemical effect produced by cavitation associated with the ultrasonic radiation in the

water immediately surrounding the cell. (See pp. 402-404, article by F.O. Schmitt and
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10 navigable fresh water. It has, however, the disadvantage that standard
methods of generating it and monitoring it are relatively complex and the
associated equipment is, in the context of shipboard life, relatively fragile.
Accordingly it is an object of the invention to provide a method and
apparatus for generating ultrasonic radiation to which water containing
harmful organisms, such as 15 the ballgst water of ships, can be exposed
in order to eliminate these organisms from the water, the method being

Belaﬂwlékhévé\ph%p«n@téheraﬁweiﬁe@@au'@mﬂntm@inwv@iatwm) reRass28 (1930).

AR e e R ettt Qe R et R e Svitaton
PfdmN?Mrmwm@bs&h Hbrightrearigek iRisiekui®2iseiis865. Further

| Wmﬁ%rﬂﬁ@%@n‘ﬂmgﬂﬂ id %Q#ﬁé’dﬁﬂ SYehaiRa R é%nel:*geaoﬂ%&h@on pp.

gorowde a method and apparatus y WhICh usmg relatively simple
S1E8m A ddigsaRiak Inig SHCSIR LR S b ibelhted in water
from-which aquatic organlsms are to be ellmlnated these forces havmg

e effecif ofitretmsritmg disisidas warter trestmisichisdrrenerftly tattlastive since it does
969%6%'Brﬂ%@%&G@t%&%&%@gﬁ'éﬁ&%\’é‘élsﬁﬁtéﬁ"ﬂ‘i@ﬁﬁ&t@?%nd when

surface contact between the gas and the water is enhanced. B

¢apioyed praemopiaig-ammitveser aorears to have, from the apphcant’s experience, a

powerful effect in killing or weakening organisms of the kind present in seawater and

navigable fresh water. It has, however, the disadvantage that standard methods of
generating it and monitoring it are relatively complex and the associated equipment is,

in the context of shipboard life, relatively fragile.

Accordingly it is an object of the invention to provide a method and apparatus for
generating ulirasonic radiation to which water containing harmful organisms, such as
the ballast water of ships, can be exposed in order to eliminate these organisms from
the water, the method being relatively simplie and the associated equipment being

relatively robust.

A further object is to provide a method and apparatus by which at least one abrupt
change in pressure in ballast water can be brought about, and preferably a plurality of
such abrupt changes in pressure, this also having the effect of killing or weakening such

organisms.

Another object is to provide a method and apparatus by which, using relatively simple
electrical equipm'ent, electro-chemical forces can be generated in water from which
aquatic organisms are to be eliminated, these forces having the effect of releasing at
least one gas which is harmful to the organisms in question, the gas then being mixed
with the water so that surface contact between the gas and the water is enhanced.

BRIEF DESCRIPTION OF THE INVENTION
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5 According to the invention, a method of treating water containing aquatic

organisms in order to destroy the organisms comprises leading the water

under pressure through a conduit into a chamber of greater cross-section

than that of the conduit, so that the water pressure is abruptly reduced

and cavitation takes place, and, with the cavitation, 5 ultrasonic vibration

IS generated, the ultrasonic vibration ar}id cavitation then acting upon the

water. The water may be the ballast water of a ship. The chamber and its

RESORIME hIRBGRRARSHCANHLIFR BT RERMNG WARPRHHRAiAI g 0hH0SgaRIsms in

which the water is pumped. If the water is the ballast water of a ship, tﬁa h

T IS E1E IR aEA G S EARIE 7S RIS YRR RiSeT i uon @

tbadulihisto theheatbrisoigakstey etodheentind ttdadtatgpidtibecohdnitbep that the

a]o]q] ' e of. r Nt cro [o)a v

e B 0 S Ciation,

pitRsemicHibmtieriizaonaratod st stitasoriforibralinn asHisRyiaicminen acting upon

@lkamesy 15 of increased Gross-section, where cavitation occurs. The

pressure in the water thus increases as it enters the zone of decreasing
0ss-section, onl Wwhen the water enters the

ﬁh%s‘n%%eerpw a!,rg%%a{‘v%?g%g%g@%ﬁ?ggﬁgMé?t%!ect enhances the extent of the

cavitation which would occur if the conduit leading into the chamber were

b Gh3MRELAOSSISESTORARE FERGEE RO FTRRAV SO MRiT EMRIoh PaTb Rl e actor

hrongrswininthsosizicisisutapad. tafoteLiwvatdrds dea delashwhteooim@isbip, the

or include an. ultrasonic.component. If cavitation t '

BB RS e ST SR TG VB SRR e than whon the

watetdspiisahasgease metal. Pitting is reduced to a greater or lesser extent ft

the components are made of certain grades of stainless steel. In the

Thetbedduitdezieleg atLth© EHagnibaiepiiderabypdbng i ey hidesl fingtuing of generally

Csct)%ggfl?ens{sc?ct)eglsaﬁré I “r?ﬁﬁg tuh rve\{el\éﬁ%go\xln grngqte%vt/]ﬁaéargj??ggﬂr%?ﬁﬂg&ed by a

or other matérial which eliminates or greatly reduces the extent of 'pitting.

Boesrhicoiagusaoprogrissitidydn srastesietkicarbeivis deho ustingisiei g chamber

- AIRERNEY R SPESIRIMEIR R A6 tHEEH Wﬁg.isfﬁ@fiy@é)éd%m#'ﬂfetﬁlater thus

pitting. At least one such metal is commercially available. Details are
iBFEeRSSE geb@nters the zone of decreasing cross-section, only to decrease abruptly

when the water enters the chamber where cavitation occurs. This effect enhances the
extent of the cavitation which would occur if the conduit leading into the chamber were

of constant cross-section throughout its length.

With cavitation, vibration of the surrounding structure tends to occur at frequencies
which comprise or include an ultrasonic component. [f cavitation takes place in
components made from mild steel or other common metals, the effect is to cause pitting
of the metal. Pitting is reduced to a greater or lesser extent if the components are
made of certain grades of stainless steel. Inthe method and apparatus of the invention
pitting is avoided by using stainless steel and lining the relevant components with a
known ceramic or other material which eliminates or greatly reduces the extent of
pitting. Several co‘m_positions with this characteristic are available commercially.
Alternatively, a special metal can be used which is relatively immune to pitting. At least

one such metal is commercially available. Details are provided below.
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6 The effect of the abrupt reduction in pressure in the reactor chamber is
to draw dissolved gases out of the water into the gaseous phase, and
ultrasonic vibration occurs in the environment of collapsing bubbles of
gas. This leads to intense mechanical agitation in the water. The effect of
this agitation, coupled with the chemical 5effect of the gases as they act
upon the surfaces of aquatic organism% is to kill or weaken the
organisms. The lethal effect of the ultrasonic vibration on aquatic

PHIABIREBE ld'ﬁ ﬂﬁ%%mﬁass ?@@g&ﬁ@ﬁhﬁimﬁ%@%éﬂﬂgfhlew?@ﬂiviﬂﬁlaﬂm%ﬂ@h draw
ower to electrodes exposed Jn t water, there Yy leadin to, electrolysis. .
HRGANR HectR AL ahdR HelSldile DSSRToRNE FIBTE AU WKRFALS vibration
arcory ithéhe, Entiocasaibealaptingactblsidhect|gatsolytd hEhisads to intense

91%% %%Elg%ﬁ%ﬁ dmfﬂh fWa?é? O'ﬁjrébé?fg Fﬂﬂ@ gﬁﬁ&&%&f{ﬂékf i tHE chemical

ultrasonic radiation, and contributes under these conditions to the )
eiiest Riite crasrsRRUTRY Agavpamdhsipdassmefpricals sraajtisme. is to kill or
REGKRITIhARgaHRRRaDle to electrical forces of even moderate strength

exerted in water, the existence of an electrical charge in the 15water in the

ﬂ?é'l'&}hgféﬁgﬁ'Sﬁﬁ8%‘t?ch§o%%?£J8ﬁ éﬁﬂ%%@?ﬁg@é i) gﬂ&@&i%ccording

organisms. orine an romine, as well as OoXyg gen, are

tnibagnMenyase Prernpdundrelrcivinale PoNy el detRIBRIEORRE RXIORRSHE hgdwater,.

ﬁ{él%?elfb?&iﬁg’? @Q@g@lb@t@;ﬁp %%%‘ﬁ G&@&V@di%alf’&ai’rgs{ﬁé wilitev,vm?bium and
ey make contact in e reactor. e pr sence or su antial quantifies .
ORIy £ % FBPPR G ABs FERELD SRR g BB pecionts. This

glersiraiils igdsalashivhtardhslsissubiepted dbodvcationliashanmgsdifrohitteailtrasonic

1%%” (Bllia%sd Oéo%ﬂﬂﬂte%‘Wa%%é@@%&%&ﬁ@ﬂgqé ﬁ&%‘é%?ﬁ}&mﬁ 1he aquatic
metal conduits associated with them. Accordingly, the invention provides
eraRninsee. cHnes ReRSReCciRS ekpadelic QRSN ArmYedisiakietapiestephforces
&f dDer RR{IBrAB MY @ XBREY idIRHIERGRS wilkieric BithR ABsRRACSMMNe in the
react. Provision should therefore be made for . .
water in the vicinity of the electrodes is another factor tending to destroy the aquatic

organisms.

Chlorine and bromine, as well as oxygen and hydrogen, are among the gases released
in seawater by electrolytic forces. Chlorine and bromine have a particularly toxic effect

on aquatic organisms with which they make contact in the reactor.

The presence of substantial éguantities of chlorine and other halide gases or other
corrosive gases is not desirable in ballast water that is pumped aboard or discharged
from the ballast tanks of a ship, since they tend to corrode the ballast tanks and metal
conduits associated with them. Accordingly, the invention provides that these corrosive
gases be exposed, within or immediately downstream of the reactor chamber, to metal
surfaces with which the gases readily react. Provision should therefore be made for

these sacrificial metal components to be replaced regularly.

The invention also contemplates that a suitable gas be introduced into the water within
or nearby, and preferably downstream of, the reactor chamber, to further enhance the
mechanical, electrical, and chemical processes which occur in the reactor and which

have a destructive effect of the aquatic organisms present in the water. Ozone is such
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these sacrificial metal components to be replaced regularly. The invention

also contemplates that a suitable gas be introduced into the water within

or nearby, and preferably downstream of, the reactor chamber, to further

enhance the mechanical, electrical, and chemical processes which occur

in the reactor and which 30have a destructive effect of the aquatic

organisms present in the water. Ozone s such 7 a suitable gas, partly

because of its strongly oxidising effect on making contact living tissue,

musimmr{dwtimmwtb@oaagalmi&rwﬁagwam@réﬁm whigtaking contact living
SRS contib ?oe%?“%%s ARy ?raeak 20k 0,2 GRS AN TR nters,

preseh In"the a ere, name y oxyg %‘h R AR SRmen I|

RadThesty Bﬂm@mtu\faﬁeﬁs dheaksTooy ustenaam@dwbmwn@met in the
WHBELREIE, VHSHIW B RRCATSEHARINEREA7 Hamaaagber and

assomated cond Is can be achieved by locating sunably spaced

d e anes I e ek and BUlRLG RIS Ga At BB oW Bhanically
the reacior c am Il ﬁ‘lg reaac orc %se?f
foixacodraiicing is ﬂhlelm@wldhagnhHTQWQemaSPd@mt$onapﬁo be achieved

Hi@%ﬁﬂ?@%ﬁl%l}%md%ﬂﬁ‘?ﬁaﬁ?é& véﬂéét iHemR ‘i’rﬁ%@amébf@?'@&?{ﬂﬁé‘ieadmg

en they have become worn. The method of the invention m

P AEkaN gt TRHR] IR BR P e A AE SRR TRSlE, Ay ffective

fsreftcianeyy is¢undag ShEiegn meW@e@rﬂs@:wm@tﬁ sfithegaciigiintenance on
hammber the degree of allnltgét ire at various no%lnt%lnt N
cours‘g ?gl?owe fﬂwae wgfn eP4Rs! eavrgf? agcee %‘ﬁa‘ KorossTne
electrodes. According to 15 the invention, provision is made for altering

Hermaihes aiaarBvenion B ameacuiReas emesirans e oA various ,
@r@aar@éeﬁatéif@ f@l@fd:hﬁomé%m@i@nﬂyenmtﬁé RenpaRingShetheassidEts and
of the wab en £brlépt| P glsiﬁrlsm to |nd|i:10e caV|tat|oné ar%,e course
FETERLRHE it e%%a? GRS eontsta Vaﬂ%f?&)c%s'sm ° co
MAppematmeaaatﬂmagdﬁwmmﬂta@mm aoreptisemssritwottedivedesd Bgeording fo
{P\%uﬁw@nﬂgﬁp'&%vision is made for altering such parameters from time to timé to
optimise the results of the method.

In a preferred form of the invention, the process of increasing the pressure of the water
and then abruptly de-pressurising to induce cavitation, and hence ultrasonic radiation, is

repeated at least once in quick succession.

Apparatus according to the invention comprises a reactor formed bya housing defining
a chamber, a conduit of lesser cross-section than that of the chamber and leading into
the chamber, an outlet conduit from the chamber of lesser cross-section than that of the
chamber, and means to pump water under pressure into the inlet conduit and hence
through the reactor. The inlet conduit preferably may include a terminal portion which

decreases progressively in cross-section as it approaches the chamber.

Electrodes to bring about electrolysis in water passing through the apparatus may be
contained in the reactor, preferably located within the reactor chamber and fixed within

its housing,
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a chamber, a conduit of lesser cross-section than that of the chamber and
leading into the chamber, an outlet conduit from the chamber of lesser
cross-section than that of the chamber, and means to pump water under
pressure into the inlet conduit and hence through the reactor. The inlet
conduit preferably may include a terminal portion which 25decreases
progressively in cross-section as it appgoaches the chamber. Electrodes
to bring about electrolysis in water passing through the apparatus may be

S@éi?&wdddeiﬁ@d@@;]my W@f@%@éa!?c_ailedwm}mﬂae daﬂ%mio@ﬂ@mwrneutrause
an xed within 1its hous acrific ectrodes a) located In, or
N SR SOIETIN (T S5 o OB Coma PSR s e

to salts of metals contained in the electrodes. Vanes to mix the contents of

YResR i niBg senistiscef Meimasier pratbevesaied ahritbieRopadthin its

intsriprefEa i rdesien pebioripRUESEE D thasaien s NME eSS togvater passing
; r}(r)%u%f}ﬁhe reatctor. The apparatus may also include means to introduce
one 8&98%&5'5, such as ozone, from the exterior into the reactor.

Means to prevent backflow of such gases may also be provided. Ina
Ve rpradfsammayaisninehidasienns SHEresdHeaR M@ BANGER 975RS, $Heh as ozone,

RPpAnelERdABIGHIE asarsakiip avriass tearine MdEDRMBIWRRSLBMYERRSATayY also
chamb%sgand inlet conduits, connected in series. Monitoring devices to

tﬁ@é@ﬂ r indicate and record the status of various factors such as
pressure, temperature, pH, salinity, and water flow rate may be provided.

I RePrefriredi B pHitakle fAaYTa et fingeridishalastarripietAp@pparatus

inerRIskthe algpidaiia anscalphriviapiionativiie resRiel BR-ARRAEAMIR inlet
c&ﬁ(ﬁér%and other factors relevant to the objectives of the water treatment

@pnected in series.
Monitoring devices to measure or indicate and record the status of various factors such '
as pressure, temperature, pH, salinity, and water flow rate may be provided. The
monitoring apparatus may further include means to determine and record the date,
time, and global position at which use of the apparatus occurs, and other factors

relevant to the objectives of the water treatment undertaken.

The apparatus for carrying out the invention is relatively simple, with no moving parts,
and can easily be retro-fitted to a ship. It can conveniently be located in the main

conduit through which ballast water is pumped into or discharged from the ballast tanks.

In a typical shipboard installation the piping through which the ballast pump sends water
into the ballast tanks is of 300 mm inner diameter. A two-stage reactor according to the
invention, with its inlet and outlet conduits, can be inserted into this piping, taking up
only approximately 1500 mm in length and wéighing only approximately 200 kg. lis

controls can be incorporated in a normal shipboard computer system.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:




10

15

20

25

The apparatus for carrying out the invention is relatively simple, with no
moving parts, and can easily be retro-fitted to a ship. It can conveniently
be located in the main conduit through which ballast water is pumped into
or discharged from the ballast tanks. 20In a typical shipboard installation
the piping through which the ballast pump sends water into the ballast
tanks is of 300 mm inner diameter. A two-stage reactor according to the
invention, with its inlet and outlet conduits, can be inserted into this piping,

raking Ug Qnﬁéﬂﬁﬂiﬁétmﬁﬁﬁ%)ﬁﬁ?&@%@gcatléﬁgih aa%t@ea@m@ﬁweacmr of the
approximately 200 kg. Its controls e Incorporated In a nQrm,

shipboard cé'{?{ﬁﬂlﬂgpsﬁ@%e §’B?§| ?‘1;()'% ﬂ—{'ﬁ 2 major control
DRAWING Selarttenizc cCOmsceayiog hha\t\rmgsea&lﬁlﬁhanmars arranged in tandem.
semi-diagrammatic representation of a water treatment reactor of the :

preeption, ingalleddaishisbgrr eederafigtgiioyn with its major control
elements. This reactor has twin reaction chambers arranged in tandem.

!’:G 32'5 a S'%eé/ '% ér %\ﬁs c‘;faﬂg rrgg&tﬁi ?Fé% q'saﬂ eé’iln%%%)fkm&tudmaliy

reactor of FI hown Iongltudlnal y sectlone FIG. 2
perspective $&8HA€&N enlarged scale of a disc with attached vanes,

FIG. 4 is a perspective view on an enlarged scale of a disc with attached vanes,

as contained in the reactor of FIGS. 1-3.

FIG. 5 is a perspective view on an enlarged scale of an alternative reactor to that

of FIGS. 1-4, having a single reaction chamber.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT

The apparatus illustrated in FIGS. 1-3 is a preferred embodiment of a water treatment
apparatus suitable for treating the ballast water of a typical sea-going ship with

conventional ballast tanks and a conventional ballast pump.

The apparatus comprises a reactor 100 connected into piping 102 which is of round
section and typically of about 300 mm inner diameter. The pipe 102 extends between a
ballast pump 104 and one or more ballast tanks 106. The ballast pump 104 draws

water from a sea chest 105 for delivery to the ballast tanks.

The operation of the reactor and of processes occurring within it are controlled and

monitored by equipment shown in schematic form in FIG. 1.

-

The reactor comprises' (starting from the end nearest the ballast pump 104) an inlet
conduit 108 of round section, typically about 300 mm inner diameter, connected by
conventional means (not shown) to the piping 102, and a first reactor chamber housing
110 to which the conduit 108 is connected by abutting flanges 112, 114 between which
a gasket or O-ring seals (not shdwn) are located. Similar sealing means are provided
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as contained in the reactor of FIGS. 1-3. FIG. 5is a perspective view on an
enlarged scale of an alternative reactor to that 10of FIGS. 1-4, having a
single reaction chamber. DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENT  The apparatus illustrated in FIGS. 1-3 is
a preferred embodiment of a water treatment 15apparatus suitable for
treating the ballast water of a typical se@-going ship with conventional
ballast tanks and a conventional ballast pump. The apparatus comprises a

beRGieh IARGOMMREIRS ABIR BRI L etHBR dSHisAUNT e dligyand 12, 114 are

. typically of about 300 mm inner diameter. The pipe 102 extends between

SPRUIRESPH AR 102-and one or more ballast tanks 106. The ballast pump
104 draws 20water from a sea chest-105 for delivery to the ballast tanks.

A iseJdRbIGS: tAandadds amelioigstbedyses SiedlanggwitAmh 1fl4rand is sealed -

seselatand trenitereth B:anauikas ah s usaRmy akGiRMarshee 119, or
1. The reactor comprises (starting from the end nearest the ba”astﬁazg%pintemal

RPN ERG RIFRITK F0EBeR NG SEetRsADR ARAMY SK TS
spangeteTheormesiendnadbrted vemntion amee @nsl{neft satke 20 fixegijpiribe inner

SRR e, O RGN A 1
sedielieditysrrnt i) theinovaretnrsienilarusenihiherarpasaius pretedymped through
the reactor impinges on the vanes 118 and is deflected by them as it enters the first
reactor chamber housing 110. The vanes are so designed that they impart a
converging helical swirling action to the water, promoting increased velocity of the water
before the water enters a turbulent phase wherein mixing takes place with gases within

the reactor.

The disc 116 is provided with circumferentially spaced holes 113 to receive the bolts
115, and also, further towards its centre with spaced pairs of holes 117 into which studs

holding the electrodes 126 mentioned below are located.

The first chamber housing 110 has a first zone 122 of constant inner diameter of
preferably about 400 mm, that connects directly to the inlet conduit 108, so that there is
an abrupt increase in inner diameter in the apparatus as water is pumped from conduit
108 to the first chamber housing 110 by the ballast pump 104. The housing 110
includes a second zone 124 of frusto-conical shape, so that the inner diameter
decreases to about 175 mm. The cone angle of this zone is approximately about 20

degrees.

In the first zone 122, the interior of the reactor chamber housing 110 is fitted with three
pairs of electrodes 126 (FIG. 2) of a corrosion-resistant metal such as titanium or
ruthenium or a composite of them. The electrodes are supplied with 12V DC or any
other appropriate voltage by a transformer-rectifier 128 (FIG. 1). Their function is to

cause electrolysis in water passing through the housing 110.
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10 between other abutting flanges to be described below. The flanges
112, 114 are secured by bolts 115. A disc 116 (FIGS. 2 and 3) is mounted
between the flanges 112,114 and is sealed between them. The disc 116
comprises an annulus defining an internal space 119, or 5 orifice, with a
plurality of vanes 118, preferably about six; extending into the internal
space. The vanes are mounted on thef1 ner ends of stalks 120 fixed to the
inner circumference of the disc, are be 1 at an oblique angle to the plane

Bidariseet Bar Yt BIE WQIIQQ%QQE@W}@%Q%HMHE 948 provided

a paratus water pumped through the reactor impinges on the vanes 118

i1 ABAeciad MIFTe iR SRGHIERENS RRESATOLS R SAEPRRNAING, 1RESEP2 of 2

sbdndheasmesharatsn ﬁ@ﬁlﬁﬁ@d Saaviisty dnpia @ cesvierging beliedder housing
irling actiqn to t omotln cre sed vel CI of th

ﬁ er‘e%hé: v&a 8P%n%ers a Pur%a etﬁ? ??ase w %rrgpr? r%nr(Lllng taﬁ?a%gglféla&(:ar \?\I(ii ﬁec?nd

Zpee $38itHiurthe releciopdesTHSdise mmrwrwtbecﬁemﬁ\dlhmmmér%alﬁrlpphw

wiRRERERSS: SRR L0 ﬁ%%@%@&é&& dimitddy e&és%'%%éﬂme&tm@é ifmssing

centre with spaced pairs of holes 117 into which studs holding the

threrebdea appaiaitideanpEiBlAise idtainlarie %#a@am%@'ﬁ%sgmaped with
viHehag 8 ilrczese 4Ad séaedsietvdencihdidiareies ai3oreBIablpadingta circular

SIRRTHEAE TR ARRC PG Sl e ety SRR oo+

from conduit 20 108 to the first chamber housing 110 by the ballast pump
TipnarewRsh BRIG of 1he Aristfesonisaberite Aoikrt she serattehgmisf housing 134

|§W@\ﬁd?@&]\mﬂtéfﬂﬁd@@er&lWﬁ@tﬁé@lﬁ@@@éﬂéép@@tﬁ ﬂﬁ@mﬁ?Aﬁfer@emcondwt
IS Zzone Imat u irst zone

s e A Sr s DR SP Rt D 2 A dio gy boks
Phrs Ah alentﬂedels_sct%WFls{Bmkardbatlmmssudﬁﬁealscaﬁqnmaﬂsudh #anes 118 is
IBE"’{t'éléan& %EQFéH%EtGE B RAPRSHG ﬁQ@m*lli‘ep%‘%ﬁ&iHS% areaPeligte 147

12V DC or any other appropriate vo ltage by a transformer-rectifier
betweendha peraBf aaemeRT s dé b5 Q% snstdl H4lsing

through the housing 110. 11 The narrowest part of the frusto-conical zone _
Tirlenictbétfiestticemidgitl 1456i s povidetditly adtwegtcrBdméndels iwtelbovey to the

Fﬁ,}!eb%tf %%ﬁqﬁaa%g leﬂ g gﬁgq@@:ﬂfs%§econd reactor chamber

ousing S|m ar to Irst reactor chamber housing 110, has a first

zone 136 of constant inner diameter and a frusto-conical se .
In another aspect o? the invention, a p{urzﬂl(iiy o; ozone genera orsp‘F 198 requarably siX

may be fixed fo the outer surface of the second housing 134. The ozone generators
are of a known type, for instance as described in patent documents PCT/ZA2000/00031
and PCT/ZA2001/00024 and available commercially from Sterizone, P.O. Box 13935,
Witfield, Republic of South Africa, 1467. These devices draw air from the atmosphere
and, by means of corona discharge, generate ozone in a space where it is captured and
fed into a tube 150 into which a one-way valve 152 is installed. The tubes 150 lead into

the interior of the reactor at ports 153 spaced circumferentially around the conduit 146.

In yet a further aspect, sacrificial electrodes 154 may be fixed in the interior of the exit
conduit 146 near its end, and are shaped as vanes on which water passing through the
reactor will impinge. These electrodes 154 are made of a metal such as 70/30 brass
(i.e.” 70% copper and 30% zinc) which will react with free chlorine and other corrosive

gases present in the water, converting the gases to salts such as copper sulphate or




10

15

20

25

30

5 zone 138. Further electrodes 126 are mounted in the second housing
134, supplied with electrical power. These electrodes similarly cause
electrolysis in water passing through the apparatus. An annular disc 131,
similar to the disc 116, also equipped with vanes 118 is located and
sealed between the flanges 130,132, providing a circular orifice 133
between first chamber housing 110 an%second chamber housing 134,
10The narrowest part of the frusto-coniCal zone 138 of the second

SRR SUNSIG 3 BRN S W LAy s L HE WAl B ARE S 8anisms. Since

corresponding flange 144 of an éxit conduit 146 of similar diameter tq inlet
o TR PR TGk zeE 1 R0 S YR B o Reng ATl Purely

feine thé Aisolilan igatheodtentldithalsmes wippedddtiouad)ahd ks idttotatedal salts
and sealed.between, the flanges 142, 144, providin ircu ifice .

SR T Tt SRR 8 i At e
Hiiveswad thiethexexiedonidigfiedtor aurfishesdgyaonieihes 9sgaNans which may

@\B@%&Wﬁ@%&@%ﬁ%ﬂ?ﬂ AR iehalast LAk d.0RE |Snd hdRce have a

another aspect of the invention, a plurality of ozone generators 148,

rppiduAhsiTdiRing £iferd ardeeryater outer surface of the second housing
134. The ozone generators 20 are of a known type, for instance as
Thespobed suppliiett teceteened$eCE2 Avadigied3e gngure that the level of free

dRfofifeAr MEHPRER 4RI AN AR R SRIDMBYS UM TN SRR BE R IB Mihits.

13935, Witfield, Republic of South Africa, 1467. These devices draw air

om the atmosphere and, by, means qf corona disch , gener v4e)
TR e TSR o R UPER ATl R 2158 EBo' g A ZorCaled from
sheeting\of/dlbairb 2hicknstslled. The tubes 150 lead into 25the interior of
the reactor at ports 153 spaced circumferentially around the conduit 146.

TR/ RIRIB BheleanBRe stRicBchtRiCFSERieS ddbpialyddsutisradnotit@e electrodes

IR o SRR nee S, U0 S9RF AT 5 naeri
vitidhapeateati the anetelab theh remgtofhdmasittifigs. Tois topgeniandiadeyourable
A9} Vﬁggzgn\g%é?é'fgﬁ\é’é%ﬁrigﬁ SRS ANd NG5 HOEPHUSAALAIRS which occur

present in the water, converting the gases to salts such as copper
véthishthe rercior cppanestiBrisas/in avestiondneiislairierrianepdtitions! contact
WHRLRIEOHR YD QISR SARSmBING O MBYREE Yarél hatee  evaIntieaeRsidstrical and pyro-

S S R e

stlitatsld araterizl Sorrthenfipireriadeailablagetmibesiivaatdetershigirademark)

2'5'8&@ Y\%hict,pne?é eé%%r%%ﬁ? QH&%&@@&%&HEH@M yﬁ&mﬁ%bilised complex

orgariisms which may have survived passage through the'reactor
compabetsviiito snedfiesmiiAtze sadecantelindamamiaingy efretbgriknown as
ENI BiralBm AR §rouiRRlY By KB sHersindambehia_aelivsiehipnememiBatiyazaki
the level of free chlorine in the water on leaving the reactor 100 does no&

G claran fepral glsa@orange.ocn.ne.jp).  Others are Belzona (trademark) 5811,
available from Belzona Polymerics Ltd, Harrowgate, HG1 4AY, England, and Lewatit

(trademark), from Bayer AG of D-51368 Leverkusen, Germany.

The control devices for the reactor are shown in FIG. 1 and include one or more
pressure gauges to indicate the pressure at critical points in the reactor and its inlet and
outlet conduits, a redox (residual oxygen reduction potential) meter, a salinity meter,
one or more temperature gauges, one or more chlorine sensors, vacuum meters at

points of abrupt chance in cross-section where sub-atmospheric pressures will be
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10The body of the reactor is made from stainless steel of 316 grade,
fabricated from sheeting of 4.5 mm thickness. The whole of the inside
surface of the reactor, except the surfaces of the electrodes 126 and the
vanes 154, may be coated with a ceramic or resinous or other material
which protects the metal of the reactor from pitting. This lining also, in
favourable 15 cases, has characteristiq§ which enhance at least some of
the processes which occur within the reactor. The mechanisms in

&egéﬁﬂfhfﬁﬁi?&@@aﬁﬁb?mhmd ; iﬁ@ca@ﬂaqlocm&d' _ | tgtﬁtwﬂwm_ | ' d@@f&ribly&%iﬁpfh@ a GPS
MjXing O € gases a ater, an 1€Z20-eleClrical_an roelectrica "

A AR RO o Es TS BUOT PES A SALAGR R feosced inthe
crnpbtermapdtml ﬁﬁhdmh@gj@iaeaihhkaimﬁmﬂ;nd@ﬂwwﬂetﬂ@mane some of
UL SISl A YT A8
\edvrRofleiitiroruRBly Y. xeDe oF iIBRAD MR B ERMERIIAR), NS Alfeerdevices.

KRONHPRIkSHkiIE empataY tédtm8reion 3-. Chome, Miyazaki City, Japan
(e-mail elcePorancie.ocn.ne.ip). Others are Belzona (trademark) 5811,

. _ ’ ]
B R R S O e v
refermbudPOrPROCkipitIasdvatiss e5r aperrxdBRiebrel 8Roliessrrand, gl under a

RIHARPHE-BHESH RISSHE 81FAMARS to indicate the pressure at critical
points in the reactor and its inlet and outlet conduits, a redox (residual

1 ﬁ?@%‘?@tﬁ%ﬁh%%’é’é?o@%b %%%%n%{f";ll%é THARL ORI BA® draw water from
emperature gauges, one of more chlofine ensors, V_acuum meters at
BOPbRNGTabhogy Btoficasitherses.sadalse, Wwharevaibiaierbspiraishest 105 and

RO eRdH Hesdd QIR e SaaannenipidRoriasatdl0 thes water will
ship's computer system, and a GPS indjcating de\r((g]e and other devices

Rl SRR L RBGES FEIRMIERA HRIVR 1R I RigaIIRhiBa @R s dapted at the
tifie, eonitobilarichsnagybalsapableds owarisutiniibiencesoneatal tiemage if the
WIRSESSRS eaggggtgptiorﬁeters for the electrical supply to the electrodes,

regulating 5 valves ?gyvth%res'upply of ozone or other externally provided

as, and other devices known in the field of water treatment. In a

WRIEERRSS IO TRURGPRALAHILIDR, RIS e ob WS iR bt vanes
‘altSeatavisrgites o BHERED il arstionr AY iprar@iRls 18O first zone 122 of the
Hgﬂ(es?r/'n%e(f%,d e, %r%gg-esrec %‘rilnio he R cprel%(cj: heee & r%fp%ypar'?he water also
brushes against the electrodes 126, which are at this stage under power, and
electrolytic reactions ensue, leading to the generation of gases, chiefly oxygen,
hydrogen, chlorine, and bromine. The swirling action caused by the vanes causes
these gases to mix evenly in the water, exposing any organisms to destructive effect.
Furthermore, when transmitted through the water in the reaction chamber 100, the

electrical charge itself has a destructive effect on the smaller marine organisms.

As the water leaves the first zone 122 and enters the taperéd zone 124 of reaction
chamber 110, the velocity of the water increases progressively. It will be appreciated by
one of ordinary skill that, following the principle of Bernoulli, the increase in water
velocity increases the local velocity pressure head in the water, but decreases the local
static pressure head. It will be further appreciated that, if the water velocity is caused to
increase to a sufficient degree, the static water pressure head will fall below the
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10In operation of the reactor 100, the ballast pump 104 is switched on to
draw water from an open water body such as the sea, a lake, or a river,
into the sea chest 105 and propel it under pressure through the conduit
102 into the reactor 100. This water will likely contain marine organisms
native to the area in which the ship is located at the time, some of which
may be capable of contributing to envirppmental damage if the 15water is
discharged elsewhere. The water passes through the conduit 108, at the

%}%ﬂﬁa\tlaiﬁfbib@%@lBﬁﬁét%féﬁmemislﬁ/iﬁ%*f@cﬁw cabedicabswattindo boil, or

L { ter enters the first 12 110, the
AUl AR SR T et Aoty (B, R BRoSiial bubbes
afepstites elatrgobed 26thvanizbthee gathisditagehidhp owtar s 26 oxygen,

g@ﬁ éYm“% %"’&E‘l‘c’%ﬂﬁﬁ% agwtsocm% S@fﬁ%&i}%ﬁﬁﬁb@%‘%ﬂé{w into an

mine e Swir |ng£ctlon caused

rogen, c
mea@mg%@@%cm&%wé&aﬂﬁﬁ%@wwm% W: Maa%%wfg}w bubbles
ﬁfﬁﬁﬁ'ﬂﬁ? SQHRTYR R 6ERS dndHRAT RS maﬁéal(m@iabrwﬁbquencues

08 LR o I RET ARG B R e'ei%h S R RRR R agecto

testfiogtropogy didi2nas theaite rékertpered zone 124 of reaction chamber
110, the velocity of the water increases progressively. It will be

ABRSEAIRARY 9@ s ratstinat sl dhah fotlywigdhas i BRbaEHt to the point of
Bernoulll the increase |nw ter veloc%gl Fl‘ ases the local

Ity o
RULEURE LR P RRERY D e ﬁ&ﬁ&asﬁg&sﬁéﬁe%%ﬁgf \pprization
rresfiure. futhey appieciatgdrisats ibtbecapblevefauityiingaase éven flourishing at

é@r‘.@f&fgﬁ%‘?ﬁ(g)ﬁ%’ SRR Sﬂ{:eﬁvu‘é‘%ﬂ%!&y éé‘éﬁ%@épaﬂf}"é?ékter than

elow t aporization pressure of the w his will eftective

eHnREPhRIi SRR but bavitale, cagﬁmca&vnﬂlbﬁmmmrfpw&tératmospheﬂc
H@Q@l}bésvﬁhﬁrhﬂ’ﬁ‘éméﬁ@% siraad hehbies At MAROHRRE WAl (&S Wéthitation

an% other gases dissolved in the water such as oxygen, hydrogen and
")‘%ﬁ)pear only to collapse again as the bubbles move into an 5
area of higher static pressure head and lower velocity. The collapse of

Tihwise thetpresahther eiifiey t38hetgarfibeuiint yeastian fhamnbergy! $And second
MaVESH EHAHIBBR fEaGN SBRERHNJO S HtaS BiGhhfer pRS080 thRSTG RARE®ifige 133,

travel through the water with the effect of destroying arganisms locally

'ﬁé@g’rﬁ' y is great enough to cause cavitation to occurin the water downstream of the
orifice, or at least; to cause a substantial reduction in pressure below atmospheric
pressure. In a preferred embodiment, the vanes 118 positioned at the orifice 133
impart a converging helical twisting motion to the water as it passes into the second
chamber 134. This may have the effect of further accelerating the water velocity locally,
and further increasing the degree of cavitation, and pressure reduction generally, in the

water downstream of the orifice 133.

Accordingly, in the configuration of the preferred embodiment as described, cavitation is
purposely induced downstream of the orifice 133, a location where the diameter of the
apparatus abruptly increases in moving from first chamber housing 110 to second
chamber housing 134. This has the advantage that the energy released by the
imploding bubbles will not pass directly into surrounding metal surfaces of the second
chamber housing 134 to cause damage. Rather, the energy first has to travel through a
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However, it will be appreciated that, even if the water is not brought to the
point of 10 cavitation, it may be brought to a sub-atmospheric pressure
just short of vaporization pressure. Many marine organisms are capable of
surviving and even flourishing at considerable depth in water, and thus
can resist pressures considerably greater than atmospheric pressure, but
they are organically ill-equipped for sut?éatmospheric pressures and suffer
extreme stress from this cause alone, even without cavitation 15taking

fBsRnliarBoHie stizfet iR i ce dehmb el aibtie diighesastigoRausikRl  This

110 and second reaction chamber 134 Is selected so that, ag the Watetr1 i kil
condigeeation aiRwisdns RrceReray RagbRiprigik dissiRAig I (8 YalgS, where tkills
thaviaimisino peesantt Hecoateacting natréaenrefrtbie oniéite, surfatk=asf, tiee second

ial ion.| | :
g Sl PR BTSSR ol W o

chavabes thibagatphitcaothestingeneftibs teaienmayegtia iphikibaiting or other

damagew theaBibRlchbrEs BaNd R ihe alterahbteharorecs lpialtBovides
the water veIoutg loca ﬁ}/ and further increasing the deggtfe% (gf \&‘ag\]nt tion
f

o[ Ily, -
thra FdaR! relEERo GRSy hPUR (R AT WARSA ofificRarticular
dadgpasitimeordingly, in the configuration of the preferred embodiment as ‘
described, cavitation is purposely induced downstream of the orifice 133,

R IGRAEPRWRES IR I EIeLRICE SoaRRaREE SRR e PSERRRPTBugh the first

movmgfrom first chamber housing 110 to second chamber housing 134.

Z60e a8 1R iRAR SRIRE IR AL TGRS S SRIBFIRE RIS TUBRRSY the
slalbtrely paastidirestiydniecusdastiisprassat sutficesnef. thkeseadestructive effects
30chamber housing 134 1o cause damage.,Rather ray.fi
ST RSl 8 P B RS ORI ESelg@ y the
rredanecodiieiebiviesirfigldis tenvgterntibhaaheligatineosioniefdherystes in this zone

mtantaly gisipate H&%/é(még%aﬁe@f Erdickiilistdbe ARG ISP SIRECSRltbr in the
before acting on the remote metal surfaces of the second chamber 134.
syioRmaRbebine G gFsiHact the remote metal surfaces of the 5

chamber 134, the ceramic or other lining of the reactor may act to inhibit

Ipitiag@ietedratipediecot thavingtohssad rﬂmmgtsfwttn@ﬂahiﬁoﬂn%watﬁfénay once
éBQfﬁ6@'5‘2&%@&3&%&9&%@59&&6@@&%@ &g esped 2hw§ 383hnd then

are associated with its particular composition. A further feature of the
Rreser tyeabadiiretisahatalasily paliirgtinsagseiravitionsounstess, of the
cHiddqua\alenirems Bendehh kB cRaAse 18R asasONikIE Qrpositioadyaherifice 147
electrolytic action of the electrodes 126 present in this zone. Th
R e 2GS RLARER D DL PO g B g 100
wilkiengasetepridenst dwd medtions edwmTeditsfeiediticid fiettmpedteo aqeint where
i gompd i, ZoRe anar negrL8rganisms that
B e B oy zcygay s tha
W{y@ég@i@mem in the second reaction chamber 134 will be exposed to similar

treatment downstream of the orifice 147 in the exit conduit 146.

It will be appreciated that additional constrictions and expansions may be placed in the
path of the water, to provide a plurality of locations where cavitation may occur.
However, it will also be appreciated that each constriction will require additional pump
energy to activate the reactor 100, and that if too many constrictions are introduced, the

pumping capacity available may be insufficient.
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In the preferred embodiment, having passed through first zone 136, the
water may once again be subjected to increased velocity as it passes
along tapered zone 138, and then passes through orifice 147 at a velocity
sufficient to cause cavitation downstream of the orifice 147 within the
conduit 146. Vanes 118 may similarly be positioned at orifice 147 20 to
induce a converging helical spiral flow ghus, water flowing through the
reactor 100 will encounter at least two1ocations where its velocity is

INGesHRd HFeBP b B QI REIHAIPILREGHENO ABANSR P iIShse8S fther down the
uItr%s,gHi%\Librations. Aé%/ﬁ]o[ganismst at_survive treatment in the seco
' P

d
SR 48, R PSR ER 2DELBLEeF W L RAAP U I BRIRIER P 148
géhteonj cbelradiotied thetamudufitrbabalEitryitidos 4ppreciated that
additional constrictions and expansions may be placed in the path of the

THRILIAGAY HBAPIMIRiRE Afdesadianeuhers SQWEAIP BXBRINGCSHECt, with lethal
However, It will also be appreciated that each ConSUQﬁ[&?{Tﬁ’ gml re%uire

RONRRNER R A SR RERR RIESHR IR Qg Pig figsmeppact The
watestisctiliis awtzigérofiagitatjdh épmrthamging apityreaai) avle theagzoee gas is also

Aﬂ%&f iﬁ'i {he]\ﬁl %ﬁn%]&%ruggp&q{fo%gﬂ Rfﬂf—eﬁ'féeﬂ §%ﬁ%%ﬁﬁ{g ozone

passes further down the conduit 146 it may be engage

'apisii reakesiowadpie gurasacuiiduisalirxary anOXiisig ardiience destructive

. SRS bR SMEh P agaidstIviTiBe iPFAPRAGERS Mixes with the water and

exerts a powerful oxidising effect, with lethal 5 consequences, on any

B ST Sy s me
sdedficinlacanne 1R witerepuvalise optosiveg#ras meapt véluhrpmeatal of these

\f@ﬁ_@_@i_QHIDé?é%ﬁ\ié‘ﬁ&@Yo@%%bﬁé@%t%%&%ﬂ&l@i?ﬂdﬁ@ﬁr@é@ﬂ%@h but are
oxidising and hence destructive effect on the organisms against wjich it

ORISR S5 A1 PIRANSTIRINANCI B BRYRSHRAGTPm BUTIRALH:, tewangs 154

disapengeLmigiisgteffestorithmlvetae sckhgletiingtiecqrpdeseesmf psivading and gas
ses react with the metal of.these vane onverted 1o di

B A e S S N e o

thegeasistas whittsidig ¢fasdaineiieadyentagreypin enperodhat thspaliast water

B 3Hidng effect on the water, completing the processes of pounding

and gas 15 exposure which have characterised earlier stages of the

ﬁ?%&%%%gﬂe%f%\év%ﬁ%géou\gehnﬁﬁh %r %%té)r'a'ar‘l{rserﬁlsd ureesoén(’\tkiﬂotrlﬁ%%v:%er taken aboard
advantageous to ensure that the ballastwater remains sterile. The

arshpegeed cthoiugiedbeveactos anatssrstantinlyprestmyiedithy earanbiaation of
8RO AL PARRGLHNG B S ERAGHRY W&té#%ﬂ?%@&tﬁ@ﬁﬂet@rﬁfﬂga it. The

combination of 20 reactions, so eliminating them from the water and =~
estiTeprRRpiaE AiEeg icarRecb Rvilginh diteh aigiRidionihe. ¢y (uilkbe significantly
réthsderge from the ship will be significantly reduced.

In another preferred embodiment, exemplified in FIG. 4, components corresponding to
those of the reactor of FIGS. 1-3 are given corresponding reference numbers together
with the suffixa. In this embodiment a single reaction chamber housing 136a, 138a is
provided, equipped at its entrance with pairs of electrodes (not visible), and, within its
outlet conduit 146a, a set of sacrificial electrodes 154a. In other respects the reactoris
generally similar to that of the preceding Figures and is operated similarly to the reactor
of the preceding Figures. It vyill be appreciated that the possibility of aguatic organisms

surviving passage through this version, compared to that of the preceding Figures, is
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In another preferred embodiment, exemplified in FIG. 4, components
corresponding to those of the reactor of FIGS. 1-3 are given
corresponding reference numbers together 25with the suffix a. In this
embodiment a single reaction chamber housing 136a, 138a is provided,
equipped at its entrance with pairs of electrodes (not visible), and, within
its outlet conduit 14%, a set of sacrlflcwid]electrodes 154a. In other
respects the reactor is generally similar to that of the preceding Figures

Rk angAsdinilasiphs 'eagiPhiso befdppreseaediftktisssasdigyifvil be
be appreciated that the possibility.of aquatic organisms %é%gww

LU SEEI TR Bl o abh PR e P I S P R e i dpeertouter
tasé€ wherssarijanpsupasedrdovadable.it will also be appreciated that less
energy will be required to force the water through the reactor which may

PredesirimEhPAGHIATEASRS MBS RMAHELRIYIBES AitRtab Theeference
embodiment exemgpllfled in FIG. 5 s the simplest illus érat d;Init

PURBPER STRBANDEIAL I BSSB IRt A EPBradiesed Héﬁraafﬂé&d’fo indicate
mﬂpemlﬁ@@@mptmhaﬁe t@ﬂWd@td@&b@ndﬁ&rﬁMlmwmﬁﬁmt S5hasa

? arp {QS e{nbOd{ I 8&{ %%%F?OE%%S fir 355&0191 ? 0??%&?%& CI'OSS-SeCtIOI'I

CI‘O S secton an par tapere SS-Secll atter part

H@@m@gm@@mmﬁemm mbanépémmuﬂ?m@ndmh %ﬁl@»bmbtan abrupt
NSRRI AIOSSRETRNA #id EIHP'%A@WB%%BE%@%EQH@MW@@HM into

of entry into 10 the reaction chamber. In this embodiment, no external

bR SRR FHRTBRE A KSR TRS AR RAR RARTAH B RIERlIRLY S added at this
pokgeaidnlibrceanilecireadcardaprifieiat e dieo deactivdbchmibenev8acrificial

&5e r'g esal%q} ed YR SRR TeA L reégl %Sﬁﬁfé ’t?aﬂgFoHH%W?éb%ﬁﬁhat is not

O reac neuPacflse any corrosive gases generate
l&asﬁitatﬁm Wmdebtmmsai rwéhw@h@‘aﬁ@itwanm@é@@!mmaeﬁemed by the

dBiRLEEH R I@P%%éérpgﬁw Bf%é}%@mmﬁ&gh B‘é’?“flﬁ'ﬂiﬂldﬂme tapered

organlsms in the reaction chamber. A su E)Ey of ozone or another suitable

AR A anst RtiPRNSHMEH B CRAGANIHE RreRNtRs Bl RACRpRegmber A

$hppug bftuateVditnoesyay NaIe §dS 2apankn by 4puifg &E%tqsaﬁxﬁecgamsms with
nd.th Clrcu fere ce of th cond t 146b. Aman dva

BB SR R RS A e, 5 S AT 15

srzaeéfécaloenésbesmqwmfgreabsmi(tbecmndwh@%ts or externally added

toxic substances, light weight and compactness, ease of installation either

msﬁ'@ el RAHRBGSE of e alenkiBingn ifsiinwrmaeintgenneaitapbsistéms of the

at e;gﬁr\)lgsn%l%é%@ eerrl%gg Véim;‘é’l“cn{” Bé%?n%g% n%gvlal% pargs or externally added
toxm substances, light weight and compactness, ease of installation either as original
equipment or by retro-fitting, its low maintenance, capacity to operate for lengthy

periods without maintenance, safety, and cost-effectiveness.

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

without departing from the spirit and scope of the invention.




While the specification describes particular embodiments c_)f the present
invention, it will 25also be apparent to those of ordinary skill that various
modifications can be made without departing from the spirit and scope of
the invention. 18 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 frag an open body of water
contaminated with aquatic organisms through an elongate condglt system,

CLAMMSater 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 balla_st tank;

1. chafadbeiized fy ineddioingaugds iotgahie wah_ianfm?mgﬂipﬁgy@mrgﬂ S t\r,gume of

a ] trical power is applied, and pum

%aﬁﬁﬁiggﬁgmﬁﬁt%yﬁﬁ §g \g)al‘pr%iﬁ%'%igﬁ)nné%%?sn&h that the pressure

heaf?i’fﬂﬂﬁ@v&ﬁ?erW@@&u@@d’t@fplmﬁa Iboglybefowatenospiteridrpiesswith aquatic
at fgahRA IAHGAYSIPB NG CBHAGHIE SRIRCTND S Of fHCater 28, i
the first point. 2. The method o% claim 1, wherein the conduit systenrhas o

an %@téﬁ%'@{d%ﬁwéamrﬁt@bﬁ?w,lraﬂwmet@mm, taedimstvimgniasany point in

situbeesyistéhe aqgrduiiumsieatainacalionyherR iap fiameter abruptly

incgfgshes immediately downstream of the first point. 3. The method of

claim 1 i WAkH thiYSE 1R e dialirshiatls consisting of ozone, carbon
dioghir asteriseekbpirstrgascing a gas into the water, forcing the water to pass over

electrodes to which electrical power is applied, and pumping the water through a
conduit system of varying diameter such that the pressure head in the water is
caused to fall to a level below atmospheric pressure at a first point in the system
by increasing the velocity head of the water at the first point.

2. The method of claim 1, wherein the conduit system has an upstream end and a'
downstream end, and wherein the first point is situated in the conduit system at a
location where the diameter abruptly increases immediately downstream of the
first point.

3. The method of claim 1 in which the gas is one of the group consisting of ozone,
carbon dioxide and an exhaust gas.

4. The method of claim 1, further comprising giving the water a helical swirling
motion at the first point.

5. The method of claim 4, wherein the helical swirling motion is made to be
converging.

The method of claim 1, wherein the electrical power is elevated to a level

sufficient to generate debilitating electrical reactions in organisms sensitive to
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4. The method of claim 1, further comprising giving the water a helical
swirling motion at the first point. 5. The method of claim 4, wherein the
helical swirling motion is made to be converging. 6. The method of claim
1, wherein the electrical power is elevated to a level sufficient to generate
debilitating electrical reactions in organisms sensitive to 19 electrical
forces. 7. The method of claim 1, whetgin the conduit system includes a
removable annular disc defining an orifice. 8. An apparatus for reducing
aoyabigieHIfISEss in a body of water, comprising: 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 volumetric rate,

at Tersineiiopadr efzmeatrasrsdacaiedayithin §sterndiuarstafemovable annular

configﬁ ed to induce_an electric current in water flowing within the conduit
syghcé . W(H"Scﬁ’%oé 'zgﬁted to introduce an external gas into the water,
characterised in the conduit system defining portions that comprise: a first

taper ortion having a.generally frusto-conical shape, and havinga . .
PR RS Rl SRR T ARG SR ggrsi: an
uhr@negahgemmmaygtamdwﬁdg)penﬂpgﬂm@gpa&gcﬂnd diamﬁtleeimmgend, and
t . . r .

e b e T RIS SRR Mt rate,
firat leastopoRin ekrlgadmiesciegaiethwitiinise andaidsystamfiesnfigured to

tapRgskPstiaR MM A daiallifiSRASPASIMERIRS IS 1R daakihe Siamrienrl ports

the conduit system immediately increases abruptly downstream of the first

oflRRtsthie Bt reARRHHINA A IR e d@dREmeter is sized to
ingideacteiRiedn il WCEIRMINISYSnS IRIMAGI PHHIdNS SeRd RSN a first
R By e S St S o b
0
downstream end defining a first opening having a first diameter, 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.

The apparatus of claim 8, further comprising an annular disc defining an orifice
having a diameter smaller than the first diameter, the disc being adapted to be
inserted and removed, by bolting and unbolting respectively, from a position

between the first tapered portion and the first reactor portion.

The apparatus of claim 8 further comprising means for imparting a helical flow to

water passing through the first opening.




having a diameter smaller than the first diameter, the disc being adapted

to be inserted and removed, by bolting and unbolting respectively, from a
position between the first tapered portion and the first reactor portion. 10.
The apparatus of claim 8 further comprising means for imparting a helical
flow to water passing through the first opening. 20 11. The apparatus of

claim 8 further comprising vanes configtired to impart a helical flow to

Watfrél)assing throuégh the first opening. 12. The apparatus of claim 8 in
whilRGRPRARAYSPE iy Syrdhen somedsing vasra cpafigured Thémpart a helical

apfaratisweitelepassing aiRingherRlertosissnig, formed of a material
which reacts upon electrical current being applied thereto with minerals

dissolved in the water so as to form corrosive gases.
12. The apparatus of claim 8 in which the vanes are fixed and are inclined in a helical

11.

path.

13.  The apparatus of claim 8 wherein the electrodes are formed of a material which
reacts upon electrical current being applied thereto with minerals dissolved in the

water so as to form corrosive gases.




