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System This invention relates to a nethod of treating
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All modern ships have integrated ballast water
arrangements including puwmps, filters, pipes,
ventilators and tanks. The ballast water tanks may be
located between the skins in a double walled hull but
may also represent any other void space or spaces found
suitable for the purpose. When a ship has unloaded its
cargo, in full or by part, it will go to another port to
take onboard another load of cargo. On the return trip
with partly empty or empty cargo holds or tanks, the
ballast tanks may be filled with water in order to
stabilize the ship in the sea, to secure proper
immersion of the propellers and rudders, to achieve
reasonable vessel trim and/ or to ensure that any
structural limitations regarding the vessels structural
integrity is not exceeded. The ballast tanks are
normally filled with seawater from the vicinity of the
cargo unloading port, the donor port. When approaching
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reqﬂ@ﬁéﬁ@ﬁﬁtﬂP8n12016 At present there is no
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com n g ndus rra
treépﬁeﬁhe Control and Management of Ships' Ballast Water

and Sediments, for the purpose of reducing the risk of
introductions of non-native aguatic species. This is
considered an important step in order to protect
biological diversity. According to these regulations,
newly constructed ships must implement means of onboard
processing of ballast water to ensure a defined ballast
water performance standard at point of discharge
(recipient port) from 2009 on. All ships are subjected
to the same regquirement from 2016. At present there is
no technology available, feasible for shipboard
installation, for treatment of ballast water that has
demonstrated compliance with reference to the
forthcoming regulations. Some industrial water treatment
technologies may satisfy requirements for treatment
quality as set out in the convention, but may have

- characteristics that are not compatible for shipboard
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technol ogi es may satisfy requirenments for treatnent
guality as set out in the convention, but may have
[stics that are not conpatible for shi r
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to incorporate into a ship. Filtration is the nost
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onl gififegenresabetveey Ehuidat éinsthpbocase eablus: water)

appbihgdpbot iEhes (specie/ organisms present). For ballast
water applications, such difference does not alWays

occur. Thug, cyclonic separators may not be feasible for
ballast water separation applications.

Narrow mesh filters may remove eggs and larvae
completely, and large plankton and protozoa. However,
such filters will create an increased back-pressure, may
soon become clogged during operations, and has proven
inadequate for filtrating ballast water at the Fflow
rates in guestion.

‘Ballast water exchange in open sea is the only present
actively initiated shipboard measure applied for the
purpose of managing the rigks of ballast water transfer
operations. The principle of this exercise is simply
that of dilution resting on the assumption that open sea
water contain a lesser concentration of organisms than
- that of the coastal or port water used for ballasting
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pur pose of managi ng the risks of ballast water
transfer operations. The principle of this exercise
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bubbles, oxygen gas present in the water is exchanged
with the stripping gas. The water is then pumped to the
ballast tanks, where the oxygen is vented off. This
gystem has both a killing effect for organisms, and a
corrosion inhibiting effect. However, certain organisms
may survive the treatment, as in the system mentioned
above.

Norwegian patent 314625 (Forinnova AS) describes a
method for treatment of ballast water by establishing a
supersaturated gas condition in the water. When fish are
exposed to gas supersaturated water, they will develop
““gas bubble disease'', also known as ““divers!'
disease'". The supersaturated gas will replace oxygen in
the blood, and emerge as bubbles in blood and body
tissue. The preferred gas ig air, but it is stated that
nitrogen gas may be used in some applications.
Supersaturation will effectively kill larger organisms,
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supersaturated gas condition in the water. \Wen fish
are exposed to gas supersaturated water, they wll
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tissue. The preferred gas is air, but it is stated
that nitrogen gas may be used in sonme applications.
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%): pumping water from said ballast tank into the water
surrounding said vessel; and subjecting the water
pumped from said ballast tank to a microorganism-killing
action before the release thereof into said water
surrounding said vessel.

Viewed from a further aspect the invention provides an
apparatus for the treatment of ballast water for a
water-going vessel, sald apparatus comprising: a first
pump for pumping water through a filter and into a
ballast tank; a filter through which water may be
pumped by sgaid first pump; a conduit for carrylng water
from said first pump through said filter to said ballast
tank; a nitrogen introducer for introducing nitrogen
into water being pumped from said first pump to gaid
ballast tank; optionally a nitrogen source attached or
attachable to said nitrogen introducer; a second pump
(which may optionally and preferably be sald first pump)
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apparatus for the treatnent of ballast water for a
wat er - goi ng vessel, said apparatus conprising: a first
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Corrosion of ballast water tanks substantially limits
the operational life of vessels. At present, fleet
operators attempt to prolong the operational life of
vessels by painting the internal surfaces of the ballast
tanks. This is a costly and difficult task,
particularly where large amounts of mud and debris have
to be removed from the tanks before they can be painted.

Corrosion and/ or oxidation of protective coatings (e.g
paints) in ballast water tanks are a matter of major
concern for shipping companieg throughout the world not
least for the reasons outlined above. The ballast tanks
are an jmportant structural element of any ship, and the
corrosion in these areas will jeopardise the structural
integrity of the vessel and effectively limit the life
span of thghship. Ballast tanks are initially coated
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vessels by painting the internal surfaces of the

I anks. This is a costly and difficult t
‘@@?#‘}S@@ﬁ%’ﬁ y where | arge anounts of nud and dggp%gzoosmmsss
have to be renoved fromthe tanks- before they can be
pai nted. Corrosion and/ or oxidation of protective
coatings (e.g paints) in ballast water tanks are a
mat twektifa riysrem coh carar dsgons prepesy ivenpeanicésgs . The
throughost dhe.qnrd éW%.tre |g%%haf195z %E%tﬁ%%%&”énd _degraded

outl i ned abov The | ast ta% are an |

st r & di rit? eoffrsrwegm FRARAG ﬁﬁeexeeﬁraa@. BﬁtWﬁen
thesmtm:eaemdz\nal:lr JLﬁﬁﬁa.r thsmutghebet repluecad (LAt egLit yr by
of t we ki m [ i f spa f

t he sertp) S‘%‘?Iggﬁq’ ar g’hﬁ\énl ti aFLI yg}%gage 1m22°Fr8n then
SUBS’FI:TLFF(EIS?-IEET g Meadaﬁpnmlzeosfcmgsselof repairs, paint
PCT/ LB20Q5/ %&ﬁﬁxéﬁafﬁtﬁﬂﬁao%yﬁhgnbﬁﬁlﬁgErQéhﬁﬂ Thig may
prote t|v coat ngs. The ag{ of coatings are

gra RAFPRGr HAEGS BleP FPRELBYYRRE OF by

freduenkiGhamgecmmoaxﬂ0$heevbeseéehetwaéarpanﬂsal[n some

ti s
?'y‘pl‘flca%#e Biont HUGRIEE LhBsk bk Qonll gl bhe Hhaflase
i s &agiken @@Yb@@& B GPQ§@§S of repairs, paint

stripping and repainting of the ballast tanks. This

may Thbamaml a;@@r@ls&bagmeenah&sm@rgﬁeat;hatr@@ai r yard

or %\i i) 21 1 ogbogr. theg It'l en goys}?. .
n SomET €§ §gﬁ§ i A°parePeal 8F Pﬁﬁ%%goV SBESae, Ot Hects

bal lpast expasksl ey anobxbdisbageanvihenmann, cosuadlpnunder

mechani B i B! %hd% oSEeC%QCESP}&QJLo%efﬁT tR0%allast

occurring .whén net hec s are_expose
OX|&P§Fﬁ91§nFFP§ﬁﬁEHV thsuafeglunliefhewehips paplststructure

condetingnin thataekr @stnnsantt bgahatédst act 8k Sad San
tank str

o EaReRtpuEen aar Skl 27 Phe Frp Gt Afpdofvedabne

eIewataryt@heaﬁda@xygemeraltperametersdtbablhaﬁb|Impamt on

vatehe IHEECOR" BoARYAEAHePREANELSH b "Gki A8V For "BRGell as
corrosion. The highest corrosion rates are usually found
in the upper part of the top tank, in the outward facing
plating. This is explained by the combined effect of
increased average temperature due to sun heating,
abundant oxygen supply (air), splashing of sea water,
and cyclic temperature changes leading to cyclic
condensation of water and drying.

The development of corrosion protection measures has
resulted in improved corrosion protective coatings
influenced by changes in environmental legislaticn
(limiting the use of certain toxic compounds), and the
formulation of better performing multi-part epoxies and
other coatings. Studies have also shown that an overall
reduction of corrosion in ballast tanks of about 90% can
be achieved by de-oxygenating the ballast water when the
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the rate of coating degradati on by oxidation as well
corrosion. The highest corrosion rates are usually
i.n, the upper part of the top tank, in
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genera é have a capacity of 100-12000
asse preferably has a pore size small enough to retain

multicellular organisms. If desired pore sizes small
enough to retain bacteria may be used. Filters having a
pore size of 10 to 100 pm, especially 20 to 50 pm.
Preferably the filter is an automatically back-flushing
mechanical filter. Nitrogen introduction into the

" ballast water may be effected before or after passage

through the filter. Post-filter introduction is however
preferred.

Nitrogen may be introduced into the part or all of the
inflowing ballast water. In certain embodiments of the
invention it hasg been found that it is more economical
to nitrogenate only part of the ballast water flow.
‘Thus it has been found that very satisfactory results
‘are obtained if the water flow to the ballast tank is
. split and nitrogen is introduced into one of the
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n8/ hour, e.g. 400-1000 nB/ hour. The filter through
whi ch the incomng ballast water is passed preferably

\Dﬁ%m%ﬂﬁﬁ%? size small enough to retain nU|ti%%#kﬂh&kmoﬂms

ganisns. If desired pore sizes small enoug
retaln bacteria nmay be used. Fil¢ers having a pore
size of 10 to 100 m especially 20 to 50 m
Preferably the filter is an automatically
backSEPEHRE Ao LoMEhahiTalods |G riginogeso 80%, preferably

Ib n% TSJdﬂ@t:B@?té@tthé hﬁatab.LaLnJhaélﬁir micﬁr %@%%EE%%W@f
erore or a er assa I ou e |
PostEHFTOEER | HE RIS b e Prefezpblyoguch that the

Ni t rlm@blasntaywattsar nitrr cictuee éh i Iratsac tt:iaeﬂqoartm eesakicioh blfe
| nf| B DAl st Wl ibC ekl ArhadiieaLy %&Qe

i nvent i on een f oun hat nor e econom
to REiTkRerate &Bm%ﬁa@.tr t120F fHENeRemasatugaseds | awlll more

Thuspidfdiasobeert fl@aa;i tihsat ‘tﬂ'ty:o@@tnl %&@@&amédr eéUbt Sup to
are]?ﬁlnalned‘}ef t@%% rflowt% ggﬁllg kIS

spl it ahdhiTrdy Pt EF eSS etﬂé rogen
SUBSTHIUETE: SHEEEhg RlaLlE.a%) wADe2005/ th83Pillast tank is
PCT&Eﬁ%QQ@&QQJ%Q%AE%re%?%%5@&?u%h§%? gbaggggﬁﬁna% Ly, e-g-

conprising 5°to 80% preferab
wat &S saed veGa st y?»eaﬁorﬁ. tr 8g&firpipsducégsirably the

iunMﬂﬁﬂrdgbﬂﬂdﬁhﬁb@h|issm©h1tb@édtﬁﬂr1h§|E@éhsﬂ@tei &N up to
ssatio

th [l

|e:§$1 5 F%bgﬁsgggﬁsgtedﬂsﬁﬂgegpnggpg?EBI?lﬁfogen
Ieaﬁﬂmﬁz@%ﬁmmﬁt@@ebaééaﬁtaWQderstnhtrngea sppefsaabtytion
at Q%%ﬁ&e%QQ%ynbEr%S@Ht%@h@ﬁaﬁﬁd @lgseapbéﬁlaég ?ﬂﬁ for

even 145% nItI‘O en sat urat ed he nitrogen con
t he HaltiCade \ﬁéﬁ’én inet héOoBg P&@Pghaﬁﬁruaosbr%@ﬁaww

nmoni tored conti nuously or occasionally, e.g. using
d|s§thadtgageaemﬁgestoEaﬁbeduhﬁrtyedﬁéthﬁalandhspparatus

fo harrsscaens:od BRR.pe tvcthePdati 819 Bories okn

supénszodpgied parragenwanee, water ogenasupeys atifatdgen
supersaturation, e.g. a perforated tube supplied with an
overpressure of nitrogen gas. Particularly preferabiy
however the injector is a Venturi injector, i.e. a
congtricted section of the water conduit with nitrogen
injection porte in the walls of that section. One such
Venturi injector is described for example in US-B-
6505648. Nitrogen gas is preferably piped to the inlet
ports at a pressure above that of the water in the
conduit. Where a Venturi injector is used however it is
particularly desirable to nitrogenate only a part of the
total water flow and to have a further pump arranged to
force the water through the construction. Typically the

- mnitrogen flow rate at such Venturi injector may be 10 to
220 wm'/hour, preferably 25 to 100 m’/hour, especially 35
to 80 m’/hour, depending on the pumping capacity.
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can readily be maintained in a closed ballast tank for
10 to 15 days, i.e. long enough for nost voyages. The

‘?QE&QQ&Q_{njector used in the nethod and appage&&gnm%%msm

eé rnvention may be any appropriate device f
I ntroduci ng nitrogen into water 1go-achi eve nitrogen
supersaturation, e.g. a perforated tube supplied wth
an overpressure of nitrogen gas. Particularly
pr ef® ek Yt Hewavrat arred fcesssr sibsgavéiadiy pure nitrogen

i nj Scé.?j 4t Qe GUSHY) CéQﬁeé@&ll?tna@flé%bﬁt VS ENy,, more
conduj t. Wi |nJ orts in the wall's

t hatPEe FHRT rﬁ%é‘&gﬁﬁ? teure |$‘?e'€rl‘%r ‘?%doté%ci?l?%éb&tIOQen
for 19GﬂqﬂQ¥AIidd%—@uz@5&56¢&gewlusogenegaabﬂ& as long as

pr efiﬁ{é‘@c}hb@r&e%ft %cﬁ@ﬁc’ BE-e'bx:L@ﬂE'igga%;aQﬁ%r ?3S§r Coxygen or

above that of the water
VentQiFiassi; éﬁ&row S G@@@rﬁé\lﬁvér‘: ie psefgyrefcthar| yhe

desirialagyerd dUinteogedat ehenkkea pakt 19f8tsheort1‘ﬁé§é Thus a

h furt
L AT R
t he ragelyoden eicdoonmignd lat jeethiVedt ur Espafbal by pRyferably

be 1§ %xy%%g @t%%% mgrﬁésgaghxﬂgsio %99%@4@% less

especi aII hour epen
cap&LPRy OSUBWF?LJ?EISP-EE#thZJLEe%)twm%)alqmmally

PCT/16820054001838 Thelfit¥Byks silppz@ypt@f@mé el@lﬁﬁ%é"é&
subihsggkgklﬁagure Qlt ogen ﬁ% %e s 90%
espécrall eddt 55 R Oﬁa?f %Piy‘%ﬂ on-ship
Iea§up99%)N@)gaserhélYeeq be phefamre@gmm it naetior

| eS&eEEAE:ﬁbmét &ﬁgeeah§1@<>£8r>£&@£8d@ée e Hl?r ogen into
contgnt of _acidic or oxidizing gases (e.d. OXyQge

oxi 488§) Ppélpgty tesher aThe seppLy pray draksl aernsatcctxﬁeement
nitfogan eogt eat not rbdien f getle Bacot 5 BEs By &zl hus

s PTG IoN Gpe oA oot e 1

preferably the oxygen content is Iess than 15%
par £fcal gPrpreesed ft’haltﬂqlm@l%r@aq)arasmcatm yid exgt used

t haﬂ% oy eppegédd Fabld 688 i@ ddfackdhes Hud PR AHPR Yeat
to t ghgﬁéer 15%0 the nitrogen supply line.

Before, during or after ballast water loading, the
ballast tank may if desired be flushed with nitrogen (or
other oxygen depleted gas). The headspace of the
ballast tank is also desirably equipped with a gas
sensor, in particular a nitrogen and/or oxygen sensor,
to ensure that during transit the headspace is oxygen
poor relative to air. Alternatively the gas sensor may
be located outside of the ballast tank and arranged to
receive a sample from inside the ballast tank. If the
oxygen content rises, the nitrogen content of the
headspace may be increased by addition of nitrogen. In
this way ballast tank corrosion may be reduced. It is
also particularly desirable that empty or part-empty
ballast tanks be maintained with a nitrogen-rich,
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i njector may again be on-ship or off-ship. An on-ship
supply is generally to be preferred as it may be

‘?ﬁ?%%ﬂ@hglin transit to introduce further nithg%%%ﬂmmmmam

bal | ast tank. The supply may take a
convenient form e.g. a nitrogem generator,
conpressed gas reservoirs, |liquefied gas reservoirs,
etc. If a conpressed or liquefied gas reservoir is not
usedoxydenrpode atesiardide tto iimbdbpar aberasponp esrd/ dn the

a hqggseﬁggﬂgyuygildggad%?%rnltrogen supply line.
after Il

Bef ore, during or ast water |oading, the
bal l ast tank may if desired be flushed with nitrogen

(or TOIHHRRSS J&IF Pe GEEPCtTRE FBSdSpaeémentt RE the
bal |zt s kvel tse ralkeed nde Sicaaleldy iedoi ppedbw&uhsa gafk, it may
sen t I e 0 en_sensor

Lo r‘h’a"’bilédﬁtﬁﬁ R e L e
pooﬁqlﬂ¥ﬂ9\ﬂﬂﬁﬁakﬂlt amcp@ﬁwatuaeaﬁlpﬁefga@ §bﬁsbalha9t

be Iwgﬁaﬂﬂﬁpﬁak@ @%r@ftbh%h%abbﬁibsgﬁgggﬁnd @h&énﬂs 5@ a
recelve a Sa I NSI Aag e

oxy GHie f eadTupge waier B8 AkpRThaf B 1proin
headxpametmwm.bathnbaéaaed bptadddtsohapfenidtndgéndedd may
thi g8y Jhalhast h%b%n&%5f035§&e08¥ PﬁefSQQCS? '&?%ftatlon

al so particularly sirabl'e or ~par
bal IS re&Ms Be SraPnPEPREd LRIt HOK ?@@b@ﬁneﬁgéht ereOf)

SUBSﬁkEHEEtEHEEEnGBHEE Rﬁ)ewgba@gﬁiﬁoﬁﬁgﬁerred Heat and
PCT/GBZOOS/OOlSiﬁ i goor at nos g
i nhi'SFE EGPFEGSE yeggﬁmﬁﬁa h rea CEHE 25 %FI%%? erred.

water. To enhance the biocidal effect of the treatnent
of fThe bbalkatt twakedsbpiraferabhlipdpiovbdefiewbah| astalve so

tan%ha%toq€¥ﬁfggsg§§'Eﬁbkﬁetﬁeéaﬁgéegr@%ft f¥%ﬁ9§é and so

m Cr oor gani_s ng, unit I1nt
froﬁ#ﬁﬁeuﬁéﬁF§§€SS%5ﬁeﬂnu5h§kBE§@FPa?% HE %@|¢%§¥ected

t ankorThesgnapybeha aﬂhié@@bﬁaﬁfsaiklbilm@k@npfeﬁgrably of
des%ﬁa?§§ ?elo$%ﬁnggg9nne Lion wi ive gho@fé pater . .o by

dis and
a pressure differential to atmospheric¢ of at least 40 to

120 mm H,O, more preferably at least 50 mm H,0, e.g. one
of about 60 mm H,0. When the pressure differential is
less than the pre-set limit the valve should be closed.
A single valve may react to over and underpressure or a
combination of valves reacting to overpressure and
valves reacting to underpressure may be used.

It is also preferred that a relatively coarse filter,
e.g. with a pore or mesh size of no more than 2mm,
preferably no more than 1mm is placed after the pump.

It is also preferred that a coarse filter or grid or
mesh is placed at the ballast water inlet port, il.e,
where the ballast water enters from the surrounding
water source (e.g. sea, lake or river) so as to prevent
uptake of fish, weed, or other larger debris.
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even be the sane unit); however the use of a
cavitation generator e.g. a propellor (or Ieading

$g$ }Eggfo within the conduit, is especiall ¥
‘ﬁ 03 Heat and nore especial |y cheni cal PCT/GB2005/001838

treatnment are not preferred. _-The ballast tank is
preferably provided with a valve so that overpressure
in the headspace may be vented and so that
undéfpprestischangs v hdwd Spddesirayabercadsr ¢t edkef piLace,

e. g. tﬂé’ﬂiﬁiéﬂynﬁ§%é¥1ﬁ%5@a'% %%e@pE% p&ﬁ%eEﬁglxaﬁﬁagt water

nltro en. Typl cally sdch val ve shou e activate
by s Sl hﬂlflfaétemﬂéﬂ PEskt RBBREPPEIBRIET kddding

40 tmlﬂzoaﬂanazbzaxygam6 ipteioduably aati Heast th8 BN-HGhding
essure

i Pt O o2 g%smcw%?éngew? nFEEVRE bal bl

shommﬁnnpnganmams thadi myireivalybaldpstewneterolonding and

and1ﬂﬂﬂ§qgﬁﬁﬁéﬂkﬁmp&nath%ogauaagtoeaﬁﬁsvahg Agf 62LhED,

to averpressure and ,val ves r actlng to un ressure
may Y FORFOPLAts ST ORrEPBLFEdkE é?rau%!ﬂamweb? used;
coarhmudwelrt ﬂ!lln,ltsew@lldw tah:haeper ehaﬁ.rnﬁ$bc$daﬁ @ffe@t by the

after so pre erre
fllﬂéﬁdor §Wpécéﬂ eﬁ§@§1ﬁ§ pEageprapriabe bahibst inatede

i Nl ethoRer hikhe expBer %hbhﬁlgéhéﬁéiné"a%§ﬁefn£8r s from
t he surroun \wat er,,sour ce é g sea, |ake or
ri vErFesgeg OFg prEvBAL At pRakezoRe | BRAL neRR, PHRSSULre

ety e A S L A o
2005 ETLERIORONID g 4. WL FEEGS oo v

pumpdsugs &g £50pap. tﬁegbaBDa@D SRtanp) ola WEntimel ozone

ba'hﬁ%bch@ﬂk aPagli8aft 6H0QE0PRL STRKE! | IRge W tor Aot ric
gﬁggg troducer and.into fhe surroundin wat er .
The ES‘SP

ahfsAPRi PRFhECHHRTLE RPYREeF 1P| gbodiment .

m croorgani sns that survived ballast water |oading and
t hafnhavpagtbomlanly herbftt nsd embmdambm&rmﬁtﬁhﬁuﬂﬂvention,

A”ytﬂQpéﬁﬁéfé{:&s M HEDLRIRNLE VAL s MY SR BE-HSRLS o
introduce oxygen into the ballast water being discharged
from the ballast tank. In this way the water may be
discharged having an oxygen content closer to that of
the surrounding water into which the ballast water is
discharged. This will prevent undesired effects on the
local aquatic organisms. The oxygen introducer may take
any convenient form, e.g. as described for the nitrogen
introducer above, however a Venturi introducer is
preferred. The oxygen introducer may typically use

- oxygen from an oxygen source, e€.g. a pressurized
reservoir, or air or oxygen-enriched air. For example
oxygen-enriched air could be used with an oxygen . content
of up to 40%. Alternatively the oxygen introducer may
receive an oxygen feed from the nitrogen generator.
Where the microorganism killing unit in the apparatus
involves nitrogen introduction or introductibn of other
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however units which achieve their biocidal effect by
the addition of mcrobicidal chemcals are preferably

Typi cal exanpl es of appropriate uni
‘Pﬁtg?%ggﬁgl hose whi ch expose the di scharging Wg%:if;,GB[in)OSIOOIS:SS

el ectroshock, irradiation, ozena3 keat, or pressure

change, e.g. WV or uItrasound irradiation, '

el ectroshock (e.g. using AC or DC 100 - 500 V,

t ypi @& 9§21 2000 FOTY, thﬂuﬁﬁﬂﬁemolﬂﬁlqﬁn@erem9112©rE6erably

50 Ap®)downMerdath i 0 ©ZaRE kll']h@@ @nitd cavitation
device, etc. The use of electric treatnent i s one

particul arl r.r ed emhodi a particularly
pr efﬂérr %Wg © &% r&n (€-Bhe MapPardt us
|ncIlmﬁ%odup&mwbenﬂknkmmﬂmxutmmﬂdh@a¢abdy icontadncetatic

OXY GRfked O d | k%é%t\@ %rafl%g.' %9 wai:ﬁc @% g%grr[tggmi.ons

t he bal [ ast ta

di shr Y HERT R W@@e@e@%dnﬁ@ﬁt c|4§§eit0t @hﬁhéﬂo‘!ﬁf

t he Gireatiingh ngs Walsir ik inhiwoh gblielsaklbast water is
di scharged. This will prevent undesired effects on the

I d .
OC%¥ Qﬂﬁ.Onveng@ﬁfﬁg%aliggtoﬁéggg Egt£08§ ego?c¥ﬁ£dlng to

take any as*descri
nitﬁﬁﬁéﬂnMQﬂWMWMQ@W'@@@@élnhémévégla Yedigsk tank or more

It nt rgéiﬁ?{%{lllys Ewey @Jxemb%@ paN€aQkyg8AKENt r@ﬂesérmg?ybe

ypl ca use xygen an ox gen source, e.

pr eSSHR %f rité@é#%&i Pndoi: §i FRaP BV gRR- EﬁP‘i’éﬂ@@ ‘&i‘%h a
For remmpmtlce traxyden- ealilabedwatercbetdeba vaarksWoth an

XY S SRR s HhRct 0,400 AL L eEnatiuely Lhe gxygen, 5

i nt roducer ecel e an oxygen
nitE%@%ﬁrg@ﬁeﬁ@ﬁérthevnﬁperah@snberpﬁpgaﬂeénwkth|me@ps for

um tlrit&oula@la@p@&@&@genl MebVese NELARICr | Bbk:
nt r.oducti,on %g§other SUBSTI TUTE_SHEET (R E 26 er

2008FEH8BGEekET) BaSOES) 09TE5RO Orl%ft%§y§%ﬁhp%%@ns
gasM@rebheIOthepumpﬁngdutecumtIfoprgﬁehabkanstﬁr may if

d f th
't CERAERH, SpebiBofnty, A5t eroaenlILEFEN £) Aefai
nayné§§PE§BI9u§§ﬁﬁétﬁr§ta@300f the ballast water.

While it is greatly preferred to nitrogenate the baliast
water being loaded into the ballast tank as described
above, the combination of filtration, especially fine
pore size filtration (e.g. using a bag filter), and a
microorganism killing unit arranged in the conduit from
ballast water uptake port to ballast tank and/or from
ballast tank to ballast water discharge port, especially
an electric (e.g. electroshock) killing unit is itself
novel and forms a further aspect of the invention. Thus
viewed from this aspect the invention provides a method
of ballast water treatment which comprises: pumping
water from a water source (e.g. surrounding sea, lake or
“river) through a filter td the ballast tank of a water-
going vessel; pumping water from said ballast tank into
the water surrounding said vessel; and subjecting the
water pumped both to and from said ballast tank to a
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m xers, e.g. corrugated baffles with the corrugations
alternatingly arranged at + and - 45 to the flow

N3 [ as described in WO 03/016460. The s
‘\%izc hh%ﬂf ast water is treated according to ?ﬁ&l({B%BOSIOOISSS

invention may contain a single hal last tank or nore
generally two or nore ballast tanks. These nay be
compartmental i zed and the ship may be provided with a
punpPlt Freergrteindel ldang wetdonpbefese thsksedease thexreof

conmpaiddrasd id Ay duralnindinkf sbhias vegskthe case, it
is preferred that the apparatus be provided with

d to.t t ank
oA R U s SRS aoBaan hhcorrurrEion zheo
tr ariﬁfcéfld@ﬂvmre&malﬁtelspﬁwp‘l thecitreaictmehor o§ubhllast water
traq&ﬁe%.m@téﬁ-%ZM|1 €% KR skACOLAgHAL, Qrﬁth%oggﬂgfl?hng a

|njector to mal nltro en su aturatlon
bal 1T P |PémiPt1nﬁswaF€5t Fgrswehenar éylEer and into a

ni t feeddratte tandk ; balal g4l tewatRbubali Wﬂlbhaﬂaﬁetnﬁ@yt]b@ pumped
bal | ‘éa531 %%tdﬁﬁﬁk'beg cgggﬁ L %o %g?%ggé:gater from

filt atlon espec y frne " "poré srze
(e. adsi ﬁ@rﬁtb@glmpl Itiiépyghaﬁdld fhltevotgasasd kallasy

uni ta@lkd;anged anmibeceendykk fk&?m Ra! ;
uptaﬁé ort toabgﬁlagt ?ank gn . ?o%?ﬁg %?i QEd ip kill

to BACFEErIREtEMSyiBcHaFgE B%Wg ?%%‘ﬁ%%ﬁialPWh %m and " Erom
el estridcb@@igstekankr oshock) killing unit is itself
novel and fornms a further aspect of the invention.

Thu?n %h%pe@eEPeﬁthha éﬁggfé he iQVthé§£ fhﬁ?g &ré to

met hod wat er r ea
punpiAgud ﬁ/aPé?z’QPFloW‘arﬁﬁ‘tl‘é?l%%u*@éO(@l@ b@mcar@pnmtr@:

seabetake Bischh¥ge) sbhaough fvéidtehe t&]&é@l@%i@%ffects
ﬁo ge - 0|nggvessel %f%gﬁﬁdg ter fromsaid ]
baI Pas Fg ARPEECt RESTRL FPS < TRFEGRTIF fs fvgen

andpegabj bailagtthetewater punped both to and from said
bal |l ast tank to a SUBSTI TUTE SHEET (RULE 26) WO

20Q§ﬁ69§§91a§§gégaggqgéoﬂé@gﬁﬁ)?n]éhs losed herein relates

oorgan) st k action ore t e rel ease
theggo? method and arrangement for treatment of ballast

water which is far more effective in killing unwanted
organisms in ballast water compared with the prior art
methods described above, and provides an improved
protection against corrosion in the ballast tanks.

Thus, viewed from one aspect the invention provides a
method for treatment of ballast water, said method
comprising pumping water from a first repository,
adding steam to the water, adding a further gaseous
material to the water, introducing a cavitation action

- in the water, and conducting the water to a second
repository.

| Viewed from a further aspect the invention provides an
arrangement for treatment of ballast water, including a
pump pumping water from a first repository, '
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into said water surrounding said vessel. Viewed froma

still further aspect the invention also provides an
@ﬁ?@#ﬂ [g;% for the treatnent of ballast water PfCo/rGBZODSIUOISSS
- |hg vessel , said apparatus conpri sing. &

first punp for punping water thrngugh a filter and into

a ballast tank; a filter though which water may be
punped by said first punp; a conduit for carrying
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Viewed froma_further aspect the 1nvention prOV|

ar r 5AGeFBNLCREFOR r SBFHRAT: MNP AT akeasiatare gaﬁﬂauﬁpﬁy tube
a pupplpinpi sgesatendf# omarhief SjadROS ik drial to the
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Viewed from another aspect the invention provides a
device for treatment of ballast water, for use in an

arrangement defined above characterized in that said
device comprises a liguid inlet pipe supplying a liguid
to the liquid treatment device, a tapered section
connected to the inlet pipe, a cavitation chamber
connected to the tapered section, a liquid outlet tube
connected to the cavitation chamber and conducting the
liquid from the cavitation chamber, means for adding
steam and a further gaseous material to the intake

. chamber.

The cavitation-based system will expose organisms
present in the ballast water to extreme physical
conditions consistent with pulsed shock waves that
-effectively destroy body tissue and cell membranes. An
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characterized in that said arrangement conprises neans
for adding steamto the water, neans for adding a

r r_gaseous material to the wat er, means for
‘lrvﬁtzﬁ%glﬁgghg a cavitation action in the water REXffB2pE001838
conducting the water to a secondg epository. Viewed
froma still further aspect the invention provides a

device for treatnent of ball ast mater,_for use in an
ar r ahgeagntted peddews vabloy eraivareaatomti 26d the okyaien
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the conic n avitation c
conneLi B Ee I (R Te diiY S50 GRVeL B TonReL bog
to phbsedvihetk ormawharpersvarl loendeauiimg theukipduisdof
fromx %‘lﬁ% Cﬂﬂ' tﬁfﬁﬂraclh%lﬂ?f actagn@e%ntg@%t 8n88Spotential

suppl pI y|n steam an further gaseous
mat ef a@rq‘fbtl% EhLousenl sHSendd Wi argphsepduce

as peﬂtrﬁzh;aa mm&tetulco;rn wm\ar@es:o&ro@emc erbeectieat &Bat:mgs

of b in an arr n
above aracgé |ze |n t §it? g§¥58hﬁyﬁi¥sr§duce
I|(nﬁhﬁ|qﬂﬁn0qmqmeI@@ﬁpﬁ%&ﬁgaathaq&wd wubhtththaDE or even

treqidmNl HRYIB&qed tf%%r efmeephion :LﬁoEH@CBS.‘él&ﬁtt PEnks
inlet, pip a caV|tat| chanmbéer connected
t apef ]é§-§géﬂ} gﬁﬁggﬁtpéteF8585168ﬁnéEtéalﬂotanks:
t he tdahd tiat |pmerheuyaméle@a?uctfbggahyeta?kéys dcéf@plng
the vi t at an or _addin ea

o (Y P A AL SHEORRRL0 B00R"Enat FEY Sofiefate
cavﬁﬁ@ﬂﬁéﬁﬂﬁa§édw§pbﬁéﬁswdurlegpeseoyagan|sasa popseqience

in tcﬁerd%%.ln!sa ?ﬁw%ar tbor@eabﬁfeﬂaleaxma' ox g@ﬂl H:&Fsthe

consi stent W ul seqd_.shock waves ecti v

des @5 Tho et 9&@5 yﬁ&%@ﬁ?%@nﬁ%ﬁégamﬁa%ﬁmmﬁ(@
SHEERp@B@LEr@&hlﬂﬁEZOQﬁ/@Qﬁﬁ@&u?ﬁﬁ/558985&99ﬂ8§800mp1ex

system of circulation to bubble disease. The degree of
mortality has proven to be high through different
studies. Other organisms with less complex circulation
systems have also proven to be vulnerable when exposed
to supersaturation. This is in particular the case as
the degree of supersaturation increases.

In summary, steam containing an oxygen stripping gas is
applied at the point of injection or close to the point
of injection to the ballast water line either at uptake,
discharge or both. This will create a pumping or
boosting effect which ig utiliged to deliver ballast
water to an apparatus increasing the speed of the water
and consequently reducing the internal pressure of the
water. The said steam and gas mixture will change the
gaseous composition of the water and thus alter its
characteristics including that of its vapour point. At a
certain point in the process, the pressure will have
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- 16 integrated process will renove nost of the
oxygen dissolved in the water and enabl e the

ORBRMEITT (e bal 1 ast - tanke. The near - oxoUERsoISS

atnosphere will further elimnaye-any organisns that

may have survived the pul sed shock wave exposure but
require a surplus of oxygen for survival and act

pr evsyrchesl a?géiewal pat edpisal tor 8- §evel habf wanghotheitation

Or JUSIB - drleaMild %B&th%dgﬁgmégif 86R4PX 1 HALT BBn 8 stent
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Subsietrcal lay Lawideh paleubf98ie0brgurhsmEVLA. tABewater.
oxygen-free atnosphere in the ballast tanks will

el i iy %atc%nﬁo'lia@%%]eBfo%t%é&égékoﬂﬁgé&? gnl:é‘”\‘:‘ﬁe YR

this I's particular rel’eva ers carr
oi | wirllcWémpdaics ér sa@yuéﬂﬁéntcﬁrgﬁorha@nnﬁ? @bﬁe‘ﬁlﬁ%OlVEd

explRsicee ahmearheaesrduthidtratyoyadeses Rill enhance the
consequence _of. neans agglle to.renove dlgso

oxy GEREFSOEn 8 "Ry ERRAE ARRWAERATHE | FObRc L¥EY redquction
supdms ater dege land bkygenexpmaenmnganmshhe water. Following

par tc’agz‘ilt%rtabﬁosggw %Eo% GOR! £X £ 5YS Séﬁ‘mf, c yc%{@&'i&“é:?cﬁ‘ gas.

to bu I'Séa e degree of proven
to be high_through different_ _studies. Qher organisns
wi t FiPEss tBEnpLalidi Pharst ohl BSsFRRETHERE @F so

pr ovsapeb:@abaruuéaer ahéegabephgg@omﬂcht@onsmts largely of

upersaturation s_in art| ar t
*he aagrEE R PRYaRE: it tr aFahT Herihe e iy Bl yaissoLve
st edackonnabnthg dmgoxdgen strlpplng gas is applied
at the point of injection or close to the point of

'nJQﬁb‘erlacéﬂénﬁabkaékyﬁéﬁein|&H@ @%éé@%da%aMQEanil

di schar e or is wWIll create
DooBPRter Fhe kantLRs, e uprsaiams (Tt TBare i Trired the
wat eaviibaahoappaept usninpreastngthd et speedagdindie corrosion

or gha B, ERARERYCELo Lab Pl BB 1O, LIS s LA W
chahgesthehegusbousttonpegi thmugii, ttHa et telpa micng usElow

al't @ptbt fecessary to obtain a stable cavitation in an
energy efficient wmanner. This will eliminate the need
for excessively large pumps. It is alsoc beneficial for
the oxygen-gas exchange, ag it will promote the
formation of a significant number of small bubbles in
the water representing in sum a large surface area. The
use of steam as a medium to dissolve gas in liquids is
considerably more efficient than prior art processes.

The gas will be a gaseous material, 1.e. something other
than water that is gas at STP. For the purpose of
treating water at uptake, the gas should be of less than
15% mole oxygen, preferably less than 10% or if
feasible, legs than 5% or less than 1% with the rest
being nitrogen or a noble gas. On discharge, the gas
should preferably contain more than 15% mole oxygen.
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characteristics including that of its vapour point. At
certain point in the process, the pressure wl|

TI TUTE SHEET (RULE 26) WO 2005/ 10830
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| evel at which cavitation oceung creating extrene

physi cal conditions consistent to that of pul sed

shock waves. These conditions will destroy a |large
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di sSATE LR ke caﬁ&ttlﬁé P.quﬁa btﬁri‘a%pw%sﬁeﬁtserarge
oxygenrti.n the treated water will pronote the killing
of organisns that have survived the cavitation step
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coatlng agalnst OXIda t1on. g am w .
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nec pesaiy taeob5aee1alstabheeaawttatiea iﬂt@ﬁde@nﬁéﬁgb
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oy cabe DarTBRAT, aan kb the  rELeTniE Gatpfrer deeings the
thed@ﬁﬁg@ﬂégésoexthangeasasattwhnth @rm@@$@ltmmst discharge

forpmbi 8R19hs8 whonkli capt eregmﬁ a&%e&efﬁes a

t he wat er representln N sum a e sur#ace ar e
Thed1ig&ange Sfeahf aaaatﬁeat urﬁ%es dts%r e qarasth For

| i quedsells te6os@pbUerbhl Yaspr €akk figt@nt than prior art
processes The gas will be a gaseous material, i.e.

SOTRLRL18:0L0¢k 1 NERUE" ELoLhAly e 095, U IR FOr, cne

Shogpasb@loauth@glthgﬁ of the relevant country who attempt
to determine if the ballast tanks have been emptied at
the appropriate distance from the coast. It is not at
present possible to authenticate any claim that the
ballast tanks of a ship have been emptied in compliance
with the relevant lawsg, not least because of the
distance at which the vessels are required to empty
ballast tanks.

There is therefore a need for a system which allows a
coastal authority to determine if the laws of the
relevant country have been complied with.

Thus, an aspect of another invention disclosed herein
provides a ballast water control system comprising a
control unit and data storage means, the control unit
“being arranged to receive an indication that a ballast
water tank has been emptied and an indication of the
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15% nol e oxygen, preferably less than 10%or if
feasible, Iess than 5% or |less than 1% wth the rest
ogen or a noble gas. On discharge, _
@ﬁgﬁ{ﬁ&%sﬁ)gf erably contain nore than 15% nol e 3‘?@6’%33"3’“‘”838
SUBSTITUTE SHEET (RULE 26) WD-2@05/~108301
PCT/ GB2005/ 001838 - 18 Thus, water may be
efficient|y treated in the short time span avail abl e
f r oS WA M eaf ithef MemseRe a86a tangtowest botht indications

del imeredid M d ha-fRldedseahanks or  di scharged
overboard. The process may be combined with other

tre i nci.ples, .apparatuses_or ocesses in

or e L0V B ST SHEnGR Qe§Por2gF Bpatres he Coastal
el i Mudditicy asmnprovideddesihed vkanacter dstegmine the
Tmf@ﬂ&ﬁ&éé”ﬁﬁé%ﬂﬂ%n a%c%ﬂﬁbﬂnthécbéﬂ&hgﬁ @étEEetanks were

bal I'ast .wat er scharge port I scusse ove

i s 5@@&%@%%%%tlce for vessels to discharge water
carried in ballast tanks into the sea before the

ves$Siile icontoadedinditt Anidt Satat ebdedgeangit ﬂ{h? pat appal

| aw re| ntr ef he nce from
the “Saseriel SpEiBRentllY FollkABIL p Ry Sond?

bal FESToRRMeuteromitRafpta, SEQﬁéﬁﬁameﬁa&/ﬁEChn@s @ hard
dlSU&@QGGQEV%OanﬁﬁélQ@kenhé bérﬁﬁb%h&e&OaSAlEéEnaiﬁvely,

vessel s to _enpt ast tan liance wt
! hethe; ayeFlhitvs Pslag%g%at%é #3 LEbagrated into the
aut Nesistilés cobntlhelr syswamg.country who attenpt to
determne if the ballast tanks have been enptied at

thexepeeg@&bat Ehgl asé£C§t£f£ trﬂ@aﬁ@‘%ﬁ%%l t:ﬁéﬂ% Alom the

pres e to authentiTate any c
baI F %P ﬁ EE‘an Sﬁogﬁl‘éa‘h%vée:b%@\n%n%@ﬂé@llﬁﬁt water uptake
Conphdﬁﬁtedlmhhrgéefcbﬂ@%ttﬂ%n@%hiﬁaStOr@%le of
%HSh gl fapce at ich the vessels e required to
o1 FEPER f AL L ReR I 'R o

systen1mh|ch allows a coastal authority to det erm ne
i f The Pafstepntpe the vessel may be determined using any

suitable means. Preferably,Fto ensure accuracy, the
international global positioning system (GPS) is used to
provide the coordinates of the vessel to the control
unit. The coordinates of the ship may be provided by
communication with the ship's navigation systems.
Alternatively, the position may be provided or
determined using other techniques such as by
triangulation with radio transmitters.

The control unit may determine that the ballast tanks
have been emptied by means of a control signal from the
ballast water discharge pumps or control system, for
example indicating that the tanks are or have been

- emptied. Alternatively, the control unit may receivé a
signal from a level sensor or other suitable sensor
disposed in or near to the ballast water tanks
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rel evant country have been conplied with. Thus, an
aspect of another invention disclosed herein provides

‘gﬂgggnﬂ§ water control system conprising a %8@&#%@Emoums

Yat a storage neans, the control unit
arranged to receive an |nd|caLiQn that a ball ast
wat er tank has been enptied and an indicatiron of the
SUBSTI TUTE SHEET (RULE 26) WO 2005/ 108301
PCT/iapbiogs;igm §d8t theo tagdohdisnbeen empthedvesgel band

to shos@dodini iRl GRS waltkrSakdedat a storage means.
By interrogating the data storage neans, the coastal

aut are ovi,ded .wi,t h.a neans to ne th
pre&o%eeéﬁ%aﬁo Yo %ﬁn@IJr {REL6ELES: t%ié‘FeF fa E%li‘}\%Fetanks
di sca dedndl mepddsd dls omi tinaddddat anstoddgetiioht thay the

be anynx G4l 1BRIL HRISARIG @Eel? Eg@f%gﬁle’Tﬂls may, for

convent i onal mcCr ocorrpu ta stor age nea
suclfxX Rl ehah® by SIe@Si O 8r veker| Lr¥ekpyepsor or by a

pr oyised yﬁdﬂﬁamﬂwgvﬁhﬁ,ruhhﬁlﬁksbﬁntﬁéydbﬁcharge pump (s) .
i ncorporated and integrated into the vessel's contro

| t
T AgLARIoC s chE) Bk BRPETRANS B PEa qnd the
bal Iléﬂﬁthnétlém opt aﬂa@ 1Qﬁ§t®pnd0§0hhf—‘g@e$6£1 nehenttiee tanks

Qnew%&bpemgﬁ&eﬂxégpb%eﬁéraﬁyfhséoﬁéét§ﬁ1&§t§nst?fage means,
i nt er net - accessi,bl e ase. The position of

ves$OF FEFBESddlePnPREBPAERNG any suitable nmeans.

Preferably, to ensure accuracy, the international
gl oBak positrodningtsyatedn{&PS)oiragasedahs mpy avlse be

t he coandipatgs okﬁetﬁﬁ3§f$et8% Q&l&gﬁ%%%l £ HRL Lo e

The _coaqr.di nates o e provi
ml\feﬁﬂéaepowaﬁﬁrhtﬁﬁéegﬁ%rg Ao gat Tlam @%‘t@ﬂs unit and

QltdﬁﬁatBg@kﬁgetﬁ@aﬁgsm&yoﬁlgay @§1ﬂ§0§ﬂ£%ﬁbig sensors, be

eternined.u ni ques suc

Cri SotrderoRou PROPAch SE LT R Eebr SonGic ey b the tank

uni ermaghdet énfomeat han tégabddhasthée dmkklast water such as
salinity, N, content etec. This may be recorded and
stored over the entire journey of the vessel.

The database and/or control unit may also be provided
with information relating to the laws of a particular
country and may further be arranged to indicate, by
comparing the location of the vessel with the laws, if
the laws have been complied with. Thus, the coastal
authority can easily determine if the vessel hag
complied with the law.

Preferably, the vessel data is also rewotely accessible
by the coastal authorities via a suitable communication
link such that the coastal authorities do not have to
visit the vessel before docking at a port.

The vesgsel data may be transmitted directly to the
coastal authorities or alternatively may be transmitted
to a third party who can verify the data on behalf of
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have been enptied by neans of a control signal from
the ballast water discharge punps or control system

I le indicating that the tanks are or i
‘%@é%ﬁﬁéﬁgfied. Al ternatively, the control unir@ﬁg&mmymn&m
receive a signal froma |evel gensor or other
sui tabl e sensor disposed in or near to the ball ast

wat er tanks SUBSTI TUTE SHEET (RULE 26) WD 2005/ 108301
PCT/td82 0u5yt@lg 38 thordgy endi thenngnfban themt ackohdsngly.

beensaiptd . bstant | nge..i , )
eve e I R e aRenp 2] PRt B Shntsat on

the,sig .
balﬁﬁﬁ?lﬁﬁhQ@V3argnbEﬁﬁ§ epEPrEaTERE of he népgaesornof the
i ndiveatsedn malyabet Hetetanked) ihﬂé@gh@ﬁﬂtl@?ﬂﬁf@&?ﬂ:ﬂe ship's
enpt . | 0 means_of, a ..
vt et ER2 1Py BLRER Fee Prat it e LS Like.
run-time of the djscharge punp(s). The indication
t hat*st NESCHAREANaPEVBechcAPEi adraRdeTeiRt tineli condibpions of

of the betabsenwateirh@ayepsehombedrédieot@Pkehe MEErney of

Led | f bl t d.in dat t ,
For TESaBPES I- AV ABARBCD THBCEORTFBT Tiff {oRAEF Bk oF

st oragendeshs hajylabtotdeks ar r amgeiti ¢ ovaecete ddedit fns
of waknadi pge bATRaOf thfRdi fgy e AR M ot imal

etc,. TEe control unit and data storage nean
al s&SVE Fng suitable sensors, be arranged to record
bal | ast water conditions in the tank or other

inrHDWBVéDn Oﬁgﬁfpﬁmipﬁéﬁﬂkﬁﬁifﬁﬂs\%?(ﬂpéﬁﬁﬂff¥isensors are
sal ;nity, . Thi s e.recorded and .. ..,
oop e R R el O B BB oY wiemin
dat BBaskabhaglorta®m rol unit may al so be provided
with information relating to the laws of a particul ar

counhiy, and oBded W4 NBFeleomd BNGEGAD TediGRl Serdlbr (8)
conpar i ng éh%ﬂ%géa ion of the_me sél m%}h the | aws, i
t he?tavig™ f TEHITE PYETIe PHushe haldesdt dpnks and

autdoe i £lubdly eamitgctost erarities itarkhe wdssela kadtable

conpbhdeh i dh ddiead Qv Preferably the sensors are
arranged to return the ballast water to the tanks
thereby maintaining the ballast tank volume whilst
continuously monitoring the ballast water conditions.

Thus, viewed from a still further aspect there is
provided a ballast water tank monitoring apparatus
compriging at least one conduit having a first end
digposed within a ballast water tank and a second end
fluidly communicating with at least one sensor wherein
the at least one sensor is disposed outside of said
ballast water tank.

The sensor(s) may be arranged to monitor a number of
parameters e.g. oxygen content, nitrogen content,
salinity, pH and temperature. It ig thereby possible to
closely monitor changes in the ballast water and alsgo
the ballast tanks over extended periods.
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Preferably, the vessel data is also renotely
accessible by the coastal authorities via a suitable

jcation link such that the coastal autE '
"g‘g%{%gﬁg\/e to visit the vessel before docki ‘3“&5”@%’“‘"838
port. The vessel data may be trapsmitted directly to
the coastal authorities or alternatively may be

transmtted to a third party who can verify the data
on &imalsfercforSEBSTETUTE CSHFETLRARUEEL 263 LD 2005/ 408Ba@tality
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|nforn1then1aqcord|n g party may,

examne, 1&5’é15ar3rnort§‘§ng§§tlﬁﬁﬁ t@{ﬁ D.\i’\P?/e R hY sthe
arr&ngenﬂﬂb)th&ela@&hng&doﬁotheceyessbhlnagtbﬁater from
det%{Qﬁp%%lﬁ%%% ggﬁ”%k &59?&&H?aﬁf&pf§omdﬁge bafiast tank

exa
dlsé@§§é&'@ﬁo¢be batéaa afr sAgewensel hehitohdisi ons of

the Rakleasti owah ey, PRY RBsFORiESL8G10VES thgcHhourney of
t he vessel usi ng approprlate sensors di sposed in or

aro n bal | ast t the conditions
A13E BRteRobay REe ol B REF T o oS Rt iE) via a
Iev@hmbemowévénxedveanﬂumtsngsUepélmgdﬁrmm opersgnome (s) to

Senyakt<abe tﬁéoﬂﬁﬁﬁgﬁgegéﬁﬁét' §l£@¥ a€&¢éily %ﬁgw%ensors

di sposed wt

oveP@¥nbet FPENBEEBekPt ARS s@ﬁs%@{%)ex‘a?%d%#@ ewmits
di spesadgedt sbdexbénhenbal tBetbd BIkSt atthkarso fAddiih Yoe

t to the t t abl dui t
condiis CopPErarup JRThEstanafrs HhaR dhechii Refltions
r et wibhihetbeal task (sht er Inothhe dmrksgendier dihe conduit (s)
”a'ﬁh?'ﬂéngrigﬁ Q&|£@S$o$ﬁ 5% ##iﬁgévgﬁlégacks fixed to the

cont 1 huousl é I torin ast water conditions
ThuB2l{peheBark 6 aS%ﬁ“FIt‘P (R EHEFaealb quideerthg cconduit

pr ogirdatddatbal task (ypt er tank nonitoring apparatus
conprising at | east one conduit having a first end

di SpRSEIa LN Onén P AL P51 WS LA Ah 3545 et
water control unit discussed above, thereby allowing the
conditions within the ballast tank(s) to be monitored
and matched with GPS and time data.

During loading and unloading of ballast tanks it is
essential that gas is allowed into or ocut of the tanks
as the water level changes. Conventional vessels are
provided with ballast tank valves which can be opened to
aliow for the movement of air. In addition, valves need
to be provided which allow for thermal changes in the
tanks over the journey of the vessel. For example,
entering tropical regions will increase the temperature
in the ballast tanks thereby increasing the pressure in
the headspace. Shipping classification societies

| require adequate ventilation to avoid pressure build-up
(or under-pressure) .
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fluidly communicating with at | east one sensor wherein
the at | east one sensor is disposed outside of said

‘palzb@%ss%ter tank. The sensor(s) may be arragg&&ﬁz&sﬂmﬁs
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theinﬂﬁaﬁﬂcdduk(s) Preferably the sensor(s) are
arranged to receive ballast water from each ball ast

t rad, t fr h al| a [ at
{he Bateo ot o A Eorce’ TaLyLoiealty b 2
mostregEdaa the rpéf@eﬁureanpaet be&ﬁ-éﬁtwﬁytnbeand which

compmvaﬁeed atde@taeeseemﬁae);mnafar BEMbeEtOtahk)sedn
cond 't endln fromt g nsor e

ol PAGoHARE Watd (Al B RERRR" (RkibPy BRLyTrghenlS.

connect ed to one or nore extendable conduits arranged
t o &huend Vilergd Keomarl &5t llafkstheragspecbe thete i

rec rb%rﬂ@l@'d' ashanaker %ﬁ@%sﬁsﬁkf%fﬁgﬁké' 9@§1ew *H.‘H?e for

t he ta . In this arran he condui té

o & EhiGen COBPRTATEn g P HES, br EY SeR oAt F KERE! end phecond
bal pastibvankfs) asmiddltopaetilont €l yposedethbee Codithikén
aro t ank g y_.al e .
conASEPE e, 1 o3k, F P, SpRERERCE b8 o8 38 B8 aravigr -
abo¥ealt hetwbgnakrpadi fgreheandonaidi oncondthdnt tdmes -
bal | ast tank(s) to be nonitored and matched with GPS

andthemeodatat Ryl Bex| 8R8hpUe A £dtAadi 68 &fphsed IRsit

t ank t t t hat | d t L
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vesgel thar-section and the first and Second portions
extend in a generally vertical direction there from.
This arrangement is particularly convenient for use in
vessels where the upper deck is substantially higher
that the top of the ballast tank. Furthermore, it can
be conveniently fitted to existing conduits extending
from the ballast tank to the upper-deck level.

Alternatively, the first and second portiong may be
formed of generally concentric conduits. 1In this
arrangement a distal end of the first portion extends
into the second portion which is generally in the form
of a tube having a sealed end and arranged to receive a
quantity of fluid. The middle portion is thereby formed
between the distal end of the first portion and sealed
end of the second portion. This arrangement is
particularly convenient where the upper deck level is
generally at the same level as the top of the ballast
tank.
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provided with ballast tank val ves which can be opened
to allow for the novenent of air. In addition, val ves

e provided which allow for thermnal
‘?ﬁg gsg?gnks over the journey of the vessel.ﬁggggsaﬁmeuﬂs

exanpl e, entering tropical regkens will increase the
tenperature in the ballast tanks thereby increasing
the pressure in the headspace. Shipping

cl ask¥ig iamnteF s & diiayd deqpiredezdbdyaceleehedl aoi on

t0 awdibdyREs Wee thd hind B g&l@&a%&epg%éégﬁ%- in the
SUBSTI TUTE SHEET ( RULE 26) WO 2005/ 108301

PCT/ 5/001838 - 23 In the case where nitrogen is
introduced into the ballast tanks, as disclosed

her it cpetvatd.ans thef gedead ppetdonoial poafarably teanected
the darks 8%14R@NERRIG d'%he'@&%?gugggtigﬁeﬁg LPranged to
therefore ,a need for a val ve capable regulating .

t he PIEVEGCETEN V4 Uha PEROEPLERR - anBSWAFERSUBE o REBEAsEs in
adegihat €awént ifoat esamboe bgl tast ih8pk8uEDicACEOr H8HESgen,

wth. Sifi [ i et equjfenments Thus, . .
vie%é g%09%§%§%F%ﬁ ?%%t§8¥b%§%ekg?o?%%r%h?spfﬁ?%v+%eﬁpe
a baidgde wecsiorank pressure relief valve for a

ship, conprising a conduit having a first and second

por trogiandpa Bpgekeinesli PRadi RESRIgETET S-belygen
arranged_i.n Ese tg contain, a gl ui d io as to provide a .
sealFSEEMNEBh ¥aPHCFi PEt 2aRli sLPE st b por9dorse iy in
conédihemaylitert éranpepehdifigr omdiind préperdefisFfdrdtial
a LQN erelLp.t ] Lon.is fi.ne J
hePpEEEANCHACEEER: 2a L OEORaRIGL R Catf IS heddhe o
ext EhdifncangaiBedl iy Veetniddlel veetiom. t here from

This arrangenent is particularly convenient for use in

vessal aivher eathengpperit dechepsr S Stantd ahdy BY Ghefvided

be I3oB-EER B opeedd 8 B a7 cond e B g™

froheate batlbailasnktamk tdre tRopes - detikid ewpl be preferable
when loading and unloading the tanks whereas during
introduction of nitrogen the valve discussed above may
be used to retain the inert gas in the head-space.

It will be appreciated that this valve may be an
integral part of the ballast water tank or may
alternatively be a valve which can conveniently be
retro-fitted to an existing ballast water tank.

It will be appreciated that the features described in
the following embodiments, in the description and in the
appended claims, can conveniently be used in isolation
or in combination with each other to provide a complete
ballast water treatment system. |

Embodiments of the invention will now be described
further by way of example and with reference to the
accompanying drawings, in which:
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Alternatively, the first and second portions may be
formed of generally concentric conduits. In this

SHCARAREBRL 2 0 s1al ond ot the T1Tot porton i e e

€ second portion which is generally in
of a tube having a seal ed end -arzd arranged to receive
a quantity of fluid. The mddle portion is thereby
formed between the distal end of the first portion
and 5i31Ed 1ekd dfstranadecoitiassam f aphiepparatus

ar r angededing Sto e iiGiaatdNbzonveni ent where the
upper deck level is generally at the sane |evel as

t he |_ast ___tank. SUBSTIT SHEET (RULE

b6y T SE0e TR AR G a8 th 50 Feb Ship and
quartRisorgted guitd: it spediraciing déhecpedtticular ship used
Cor respang & Oiltl_fi%tri%&li%%%lg%\é%b'i% BhESRULR Endépﬁle skin
tanﬁg%tg operation the second portion is preferably

con d to the ballast tank and the first portion

Is arranged to comunicate wi th atnosphere. As

pr eFigurd fcrigageschemathe vaek, ihorrexanpketbyntbe a

i Nt reqHactd (R n [ ' c nd

bubi e hraigh tneoPEeT §rrachrnt BB TG0, 1
will_.be appreciated that the nmiddle section

essénEdS v 46t & FEhEMEFLC| BéRValRoRrAgS gascEton | @fy amother
ei t kebodiimecti offi dhpendtoy dhchbReRt €4SV € ;

differential between the first and second portions

A . i . . Pe
Secti oozl pihofc oh PLESSOMMAMESGOR LI (g Rie patiast
protPEEE I@hRcRhémnwbeh opered £voml they gasroundian dea;

enter or |eave the ballast tank or tanks. This may be
prefégabbec shens| e fgrangetihOAdiReh the dkht 1y

whe k | ntroduction of, nitrogen the valve
di s@ggéggyégggetfﬁr%ywa%%r VSRR 1T TSR ?ani'f’él"l nert gas
in the head-space. It will be appreciated that this
val e9WH9 beshpws an arrangement where the vessel

communicates data to a coastal authority;

Figure B shows a ballast tank pressure valve in a first
arrangement; and

Figure 9 shows a ballast tank pressure valve in a second
arrangement.

Referring to Figure 1 there is shown a ship 101
(indicated by a dashed line) having a ballast tank 102
and a ballast water pump 103.

Pump 103 draws in ballast water through a conduit 104
and coarse filter 105 before passing it via a 1mm Filter
106 and a 25 pm filter 107 and through conduits 108,
109, 1010 and 1011 into the ballast tank 102. About 10%
of the water flow is directed through conduit 109, and
pumped by additional pump 1012 through a Venturi
nitrogen injector 1013 where pressurized nitrogen from
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integral part of the ballast water tank or may
alternatively be a val ve which can conveniently be

ed to an existing ballast water tan
‘&Stzpéggéésg%oprem ated that the features descri bggT 2005/001838

the follow ng enbodi ments, in-tke description and in

the appended cl ains, can conveniently be used in
isolation or in conbination with each other to

provdie comprpssre 1WA st nidinagerr ganeeatosydvam is
E”boﬁhj@é'liéd Oafnﬂdmtﬂl@/%‘ttr‘e%ﬁl Wi |’ﬂhe”91‘ﬂt%g@%§%%ﬁb§greams and
further by wa exanp e and with referénce to

acc P n‘%y %er%ﬁ &5y S LS MRhiAds rgm??ﬁuw sgeéqut 1011
(RULAN® GIn e 20:05/a38 3ahkPATH2GE20050081838% nibogen

Fi gl'gag:l.gr At dh SC*EJB%%% ' %%r %rp 91 t%@)g%plp%gi&&u%enerally
accor [ to the |nvent|on

appek gxﬁ&%hﬁﬁﬂﬂﬂﬂ@@ 1914 @ﬁﬁb @ﬁ@rogﬁnegrﬁhedbaﬂﬂhst

its ﬁmuth G.Ldtﬁ?c%vﬁ.@!e‘d L ni'&hc%géﬁegenggkst Nb%7 and 1018

[ doubl Ki hul ') ;

F o nel S afiEers 1018, | Wher beadsaarRonsor a0 |

(ﬂ(ﬁpﬂbvmdadHWJUWaBeNaﬂweaﬂneﬁt(da¢|déftéEintFaguaﬁgéments
| S BEChAmd Goll WOl GhOF3oREEL! ANtk ap%ﬂféh @pens in

ment of the water tréa vice;:
shO\?v’seSé’t‘Pnﬁ@r Méﬁﬂﬁpﬂﬁénoﬁrl Pﬁguﬂﬁ@rﬁa‘ﬁﬁaﬁe t@ﬁkism H,O.

in axls-fasma\mu@wabauv&r szt?hfﬁa§uéé@védt69véﬁ’é ovELSHE Ssure
6 sho g ar.; angenent en, subse

i SORa TS G ERE P AR Rl EREZ8eabayannL Eigar030 may

showgraﬁ a&or angeovdntewhéteoghe whssethe cobttiniogendt @sntent in
dat apkOndat@Bakel Aty B! ity Lotk ee Rl 20061 8, Pl Lofl ain

t ank pressur valve In a arrangenen
Fi giegiyeshd@@ed -bal | ast tank pressure val ve |n a

second arrangenent. Referring to Figure 1 there is
shomgarshepshObs a conventional double skin vessel which

may be a tanker or any other kind of vessel that hag
been equipped with the inventive ballast water treatment
system. The ship includes a double skinned hull with
ballast tanks 3 installed between the skins. The ship is
driven by propulsion machinery 4. A pump 5 pumps water
from the surrounding sea through a ballast water
treatment unit 7. Nitrogen is supplied to the ballast
water treatment unit from a respiration or controlled
atmosphere ventilating unit 9 using membrane technology
or similar to separate oxygen and nitrogen from air. The
" ballast water treatment unit is also fed with steam
generated from any excess heat (e.g. from exhaust gas)
or from a boiler 8. Steam generators are already
commonly installed in most ships; the stream being used
for heating the heavy fuel. Released oxygen from the
ballast water is simultaneously removed from the ballast
water system and tanks and vented off into the
atmosphere either through ventilators 29 connected to
individual tanks or sets of tanks or through the
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(i ndicated by a dashed |line) having a ballast tank 102
and a ballast water punp 103. Punp 103 draws in

ter through a conduit 104 and coar j
‘?@%‘5(%@@83?@ passing it via almnfilter 106 aﬁgT@Bﬁ@%kmsss
pmfilter 107 and through conduktts-108, 109, 1010 and

loll into the ballast tank 102. About 10% of the

water flow is directed through conduit 109, and
punpmﬂt&gmaﬂﬁﬁthanhﬂvqnhnianapz ﬁﬁﬁbgqhtarveghupnpes 11 or

i 4 rogan 4 HIRe s Lkt NCRe R 835 uhiZ g Bt 1998 nbEAM At o
SUBSTI TUTE SHE %lULE 26) WO 2005/ 1083

PCT/ ks sga éﬁlﬁ)e@oﬂrﬁreE%FSléh dggconnect the
ni t riagen cgiélﬂfeaﬂdmrll’b&]ﬁ Hasmksi mpoethedgast aohbirslstneany, for

are SePag R G (B erRRenc 08 Ehb PARRL EoR, LATHE
102 vétexgh Gl 51 30WAMASTEFEN isSalp@r 5@a§ﬁblsubwenhgl@tion will

of md reﬁ‘&ﬁﬁ”éﬂ |donSea@ridinay 1 f'd'llret:'@mlf B@agﬁgaéedégﬁ@mt
with nitr . The bal |l ast nk 102 ov
N A CO Ry Oy TP a1 5 PR Ve DA ROE G LHOE, FoF Ls not

101%uckeel Heads hee respalctdveptankdedThet byateml gRown in
. 1027?' ‘&% & H%%g)%oaﬁ&@g%ge%soﬁ{?ﬂoﬁéhva@h@%?iﬁ&o&ﬁit

heaﬁﬁ@éhmerth@r baddeaspr é@gevcetzegtﬁm enit 7.
Al ternatively valve 1027 may serve to vent
ovemnke&%uaastiWatée heagdspaae afntitan extgepoptea@nsh Fig.

i Q i d wh h

i PogaR EoRPBRLOER ofna REAaeaeEe hn bR R R e PP aR iR

f al lisitegiralved wéthaian iddstrbdllasbl vakeygupepe §hoTkea
g?”‘&ﬁ)lﬁhﬁ%'ca‘ioﬂgltﬁ%c%k 'cBa%ﬁSé%eblv‘?‘sCEolﬂB%eéebﬁ £aEJ§Eica1

ot her vessel been equi g
Wi t ﬁ%é%@@ntlﬁ@élﬁal FRsf RArepvt ?E?&%ﬁ@:ﬁ%ca%y%\? #n23. The

The fl:v*lllﬁdlrﬁezb.ﬂldtgbg dguabecaﬁnaeeédhubl aV\WiJieerébtlﬁtbn or

tan I nsta e et wee S

b S Datps o bELLRG, 3R RSBV IR 26h oS SAAP tRe congcal

f r omechdosurRoand/ny sbe nhrnqghc:ﬁlb:adirasalv\)amlee 23 may
include a spiral-shaped edge or vane 32. The vane 32

will induce a rotary movement causing a momentum to the
fluid flowing through.

One or more injection tubes 25 are inserted or
incorporated in the intake chamber 21. This/these
injection tube/tubes 25 receive steam and nitrogen gas
from the external units 8 and 9, and deliver the gases
to the intake chamber 21. The gases may be mixed in a
mixing chamber immediately before entering the injection
tubes 25 (not illustrated), or become mixed in an
annular manifold 26 surrounding the water inlet pipe 6.
The gas mixture is mixed with water in the intake
chamber 21. It is preferred to use a multitude of gas
injection tubes 25 at the periphery of the intake
chamber 21.
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treatnment unit 7. Nitrogen is supplied to the ball ast
water treatment unit froma respiration or controlled

_ ventilating unit 9 using nmenbrane

‘?é?ﬁ%ﬁﬁﬁéF or simlar to separate oxygen andPﬁFF?8&5W0u58
fromair. The ballast water treatnment unit is also -

fed with steam generated from any excess heat (e.qg.

from exhaust gas) or froma boiler 8. Steam
gened at brtlay eaxanganente srfimamley dmacadd edald west outlet

shi pgunéde 'ﬁtrﬁﬁﬁrﬁé’elrf&ﬁt%%ﬂ o AndEIrRe dd e heawy

fuel. Rel eased en fromth bal I,.ast water is
si mFFEhedusey Froithe Benings afatde sgsipkery of
and ttlamkcshaamleweamte:dlg)fafs ivietrr it orat rm&plmbepalrbbeé of

th t t I

or S A LEUIED e BunditeCiBadifi Fe an
26) ww@s/ﬂmmwmaﬁasghe mpifioddegPatied
tankccsmrgddeai ey t%éStg%'E tdyneuen Rinaes 91%;,0& vedtihg pipe

th trol The water s into he

bal 150y Htarmes Bt &5 I&é% Efp USS; ﬁ‘egluii'-llgf ecsﬁnsas PHELet

t opscuifed Y lzed |tdst peaniphietry bife thes caottaelionnkchafiber 24,
fOFa1 ty aly :%nggﬁl%Q% %%nhggtoﬂﬁy E s&ﬁ%ﬁ%'gggroutlet

shi ps ere t arrangement 1's no easi

ventiubst i20n will  be ensured conventionally directly

to above deck but nanaged by overpressure valve to
ensWhert Hat o@leli!:altio&hot seawaked LBt Bethg E@apﬁgrt tM@ ballast

;ﬁngﬁﬁlon |Iter% %ﬂ |FY16F§Eé8?ﬁ 1?%3ﬁ8a pégﬁer %1 ana

wat duntieat dmough tthe cthécbal Eastipmt 22 toedbhaent

Un'%jﬁﬂﬁﬁr@%ﬁﬁctﬁge'QBFth tﬁenTEhEoceﬂé'éé§1E£tfon chamber
cylindrical intake_chamber 21 integrate

i nl & -bdReaBbYRACEL EpﬁgléloﬁﬁefOEyP@HHFﬁEaPnrn@ék%lose to-
chardaer tatibs boha@wdnbyta 5@6uﬁahre3§§hiéﬁea2by the

oyt Tebdpldn® B 68 RY bATTLEE WA HEE EipadiCence apd grhms

chaﬁﬁ§rva@PUﬁgpasn§ aadlbutlowechagbbheZﬂntéhmabcfﬂuzd

sechiaBsdgeandt Ok hEheagar £V EaEr i kd! o HPRa2B-IBY e ube
and the cavitation chamber, cavitation is initiated. At
the cylindrical tube, the velocity of the fluid will
have increased and the hydrostatic pressure decreased
to, or close to the vapour-point of the modified ballast
water (the fluid), resulting in the formation of
bubbles. The spiral-shaped edge or vane 32 will initiate
the collapse of such bubbles in cowbination with the
dramatic pressure change over the edge 20 between the
cylindrical tube 23 and the cavitation chamber 24. These
actiong will initiate hydrodynamic forces causing the
bubbles to implode and thus release energy in the form
of pressure impulses and peaking temperatures.

The water velocity is boosted by the jet action from the
mixture of steam and nitrogen entering the water from
the gas supply tube(s) 25. The steam will have only a

SUBSTITUTE SHEET (RULE 26)



include a spiral -shaped edge or vane 32. The vane 32
wi Il induce a rotary novenent causing a nonentumto

fl ow ng through. One or nore injec
\{VBEOGSSH éggogre inserted or incorporated in thetPF%{kaZ805/"°183s

chanber 21. This/these injectia9 tube/tubes 25

recei ve steamand nitrogen gas fromthe externa

units 8 and 9, and deliver the gases to the intake
charfRg 1 231 Th e Bfirals araythse telbedraiture im thegwater as

chardery i amesh-at Bl ef erRuent ek %qh'i%e'dnlt%%h:%te the

tub s 2 not | lustrate m.xed 1 n_an
ann ?Fﬁﬁtgﬁﬁig%ﬁﬁlﬁﬁ £ eﬁﬁtéﬁ itHrEhepi pgomoted
6. iﬁheﬂgasvwﬁuMQuaf|n1Uﬂdgeﬁ diniclrewaker due tbethataﬁﬁedlate

Chaqﬁﬁﬁl Jtﬁjk§éﬂ{t1$?2%% EﬂeuﬁthO t'&Hgth%b es will

injection t periphery
charf&nge thsy 011{9’95C@PiEE‘-FOPRE-JEEegGPfV@lEO@Et@DSSSI:Lch as

PCT H—%’ZQQJ&(&QL]JB%%nﬂtt anﬁlt &ggbbg&tyr@%gegﬁgiéheﬁéoggﬁ is
ubes

SRSt Aoved B d e, Sy abPOAnan ARDEF - 53¢ With Partly

opemhﬁ@@ dubitfie spemidppery 1yf bet eadhairber dassbhgedsby the

ventjgleabyor sfiQr %e@ﬁnggf Qﬂ%tﬁgggvﬁﬂg %giggégdof oxygen.

oxygen. The tubés are | 0 an  annu
mani f ol.d 28 The nanlfold 28 is connected to

|
Che AThEToBRERRc, hhe GYBIRATYERLI FRbB| 38 ADO. S¥EOSES to the
prefaemed.st ofumeamulﬁttéadedgé gas Eh)nélle&bblé@eﬁoﬁﬁed will
tation c
7t EUBBEHERELY (811 DO LA S T ORR St fhat fpp ttiamber
27 2ﬁheﬁhﬁn1@pépﬁﬂpnn0fséhﬂab@bblesb@lh@ desityy tdwyanic
ba'béil mARbeEnRUARAGOE § BEQet %Qdéﬁnﬁﬁ'éﬁ% ddiake o %E?ady

r 21 anﬁ further throu e coni cal sectlon
o ERY O R Len Cerbea S R E LR YLD e in Ehe
cavbaaiaeh ehasbedue2do The phiysieelaeadsh 1donse ftafe

g?‘ég%@%fﬁggég rgféé@ﬁ% ?zﬁeé:@i/ | tat' Pat%éjﬁq{jé tﬂ:?ensss&roe change.
An effect of the cavitating action is that a significant
part of the oxygen present in the water will become
released. This oxygen may be removed by the gas outlet
tubes 27 surrounding the cavitation chamber or through
the vessel's tank ventilation system 12. Surplus
nitrogen not already saturated into the fluid will
replace the oxygen released due to cavitation and
prevent it to be absorbed and dissolved again by the
water at any point in the process, alsoc after the water
have entered the ballast tanks 3.

The ballast water treatment unit hag been described as
ihcluding a cylindrical intake chamber 21, a conical
section 22 and a cylindrical tube 23. This is the
currently preferred embodiment of the invention.
However, these elements may optimally be replaced with a
single tapered section 33 ag illustrated in Fig. 4. The
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mani pul ati on of the ballast water consistence and thus
its vapour-point and by |lowering the internal fluid

‘g?gﬁ‘%ﬁr"&”“ the edge 20 between the cyI i ndri ?,ﬂi{%&%mms”

cavitation chanmber, cavitation is ini
At  the cylindrical tube, the-vekpc4ty of the fluid
wi Il have increased and the hydrostatic pressure
decreased to, or close to the vapour-point of the
nodi §R8ES baRY 23150 ke ekniadted Ifinal) Saveswlt invdilart bpenings

for r@&' PHc&f ed IBhH €51 0r g‘%r@'dl@dﬁr{%c%d%%do iV 2RG

lat Ihe col | apse _of such bhubbles in

i ni
oot T G Gian il EhE SHRate A RATEa cBvaR, 1.c.
t he @ﬁi% Iﬂt@ltb’etwme tidhej ecﬂ;d]dmdmmducﬂ'ubm 2dbaddmehe, an

cavi ad Il i_nitiate
hydrcI(t) ynam géiorcenslzt(‘;tjausFllﬁdé'etbﬁa gek?q%%’le\g %o % B%SI or box
and 1hu ridre st sifla @f ithe hepkoed sectioessdr end along

| MW isesHiEd Realin bR HIeY %ta?e%%d Eeetwaker velocity
is boosted by the jet action omthe mxture of

Supay  Ua R T el FindostoRryer ChdEis 1ow

SUBSH W%@nt(mam)lcwmzoasmg%ml and low in living
PCT&ﬁE%Qﬁ%h&Q%@%Bfed 2% tﬁ%gbbgFggﬁ Egﬁﬁgt QHetggw oxygen

terrperaturel the water a very

amo R GeRt, & lr@&OF@téréﬁ?ee@ﬁ@1HB§é§FePre¥¥éé%n9Tﬁtélon
boostarthefif eeid B@tf@&bh@ht@ﬁ@nﬁbaﬂns@SpbbénﬁﬂéynFe rowth.

tr to th e ng%
en MY R T RERRES of BokPokiSh, BiReetarinS dndrerEien
r heGR¥Giecabyprspdepeadent thenwbher presehcasot tdmeygen will

overal lsidensiyngly ¥egGeshly. As the nitrogen is
cool ed down by the surrounding water, it wll partly

h bubb d dual | y di ssol ved by the
wat SRenriA1 883G BRG; biape.graduel v dussolves by fhe .

oxygeﬁl spappéy passbggnt he tyélﬁdmksa¢révémt£ﬁgéﬁﬁygen or

cLBRREC ekl B 6D 0le! DplISELL S 95D ditre o

t he2Ba@FNaFPBATEhAANeP Odygaheal splhemrtld ttagk is empty

bubbbeswatél . deRiEO0¥a T 98NkGpplied via the pipe 11. In
prior art systems, venting tubes would supply outside
air to the tanks when they are emptied of water.
However, the present invention includes a closed gas
control system that ensures a non-corrosive atmosphere
in the ballast tanks. In case someone is about to enter
a tank for inspection, the gas control unit 9 will
replace the nitrogen atmosphere with normal breathable
air through the pipe 12.

In case where the ventilation pipes 11 and 12 are not
included, ventilation will be ensured by alléwing air to
enter via ventilators (not illustrated).

Figure 5 is a schematic diagram over the inventive
arrangement for ballast water treatment. The arrows
indicate flow directions when the ship is loading
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cell nmenbrane and tissue present in the water. A
steady and controlled cavitating action will occur

\IVB%({SH?MO?M wat er due to the particul ar desi ?ngngwﬁmlsss

cavil I'on chanber creating a dramatic pressu

change. An effect of the cavitauing action is that a
significant part of the oxygen present in the water
will beconme released. This oxygen may be renoved by
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syst r en not alregﬁy saturate
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bal %%t t7afRs Pipephé Obﬂnldaé‘tl warhadet F—’@é@ﬁ@ﬂd grygehads

beernrateserd kdd @ipel ll;?@l u@h?g tAeC gbngghg%b%: ﬁ%ﬂgggl
sect,i on
R TR TR ity -
of tite HiMeedti-oAfteHoheeatmenhesthel vaear sisayumped into
opt i I e e h Si RY
35 e et o e o Bpgnt DS A R B P & vy
( RUVBLYSE) %o '2"6957\'11@83018%@@39@95/%&838 the Jorjbaels tank

may 33l sadbehengeet ¢ Femeveaveial pipbular openings 34
| ocat ed both along the circunference and in the

| ongitudingl dogesli opoloLhet AReLed, spation S8, Toe.

| i sTic
annUP&?rgé§ milﬁpe'él @lgarw blerdesh grieel s5s e enbites aribed

boxab3beoanhe Qi‘ﬁ%ﬁ'@a@édt hﬁtt@l@fée@l Clian Gay be
? n.. From

I ngth of ,said t ered sectlo
? hgn%B\‘i §t 8n°’&ﬁ% e?T PLF | BLd m%?tlt%tp%mmratrher

oxygbancohteogent ypln@aj:m:ypé’sérgéf n&hlslﬁ(lrms [IpabNeiﬂbdﬁé“ﬁl%nt

confaneua B o cherden 16 dft e aRe |4H 19T R oGt

f ur PREF faﬁdaiafi-ﬂ ?ﬁe@%ﬁﬂhm@gﬂaﬁ rm]trqaﬂ)erﬁaﬂlcmnt in oxygen

re-gep¥id. This is illustrated in Figure 6. The ballast
water is unloaded from the tank 3 by pipe 37, first
three-way valve 40, pump 5, water treatment unit 7,
gecond three-way valve 41, and discharged into the
surrounding sea by pipe 38. In this case steam is
supplied by pipe 30 and air or oxygen supplied by the
pipe 31. Thus, the water discharged into the sea will
have restored oxygen content. The water removed from the
tank 3 is replaced with nitrogen gas supplied from the
gas control umit 9 via pipe 11 in order to maintain an
oxygen-depleted atmogphere in the tank.

While the invention has been described as a system and
method for treatment of ballast water in ships, it may
also find other applications. One such application is
for treatment of waste water, e.g. sewagé. During
summertime superfluous energy may be available from
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The occurrence of corrosion and coating degradation
caused by or dependent upon the presence of oxygen

ignificantly reduced. Wen unl oadin EQ§B
%'bl Posn gognks the gas control unit 9 wll %ﬁ 2005001338

nitrogen to the tanks preventi-ng2oxygen or air to

enter and by this controlling the nmai ntenance of an
at nosphere | ow on oxygen al so when the tank is enpty
for Rdestryieans is Suppated iwcineratpirge The | n

pri Oin@iﬂeﬁézt&ix&d'fﬁna esndpﬁ]gr féﬂé&@yw‘%' ar%epgy ca%%bé@on

air to the ta mhen t are .emtied of
Howe{ret AR P B SRCRSd8e % E’PS?@& gagxide
contmagf kseysxm talratoxgsnr et rE ppdngc grES ave tatnesphestve

in thg gl lcf’){'ittfl-lt s 4 %%S%osg%ggguéﬁc?b #ﬁe&o{:hsse
ent er a spectlon con
Wi |corf<1élpﬂlét%=‘ t t@é‘- 1y @@@éﬁcafcﬁﬁgshér@ Wit hanpenalr

break?ﬁ&iﬁioﬁﬂﬂ' g aeueh E&elﬁlE@o@zanandﬁﬂﬁﬁsmﬁﬁbgeégfng

t {

venttRi O 4R Foe CoRaPad B9 BRChRFGLalFrEhs - chbeFe

vi a o lagipdrisatdonsi foust paredpf Ehguipvéntioa and may be
SCh%ﬂPQﬂéﬁﬂﬂe@Q F3M-QUes bgﬁﬁbﬁygﬂgﬁﬁg af%é?@?eS$F% égrapply

bal | ast wat er treatnen

di r & iS6¥eIFheftChassRPPORSd badbPadlseBSTRYRNE SHEET

(RULE 26) WO 2005/108301 PCT/ GB2005/001838 - 31

bal [FistureatieshoWt ehei areahgeindgtt WReB8i phéreaysde prov1des

surr di.ng s [ wat Is directed
punp % %Q %ga?¥?ﬁ §§t§§§lcgn% }E%El@%JV%ﬁﬁ% & When
pumphs béé&@sthéamhﬁehaV¢eQEﬁEnemnhled7 vi a pi pe 6. :
Steam and nitrogen gas is fed to the water treatnent

uni trhé b)és@éﬂ!esoﬁolénﬁr@ﬂrldé@ %ftﬁ%fﬁﬁ@@t 0&%&9@%23 and
as, contro

Evgﬁﬁﬁgpﬁygepﬂgmgx B%n |Eﬁ ﬂ?%ﬁh%¥$elgﬁqpt}ﬁacontrolled by

at mobpheeesebyspopet88l #fseemt (wat neindwn X hendval eratsanged

g:ggﬁgpksﬁﬁrgggt\gesyﬁéfsént 88Ke PoY | A Rd PRAG &N pattast
water control unit 705. Ballast water control unit 705
receives a GPS gignal indicating the vessel's
cocrdinates from GPS receiver 706. The control unit 705
is also connected to a satellite transmitter/receiver
707 to communicate data to and from the coastal

authority 708.

In operation the control unit receives data from the
coastal authority indicating the requirements for
discharging the ballast water i.e. the distance from the
coast. This data is stored in the control unit. The
control unit receives the vessel's ccordinates from the
GPS receiver and stores this data. When the dischargé
pumps are operated a control signal is received by the
control unit 705 which logs the time and location at
which the pumps were operated. This data can then be
automatically transmitted to the coastal authority 708
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valve 41. The water is replacing gas in the ballast
tank 3, and the gas is renoved via pipe 12. Discharge

‘gﬁé%‘g’é“%{ anged in such a manner that the tpgglﬂ(}%oosmmsss

agai n through the system as descri bed
and again treated. At this time33the water may be
exposed to oxygen or air via injection pipe 31 rather
than nitrogen. The purpose of this is to ensure that
wat et digr oD i eme sremteldintchacged liad eddds thieerelevant
the 1pe¢t or area of discharge is already deficient in
oxygen |evels. This is illustrated in Figure 6. The

baII t S ade f n1th 3.b i pe 37,
L8y Jielel AT 80nd DBl BE Slsangea
un|ttq'lndxﬂﬂﬁﬁiﬁdwhhﬁwMQﬁsdewee&ithaﬁdtﬁeychaegagproachlng

i nt rr I C
B i i i

suppl. ed t Thus, the water discharged

e P, ﬁ?aqwsp 5rd Laskt ol BRggaHTEoNRINE ifing First
wat err megvgevechif.r omthe tank 3 is replaced with

nitrogen gas supplied fron1the gas control unit 9 via

Pi perpbl sl v@f 49 LY R 'Pfa?hf9§¥geﬁ?gggbﬁtgg%econnected

at nosphere in the tank. nventi on
des&d Bed- &@c&l&?sﬁ’éﬁlﬁ&ﬁdpom-ﬁadf%%r t Feat Hemecoion 803 is

baIkﬂ&mewaéertbnasﬁbﬁtlohtFBEE19ﬁ|§94f|Pﬁl@%@eé?d second
or treatne

app ions e_su i cation
o Ruo0R 80" 8 S0aBPe | CPnPPRESTsEner VT RELoaL conduit
sup@ﬂﬁlwbaghenerg?nnaytbé avathabbet fownm SUBSE | BallEast tank

SHEEEoERthw%@ a}ﬁ‘@ 390§£é0§§$ .8 CJér@%lQéfc%)_Olsﬁsvaﬁ?e 806

i ndystry plants . g. waste Tnclnera
|ncFﬁe98F8F§dnﬁ9 §Hﬁpp9n@HEFg90$ot@r@¥%0%.%hﬁl@%ﬁ¢cﬂnd out

uni bf ghewebhkaguexygelosdihPraig @dBoadBidon di oxide
may be used as oxygen stripplng gas, as the corrosive

cond BRERCePRer ek Dl Py TROSTR R BHE A Ve Boe

con@P?ﬂonlﬁgcﬁléhﬁs abla$h fadd bndfwkl mkaslye A@ESsisng
closed. Nitrogen ig then introduced into the head-gpace
‘which displaces the air in the headspace increasing the
pressure. As the pressure increases the air bubbles
through the liquid 807 in u-section 803. The level of
liquid defines the pressure at which the air will bubble
through.

Once the air has been displaced the valve permits gas to
move into and out of the tanks as the pressure
difference between the first and second portions
changes.

Figure 9 shows a ballast tank pressure valve in a second
arrangement.

The valve 201 is formed of a first portion 902 extending
into the second portion 903 formed asg a sealed tube or
‘drum'. The first and second portions are sealed by
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i ndustries, for controlling bacterial |evels. These

ot her applications formpart of the invention and may
ined in the appended clains altered

‘ggﬁweﬁogﬁfsemage etc as opposed to ball ast mg?@#ﬁn&%muww;

Figure 7 shows the arrangenent- Blaere the vesse

provides data to a coastal authority indicating where

and when the ballast tanks have been enptied. The

vessePURALian fvitdefamt 12 Isavidst H0&nkitbinahtie second

di sqswgmpm 703:heTft%w‘ilt @@@g%oﬁﬁﬁﬁﬂc@tggnh&ghl efle
s sten1 not shown) and 1I's
arra}?]argl‘gluaet[ vézné) %ﬁwéﬁalvlén O8RS %PPne 704 to

the bal | ast mater control unit 705. Ballast water
contfblthyd tarzedgamendi tbe @réﬁsusbgnabrbadbsaﬁhnghéheavity
vessgls Sasp(?;@{éj &l QW EBS beggLuer £ 408 -thPg 5

cont r ol 5 is_al,so connected to a sa
t r arfifi Pﬂré?&éﬁnvérw 7§7rpstisminfdaleddui bt o hh@uld 907

f r omitiloh ceast alk aaubher llb)ék7ﬁgtwé8noﬁﬁéaﬂ.9§tt 884 second

ot t thorjt
ARG e Folter SARCEoFore OiSENr R g oRe it

baIFﬁ@ﬁrﬁapértp ghet fardisvahve arvangdmentcpass.tddi s
dat @r’e%s&ﬁ:@r Qﬂch:@a?s@@ §9BtEQL Habh eTgﬁrcﬁﬁgtTt&}gé i@cﬁld and

recel s, . coordinates Trom

e
recé io EmQFBﬁggetthoﬂg?ath?%%hr¥%épﬂ¢%%¢ﬁw2ﬂ£
punpsmaierovper angdeacesﬁtpﬂés@lg@ainl Bhé eceh eshib)hd he

d
i CROPRACEEaTE? BB (e LFla can i hen be

automatically transmtted to t he coastal authority 708
SUBSYI TEAE SPEERpY ReLE- @) thes 20051198300 different

PCTb@Eﬁ)Qﬁf@@:l@@éi of @Snahik CAld L 15&;&&@ :e@%;%sle'ca!}?%e
%égd h%Jt_he rel ev% tI aws. further.

enbo TheR? THETTONtF dathie rﬁﬁFQﬁEQﬁ?ﬁﬁﬂﬁﬁjVQ%Ye of the

i ndt¥ee eherveimedemssidtedr ew t hat they are approaching

the legal Iimt for discharging the ballast tanks.
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Figure 8 shows a ballast tank pressure valve in a
first arrangenent. The valve 801 is fornmed of a first
portion 802 connected to a3iFsection middle portion
803. The U-section 803 is connected to a section
ortion 804. First and second portions 802 and 804
Capemgonnected to a vertical conduit 805 which is
connected at the bottomto the ballast tank (not
shown) and at the top to atnosphere. A valve 806 is
| oca; [ [ 0 I Ir 4ot out
L he e oot e Ra L oa e | et
coppialsed:, pliepiank v épadedmvd hvdbervabwer ddb(e.g.
open. Once the ballast tank is full valve 806 is
seroowading regen Lekeherr i niveducethiaught je filter to

heag- ace mhiﬁh gis | aces the air in thi headspace

thec iaRF t Hel<pP s%r"@t%‘gt?elrtﬁ e$SBPEi’n igg the
. hr o i qui . ) . ‘

aifgonecPuibles e outiosbee 9y o 807, psect tia

wabéeh tidhey a evell | bbakbl ghet Ar @dtiyerngatithe tiidn has
been di splaced the valve permts gas to nove into and
coutent therenkswhendhy prleeswedexi i1 esance sk lwen

jrst and second portiopns anges. Fig

th% f uEF 9 shows
tangay RYUMR PPessur %?Qatl aSebnRye .t e nitrogen
s&¢4H 2898 tcoﬂ@@nga@ﬁ%fggf'a Bpﬁgﬁbﬁftﬂé“q5?%ﬁg

portion 2 extending into the second porti

sdonrrdian aceatnd tikar«ast; ' sadntalbtngi st tand
second portions are seal ed by SUBSTI TUTE SHEET %ggLE

hesjispeczoes] 198301 brdi/aas? 008nB0 BeB R tmogphegshriezYibg .
904 to forma cavity 905 within the seco

d ortjon
TGRAE Fn & N 1 NS BBy CHE BT i h BREOFAT abtn mole
% ANKuhBAt 5 ARV bR tC QU iao%aﬂlrhégl Eadld thige&faér

the pressure increases in the cavity 05 as the

tpréisuherige thie bakbasthd anktersesirddending said
vessel; and subjecting the water pumped out of said
ballast tank to a micro-organism-killing action
before the release thereof into said water

surrounding said vessel.

2. A method as claimed in c¢laim 1, comprising
subjecting the water to an additional micro-organism-

killing action as the water is pumped into the tank.

3. A method as claimed in claim 1 or 2, wherein the
micro-organism killing action and/or the additional

- micro-organism-killing action comprises exposing the
water to a treatment selected from electroshock,

irradiation, ozone, heat or pressure change.



second portion 903 is partially filled wwith a liquid
907 which acts as an air |ock between the first and
second portions. In the sapg-way as di scussed above,
with reference to the first valve arrangenent, as the
pressure increases gas can bubble through the liquid
4and Aomethodatamsphai metchrioughl shen 3 ,r stheoefinont8dH?2.
Simlarly, any excess pressure in the tank can be
thapsmatitc FIYOF EBRSy dd1dyus e Ofald/ecayi taitiliorpedevice.
appreci ated that a range of different configurations
of conduits and a liquid | evel can be wused to achieve
52 bak | gstneRl & PEEaSHER 4ah Ve 8find 18 d YRS R8HSI
descri bed. SUBSTI TUTE SHEET (RULE 26) -35-" Cains: 1.
addimphed cdm babl ake wetteert reat ment which conpri ses:
punpi ng water froma water source (e.g. surrounding
sea, lake or river) through a filter to the ball ast

t ank, of er-goj ng_vessel ; _raisi t he dissol ved
6t rogBRCEER ain ot aariast wad: 3 Wldtre i 1P
wheyeh nahane thierBlbheRan st H’i@tl'i‘%[tg septen driverenk

whereby the water in~said ballast ank when punpi ng
addi tepmalatneitc s - alrge T dre-ki flildgen astfionatdicmmprise

content thereof and bel ow the oxygen saturation
dibhesrint HereafmeRiiSnt aining in the headspace of said
bal | ast tank an atnobsphere having_ greater than

at nospheric content of nitrogen (in nmole 9% ; punping

7vat ef REthel sal dbaihast RNk Noer daraind d9i sehay ge
it into the water surrounding said vessel; and
wiselbeent itheg thiecnatergaunped kifl ldmsaadtibal lkasl thaek
éi_a_nicro-OJganisn}kiLlingkactLon before the rel ease
aqqkk deRaily M SEP dORAPEY L STk L ddAdich Pl anved&eIthe, A
s%ﬁ%hOd as clainmed in claim1, conprising subjecting
€' water to an additional mcro-organisnm

8. A method as claimed in claim 7, wherein the
micro-organism killing action and the additional
micro-organism-killing action are applied by a single

micro-organism killing unit.

9. A method as claimed in any precéding claim,
wherein only a part of the water flow into the

ballast tank is nitrogenated.

10. A method as claimed in claim 2, wherein about

10% of the water flow is nitrogenated.

11. A method as claimed in any preceding claim,
‘wherein ballast water is oxygenated before discharge

from the vessel.



killing action as the water is punped into the tank.

3. Anethod as clained in claiml1l or 2, wherein the

m cro-organi smkilling acti®h- and/ or the additiona

m cro-organi smkilling action conprises exposing the
water to a treatnment selected from el ectroshock
irradi ati on, ozone, heat or pressure change. -36- 4. A
nethod as clainmed in claim3, wherein the treatnent

1Zonpim sapraretise B0ratéwyitzeabRendyicdde Pablagthadior
as clained in claimég NPLLSiN addi steamio_the .

e85 fr Pt dhfndu Vs f Bl hea i amor Clen R Pl 8-

a WBeFeih i MKRAL- Qe Sahkbll it Rakh ORadRe Herough a
addi tional "m cro-organismkilling acti'on conprise

£l £&er amid tiread mantosl Tas® tehkod easf tratnmedniduianyfoft

clains 3 to 5 wherein the mcro-organismkilling
caEryaRJanthtele LHEM Skl Lirsito srgantarrahl ispild

Lon. are th S 8. A nethod.as clainmed.in ¢laim
eEPEGROFE FARE PRTdRS 0GR Enti 1 Feo St Lor i FRe
£GHALHEeRAuc MG A1 erARUS M KED! BRY BCd deNaa R aPRbf efhe

by a single m<cro-organismkilling unit. 9. A nethod
waisez| berdedy ipumpgdprfecedi sgidl dimst wempi toorday/id

part of the water flowinto the ballast tank is
baltagfefandy. aptinngdiliode a816rQdaiy $AUELS Rtgcached

i ut 0%.0f- t he r f. Qw i itroge
on 1 Rl 0 cr el T B Eh o duBei i e E6na
pURST @R ika | ¥BESorlSl Py YasRatR® het 9hediRc s o8
fromthe vessel. -37- 12. 'An apparatus for the
fireat pamp )off dyal basipiwey evaté&or caitwad Br sgodndpalesset ,

sai d apparatus conprising: . a firstcfunp that, is .
tank ahBEQUER punpeGaret aMndugk and discharging 1t out

of said vessel; and a micro-organism killing unit
arranged to kill micro-organisms in the ballast water
when it is pumped from said ballast tank and

discharged out of said wvessel.

13. An apparatus as claimed in claim 12, comprising
a micro-organism~killing unit arranged to kill micro-

organisms as the water is pumped into the tank.

14. An apparatus as claimed in claim 12 or 13,
wherein one or both of the micro-organism killing
units comprises a device arranged to expose the water
-to a treatment selected from electroshock,

irradiation, ozone, heat or pressure change..



filter and into a ballast tank; a first conduit for
carrying water fromsaid first punp through said
filter to said ballast tank38a nitrogen introducer
for introducing nitrogen into at |least a part of the
wat er being punped fromsaid first punp to said

1bal |23t appakatops i @aalclyiaed t inged asourké, awhagiesdh one
or, attachabl e to,said nitrogen introducer; .a second

OB uRBtOWA T HFRBY M SR ISRARE frick g Prddsa9 2@
c%%{égt@ﬂﬁﬂqégicgqnping wat er out of said ball ast
an g

throu a second conduit and discharging it out
of said vessel; and a micro-organismkilling unit
arranged to kill mcro-organisns in the ballast water

laherAnt abpapaipesl §somlsdimkdal hastatiankl andcomprising
di scharged ouf of said vesse|l. 13. An apparatus as
NPRF @Y R th FFeHbnpPi ShRgwWaker -
m cro-organismkilling unit arranged to kill mcro-
organi sns as the water is punped into the tank. 14. An

1Appamat &ﬁ]faai*a@@é n2d bnaGhiddn dd ahyv13f $hgifkn 1ane o
or both of the mcro-organismkilling wunits conprises

16, dehereian rdngedico cesgogent Ba—witkl ingouaith eatmenged
selei ed fromel ectr.oshock, jrradiation, ozone,_heat

CorkplésTF LHARGENLSHE A8, TAR HiFht 4§ RATEISH mbdto
R Egﬂk”hkﬁ ﬂﬂg{ﬁ#ﬁ%?ﬁ%r 5n§ghpﬁﬁlif§gtunit arranged

m Cr 0- organi sm units 1S a cavl I'ONn" devi ce.

td6kifD agrafelesgasiehdl el warehaibeilbg pOMYdS| figom
means for adding steamto the water. 17. An apparatus
saisd challdedt ntank ehcdlaibsoi4sedd r6esakér @ine t he

nmcro-organi smkilling unit arranged to kil

di%ﬁ?B?BFg£¥Qﬁé gf @é&%&ﬁer is punped into the tank
and the mcro-organismkilling unit arranged to kill
m cro-organi sns in water being punped from said

1®al lastappakariuk ot eflasaicll vessehyaref ¢lldimsentd to
types of devi ce. _

16, wherein the micro-organism-killing unit arranged

to kill micro-organisms as the water is pumped into

the tank and the micro-organism killing unit arranged

‘to kill micro-organisms in water being pumped from

said ballast tank and out of said vessel are the same

type of device.

19. An apparatus as claimed in claim 18, comprising
a single micro-organism killing unit acting as both
~ the micro-organism-killing unit arranged to kill
micro-organisms as the water is pumped into the tank
and the micro-organism killing unit arranged to kill
micro-organisms in water being pumped from said

ballast tank and out of said vessel.



18. An apparatus as clainmed in any of clains 14 to
16, wherein the mcro-organismkilling unit arranged
to kill mcro-organi sns as-3he water is punped into
the tank and the micro-organismkilling unit arranged
to kill mcro-organisns in water being punped from
2Qai PBaFPRATAGHE Afid IRITFASANdame st Glaimse o
ype.of device. 19. An apparatus as_clajned in clai
L P AL G LYa 2 R R HS MR s nPReaRd RDRRE
iRebl RHAHAPT Bstt Ryl CIQ'HE%%g%BA‘téJ%'. ng unit
arranged to kill mcro-organisins as the water is
punped into the tank and the mcro-organismkilling

unit_arranged to kill _mcro-organisns in water being
2hunptd ePPATStiws dal cdaimedkiang ladm o3 0 sawberssigel the
ains 12

-39- .20.- An apparatus as, cl ai.-ned i n any_.of cl
o1 f RRPY NG R o S B8 TiRped-
thhb@ghhebad | a8l rank d Ssat §r eganaled. cdhx Mdmprises a
apparatus as clainmed in claim?20, wherein the “conduit
fiostcaonduig: wAber dinmeutsang & peirtpuosd ther eughesaflow
filter tg said ballast tank comprises a first conduit
Vg ther satinpuan pant ridupervangs & |seeonfaaamduit for

| n it roducer and a-second _condujt for
aff LEERRY U F el e RERNGEERY | bhrts tnerhe
bdel dast +bapk. 22. An apparatus as clainmed in any of
claims 12 to 21, conprising an oxygen introducer

arranged to oxygenate ballast water before discharge
therefore fromthe vessel. . ]
An apparatus as claimed in any of ¢laims 12 to
21, comprising an oxygen introducer arranged to
oxygenate ballast water before discharge therefore

from the wvessel.



