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METHOD AND APPARATUS FOR WATER TREATMENT TO ELI M NATE
AQUATI C ORGANI SMS FI ELD OF THE | NVENTI ON Thi s

WO nooentdien rel ates to the treatnent of water iPCDIED806/003022
to elimnate aquatic organisns present in the water by
destroyi ng these organi sns or reducing their nunbers
to the point where they are unviable as col onies. The
i nvention has particular but not exclusive application
in the METHOENAND APHARATUSHKOR VWA THR A REASKIENT
whi ch may give rise to undesirabl e environnental
effects when dTeFHAMINATEAQUARE ORGAKESME st ant
fromthe sites where the water was taken aboard.
BACKGROUND TO THE | NVENTI ON Mbdern shi ps general ly
carry ballast water in tanks within their hulls to

FIER® BRCAHRNNVENRDN se the ship and to pronote its
’—rra‘n'O‘E‘UVI"EbTI‘iTVT—ES cargo is taken aboard and settles

the ship in the water, ballast water is discharged.

Likew.se, e rgo is off. | oaded | ast . K ,
i B o TR el LA PPl Bt Biphpraamisms
pre§§rlh*ﬂ i théiv]kﬁﬂar b{ die‘étrb?ihg thesuvBrddiémssGadaeing Beir numbers to the

volunes of water punped in and out of ships on this
poinhwiherethey argainviahle insceelopias. nel Badnyguianesas particular but not

r ' Iy I ' ' | rel :
exHIROR AR ARl 5 8 Bl LB L i may i
rissicstiadasieibld Bavireriraastal effeotshohén sistvargsd sl sbasoh lakes distant

wat er of alien species, often taken froma di stant
fromdbasites Whene de wagRiwastakeaRRPF Hom ni nut e pl ankt on

species to sizeabl e pelagic fishes, and include

vari ous pat hogeni c bacteria and m cro-organi sns

(protozoa), present at all stages of their breeding

0 3 few natural predators in the

BA | e, and if they find a

sui tabl e food source in these waters they rapidly

colonise their new territory and may begin to domi nate
Modern Fhigs generallyusame behestavatesin danksawitiindheirthulistie balance and

abiJity. of I f their . mew habi .
a8 b bbb FagbBEb e, D3P b Hion poara and
setti88 tSIEKHpIis tHRNWhiPNDRRIst waier it isdhairged atlilevabe, when cargo is off-
Maritime Organi sation concluded a treaty in February .
loaded4 bafirsth waten ishpuenask inior te beflapbdaks fy maintain” the desired

eqnﬁﬁ%rﬂjrﬂy\“ers to take rigorous and systematic steps to

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
focation. 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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sterilise the ballast water in their vessels. The

treaty is in the course of ratification, and concrete
w@e@viogilens regardi ng the technol ogi es to be apEl/iBdod(w3022

impl ementing it are still under consideration.

Consi derabl e inventive activity has been devot ed,

particularly in recent years,2to potential solutions

of the problem Miinly this has taken the form of
Thechibleralis teaafnisstt wofldwite ambeerions dhreet td mé@d;duattd‘awironment,

or gani-sns, whi ch | nha The i oducti on .
andéﬁgrwf@m@qr@l Mg $r98r%§a tio cancﬂdea o laega P PaBIasy 2004 which

will 5f’l%l\/l%ltthQ réff%'cf‘ ret ﬁl@?ﬂ?%ﬁ&@% tSI@é‘hQHL&%t &nd Bgste atlg steps to

waters into water is di arged, or
stemltsedhbéxallastrwdter indhdieve$salst Jheltreaty issn dias esunshof patification, and

toxi c_chem cal s create at er rob e
congietp BRSNS FRGATENG TR Eruonias 85 e 2PPHeH i e g it are stl
undeh icentiepdtigre! easi ng powerful chemcals into the
waters of harbours and anchorages, it has been

proposed that chemcals with a transient eX| stence in
Congidenabish dnventive aglivily Rarkchegd dovwred. pagieulatlsinrecent years, to

potlgﬁ‘{érlé ltlﬁoﬁé1 O?Qﬁ V@%ﬁ end! oﬂl{a}f\lf‘?ﬂﬁ Iqé l?t—f'-:‘r} tﬁé‘%l‘rﬁ of, chemical

1on In ast wat er- as a S ng

tredtasent eémepmataosmidentdﬂgl tbmtciﬁgaalsﬁasl\ﬂﬁl,cmﬁa(bmﬂ d§h§s mtroduc’uon of
6,516,738 (Cannon), and a ication n 2004005596
cheghigagan, BRWETST Nl IupMNioRng SRe R P iTEADEa e chemicals may

cor&&%ﬁf‘dﬁé ﬂwé’\f/vaf@s ?ﬁ% g\ﬁﬂéﬁ bgrhﬁf\/vét@@ls%&{ar%é&’ d‘rﬁ@é’d  other harmful

conditions I n I ving organi sns ten
sidé@lfﬁeotsednkgpnn@caexqsg’mealus;e)nf toxiz chesnioals may cwmtera greatar problem

ceptahle quali.ty in ter of various standards for
thaf&aﬁ@v%@w @]eyﬁ{ﬁr'ﬁéadﬁgé‘ésg&e exanpl e US patent 5,932, 1
12 (Browning)). The last-nentioned patent al so

To Hiiggdte 36 ef-fé@ts(tﬁ P@I@Qéln?fpdvmﬁul ahemits intX JHaenatdro of warbours and
t he wat er. en alone, brought into proximty

anqhomg%nglhas beea@ pé@@%ﬁﬁdsw@t ghsMicCas &\ehho%rra@ﬁﬁéé?mstence in water
shRfif DS Gs cf él}c% 9 'o‘%&{e”%?&ﬂ?%‘s‘ S%halt %qnts)é%ewgf?r of only some

process fects are howeve
mlrmbéalamddtwnﬂleduamtmtd badlhst watbrtasensterifisipg ageulrhaas been proposed

t t facto t
in LS RHaDTo 6. 425 428 aiReddn ark S16.18 (E8pnaHE: ABd ppglication no.
20@@}655@@@@{@ S’éntelwp. not free fromtechnical
| s e

difficult and qui res consi derabl e nonitoring and
supervi si on. Several other forns of treatnent have been
Otherdpeenriars have wontemplated) sesesfuehicet ofadé-onyaenation of the water, fo

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 controlled conditions of pressure, temperature, and other factors,
and the rate of elimination of aquatic organisms is problematic. Its application is thus
not free from technical difficulties, and requires considerable monitoring and

supervision.
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ultra-violet radiation (US patent application
20040055966 of Nguyen et al), heating (US patent
wh2@164981 of Sherman)), and conbi nati ons of tIOT/IB2006/003022
nore forms of treatnment, such as filtration by
centrifugal separation, coupled with exposure to
ultra-violet radiation or bidcidal chemcals (US
pat ent 6, 500, 345 of Constantine et al). Mst of these
Se\wraimbére‘srrhemétrébﬂndmmmﬁeagﬂopésa&ce dneluding thes tudeeof fitration and

it e TP q e R R 2POS e Rt Nabifer g pfghesting (US

r
o SOV RO i R0 SOEES o  vamen

suchhas ditipatian dyotebtiflgalt sepmration, ocwpledswmm csxp@usua ito nultra—wolet

QDo e D B A0 CEnSARb T80

pi ezo electric material which acts as a transponder to

MoSiesT e rapBESHY haleethbrdistdvantaee of Téquithag eitharasiengthy or relatively
through this tube. Sone interference effects generated

comlex precassuPiiHeedRTian NGigumstareas IBWRIER sxfesive monitoring is
nectegga ter are also described. Utrasonic radiation as

a nedns of destroying aquatic organisns.is also

mentioned in an influential report, Full Scal e Design
A sBmelvres diffeBal lcastse\isttakeT ﬂmbl&rpater@ﬁsct(&r%f} (Bubipan ed al), which

oot I SRS Ak R I AR B v
Ietrfé'l‘fb bH@at’r@B@a@ﬁ’érﬁé euéin?%&@ﬁin?éht‘lﬁc&r@o%l@a H%é)ﬁrﬁéd with a piezo-

Mar i1 ne, no procedures for applying
elecmc mwenabmlmah |agta ama HeospERAsTde gancraie aﬂamprlam@freq uencies. The

el SRt L 2B, S5E A TIERE: ot RgRPAR0) e cavipment

whipH t@Rs® d@grdyesgadieawyihesiwaterlard gkatdeseritsat: FUigasonic radiation as
U trasonic D si ntefqratl on as. a Method of Extractin

a meaesof dsﬁtr@ﬂag aayafic grgapists isalspmentioped &3 ag H\ﬂugﬂgal report, Full-
Scé]% ﬁe@ﬁ g%gé 3 W@él‘l%@%a’cj@'ﬂ Tlreﬁ %&ﬁgégﬁ%&% éﬁé{.()%r)ed for the Great
Lakaist Batlhst Peghnolahy EDeimramsiration RabjedD. ¥ Ndrtheasi-Midwest [nstitute,

WasBingigh vt a0 Tos dakp Lo Associaies | GIReIHerbeR Hyde Marine,
200323 bhieR pRILRAILPES F&%@ WISy a ra%bhlccrlaﬁldtfcbn%cd?séosed

ntative explanati or t e lethal effect
ul trasoni c radi ati on on protozoa and ot her orgam sns

Thenkast mat ulteaseundl radiationydasirays saptaulivng ergaiismps Agaieen known for
marnnf sr]ear?c}/ it8 usl?eefgrctﬁ‘s Bﬂrp%sgwgé ngeﬁ I?J%@C?lead in literature such as
Ultrasonic Disintegration as a Method of Extracting Bacterial Enzymes, by P.K. Stumpf,
D.E. Green, and F.W. Smith Jr, published in J. Bacteriology 51(4) 487-493 (1946),
reproduced in Microbial Interaction with the Physical Environment, ed. D.W. Thayer,
Dowden, Hutchinson & Ross, Inc., Stroudburg, Pennsylvénia, 1975, pp. 405-493. The

last-mentioned publication also contains an article in which 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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ef fect produced by cavitation associated with the
ultrasonic radiation in the water imedi ately
waoorousd ng the cell. (See pp. 402-404, arti cPE@I/B2006/003022
F.O Schmtt andB. Unhl eneyer, reprinted from Proc.
Soc. Exptl. Biol. Med., 27(7), 626-628 (1930). This
article nentions the discover4 that the |ethal effect
could be traced to the cavitation of dissolved gas,
B. Uhtemegdr, beprﬁhtebﬂ fralniAreon Sot. JExgihyBiobl Med. 1929), 626-628 (1930).
I XV i her comment on henonenon of .
Thig aotaq'%medﬁlone t'%%ﬁ'ﬁ&P\ﬁ%'&f that the éetéal. affsiot ol rlaegmcadcsﬂ the cavitation
i pNpKidibr t i
o PR, R 2o R 0 e
cornmeat opithe plsemmhenenbf gadtationds corgamied drethe editog's cootments on pp.
cti.on, of extr-- ous‘%he i cals

anplltudes appears to have fromthe applicant's

Th&Xpebf anegonk Rawiohibr @hteratedtmekit isliharepily wetekativeriince it does
organi sns of the kind present in seawater and

notndgheyibl thedgkoddelen of exiageous wbgricals Hato the water and, when
' fedf
o 36 i e B0 B O NR 2 T T Bt S experionce, =

pO\fis?moefmclﬁm EMMI}gouirEWEak]smng lmrgamsmermff éhé kivfd ;smspb’gmrséawater and
ife, relatively fragjle. Accordin it n, obj ect

nagaladrasi WAl onft PBSLPRVRYR ot batnee Bk iaTer spethods of
ger?é‘rﬁﬁﬁ?ﬁ'a’h@l d’lbﬁﬁ&ﬁﬁl‘t Grd Pé}‘éﬂéh?&b&ﬁle%rﬂ%h%s%bclated equipment is,

cont ar ni ng organi sns,” such as the ball
in thatcentext of hipbpacdilifeh eclakiyaly fragiler order to elimnate
t hese organi sns fromthe water, the nethod being

ol TV E ¥ 1B SRRl LS Ay BB hparets ror

geﬂi@b’ﬁﬁg’ uiifsbcRRPRIGMtith fywhithatatat cos@iiting harmiul whganisms, such as
in pressure in ballast water can be brought

theéiﬁi@ﬁt wakey qi sbins: gBn\peLpased|in pyd%'ftowennawbsﬁe organisms from
e AR e ot Dy Ao SRR IRRB R sifimont being

relatG/emeude a net hod and apparatus by which, using
reI atively sinpl e el ectrical equi prrent

A e OBiEAS to oy SRell £50 BEPEIANHS o BoitRifdeaBhe cbrupt

chélﬁéiﬁsprbé*é(ﬂrﬁgn b%ﬁa@tfvf/ﬁ% cah bedirsaghtdbai, arﬁﬂﬁﬁef@ﬁ'a‘blygé%)lurahty of
is harnful to the organisnms™in questlon the g

suqhmrubéﬁh@gﬂsxe@rwaune,tth@ baving theneffeat of killing or weakenlng such

orga%%trﬁsc.t bet ween the gas and the water is enhanced.

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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BRI EF DESCRI PTI ON OF THE | NVENTI ONAccording to the

i nvention, a nethod of treating water containing
W@owania3or gani sns in order to destroy the or geei/EBR06/003022

conprises | eading the water under pressure through a

conduit into a chanber of greater cross-section than

that of the conduit, so that 8§ he water pressure is

abruptly reduced and cavitation takes place, and, with
Acdohding 3 thealnventionyd mastood of trediinat waler conigéning atedtic biganisms in

ul tr ni ¢ vibration and cawtatlo t hen ac
ordeio Gséﬁ’t@yt heoaRis S qp@prwst gadipg hggx(a %ltlrgkerg;}regsure through a

condliit ntoTQ "ch%gr‘{’}i@‘%{g gsggtértc?oﬁsﬁé’&io%t $SnSRaF S\Strﬁsngondwt so that the

con UItS pr orm part of a reactor t
watehprassutesisvatiraptly sdpcepedd davitatien iekesplacs, @ind, mth lthe cavitation,

water of a ship, the thaod is.preferab
et res dBperter et ascbic ViEieRR 3l A BRisH i 3ng upon
theWpdtef. 1s discharged. The conduit |eading to the

chanber preferably conprises has a first zone of

general |y constant cross-section through which the
Thewetar may bedhahadastvales of 8 shiRl | owed by a zone which

reduces progressively in cross-section before

Th&lehaeht Qrgd 'itQtaQ v\?}&ﬁte@%t atal‘ﬁfg édﬁ%ﬁﬁé??é#%ab%form art of a reactor

Cross-sect n occur ress
throught Wbloham wtatwss ipuonest e $f e watesrs dhe bahastzwatercff a ship, the

me{liE S rer v b PPBlIR L e e A A B BaIA AH s than when the

wafef fdi8chdiyed ef fect enhances the extent of the
cavitation which would occur if the conduit |eading

into the chanber were of constant cross-section
The ncpramghl@admgt@ the sambenprefesally campsises asaafiisbrorg of generally

cor}slr't]aera ggﬂ véhg tﬁgﬁgﬁ Wlaw ‘ﬂ%] %téﬂs g&& glhdgf PF%sSs(l)Jrr]cle,Cfollowed by a

nprise of 1 nclu

zormmﬁ)l@heékﬂucés‘ progradsaiyin dra@%ﬁimﬁmfbre debmmnmg iato the chamber
made fromm |l d steel or-other common tals, th
of ipgteasedcEosySeelifie WHareiGRytation RECHst al he prqstequr@ i the water thus

mcfe%@%g ed if é’nt%r&fh%ai e QF ddFs58§hg %%géed ]{ont BRly to decrease abruptly

nmponents are na certal n”grades (;[ Starnless
whem ﬂEi walan entersitied bbdnﬂedwhapacaﬂa&mnfoccbes i Thigeffeorenhances the

e BRSHB coliR bt 3 SPEH Bl LIrang TP 1B Aapmber were
of Bt droddlsE8dN ihFbigHARE iQllegtRatl | y reduces the
extent of pitting. Several conpositions with this

characteristic are available commercially. .
With cavitation, vibration of the surrounding structure tends to occur at frequencies

which comprise or include an ultrasonic component. If 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 fo a greater or lesser extent if the components are
made of certain grades of stainless steel. In the 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 compositions 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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Al ternatively, a special netal can be used which is

relatively immune to pitting. At |east one such netal
WO goociosmrey ci al |y avail able. Details are provi dedI/IB2006/003022

bel ow. The effect of the abrupt reduction in pressure

in the reactor chanber is to draw dissol ved gases out

of the water into the gaseous phase, and ultrasonic

vi bration occurs in the environment of collapsing
Tha elffelct of Qhe%ﬁﬁpﬂ' hedudtieadis pressoteits ¢hamehetor cdlamber is to draw
. agitation in the water. The effect of this agitation, . .
dissdypd GSRP 194t HethEn Al dNociecgrpserUs Rhagasadd sirgspiye vibration

; c t iS5, H sl {o i
oucH (4198 IIOTHIATCR colarths EAPLIOBERD: TR Rt fo inense
mechaniaslagitation i tie wateonT be effeciofdhig agitalinn, couplet avidbdhe chemical

e k8 A B HE T Y PR B S s, ' o i o

wedledftHdorigan@inget rol ysis in which dissolved salts in
the water, sodium and brom um chl oride anong them in

the case of sea water, act as the electrolyte. This )
Theyletlkal aflest gtibed!liiasanic Wb@tian oo asuefie etganisrss {5 athanceg, according

t .of oyl i katd d ;

to % Pveifibh. of apiiod LSRG foBA G Hlithotiexnosed in the water,

theedbyt feadog dbi electroigsissinswhishndisselved sgitscireshefwater, sodium and
uati c ﬁ% ani sm are vul Herabl e to electri

brogﬂug\,%lﬂo AMEng At e@gggtcg(@pﬁw@f,eqc?%{s greﬁgcstrolyte. This
ger?é?.bfése%@eof(lvt ? ﬁre?%isroi S jesBar@evibratibheadval Rsuitbfithe ultrasonic

VI CI ni el ectrodes 1s another factor tendi n?
radiatiche stndogomtibutesuander thesencenditiorehtathenaestrdction of the aquatic

brom ne.. as well as.oxygen and hydrogen, are ng,th
OrgpRSES  SNEE SBIS TPk LAy cupdtp T e PEdY Biectfioal forces
of &hbaerAadirbh giNl el rkaMe watdatid xbinkl of axicedtfitfitharge in the
on aquatic organisns with which they make contact in

watdidn teeyicinity ahiberlecikodas isfanaibet ‘@%toratanqmm desi@ydhe aquatic
Ofcgi%éé ne and other halide gases or other corrosive

9& s not desirable in ballast water that is punped

aboard or discharged fromthe ballast tanks of a ship,
Chiirineaaridiayniirehd welk as oryteert dred bydrogeh, ar@rdmoig thengasals released

in q%%&%{a} %mglézggiygtgggrp\émgi Ehhggg ' lgrgrgﬁbg %laﬁg @gohag‘gcularly toxic effect
on $YB9HE @r%%ﬂé n@g :\}wfh{ whlmqﬁieﬁ‘hféléé astiheREShctbh e

react or o netal” surfaces with which the

gases readily react. .Provision should therefore be
Thegrtesénse ofssibsteatial filantiiesnet ahlogpemnseatherthalige gases or other

corrrc(::eﬁ\l/ea %%geé ?ngétaéeléfr'able 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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The invention al so contenplates that a suitable gas be
i ntroduced into the water within or nearby, and
w@e@etakd y downstream of, the reactor chanberPCT/B2006/003022
further enhance the nechanical, electrical, and
chem cal processes which occur in the reactor and
whi ch have a destructive effétt.of the aquatic
organi sns present in the water. Ozone is sucha
a sslwbla@be gaﬁlﬁl ey dﬁéttsat?ilmgqf oXitiisiref effexgtlon mekitigscargact living
on meking contact living tissue, thus
tlsseenﬁqsuemm@um {oniheadastrision S aga fPEgRUSEHEgMRicE fgencounters,

| upt r t th
s Bl iocBRSE R Sy BHaRe b LU0 G ) Yrecent i the
atmettsphe s evamely axpen oxighris embirartméestady harmlasent al | y

harm ess. The effectiveness of the method i s enhanced

QYN Bl B EARBEI0 S T Po bo mochaicay

mixearstétifred irf tHeSre@atorlefaftiair ana GsbycibRepddrtyitgu Wh@ltah be achieved
spaced and inclined vanes in the inlet and outle

by @@ﬁuru@ syitakiy gpaged and ingltnegutanes ip fle indalcang oe%%trﬁ%xdwts leading
mt(fgr% 8L bf‘thter}gaﬁﬁ?%hgﬁlb‘e@aﬁ%%r 1nttﬁ8|re%tép cﬁélfn%gf it¥<9£ An effective

cal

forthi ofeﬂmrfgos hb&talrmuﬂmgntT&mrmsonay berfixed, sed@smar maintenance on
¢ ezélgart from occa3| onal | acenent when

he
BOTRSSREAT, A i35 AGERHPT EPRROEIA iy yp%éave become worn.

enhanced by nonitoring the status of various variables

Thé heéthas Q)fﬁﬁé%@éﬁtld@ﬁiﬁ?b@%ﬁhﬁh@é@by mBAltoHhd ¢hd Beatus of various
tenperature in the conduits and reacCtion chanber, the :

varc@@esaﬂaabaresreﬂewartt i its e@icieneyJueludiag thedroperapii in Hei genduits and

oo S e L1 el GOl B8R €T coure

follbWed blyithe wadsi0 uh tiee voltadiaed E@restl dopssdhessléttrodes. According to
par aneters fromtine to tine to optinise the results

thepinveRéomermeyision i @%ﬂ@af@r@‘*@!‘ngoﬂ#ﬁfbpaf%@e’ieﬁ%ém dimne to time to
opﬁ,ngeqhgqggla ftqﬁgqﬁgm%l e the pressure of the water

én a é- pressurising to induce
cavi tation, and hence ultrasonic radiation, is
In a predartred et biethstinverdieni th@pfbcdx3$®rfdnetmismg thAmmessuragf the water
cor t he i nventjon,conpri.ses a reactor
ang{fiel SRSUBI e e TS A o B B vE oy, AgHTENGS UtieSoBE Tadiation, is
repeafSPafiRatki Ofcd fequitkalic@ssidie chanber and | eadi ng
into the chanber, an outlet conduit fromthe chanber

of | esser cross- sectl on than that of the chanber; and
Apperiies aecqsding tadieinventien comesses a reagter fon@ediyea housing defining

a c@%&%léﬁ'ta g&gq‘gf‘g@%é% c?/ggr}ceggbnr H3 gl%t of-IEFS chgh%ter and leading into

rm na
thevdhagtiber, an outlet conduit from the chamber of lesser cross- sectlon 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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decreases progressively in cross-section as it
approaches the chanber. El ectrodes to bring about
WE@k@®eniaBysi s in water passing through the appeCEHIB2806/003022
may be contained in the reactor, preferably | ocated
within the reactor chanber and fixed within its
housi ng, Sacrificial electrodds nay be |located in or
nearby the outlet conduit to neutralise corrosive
Saayifisiad db@fctmmlasenﬁynige tibeated dnsal hsarbly thet alittetceortchiiinted neutralise
in . the el ectrodes, nes to X.the contents of _the
corpBiye GAsany HRMEsa BP0 Salfs SbIME IS CRNENISY fl 15 slectrodes.
interior. The vanes are preferably designed to inpart
VarfesSi¥ i e 8sritbAt 6@th‘éﬁ‘é@&td¥@ﬁ§y BE Ib&ﬁt@d%‘t §Lhéble points within its
reactor. The apparatus may al so include nmeans
interige.r b vanemaredprefayablyglasigneddadmpas aovsining aqﬂ@mtp Meater passing
o the reactor. Means to prevent backfl ow
thro‘é@%ﬁh%%eaé@?es may al so be provided. In a preferred
form suitable for use on a ship to treat its ball ast
The/m;ﬂratus‘maﬁl plariatiude inmednstesnteodudetangl @nséregmses ssiiahras ozone,

at | east two reactor chanber
from?m%eﬁegloreﬁﬁ Hae feRetpn, MeAns 0 Diient eﬁgﬁweﬁ%%g%%es may also
be Wa@ or indicate and record the status of various
actors such as pressure, tenperature, pH salinity,
and water flow rate nay be provided. The nonitoring

In aapiedemed sommysuitabtentar Useodrud shipstniseatctsolealiashinaéera fiae apparatus
cord t

ol 858 oo Enve satinsatRa’ 2R JeaPhld rfefh SHanilers and inle

condeite vesHndcted esgtiisecti ves of the water treatnment
undert aken. The appar at us for carry| ng out the

i nvention is relatively sinp with no novin :
Moniterinage ders QO);ng@sqlr@tqrdpqlp@tp@dtrgcgrdsth[eﬁtatp{s 0 gﬁrlous factors such

as &ﬁé\éﬁ%eﬁ%ﬁ erQﬁlr oﬁﬁt %gllhlr%é%ﬁil Bk W%H: g; Bélgij%ded. The

s pu nto or di s
momltmrntmbbaaltatmam@j furthea inglpde ahearts ’pbdaieuimlrresaadlrabbmthe date,

timg el (iR R PG 4 WECH i3 OSRs APRTANE CBPdfre i Sler factors
reletv\éﬁtﬁiﬁ%eotﬂs@{ﬁié%rofacﬁé%ﬁéﬁ@e&%éﬁﬁdd@‘l@kbh0” withits

inlet and outlet conduits, can be inserted into this
pi pi ng, taking up onl % appr oxi mat el 1500 mmin length
ThexapPak@itghfaigasying eyfghexnventionys reatively sintrlecwith ingimoving parts,

and één %%s'ily N r%?rroaﬁt?gd ltcB1 a sf“Sr 'chaﬁ rEo%Qgﬁireﬂt&%g)%cg{ed 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. Its

controls can be incorporated in a normal shipboard computer system.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:
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BRI EF DESCRI PTI ON OF THE DRAW NGS | n t he acconpanyi ng
drawings: FIG 1 is a sem -diagrammtic representation

w@RooowEBer treatnent reactor of the inventi onPCT/IB2006/003022
install ed for shipboard use, and shown with its mgj or
control elenments. This reactor has twin reaction
chanbers arranged in tandem FI G 2 is a side view of
the reactor of FIG 1. FIG 3 is a side view of the

FIG: dacisoa seimiFdi&granimatic répreskatationooiga twatien atdagment reactor of the
sectioned. FIG 4 i erspective vie a l.ar ged
scal e ofinenfiafy 'Wt?iﬁgfcﬁ"a%?'\‘gipq}”gn@ ag %W%Wﬁgdtﬁ rﬂajor control
the r ea‘%l@l':ne?lﬁ ﬁ?reélctér h&d ﬁmnﬁeééu&] cﬂ%rﬁﬂ@r“star}’&q{éoq}‘\’tandem.
on an en arge an alternative reactor to that '
of FIGS. 1-4, haV| ng a single reaction chanber.

FIGDETAI LEDs pestRviEw oktherersoriaf FISTRATED EMBODI MENT The
apparatus |IIustrated in FIGS. 1-3 is a preferred

Fl(%er@gg?: 2‘3 t%e }@g\g%rf tn ergg ?tofaﬁ%‘%gjli l%gﬁé%ﬂgm {gﬂgltudmauy
W th congembngaal bal | ast tanks and a conventi onal
bal I ast punp. The apparatus conprises a reactor 100
connected into ing 102 which is of ro sec,

FIGLA 'ty 116 4 1Sy SeF B0 ST A IPSG SR ALR SIS WlLSfaghed vanes,
102 ext epdgohisiiern e hebdiBpbr PIO, 44 and one or more
bal | ast tani 106. The 'ast punp 104 draws water

froma sea chest 105 for delivery to the ball ast
FIG. &nks. Tih@ pasepectiverview onkee erdargediscaledofsn liaspativereactor to that

caui prent st Ao R AR e S EBEL | °7c

reactor conprises (starting fromthe end nearest the
bal | ast pun'p 104) an inlet conduit 108 of round

pfplng 102' and a flrst-reactor chanber hou5|ng 110 to
whi ch the conduit 108 is connected by abutting fl anges
Thed agparhids lastered infhilGH. a-iighsa(prtefmedaemb@imeat of & water treatment

h | o d.,. Siml
Ao ety s i ingen tratiod Hin Banss ekl OE & Bolel measgoipaship with
corRehf¥hal 1akt &Mk8antle coAvehtndl BaNast @Uimy, bolts 115.

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 cdnnected by abutting flanges 112, 114 between which

a gasket or O-ring seals (not shown) are located. Similar sealing means are provided
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A disc 116 (FIGS. 2 and 3) is nounted between the

flanges 112,1 14 and is seal ed between them The disc
wail®7oerpy i ses an annul us defining an internal PGPHE006/003022

119, or orifice, with a plurality of vanes 118,

preferably about six, extending into the interna

space. The vanes are nounted10n the inner ends of

stal ks 120 fixed to the inner circunference of the
betwesn otherabettiihgalargyesotdl bewiesariped bedowheTipt dlamges 112 114 are

and are helically bent in their own planes.

: SC 6
SeCPF?qJQ\é% fts i 8- appar at us, water punped through the

reactor inpinges on the vanes 118 and is defl ected by
A dﬁs*@m @%FIGS ePRES3Y REmblAt Sl thel RS TSN GNd is sealed
. The vanes ar€ so designed that they 1npart a :
betweanéh@nngr Heedise 4116 Samprises ancnrsius definiag watisternal space 119, or

N Y

spaekeaCEhaiviahed asresmvlihfidno hﬁe ligest émds Ehetalk§42@lf6<eldsto the inner
provided with circunferentially spaced holes 113

circugteransetafghediscsareisnt ahagn ab!r;q;ue Angletiaina Blaap ol thq disc 116, and
L

thelreaatoe dmpihgesfor e WHS bodds ngfléd@dHastrent iasdt enters the first
zone 122 of consta

reagioygh qmbegnk,\oufsm qggnn Qéﬁgggﬁéyé’c% dP KA cﬁ I?Ié%/t they impart a
corﬁl%?@H{; helt&d ’Smn% '&@Eoﬁ R WateAHreRoYRE |ricP€és%@5\%ldd"ty of the water

I nn di anmeter | e apparatus as water is punped
befbreniimeowatenentet98 turbutdnd phass whehsinieixingdakesplate withygases within

th the bal | ast punp 104. The housing 110 includes a
edE869% zone 124 of frusto-conical shape, so that the

|nner di anet er decreases to about 175 mm The cone

Thaascer 18 ist priovideangith sireipfearshliatyedpacaidonsie2 1deag n-eeeswe the bolts
In the first zone 122, the interior of_ the react

1% nantadso Hgtiberigwards its centie with gpased RpEROPARIPS 137 into which studs
holgingcthé%‘?§&{d'c?e@ {7 ﬁen%%)n@& b%l&/?%Fé’ﬁic%ﬂeJ esi stant netal

anfumor ru a conmposite of them
The el ectrodes are supplied W|th 12 Vv DC or any ot her
Thepiestoghiaraber hoUsiage1 Y hasta diretfzomeed 22 eﬁtdo‘n‘s&nt]jzaer diameter of

t ion is to
preligrebly 3 PG rome BT roBRecth shrerfigtEibe TREImEIRy o8 that there s
an BBF Sp’t ‘Fﬁcréﬂ% friHAEPdiaRTEtEAh tﬁé’ aﬁ?él?a‘lué?ﬁs Wagerfis beped from conduit
IS provided w 30 which is
10&é@ah@dlr$iycmbsr hossing ‘a1Q:br/rtb§d@ﬂ1 ishgpummigé. 18be dyousing 110
incfides 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 elecirodes are supplied with 12’V 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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second reactor chanber housing 134 which, simlar to

first reactor chanber housing 110, has a first zone
wa®7moioiaonst ant i nner di aneter and a frust o- cRCI/DEN06/003022

shaped second zone 138. Further el ectrodes 126 are

nmounted in the second housing 134, supplied with

el ectrical power. These el ecitodes simlarly cause

el ectrolysis in water passing through the apparatus.
TheAnarowestasart b thelBdstosdiomidad zohe 12deofcthedirdtiifousig 810 is provided

ui pped with_ vanes 118 is |qca and | ed bet
withy AR (as whigh Baseclipb R als A to @aalresaannis gage 132 of a

secBﬁH"?@S@toF gﬁé@%?ﬁ%ﬁ%fn h%Wﬂ%hléﬁnﬁ’éfqosfﬁWl@écﬁﬂmber housing

housi ng he narr vvest part of the frusto-conical
1 10z bae afBst 2vinet 185 cfemmsthnt inneb dianheies ang a fi3sta- sorfnc@\ahaeed second

zongdhs FUHABCRCtBrd: 20 28 Tosurdefinn 45S SRtnd BpLB8%34, supplied
with Ble%indéQ)QQWeF T9Rse RI8ctfdRIGMIIAAG calidd d&repsay e dalidr passing
bolts annul ar disc 143, simlar to the disc

through thelapeaeaius pAB@NRUiaE dismEX!, singilardo thrdised 18nalso equipped with

BB SPESURETa HATBER A g g 4 g v o e
orifiteUB Nigeth@denairet tHembai howsinglui 0 alditsectmel eteiniodr hidiesing 134.

exit conduit 146 is connected (by conventional neans

not shown e 102 which_le to the ball ast
The RAROWSE! l%aﬂ g th fr&’afg caﬁaahé?n%%%e? thr Samndioranie, 3}?%'“9 134
is p%\ﬁ&%&e @:ﬁtl 2 ﬁgo t 4 g%tﬁe%?)rugj ?Fgrgééxgonﬁﬁgﬁgggggm%‘f &n exit conduit
14610ﬁmmﬂgr d|3meté*h’@ inleb nendih €08t Bha flange® 143, 1dfoane sonuesd by bolts

1 SR BB SR 8L o R s 110

|OC§1@@”§IH(9: isghled befvBer eid ﬂaﬁges I?4‘2') 1E1f4x ptodding AVdidcuRdrbrifice 147
Republic of South Africa hese devices draw air

epu
betmesmtha scaond shagmber hoysingy! %emﬂlﬁ exibeonduitii4@har ge,

generate ozone in a space where it is captured and fed

i B g IR 8 ooy SHASIRLHELRER hpt oy to e
pipe @2t whichtieguy tosthe3liapbiaed 106 EUGT e).ent ially around
the conduit 146. In yet a further aspect, sacrificial

Sithet SRR O enron. & Srelfy B GzaRe Sendinuire.t4t areforably s,
ma? 'be"‘mé‘chtovﬁbedut&a&%‘fé& bhhRUgHtohBehdiaed 984 WThe ozone %enerators

npi nge. These el ectrodes 154 are made of a netal su
areznf atQIBON typasfor (nstmcem%ea@pbed ireprieg0dectIMe)ts W6i T¢AA2000/00031

an%HT/Z&?B(BHWbb% v%ﬁab re'cr(])?nrﬁg%léiwgm g%élrl?gﬂe\{‘?’.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
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gases present in the water, converting the gases to
salts such as copper sulphate or copper chloride which
w@e@7dereyi ng to many speci es of wat erborne orBERIBEN®/003022
Since the quantity of the relevant gases is relatively
very small, having been derived purely fromthe
di ssol ved gas content of thel®ater punped aboard, the
resultant nmetal salts are highly diluted and cause no
cop@ep@tﬂ@h@@hﬁnm@mmmmgm metﬁpecescdfwmertmnhqaorganisms Since
they exert a toxic effect on fIS es a
the ﬁﬂﬁ?t'fdthéFe6?@3%1“59\%3%§6ﬁ|%?'yﬁ’§v%S } wagga.%%ﬂag%rlved purely
fronk lﬂ‘ié’HQs%o%@ rﬂéntccf’fatﬂ‘?%a‘%enlﬂ-&n éa‘labo%ﬂﬁj tH@Gé@ulW%e’cal salts
a residual ISI ng effect on wat er . e power
are shigply ydituded hmdebmnser odeapdrediabie dammeetb the @ifletUée of the ship.
t hat e |level off chl orine in the wate
HoWei Y 8T e TeRg O b Shiae BeBaEY BUT st dniams which may

havki éUr{/i%edTﬂ”éésggé)’cthug'hhmer RAGIA cHamb@det 10,0184 taHdheée have a
steel of 6 grade, fabrlcatedfromsheetlng of 4.5 mm

reSlthbﬂi(tﬁGb&!ngHﬁ@Cb\h@ﬁ@ whtarhe i nsi de surface of the
reactor, except the surfaces of the el ectrodes 126 and

The ESW}Q?QEBB&S%% gaéie&fo&é%ati g4 |¥V'aEHJ c? ect%%?% hatttg? I%\]gel of free

r 8Si nous erial whic S

chidrires inethetvagitef b tepiing thegreatiorsi 40 dmesngnaﬂ exgeednacceptable limits.
favourabl e cases, has characteristics which enhance at

ofthe rocesses which occur w,t.hin th .
Tha B3 &F Tha HBRGHBE Fa TECen o1 SBLET REeh of B §rgre! Fabricated from
she%ﬁﬁ ;IS mdrhigibkes) contact which contributes to the
ng of the gases and water, and piezo-electrical

and Eiroel ectrical effects Whl ch contribute to

Theewboter ottie insisiersusfacerofdhe Jeretonrepnet e swiaees abthe electrodes

12%@@&?&%% 1§gg HLQM%)Q gg%%ga\x/ﬁﬁ | aﬁérgrsrﬁtg gg‘?ééj\h@bé %r dther material

Whl@h rblectdntiie heatauof ths eshcterxfrgenpittirapi H‘hselmmgra:ji;@,xm favourable
n‘gound with specific grain size and con
casgd

%p@gact%pﬁ whighseny aldeastsome ph &%Sg{pg?sses which occur
Wlﬂﬁ{ll ‘ﬂ‘?é‘(‘éea%t yaz'fl}'{(erm%cﬂérﬁé'rﬁ\ %ég}bnn;ibﬁludé%r%%ha’ﬁge, frictional contact

ty,
whieh cepi)butes etheonixime obth)e g&hansl sater wdzpie'ao electrical and pyro-
elqu_tbagld rk) E[Cé %Q-ﬁgull r;q?&n egslﬁr(zyo %/ome Syanisms. A

su1t%bf@ﬁ?di§ﬁ§l)for ke ﬂhﬁg)’lg rav%@a@l% doramzPSalp e rl\hé@@bram (trademark)

Germany. The control” devices for the reactor are shown
28069, Fvidch ]Jsaa@pra},eomdeltmmelum-tltmmpb@mr@xygéugﬁgbldl@ed complex

conP%%léchwetga%%c%:efrsﬁﬁglzg cgﬁt(r:oq,edpl%'o%ﬁolb&.t B\%other is known as
Elce (trademark), produced by Nihon Jisui Company Ltd, 78 Gion 3 — Chome, Miyazaki

City, Japan (e-mail elce@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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outlet conduits, a redox (residual oxygen reduction
potential) neter, a salinity neter, one or nore

W0 e09pesEsUr e gauges, one or nore chlorine senspCE[B2006/003022
vacuum neters at points of abrupt chance in
Cross-section where sub-atnospheric pressures wl|
bepresent, and a scanner for18nporting data to the
ship's conmputer system and a GPS indicating device

presmtt ahhascﬂaaf\rierésr imeastimg dgtebio tﬂxgeshlpfé@onmljtemsyd’nam Bad a GPS

Indi TG g ior AR AuasT BTSSR SHTb DS R GRon HEt IS ecorded inthe
conﬁhﬁéf&?&ém ©TRe EBEﬁBltdéV@seﬁw%xfe%o ffuck! Belhk ¢&linfluence some of

supply’to the electrodes, regulating valves for the
the pupgsespesfe. gmﬁentmmeielmiorém electiidaysypply telthe ejestrodasd regulating
evi ce

vaifds B ghgrafiry oL 8eone e ot piterneih Rk BEF A cther devices

knolrdini the 4N 8NRAtdrarcapeeat.e at a flow rate of 400-500
kilolitres/hour, or approximtely 150 I|tres/second

and under a m ni nrum punphead, pressure of 3 bars

In agyeferedHsef thereactondliusiratedin ik keS vkl iadesigngg tqem?er%te at a flow
rate Yt &@@-goenkﬁalltr%%%u‘fyab?ragﬂrBMe&p??RV\Wéasrls 5%%{51 under a
as the Sea, a la 0 t

or a ri'ver e sea ches
mindmdmppompeheat! praskure pf 83srse t hrough the conduit 102

into the reactor 100. This water will likely contain

ani native . tg the ar whi.ch th hi
In operatin e arSthe 100 -HBE balaes Rranpais st A fdd vater from
an Bbeﬁ%téf BHHy%choasefh‘é' sANEHI@ oHaReE, 'n{totthé s\é@t éﬂest 105 and
di scharged el sewhere. The water passes throu

propehltl underpggssate thieughtheoeondit 02 inte ibe ieacies &P}e This water will

el S5 3t UL 4 TR 8ot at e

tlmélébmbftﬂ‘ WHieR ag okl cipadlie bheortebating td @ﬂvmental damage if the
abru tl% The water al so brushes agal nst the
watgr icdispbaigedgsewiei®h are at this stage under power,

and el ectrol yt| c reactions ensue, leading to the

Thégﬁ/??ér%ds%s o%@ﬁ%ﬁ%g%ﬂﬁﬁf 4o, (Qﬂ’lgc—,eand By #hR$8 enco éJr}bers the vanes

orine e swirling action cause
118 aed isgiesn adedieal swiding rgates As tme watareamitgrsﬁhen‘lrai zone 122 of the

houShg i mibe. Cr R RER It SRS SRt Rr JUShAt TR AN | Aheruater also
bruéﬁ%tééé?né’thﬁ'@ leckHdest 126 elwidt ifal aiC BAs aRabé S@Herh}@éwer and

desttuctive effect on the smaller marine organisns.
eleqz:tsolvh@ raackong easee, leasing riot theogeneratioanal @asess chigdly oxygen,

hyc}rgl err1 e&léﬁrqg %r%él b%m %acﬁ'hgrkwwlmg 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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chanber 110, the velocity of the water increases
progressively. It will be appreciated by one of

wo@e@iosye skill that, follow ng the principle BET/IB2006/003022
Bernoulli, the increase in water velocity increases
the local velocity pressure head in the water, but
decreases the |l ocal static pridgssure head. It will be
further appreciated that, if the water velocity is

vapmlzsadn tresaaeesfsihet waters Urtis oiik riffedtigelp ecausbethetaatec to boil, or

pressure head will fall bel ow thev i zation
caw@f@ (RIANS PO RPEPUMTHAST NI qCiYs viben 98¢ jaBagas syl bubbles

f;
o BT SHE by Y G fole SR PB4 O ocen,
hydragen; amedl ch)a:rme) éppead oxly to aoljapsemalgmetheoblﬂﬂm&v&wve into an

Ml i e e
in tuf Magradse higH frdd iRy é{cﬁ‘hgﬁ cRERSSEHRKIPRAESATHEIAING frequencies

velocity. The col apse of these bubbles in turn may
in thawsfeasanih ifr aﬂjamgeamamgejhtcehﬁ@v@ﬁhrsngbm@wéer with the effect of

o Hind PrBRih SR dfie s ough the vater wi th' the

effect of destroying organisns locally present.
Holewer at will be\ﬁddpiredﬂataipmaecémd théatateeisenot braught to the point of
water s not brought tothe oint of cavitatio rj[
%}gq of vaporization

cavi@jiopelt BIBUBREPrP te Gl ARRIETE PP EHES]
preelard. fA ‘93191% ihé &y ggﬂlsﬁ{seél%ué&paﬂ\t@w JIWiliRg SHPakS MBurishing at

are capa surviving and even flourishi'ng at
considariathée de;btda ideyater,iandadie cananedist prmsccms censiderably greater than

ur es consid reater tha, t NDS
et ePrasaie nByt Ao S hani i, e iaRet dfr ssyp-atmospheric
prés@grébt HRE Rufler exBERRSHITESs ABFh HE fcalise dIbeeTeevET @ftRout cavitation
fromthis cause al one, even w thout cavi tation taki ng

takingapleceThus, the size of the orifice 133 between the
fi rst reacti on chanber 110 and second reaction chanber

Th@x% he Sl ﬁ&ajgnﬁ% t1§§tb[et\ﬁ§ Iﬂ'?e ek % eno&%{h?ér‘)v%‘ and second

‘e or | 0CT T gr =5
rea(tﬂmhmemberHGMS selectad &b mawsmeiompaesm tifrotigie the orlflce 133,

orifjce, or at ast, to cause a, subst an ial reducti
s RloBI*G GLalPat SRp Ul T o I8t I Geini I I walsy sprsggam of the

orlfic%g’o&lJ HEfbst, tBEHRBES shibSt §| fédm‘,?@n% BrB8s@e tf)él%ﬁ/ atmospherlc

art a convergi ng he tw sting notion
prasstes. zils a prqfasredgmhocmmm ’d‘@cmmbs:ﬁéﬁtmsmmd ahthﬁ orlflce 133

have t he ffec of . furt accelerating the wa
MG Gsary g IJSa L ing PRdPN iAdhE AE G RePAregr aaoghe second
ch&fvet 884 OThis3Asy REGS tHE Sdc OFRirthen a@@éléfaﬁlhbkthe watdrivelocity 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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wat er downstream of the orifice 133. Accordingly, in

the configuration of the preferred enbodi nent as
waleacnidied, cavitation is purposely induced domiBIB20661003022

of the orifice 133, a location where the dianeter of

the apparatus abruptly increases in noving fromfirst

chanmber housing 110 to secondSchanber housi ng 134.

This has the advantage that the energy rel eased by the
subistgritiatibody mfblvhies befblte redchiras thelimetat byrface of the housing. This

ur r oundi ng netal surfaces of econd ha er .
cor%suatwg alloWsithe squicensiRains bﬁiarﬁ@ﬁv depate, rfﬁ%\ﬂlﬁierrswhefe it kills
theh&?ah%n{sr gﬂﬁeni his 9@ a%ﬁ Surp{éc?émgfédﬁwéiél ¥@¥F&des of the second

ore re ng t msta e of the housing. This
chanavern §34.atShouldl umasomheermgy impaet the remsteomedalk suifages of the
d| SSi

t Kill h
e, i PPl B pRGT GG i meeionmin RodR kR BRipg or other
darhage EPHRNHE agRPondats of the i 4bted, bha 188 htateR&id Yhe lining provides
i npact the renote netal surfaces of the chanmber 134,

thet mdditienahiaffasts dlersriberinphgvef thekealce Asserialed with it particular

co @(E%ﬁ% pitting or other damage to the netal
i nts of the reactor, and the material of the

l'ining provides the additional effects descri bed above
A futtiaér fsaturessfdhée grefragdt édmbbdinpenttis d:lmda’rawhﬂermxssmg thnough the first

further feat f ot ferred enbodi
zon B, BUUGOE SRPGRGHETNEA DRSS S GatEd ndheiBaapisms by the

elegﬂr&%é Qct]?tfl‘?m theleldQFdRs @6 ré@éﬁqﬁ @ﬁs QBnE h qh@%@ 6€bﬁﬂ§tlve effects

ctrolytic action of the electrodes
aremrﬂfmned |bly exhbsuredn¢he Tridisinglersathewise éoxi¢ gesessprasent and by the

preggagcg %g Legﬁ'lc&f E§@%{ ﬁ tit&% ﬁa@% ﬁf{ée bgk@%ﬁﬁé’uc&tz QF {hgc\y%eg In this zone
imgdridd oy Wah8s 1veg eédvamﬁgétﬂlélyﬁa‘bcmﬁté@nnmﬁng hef Wed efvater in the

in this zone inparted by vanes 118 advantageously
enviegsinmentaf ke toxi¢ ggses- the water in the environnent of
the toxic gases. In the preferred enbodi nent, having

In tﬂézﬁ‘gfgge S ecfdern?:h (iillf)rﬁfpés%@d éﬁ @%p%?& oﬁ@ﬁ 38 he Water may once

rease elfocit pas

agaﬂh @eg;dbﬁmedetb inoreastd&elquitg ashtqwassesmg ﬁaperfg;hzone 1 38 and then
orifjce |OCIt suf |C|t|etnt to

pagsehEROB T 6RALT A ANAAC RTS8 6243 Sal iion dastream of the
oriﬁdénftlr‘{: Witﬂlﬁghe XBH&&I’[ 148 VBKesS! 'FB a) éﬁrrh’lﬁrl? Qé'ﬁdsﬁﬁﬁéd%ﬁ orifice 147

ori e 147 to 1 nduce a converg hel i cal ﬁlra
to ihtloge a‘r:bnyergmg belidal emraig‘loww“ﬁlum water flesitgdhrough theirgactor 100

Wlllencoog,gé agt % h{c%lgg &/ te'rg RV omFy fst |?1c?/eeasga tE)y ioomt where
cavitation occurs to induce high energy ultrasonic vibrations. Any organisms that
survive treatment 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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cavitation occurs to induce high energy ultrasonic
vi brations. Any organisns that survive treatnent in
wo b@7seasnd reacti on chanber 134 will be exposedI/IB2006/003022
simlar treatnment downstreamof the orifice 147 in the
exit conduit 146. It will be appreciated that
addi tional constrictions andi@xpansi ons may be pl aced
in the path of the water, to provide a plurality of
In dnlmlaén'bameomﬂrtheqﬁgfdrﬁéd embuayment; s wiltsrepassesi furthiel Idown the
al so be appreci ated that eac constriction w ||
confdaaaﬂﬁét b FRgeg A @ ith §ZeRe oAt B PronerisRiors 148,
Lo are
ent I nt o ucegmt%éﬁ%bﬁ%”ﬁg&%ggﬂﬂy gé/rgs?'i@%l e may be
|nsuff| cient.In another aspect of the preferred
Thecodrdi gasmixesswillathe waterarg éxartshe podevinl oxidistuhetieet, with lethal

congg e o o 2 ELoa R et i e BRI PS8 contact. The

watet Fs@iiﬂﬂ@é%fége%f SHatipn P melt'in&ln?r bFst@é’émea@@md@m gas is also
wth the water and exerts a power oxi di sing effect,

mixgA tipto @pmteeoﬁﬁqua@égs SBﬁ“diﬁﬁ*Hfﬁdﬁﬁﬁ@H@?fr FRMaiRIng ozone
rap %P&RQHOWn iftoBy gﬁ]g \R/Pﬁﬁlﬁ%élf QQHQ%h oxﬂ?ﬁnﬁ’%%@rhén%e destructive

stage 1 on rom

eﬁsub&hﬁhamrgaﬂéméf@ammmigaﬁ impirgleso m xed |nto t he
wat er. Because of its short half-life in seawat er, the

T 30 BB 2 BB BBy YheSlrs e

sacﬁﬁ&%ﬁaﬁ@s tBg Qhesd 'aﬁvsfré’egébﬁéélv@’fbé“slés' r‘éabfTWItﬂQﬁé mbtal of these
yet a further aspect of the preferred embodi ment, the

vangstand drercaniveried @mdtssewgdtsal;s gsdmh aiecofatery !megorlmtratlon but are

toxH B B ol R NP PRER s PRRUMh T RRFE Tpepmes 154

als@h8viaf avixihg sMect ORGRS Wadér, e8mplEtingftee bfﬁﬁe@sé@of)@dr@llﬁg and gas
organi snms whi ch nmay have survived up to this poin

eXppREre, which heye Cahagacuaaeeqah @aalemstagﬂ; Gfthe @rogﬁesm@ of water through
the YBLEfor. Cﬁ\'{%l@{]{% 9 cher %g'r%% %gé eartbnghélgreatﬂgt @I?efs‘ballast water

exposur e Rave eh arac | ér stages
ren’(d’mes ptepijr.essi on of water through the reactor. A
residue of chlorine is advantageous to ensure that the

The R RdRe O HSHRRIENS SNPL OB RERE AEESEH! PIBE)AeFtaken aboard

and PseBe@RARUGHARE PASESH RS RrtRRY rfa%idYedab@ a combination of
substanti al I'y destroyed by a conbination of reactions,

reastions, i 0 redimingtindréhednr Grom filee weater ane effertively vaiesilising it. The

envslrto%Helr{tgl Egrden ce;ruhs%d by later discharge 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 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 146a, a set of sacrificial electrodes 154a. In other respects the reactor is
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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envi ronnment al burden caused by | ater discharge from

the ship will be significantly reduced. |In another
w@e@etried enbodi ment, exenplified in FIG 4 ,PCT/IB2006/003022

conmponents corresponding to those of the reactor of

FIGS. 1-3 are given correspondi ng reference nunbers

together with the suffix a. A this enbodi nent a

singl e reaction chanber housing 136a, 138a is
necelsgaﬂilglegbreeq@d.pnﬁﬂw e_atbelri tt&wiﬂnﬂsmbeeamred_ﬁatmi ﬂ’salt déss energy will be

el ectrodes (not Vi Si e), and, within i1ts out] et . .
requisad i tforf@dcﬁ? vaatgéthreflgé&b?irfs%tpawv%%maryo%%gem%b in particular

h &S 235} S generally simlar to

cas%%gg{eg% the%?g% %g Flég?%meeg and i s operated

simlarly to the reactor of the precedi nq Figures. It
Thenienmbdsimapp eseimpliied tindtlG. He it istinplest) ligstratpdat i it, reference

nurﬁ%%rggc%ozggsspg)lﬁ{iwgﬁiogﬁo?% g?’ E.%'cﬁe%f%o}gjé%ﬂ?)‘ggéfezds%ﬁﬁ ?l"né) Quffix b to indicate
corfepRREFBIdrhYondiis ETRE thietEviNa1,08 B inthé lenddcitimest of FIG. 5 has a
ppreci ated that | ess energylﬁvvl Il be required to force

a .
first part iR Gt IPresseeliRn and aHingl ba, 1 bkofiianared cEoss-section.

[ ' r | ar Viad -y
Th RS 1R BS BRI S iUt A2 abr
incridﬁdseﬁm b?isecbeclmn iat thig pbmlt.g‘ﬂaazm mm&ﬁ age Ioca’rfl?aid)mg point bbentry into
t hose of FIG re reproduced wi t suf fj.x to .
their%‘?’f&%@%h"?reﬁ%gﬂa?Hﬁ’%ﬁﬁ%é‘ﬁt terfg gif%ﬁﬁ_r hic i Sadded at this
poiﬂf%ng hondd & oCBRRALARE ol piddent In Re Redctibn ! cithberl 0Bacrificial
of “ConStant Cross-section and a final part 111 of )
elettnpdee b4ty arsshaveetarnovidae ahdisuppligdby a trabsiosmes/reqiifier that is not
.. the inner end of the out|et conduit 146b. wWith an
st M TEPb R Bach wr i SeRgR 2y Fofess brvef depgiated by the
cavith@bn dhicH 86AIre 8n &htriy e wesemhtdthee8action dHanbdrahrough the tapered
reaction chanber. In'this enbodi ment, no external

consludict tloand het sanstnedsby frralioatwitthergapising indhe raaeiian ¢lipmber. A

I r I Ry t . . : :
suP B pPaTe oP afefief hllebleuas SontiS ot BRFE B agio grganisms with
et Rflece i @.ﬁ)p&i_eﬂrtﬁfmfgbf ubekneith bheavay balves 95abtto entry ports 153b

illustrated, in order to react with and neutralise any
spassd yomrne tha sesugtarenae of the comlit 349%-at i on whi ch

occurs on entry of water into the reaction chanber

AnﬁdggQHEréo‘vQﬁtap%%eﬂfQHe?ﬁ@Hfoh Lk fQlae? BeiBEnPYystems of the

ction wt rganisms In the reaction chanber. A
prienamhlaredts effectivenessasvnplisitys absarrecofgneviog pabiseoraixternally added
acting on aquati c. anisne with Iethal .eff . 1S. .
tox it asn 0ok S0 A60 PPt ta s 20aic) HstqESph gither as original
eqm?ﬁh*fe‘ht Rgrthtﬁ r%ﬂti%ﬁttﬁ@?qulow PhilAtenRfce] capadin fneperite for lengthy

e condui .
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.
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Anong the advantages of the invention, in relation to
wat er treatnent systens of the prior art, are its

we@tdoeosdtseness, sinplicity, absence of noving PEr/IB0@003022

external |y added toxic substances, |ight weight and
conpact ness, ease of installation either as original
equi pnent or by retro-fitting8 its | ow mai ntenance,
capacity to operate for |lengthy periods w thout

CLAWI®t enance, safety, and cost-effectiveness. Wile the

speci fication describes particul ar enbodi nents of the
present invention, it wll also be apparent to those

. ?nfa eW\F}\ﬂét{ﬁ%ﬁWo? Wééﬁciﬁ@%&u}éfﬂ% ko}?#ﬁnfﬁ%nﬁérﬁﬁ‘faiﬁeﬁﬁnr%@@ntbi]ﬁ a volume of

hout depart e spirit and scope o

~ t hewatevecdrhprisiGAl MS 1. A nmet hod for reducing aquatic

organi c, copt am natjon present .in avolunme of water . .
ConpMEINGGhe Bt Sl PRy T ReBcrPTigy P with aquati
wat @r@aﬁ%‘?ﬁ@fﬁrﬂ_@?ﬁ@n%lbﬁgé@%ﬁd@it@y@@i‘h,% Wt hakinga volumetric
el ongate conduit system the water having a vol unetric o
f | offow sate thatis the same afatpeintsdnithg sysiem, iandihayving, at any point in

o ctelsttd Blibie BorB AN ahEbs nRaB A g "t e

wat @ifedtitigtha wdtepinto badHigis tallasttanknaehd har act eri sed by

punpi ng the water through a conduit system of varying )
di apbaractexised thiapumiang rtbs swater HhEd at eendyt systegr of varying
cau I t I

ot ey SR 1l fle fidCuy BRI B FRRERI S cBLESTHE Fall to 2 level
vel pelotwy atreasbhafrict preseatee at at fitsh@ointrintthpaystem2by Toeeasing the
nmet hod of claim1, wherein the water has a vapour

pr e¥2lgFy RBeadf m%@tﬁ{éliit'ée%é@gmte, and wherein the

pressure head in the water at the first point is

caused to fall to a |l evel bel ow the vapor pressure,

. t heThbymethdd af i clgint dyi wheieim the waier visasea sapotie pressure below

firs oint. 3 . The nmethod of claiml1, wherein the .
co naﬂm%@&%ice%eﬁ%&fea ﬁ‘ﬁﬁ F}@I?qrg%hgnaregﬁareah%%mmee\gﬁ;er at the first
endpoifits WABEE o FAIR td i RePBERW tHe GaporapR@sure, tthéreby initiating
conduit systemat a |ocation where the dianeter

abr opvitajionrie thewweden ahibaifisstarginidownst ream of the first

poi nt .

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.

The method of claim 1, further comprising giving the water a helical swirling

motion at the first point.

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

converging.

The method of claim 1, further comprising causing the pressure head in the

water to fall fo a level below atmospheric pressure at a second point in the
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4 . . The nethod of claim11, further conprising giving
the water a helical swirling notion at the first

w@einn49132 The met hod of claim4 , wherein theP¢EIB2061/003022

10

11.

12.

13.

14.

swirling notion is made to be converging. 6. The

met hod of claim11, further conprising causing the

pressure head in the water td9fall to a | evel bel ow

at nospheric pressure at a second point in thesystem by

I nagygtsh iy ihbeasigobetveldudicheid dithewadter atithet second point.
second point. 7. The nethod of claim6, wherein the

wat er has a vapour pressure bel ow at nospheric '

pr r d ¥=Y I a e

poi e ECHRAC ORI, By MITIBLER SfaBE i ™h Kot CbRRSure below
pr estnosphetinearessurenand avherginctivel pressore head e thesecond point is
at the sec point., 8.  The nmethod of claim,l, . further . . .
corfReag TR b rueitrowdrE vyt Fe st el dtinjtifibg Shvitation in
to thaivghtethefd dscindisigr. is applied. 9. The method of
claim8, wherein the electrical power is elevated to a

| evel sufficient to generate debilitating el ectrical

re L QNS: 21.S i 1] 1.0 e igal ces

1o Tl AR B SR I AT CortPuborioithi, 7' waltrafipass over
di ssletivedegtswhich dieciibalrpaesis iapipligdel evating the

el ectrical power to a |level sufficient to cause sone

of the dissolved gases to effervesce. 11. The net hod

of [ f IS b

pasCuiethod t bafh, & WRelih e SHEEHER LBRcrY Soldied to a lovel
r easufficient to gemerage debiljtedieg, elacidcalpagtiogs @ erganisraé sensitive to
power to ch el ectrodes sufficient to cause
neu®IPEINC2hIATe®S of the gases by reaction with the

material of such electrodes. 12. The nethod of claim

further conprising introducing a gas under pressure

i nt bhe imeethadarf cldigy 8Twheraintibe witer cantiaingdisgolvgi (dasses, further

the gas .i.s _one of the group.consistin aon

car BOADGTBe ke ling R S Ey TV 36 Bl SRt fo cause some of

cl ajhen dissoWied ghsed ficef@nestd. systemincl udes a

renovabl e
The method of claim 1, further comprising causing the water to pass over a
plurality of electrodes of a metal which reacts with corrosive gases, and applying
electrical power to such electrodes sufficient to cause neutralization of the gases

by reaction with the material of such electrodes.

The method of claim further comprising introducing a gas under pressure into

the water.

The method of claim 12 in which the gas is one of the group consisting of ozone,

carbon dioxide and exhaust gas.

The method of claim 1, wherein the conduit system includes a removable
annular disc defining an orifice, further comprising removing the annular disc

from the conduit system, and replacing it with a substitute annular disc.
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annul ar disc defining an orifice, further conprising
renmovi ng the annular disc fromthe conduit system and

WO ephaeitey it with a substitute annul ar di sc. 1BCT/IB2606/003022

15.

16.

nmet hod of claim 14, wherein the annular disc is forned

of stainless steel. 16. The nethod of claim 14,

wherein the annular disc is ROrned of a ceramc

material. 17. An apparatus for reducing aquatic

organi sms in a body of water, conprising: an el ongate
condui t system having an upstream end, and do §t eam
endTh%ﬁtﬁt%@‘# e cledntidg whedeinghg anmuardisc Paﬁe\é\g’ ﬁi%aless steel.
therein at a constant volunetric rate, characterised

in the conduit systemdefining portions that conprise: )
a fThetmbthper et claimt 14nwhewingha gmdamdisg is formed of a ceramic
frusto-coni cal shape, and having a downstream end '
def M&t®ifla first opening having a first diameter, and

an upstream end defining a second opening having a

second di aneter larger than the first dianeter; and a

17f i r Bh appacatos fpoeducingleauiatig orgaisies i) apogdyof waitere gpmprising: an

shape with a third, di ameter a t '

i ahEngets pahe ) SERE R en bPHHGm st & blietpam ond, and
t hep diRyohnfigaaded ephitithe waitdrd flbaiRERsN BP& toastahyvalumetric rate,
radi al 'y di Sposed connector, such that the dianeter of

t hecharantetised dnelitei eonstiitasystom; defiriag eoriens fhatycomprise: a first

downstream of. the first openi i r :
po\rl\Te}p&ggg wheitign Raping; & &%%r%ﬁ(etfgjrst@goélﬁgg dﬁfage, and having a
| ni Gb@hstreanm bali @firing vatfist bpeningghdengsar fstndiameter, and an

t hrough the conduit system 18. The apparatus of cl

17, Upaﬁr@af@r?m\ﬁiﬂmlgg AgesANd FRENEY haw b agppﬂvgelaéﬂetglr Pgrger than
ori m‘%ﬁrﬁmwgl&l aﬂ'dael%gfeag'f@do‘?ﬁoﬁ H%‘\@né 'éegédtéréﬁya%gindrical shape

di a I’'SC "bei ng adapted to nserte _ _
r enoitich thing disrhetendasget thamthd firshdjametere the first sgactargartion being

Dol A LAt Lo PR A0y o reily

18, d!lég)g)%% rbohﬁé?l‘at,%dhsthgﬁﬁ% Gbnidtdl of theTondeR lsys#Ph immediately

The aratus of claim 18, wherein the disc is nade of _
cer amireasexs @brugtly downgihearmpphthe disstopeniag ninithei fapered portion;

i FhgraiR, 8 drs Hinetet i Seotalmda sy brt Bl 38 water flowing

The qaRpRIRRHBthASUGH Meeditiditdyshsh. conpri sing nmeans for
inmparting a helical flowto water passing through the

first opening.

18.

19..

20.

21.

The apparatus of claim 17, 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 18, wherein the disc is made of stainless steel.
The apparatus of claim 18, wherein the disc is made of ceramic material.

The apparatus of claim 17 in which the interior of the reactor portion is lined with

a material which reduces damage by pitting.
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23. The apparatus of claim 17 further conprising vanes
configured to inpart a helical flow to water passing

wao boooighi3e he first opening. 24. The appar at us PET/DB2806103022
23 in which the vanes are fixed and are inclined in a
hel i cal path. 25. The apparatus of claim 17 further
conprising at | east one pair26f el ectrodes |ocated
within the conduit system configured to induce an
el ectric current in water flowng within the conduit

system 26. The apparatus of claim 17 further . .
22.comhte gpwawqfsc@ghﬂ)g Berthey Gompriing megnsdqr immagting gdelical flow

{Eggé,f,geigg p%gdsgﬁg tl?r%ugﬁ'?ﬁe?ipﬁ%’p@n' of claim25 wherein

s“are fornmed of 'a material which reacts
with mnerals dissolved in the water so as to form
corL.osive ses.. 28. The_apparatus.of claim 17 _whergein.
23.¢ el o AR T R ot TR (PR FeReE RYIELE k6 impart 2
seqldal ARR 1S LS paihd Bitbigh haRRebakhing.
frusta-conical shape, and having a downstream end
defining a third opening having a third dianeter, and

24,25 HERShRATLELH: PR T A R BSTRRL R e ncined in
secaesiidal pa@t or portion having a generally cylindrical

shape with a fifth diameter, larger than the third
di aneter, the second reactor portion being connected

to . .
251 FRUBPHAFIR SR 1RGP PREEA, 64 o g
t helocateduwtthisytheeconduitsysterl gonfiyuredte sndirauphlalectric current in

downst ream of the third openi in the second tapered
porW?@ﬁ?‘WMtE'r‘t%Q QI FYEEBRr ed portion is P
connected to the first reactor portion, and the third
dianmeter is sized to initiate cavitation in water

26 f | ovhe gpparatugofatlaitthd 7clontter cosyriséng ports adapted to introduce an

external gas into the water.

27. The apparatus of claim 25 wherein the electrodes are formed of a material which

reacts with minerals dissolved in the water so as to form corrosive gases.

28. The apparatus of claim 17 wherein the conduit defines portions that further
comprise: a second tapered portion having a generally frusta-conical shape, and
having a downstream end defining a third opening having a third diameter, and
an upstream end defining a fourth opening having a fourth diameter larger than
the third diameter; a second reactor portion having a generally cylindrical shape
with a fifth diameter, larger than the third diameter, the second reactor portion
being connected to downstream end of the second tapered portion by a radially
disposed connector, such that the diameter of the conduit system immediately
increases abruptly downstream of the third opening in the second tapered
portion; wherein the second tapered portion is connected to the first reacior
portion,. and the third diameter is sized to initiate cavitation in water flowing

through of the conduit system.



