Bal | ast Water System This invention relates to a

nmet hod of treating ship 's ballast water to reduce
whe@bsagessenl contam nation and to apparatus f or PCEEBR0V5/001838

such a nmethod. Wen a ship unloads cargo in one port,

to prevent the departing unl oaded or partially |oaded

ship frombeing unstable while at sea, sea water is

general ly punped into the ship's ballast tanks at that

port. This operation can and usually does result in

| ocal marine species (eg% % teri %n @! ticellular
species) entering the b 11% 2 %rt%r %t ship

reaches its next port of call where loading is to

occur, the ballast water nust be punped out. If this
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environment of that port as expl alned bel ow
Mo GPPFTSHUSs TRay el Sen tidy ity 2 A9Ad wat er
arrangenments including punps, filters, pipes,
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V'%dﬂééﬁfﬁaéfgi of the marine environment of that port as
explained below.

All modern ships have integrated ballast water
arrangements including pumps, 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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cargo unl oadi ng port, the donor port. Wen

approachi ngthe reci pient port where it will receive
wmewsaessgp, bal l ast water is discharged into tPEI/GB2005/001838

surroundi ng sea. This world-w d% transport of ball ast

wat er raises concerns as to its“environnmental inpact.

When t he baIIast tanks are filled wth mater froma

por t.hi s. mat [ or [
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organi sns, parasites of different kind, bacteria and
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are Supj ect e he Same T equir énen
pr esentledriieon s no technol ogy avail able, feasible for
shi pboard installation, for treatnment of ballast water

thafnﬂ@@g&?é%ﬁéﬁ@é?%&@ﬁ@ﬂ@ﬂé@ MALE aéf/'@i@]?éé kR the

forthconi ng, ul ations , Some industrial K wa
tre%ﬂ@ﬁﬁﬁatlona convention, the International Convention

for the Control and Management of Ships' Ballast Water
and Sediments, for the purpose of reducing the risk of
introductions of non-native aquatic species. This is
considered an important step in order to protect
biological diversgity. 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 requirement 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

gquality as set out in the convention, but may have
w@b@saetser i stics that are not conpatible for PCT/GB2005/001838

shi pboarduse or maybe not even ﬁggsible to i ncorporate

into a ship. Filtration is the most common and sinple

met hod to reduce the concentration of unwanted

.§§F1h£gg lﬁ@§te o@gfﬁﬁg ﬁgliﬁééﬁ§§£§Ee into a
exchange in open'seéa Int conmer cr al
shigslcreen bal |l ast wat er through a 15 mm si eve or

simlar, at the sea chest and/or hull fitting. This
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cofT Y&t Heom WIF?’E%‘HF%/‘: IF%‘?’@%?E r‘@%ﬂ?’%h%mssb]&h
as Haklpst nvetdelisad B3 drall 1 8¢ igevhtet o@acym@ﬁgev\bnl épen sea

ot sns C
bacggﬁﬂggq%#?us M %%d%%m%gggozoa d&%n%?%% C%aggasgn%ater
I art\la@lcﬁhrﬂgl@rmmlfp:eaf@r@ns Wmil@vassat htlvaghea chest

er o!
o SRy Baee T e [FePERR Fifter may be
ba|cr%hm@fi é’Htfar@YCb]acPlﬂ%l%%P%%*é@¥%/ Bevavesnssuch a

pr st ar / é%ﬁaf&&i@@tcdﬁ@f@ufﬁ%&éﬁa&iPDSanyCPemove larger

di fference does not al s occur. Thus ycC
S e ey P O o TR R B LR

sepmmrtdpﬂymmj maﬂ@rmthé\iards:ogamhsfw;bﬁélnﬁy ballast

g dlarv onp etel nd | ar | ankt on
gpprafogﬁﬁﬂp %g%ésxaéﬁ%h'¥%¥$e73 WPt 6?5%?% 2%
i nmmmbrbaa:rkd IS An®, lamyes ooh biglome Tl bHggborms will
dur s?}pns, and has proven i nadequate for
a

f||trat|ng ball ast water at the flowrates in

question., Ballast water exchange in open sea is the
onlGY PrITMSIRITIATS | FRLT A R P Hi D oo R prlaber @f density

api ek ficd h e diwdas ef 0l i d@nadh nehidecddsksaPiast water)

bméﬁgnpgwgfglé§21§gé%le/ organisms present). For ballast
water applications, such difference does not always
occur. Thus, 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 flow
rates in question.

Ballast water exchange in open sea is the only present
actively initiated shipboard measure applied for the
purpose of managing the risks 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

SUBSTITUTE SHEET (RULE 26)



operations. The principle of this exercise is sinply

that of dilution resting on the assunption that open
wG@e@smesler contain a | esser concentration of oPQUHGB20VS/001838

than that of the coastal or port water used for

bal | asti ngand consequently représent a lower risk to

the recipient port . FromUS patent 5,932,112 to

B t d .
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rerved- in a vacuum process with a subsequent

i njection of exhaust gases fromthe ship's machinery.
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survive the treatnent, as in the system nmentioned

abCW@ 3 NO§ Y06 aE‘o H@éﬁ@itﬁl&:@gél&@é'é‘n@gété@ and method of

descri es a nethod for treatnent of st water y
estkb} 1a#F Nt Bes UperR e Bt lPERE EHneWEPeA Fhreneh a

mtxﬁéntx%ﬁ Nihd é@t aF ewleXpPOSLUotPgdaSs SHPEH sAGUFaEEds added

malgg mlcrg E& b&geigg Due to the large surface of the
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 1s vented off. This
gsystem 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 is air, but it is stated that
nitrogen gas may be used in some applications.

Supersaturation will effectively kill larger organisms,
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gas bubbl e di sease' 1, also known as ""divers' disease
11 . The supersaturated gas wll replace oxygen in

wao b@shossod, and enmerge as bubbles in bl ood andP@DGB2005/001838
tissue. The preferred gas is aiﬁ, but it is stated
that nitrogen gas may be used in Sone applications.
Supersaturation will effectively kill Iarger

or a1 el ahe L OE ST XULILR, SYELEMRlsesom)
forb@‘ra“lf’v kﬁf%rﬁmctsmrpnasnmmmemus thete is

an Qoo Ngndeed, §19ra 4 61Ul by whi ch bi ol ogi cal
contan1ﬁ%t|on by dlicﬁ%rged all ast water may be

red ced aor elimnated. Vjewed from one aspect th
ofrﬁﬁa%ﬁ%rﬁrpr%ww PeRA HORE of e PP i @4es viay evhich

treﬁtdmjglm clorctaminSeton i fichaeded HiDI2e: Wadesr may
SO rcee%g surr ndi n s a, lake or river) through a

fil ‘gﬁ% Dal Tadt of a water-going vessel /

rai sing the dissolved nltrogen content of at [ east
parfieyfed dinPmenne aspect eved rabosent hmmmtnglenprov1des a

satn&gtq{dd)w%gﬁrgse hesof whershynd he, V@{eé%&&grfﬁé*

bal | ast, tank wh punping is ferm nated 1 s
ni t@@@@@%éﬁﬁ% |%?P%oﬁ1t"éﬁfﬁ61f HQWEIE aff- el B EPending sea,

OXYIG&E Tt Uriakd:On ondiefl 4 heready dRithiph Nadd tdek of a
headﬁpace of said ballast tank aqggﬁﬂ?s %@re haV|n

or SR (BT RSHIET | GRS (ERT. T SQHERE (7 hE g

% )cgnbmurtpicfy atatleradt gasaidr l&:lcﬂ&tabﬂ@:ﬂkt¢ N 0LdW€l above
wa SUr, S d subj ecti t he

maE§% %%ﬁ? ron1sa|336) é%qtﬁﬁklﬁh(#%fé &E@réby the

m G\ﬁi‘(ﬂ@m said [Manpstettiaork béfer eouneinel easeerminated is

t hefigRfe ivhtd rﬁadx%%@{r %;astﬁgga{tﬁt%'cr&% MESSELr and below

Viewed froma furt I nvention provides an
ap patatdy Je8Y ﬁadfél]iq’téamré?ﬂntcﬁl’ltbéh%if‘sqoﬁ/vat grafraining in

Wattefe GRIAMBPERES RIS i dl RONAIA! U 00T | M okpiefd "Blving

purgg:eaq: rpl{:rH) %tmrr%s%hérqrcouc%%taegé lotfernlatnrdogl;enrg_ o(fln mole
%); 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, saild 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 said first pump; a conduilt for carrying 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 said
ballast tank; optionally a nitrogen source attached or
attachable to said nitrogen introducer; a second pump
(which may optionally and preferably be said first pump)
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ball ast tank; a filter through which water may be
punped by said first punp; a conduit for carrying
wordenog3nom sai d first punp through said filtePCT/GB3@b5M01838

bal | ast tank; a nitrogen introducer for introducing
nitrogen into water being pun"pe@ fromsaid first punp

to said ballast tank; optionally a nitrogen source
attached or, attachabl to sal nltro e r ucer

S B SOl R gt er

Saidﬂaﬁdms:t amdmjut GE s‘amrd memen]g vmtrmrcn‘qsco:m*gzﬂmsdn kllling

baIIa t _tank th C Q¢ Q&Q f
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m ruonregh firsns sai dvdteelrl asd rtgv?lrﬁﬁrﬂiéij JitorpE i dareasel -
tank and out of said vessel. Viewed froma yet further

asREGwdd & A eNt}an Rt e s gp @ aihegoiz{kﬂer\!@ﬁ@x@'prov1des
havi ng a bal | ast "wat er_ tank, characteri zed |n t hat

saidd WAESIEIIFIHS HSSSOnPI Sy db R A @6t Pt o
t hQ:Haﬂ:\éﬁﬁéxQeréd)rld rgedd ngahilveasde Watierthathi d@mprises

G BATE CHHOHART e Ty 1T 1L R T hS

nortc&llaa:t malttelcel | ul ar organi snms entrained in the
bal | ast water or present in the ballast tank, a

f
uniere %\@Hgﬂ&%} ot NS MY %j%at ttﬂe m@it USeing loaded

nvention Is trogen

accor
suﬁlé’kt%ttgr%tk@duﬁeﬁtl dankvdtay He Pieraes %f%ia&% killing
COrfsd O ntdleclaaéllwaﬁ Qﬂl@ani@m§ dit 10f 1 el t 1.6 Ut 1d

benef.it as repairin repl aci orroded bal | ast
ve e i e o TR 'Q%pg?%h/%s"rt%%]ﬂ P ¢ figreher
refddudmiaoy @hitise eliesian dphatdtast aeterdimgkso the

substantlallyll tstheoera onI [1f
At lrﬂ’ e % E%)tpet—T at ot or& nps?ug%r%a(re% %%ygisgéfl%t
opef&memrm]lscb |s'o&stfs vessetdudy @ernedien tdl ’tr—lm epablast

3:"][ fik tOle'hE? pallast tanksradhend i@ £OSEYa PPy or
replacing corroded ballast water tanks is one of the

most expensive items in the refitting of ships.

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 intermnal 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 companies throughout the world not
least for the reasons outlined above. The ballast tanks
are an important 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 the ship. Ballast tanks are initially coated
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particularly where [ arge anmounts of nud and debris

have to be renoved fromthe tanks before they can be
w@a2ionties3o1 Cor r osi on and/ or oxidation of protertT/G82005/001838

coatings (e.g paints) in ballast water tanks are a

matter of maj or concern for shipping conpanies

t hroughout the world not |east for the reasons

outlj uraﬁgg¥§em $§ $§££8§£%ﬁ §§t§5§h98 Egggﬁh%gt The
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of et ) r&ﬁt@fetﬁpﬂé&lﬁi‘_l/ys&bﬁ@tbﬂ edo aﬁgaﬂggt@ﬂéd py@[rn then
tine by t he frequent c%gn I h_exposure begween

andPi rEAES 117 £ 2 nBkER PHRPEPREFTI P oFeBﬁlﬁﬁrtyalnt
af terriypinal dydsospaintid® geatisetbaklagtonahken This may

("t 8,d Pk eadys anseLun.p peres O ACROILE: DR or

rra;b:tm@ P e @mﬂwaﬂgd rielpai veswe ksbatweenepartsyatd seme

by higech gF ey oabodesh dhe-ysssebr bebmeengRor the- bhllast
some vessels, in particular those of some age, the

bal 13RS {BR% s MayPR0EOBeeG0at ed. The main corrosi on
mechani sns are that of el ectrochem cal reactions

OCCIHd irﬁ@im\kmf@é%n Q’@d}@l@iﬁl@ﬁ@ exposkde t 6f an

I ND] S .
o DR T Rac bR Joal e ndSyndh RLRL objects
causenl dpaded ste@edn obxidies B psnvandnsenuct useabey ngnder
incontact,y ih é@ﬁ&lﬁﬁﬁ%@teﬁheagéngsfénaf?ve%e %%ast

el ectrolyte, and oxygen in e arr or drss
watteanks Thereawsed Jox cibe @@@%he@%r%h¢h%hlmavbanhpabructure

on gdend af @dneodt Iﬁgtﬁe@é@@aééma@ar oxaéi@ihgnaésan
wel |_ as corr05|on e hest coerS|on rates_are
us STV i na%eowf? theratheo¥ opttapkvednin the

thaﬂauéw\armhéna@lmepé@stem ﬁdiwmnéts(eﬁgptlaweldaw iheact on

co Ined égfg?tcégtlng degradation by oxidation as well 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 legislation
(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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i ncreased average tenperature due to sun heating,

abundant oxygen supply (air) , splashing of sea water,
w@nwsaysshi ¢ t enper at ure changes | eadi ng t o cycP@T/GB2005/001838

condensati on of water and drying. The devel opnment of

corrosi on protecti on neasures hds resulted in inproved

corrosion protective coatings influenced by changes in
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f th I |s.are al so_when, t
SR e g PeaSh Ry Canko [RANES 4R SRis Bvbhayoxvaen.
applying a stripping 1' gas e.g. nitrogen directly to

t heltt ankll Foe apereesated dilsat azspedies dbssoheeproexggen

ef f4 e I e_ i

mtief?‘* Rt A oan iy S TTUELOE0E I B YERs Cob dopllast
of GaEK FREEIiPhventi on provide a solution to the

probl ens of ballast tank corrosion. The punp used to

Ioaﬂlé rﬁalds?éa et Bbad NE1ge tihel Dadt aﬁétéankn@@ceﬁé“mllast
t |nvent nd generally also t dlscharge t he
bttt eqaa e are D ol Rt foR i Stasal 87 %o o

COWWSﬁhargﬁ ﬁhﬁIbﬁﬂlaﬁﬁEmamnmﬂfrdﬁﬂihetﬁmBlﬁ@U|daﬁk may be

| h
b s RS T Y IR Bhwtor RSB e Bhe voapiet be
th@mtplor&d:rplpmpse:g‘em arégesdbyveom thpaddtly of elsewhere
100542 JMOUrs ¢ 8o 1 ;‘&P%E%Q& yBiboys . bggf“dff:lgéeéhlp.

throu h whi ch the 1 ncom ast” water is
pr eFut mhymﬁag%nwlelxulﬁveérmwam@m ®H Fe@aln000

mult/eelikul ar. gor aani-am®o b /Kesired pore sizes snal
enough to retain bacteria may be used. Filters having

a The filter through which the incoming ballast water is

passed 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 um.
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 has 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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pore size of 10 to 100 mm, especially 20 to 50 mm.
Preferably the filter is an automatically

wh2awkA6430shi ng mechanical filter. N trogen intpPOOGBRI06/01838
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
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nitrogen injector used in the nmethod and apparatus of
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anlntroduc1ng nltrogen into water to achieve nitrogen
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
constricted section of the water conduit with nitrogen
injection ports 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
nitrogen flow rate at such Venturi injector may be 10 to
220 m*/hour, preferably 25 to 100 m’/hour, especially 35
to 80 m’/hour, depending on the pumping capacity.
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overpressure of nitrogen gas. Particularly preferably
however the injector is a Venturi injector, i.e. a
w@onstiesdet ed section of the water conduit w t hPei/GBR@S/001838
injection ports in the walls of that section. One such
Venturi injector is described o exanpl e in US- B-
6505648. Nitrogen gas is preferably piped to the inlet
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usg% may be desirable to incorporate a pump and/or a heat
exchanger into 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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it my be desirable to incorporate a punp and/or a

heat exchanger into the nitrogen supply |line. Before,
walewosnggsor after ball ast water | oading, the baPdEHEB2005/001838
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a cavitation generator, a propellor (or I|eading
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ad M- st ST aTYPb?a}T%YeSIb‘F]ef%r%Jr‘{/e o*houug be activated by

a pressure differential to atmospheric of at least 40 to
120 mm H,0, 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 lmm 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, i.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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nitrogen. Typically such a valve should be activated
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150 Anp, e.g. 20 to 50 Anp) , a Venturi ozone
I Nj BEtDIrpadt CAYid Bl Opr eyt £€d @ﬁﬁodﬂh@n@sﬁfoﬁhe invention,

ele&hélébparatus includes an oxygen introducer arranged to
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 introduction of other
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treatnment is one particularly preferred enbodi ment. In
a particularly preferred enbodi nent of the invention,
w0 b@sapssar at us i ncl udes an oxygen introducer aPCHOB2@S/001838
to introduce oxygen into the b ast water being
di scharged fromthe ballast tank: Tn this way the
wat er may be di scharged having an oxygen content
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fomitrogen supersaturation of the ballast water.

While it is greatly preferred to nitrogenate the ballast
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 to 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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i ntroducing nitrogen into the tanks or conpartnent

headspace(s) before, during or after such transfer.
wWORNWe0w8301 t he punping circuit for such transf ePCTap2006/001838
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fr%@&%ﬁé% %@ﬂé%g Jfﬂgﬁ invention disclosed herein relates
to a 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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In such nmethods and apparatus, it is again preferred

to include oxygen introduction into the ballast water
whedosnes3oi scharge so as to avoid the undesi r abP@&r/GB2005/001838
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i nvention disclosed herein relates to a nethod and
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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 liquid inlet pipe supplying a liquid
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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connected to the conical section, a cavitation chanber
connected to the tube, a liquid outlet tube connected
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at ngphes eordbhendal I@spat@kslar those with a complex
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 is utilised 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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will elimnate the danger of explosions in said tanks;

this is particularly relevant for any tankers carrying
w®@rdosne83ehem cal s or any other cargo that nay PENeBai0s/001838

expl osi ve at nospheres during a voyage. As a

consequence of neans applied 1 d ¥ eénove di ssol ved
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supers tu thus, ex 8 orggpg
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consgaustdon I educi A het 1 ntiss r@bo%ﬁé%e pf &I‘& and gas.
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chagrlaﬂﬁeerq 1r£ R?Fb‘i‘ )\rﬁgt ekbef FAULALTUrOPoi nt . At
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haver.each close to a

AR GopUTer ol (g v fyardar bk dhgsolve
con=ict eintta dchdhatiaiigul sed shock vvaves . These
conditions will destroy a large part of the organisns
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into the ace a S|gn| I cant proportlon
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it sldiMddore e de d@&;@@@ e oh@anpgyﬂg@ms@ncorrosmn

Ieaduﬁ to a further %%tlon in the Igg of o&xgenll

R, oAt o B a1 0 steam i
boost the water flowing through, thus attalnlng a flow
rate necessary to obtain a stable cavitation in an
energy efficient manner. This will eliminate the need
for excessively large pumps. It is also beneficial for
the oxygen-gas exchange, as 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, i1.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, less 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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cavitation, the floww Il be two-phased; |iquid and

gas. Since the liquid phase will be saturated or
waapenessour at ed, the gas-phase whi ch consi sts P@r/gekeos/001838

of rel eased oxygen will remain stable and will not

di ssol ve back into the Iiquid. The repl acenent of
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other than water that is gas at STP. For the purpose
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e AL ST B LSRR A LU oo by cne
coastal authorities 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 laws, 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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port . A s discussed above, it is common practice for
vessels to discharge water carried in ballast tanks

WO nios/1043e1 sea before the vessel is | oaded w t hP@T/6€B2005/001838
i ntended cargo. The national | of the rel evant
country defines the distance fromthe coast at which a
vessel nust discharge the ballast water. For exanple,

Ca [,8{u ' [ ical.mles, .
r ol G M5 .o SRS o 0018 BT, (bl Eeions
watley .sadehpla h o ade (RS r equi rement s i s assessed

by the coastal authorities of the relevant country who

at tipin e AT AP Hd ddten bl dasde taddess havge beSNsta1
enptied at the aéaro riate.distance fromthe coast, It
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t hatretdiesebal darstidranks wiich sthe hwvieadbear espt t &k d Nvere

conpl j e with the relevant | aws, not | east because
of r@hée:%%lCrl s%e\z%‘ce at which the vessels are required to

enpty ballast tanks. There is therefore a need for a
sy sthemasitairlalumiis and oiedtanl s tortdge iunyit onajetles rame
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with. Thus, an aspect of another i'nvention disc

he M GF PHHRLEE &5t | i@ g Madts sjatleras a hard
CORRITKS IdiGvie ANt 1UKd nafld Kt SEiate ERSdherely,

control unit beinqg arranged to receive an indicatjon

{ haTies AT (HATS AT S ML it PP QriAto the
I ndiecatd 10rs afortthedo@yditemtes of the vessel and to

store both indications in said data storage neans . By

i nt-err ' the a e ot cQas
o S R el A SR M ) S e, Sagn the
pr &P Ansk FMEYors teramdadia el addinandto vertldrastantet aseruptake

gi%ﬁﬁgkﬁe@iégﬂéﬂﬁwﬁﬁﬁlMayé it A SHY a0didy Y1 e of
es%%% a system i1s an internet-accessible database.

The position of the vessel may be determined using any
suitable means. Preferably[‘to 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 receive a
signal from a level sensor or other suitable sensor
disposed in or near to the ballast water tanks
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sui tabl e arrangenent. For exanple, a conventi onal

m croconputer with data storage neans such as a hard
waele®k/1o830ve or the |ike may be provided. Alterpart/GBeiog/ 001838

the system may be incorporat edgzqnd integrated into the

vessel's control systens. If d red the data storage

nmeans nmay be renote fromthe ship and may store data
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nDre han o e exanple
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I
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t
Sﬂgﬁé‘%%%@%@&o%%%ﬁé. datyd HHh (BNA IRF hna che
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Al ternatively, the control unit nmay receive a signal
frdm aqxé'*’\?gleséﬁ%c?r ‘%I’r}: ahgé':‘r sui t abl e sensor di sposed

|n or near to the ballast water tanksindicating that
t h@hteardortasobesn tergutd ethten gatdlyagae suhianta el a thange

n Bk s slerall e greladil o S

i ndicgatiineh twadten rt@mmne(tsa)rmm beeﬁl‘l‘cﬁomreitmly umt and
e d. I,
MR8l s t BY yd e ard O X MU £, d%%r% s{[ﬁ?\{%n K ne Y be

| evel sensor or by a tlner indi cat i
t heTdesdRst g g’y Palimet ndte i smdHatonheln difke tank

hawg keeRrenpiigthalibt egarding the ballast water such as
salinity, N, content etc. 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 has
complied with the law.

Preferably, the vessel data is also remotely 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 vessel 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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i ndication of the |location of the vessel when the

tanks were enptied is preferably stored in data
war@sagsoneans, for exanple in a database. TheP€CDGBR®E/001838

unit and data storage neans may_ _al so be arranged to

record the tinme of unloading,” t4me of | oadi ng, water

tenperature etc.. The control unit and data storage
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before _docking at a port. The vessel data nay
tranSsltred directly to the coastal authorities or
alternatively may be transmtted to a third party who
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t hitheabeddgetettenkise | ocati on of the vessel may be
determ ned i ndependently fromthe ship 's data, for

example by salrl] e ATdR 1o o ?)%A#ll%%l & sensor(s)
di scussed above, in one arrangenent the conditions 5%

t h8TFaPreserRRiler dfap e henitested dvéhea hallagtndpnds and
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conduit or conduits. 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
comprising at least one conduit having a first end
disposed 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 is thereby possible to
closely monitor changes in the ballast water and also
the ballast tanks over extended periods.
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around the ballast tanks . In this way the conditions
within the ballast tanks can be nmi ntained at opti nal

wo ewsl188301 However, over prol onged periods of OPEr/aBR@H/001838
sensors are prone to degradati particul arly when
di sposed within the ballast ta .~ Thus, in order to
overcone this problemthe sensor (s) are preferably

di j t f1ui .
SorBRE AR el I b B A0 ool ) iy
corfuieenduireflerably dirtabrris dispesedngedvavious

retdydy dhe, bad,l al‘g'gﬁ }’l@éﬂaé@ {48 t@nks 15| St@Pé(bly the

mai'nt ai ni ng the ast tank vol upe whi

cotSHRISTy FHohidGrated He® bR FasYe v klaglondEepnsrom
Thussclviyerh $i anark did lpd e ideraebpeeton hek€ hsllast tank

provi ded a bal.l ast ter k nonit oring. appar at us
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This arrangement may also be connected to the ballast
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 out of the tanks
as the water level changes. Conventional vessels are
provided with ballast tank valves which can be opened to
allow 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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nunber of fixed conduits extending fromthe sensor (Ss)

to parts of the ballast tanks. Alternatively, the
WwWG@Eensnesonay be connected to one or nore extenPebGe2005/001838

conduits arranged to extend into the ballast tanks so

as to be able to receive bal l'ast® vat er fromspecific

positions within the tank(s) . In this arrangenent the
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ar range et MRy, al 50 e roRected Eé’nl&@eagaﬂ:lllélsxtl%%@éﬁén is
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condttyUHESH t hi n the ball ast tank(s) to be nonitored
and matched with GPS and tine data. During |oading and
unlmashendi oft atd Bste tankSed t£ds @SBV ¢ atapiisgiegads i s

[ i.nt t_of the tank th t I l .
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over the journey of the vessel. For exanple, entering

tr optERl R FhSERRM |2 | fick bhsBIEHee ¥ 3P @k urehere the
baldrastidanks BAETLDY W eAdmg phes NILSSHELLEN $ABve for
headspace . Shi pping classifigcation, societjes require

G v ST ERT DD (% SR oy OGS Buf HS b sScond
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i ntroduced. in a st. tanks, as.discl osed .
e g i S S Rl il Biedfe o 57 68 peaice e
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therefore a need for a val ve capable of regulating the

Pr efsuresAdl; | t &k i Vi
venti | acﬁ%%hlfq;os%%?ﬁrst t,an%@i%@aﬁ%%gn%ge%wﬁﬂﬁgl@é&

cl dHT ix d WS eifEredui thagttddle portion is defined

in the U-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 portionsg may be
formed of generally concentric conduits. In 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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Thus, viewed froma still further aspect, there is
provi ded a ballast water tank pressure relief valve

w0 o005a088hi p, conprising a conduit having a firBCT/aBe005/001838
second portion and a middle portjon disposed there
bet ween arranged in use to cont4i i a liquid so as to
provi de a seal between said first and said second
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the second portion is preferably connected to the
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leave the ballast tank or tanks. This may 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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air is displaced and bubbles through the fluid in the

m ddl e section. It will be appreciated that the m ddle
w@ewmsilessoessential ly acts as a air-1ock all ow PQI/GR2005/001838

flowin either direction depen 'ﬁg_on the pressure

differential between the first d second portions and

the hei ght of fluid contained in the mddle section

ﬁgtt:tgén A ANDe@n A 2P fa@(a&tlea LQyi ded

e opene to a 0 Tapi er Sor
|eaﬁ@cq1ffélrtm|tt@sth¢ aFkvertiemks . This may be
pr ef erabl e when | oadi ng and unl oadi ng the tanks

m@f@ﬁr@wmwgﬂd@%aﬂhﬁ Ak t1.0gem 1 he i/ﬁ'é(eshl and
dISC ssed abov y be used to retain the |nert ?n
%%fl Hritg | F LR PR ebfhe RPYRHEULHF SShip used

valﬂta: rt&;m)eua]mstmaegnaé margosd ideohal bosh yedGible skin
ta r may alternatively be a val ve which can

convéni‘éntly be retro-fitted to an existing ball ast
water tank. It will be appreciated that the features
de§@ﬂqﬁﬁjﬁri&lﬁaSthmﬁﬁk@)WﬂﬂwxnnnnﬂQ§S|$e¢tEDn of a

desardgatd ot @id d Rdhs apRendsadh el @ yhee C

convenlently be used in isolation or in conbination
Ep each other to_provide a conplete ballast water
PR Syt émS %ﬁtﬂse%fllt HE TR R GlokPi 9§ another

nown‘mmdiﬁmnﬁ leerd ghe thatfe by eyt n@fntexapl @& and with
reference to the acconpanying drawi ngs, in

acco%@eg%r %Wssla%véntrl%gﬁenl—engi 6‘1“% amsfﬁf‘o]t/@'.*n agﬁlar %ataulslast

apﬁéﬁ@ﬁh§na§|Shﬁ§ﬂﬂh§h|wau£nﬂﬁqpmnuharﬁuﬂpaunﬂhmgt§5a
its structure (the particular ship used for this

|| sl oV RHAIDONR. a0t 2 ARUDSusiddu by

IS a schematic viéw in cross sectlon

%§§Eh€1rr9&6’19t tvst @ teTe divhontthge\Hege a@=dRn /;

Figure 7 shows an arrangement where the vessel

communicates data to a coastal authority;

Figure 8 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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Figure 4 is a schematic view in cross section of

anot her enbodi nent of the water treatnent device;
wo-2@anes3dl shows an arrangenment when filling theChaBR@s©001838

tanks in a ship wth water froni he surroundi ng sea;

Figure 6 shows the arrangenent, len subsequentl|y

di scharging the water into the sea again; Figure 7

h h CO nic .
Garry VoL AIAGT, POGLE A dGe3 e dRPTROLPUFR s
tgﬂﬂ@iﬂ@ﬁﬁdﬂiﬂ@@]&hﬁ$rBEIéamst Eheam@énegenizgddstreams and
Fi guie & £ 03 é%@%aﬁ@%é’ﬂ?@%ﬁ@ec‘i P{eﬁbﬂdﬁit 1011
second ‘arrargenent . Referring to Figure 1T there 1S

shv £RHH BBElFshdiant 0Dyt aePedlddhe)ibaogeny a

baldasird@itn 102z@58h Bndadt ASé £ Wal €F oDy 198 qeMPR11y
103i§éﬁwfa'n bal | ast water thyough, a conduit 104 and
fC

coar e MRS RRIOr e Pa st Yy FHEEPICR: | nhie | paifast
106 aarkd 120251 smp ot idbed M land & ogemg hs o t 50198and 1018

10 0 o bal.l nk_ 102, About
10%1:0%%%@\%2 érr? %CSV]\% ?lsai(;i?r eﬁheegsé%%% %C%oh%u"?‘fs‘iog,
ancdymiptat] byl Etdi tVaokhed AdH (104Q dhffegdna dendugéments
ni tdO4eMN 4y eLtOrsH QL3 :Vi@efd]%ﬂ%sé”éﬂﬁ%ﬁ'&ﬂf@l‘in ensg in
fromair conpressor 1014 an I trogen generator 015°7%

i njTEERA TNt tHradsRaFeEn M Veh i REREMT 9B BE r eafremm H,0.

anth QA H T-RIeR i ZED S TT EANMENAF Esd £pi £ 80vdih COPIHbtessure
1011 d enter ballast_ tank 102 at apout_ 13 0%

i b gaie SIRAHSRA S ShIT | SHEF o fORLORA} ohRe v 970 may
genaratd ytd i it it adke d eaidsapen ? MHdn wilidr md ¢ regen. cdfitent in
bal J,ast, t ' Vi ith nit n sensors .
T b R R YR P TALTS T e e
i s Gelssiorgst ovddeld- with a val ve 1027 (two different
arrangenents of valves are shown in figures 8 and 9 )

WNIEGR QRENS diby €SP WSR itk NGAUSRAGE PV &Ik K vessel which
underpressure <60 nmm H20 . ,
may be a tanker or any other kind of vessel that has

been equipped with the inventive ballast water treatment
system. The ship includes a double skinned hull with
ballast tanks 3 installed between the gkins. 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 simultaneousgly 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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Alternatively valve 102 7 may serve to vent
overpressure in the headspace and an extra optiona

wo 200v8/14321 0 may serve to introduce nitrogen WheCI/GB2005/001838
nitrogen content in the headqugi and/ or enpty tank
falls below a certain desired | Figure 2 shows a
conventlonal doubl e skin vessel mhlch may be a tanker

\ b i
T P e e
sh|2p2 ivicd udes gaeovbiereki wned Hul Thed vatesal Laspurpadsinto
éfﬁa?@tﬂ‘@ﬁﬂst@fasﬁi és if@e m@sl §1drueeoﬁﬁﬁct the

ropu§5| on nachi nery unps water fromt
surt?ceﬂmd@%gt%%ab%%%@htﬁnlﬁ% t%s't:h%va%? EPRB¥AENUNGR| P, fOr

7 cdﬂht{f@gﬁmg StiselPph s edothiBehheobathastaRE ©f For ships
tre ment_unit froma respiration_or qﬂgtro

SEror g R AT AP AR 15 6008 FOPRORDF angeatilation will
tedhacém&urem Gmmvént1®ma$hpadatecbkygéo abdvai eogebut

1 fafldeq WP SALLASLNALE! LISRIELULL LAog! 2057 €0 not
W tri'l] ner a ?rom any excess
exrmwte@a:sr)t@rtlﬁq: onesppotiee Bankst e"ﬁlne geﬁétamosbouneln

al ALYy & OTRAY Yal 851 Bhé Bdat NafOshe S0ARS £t BBt hgalhit

bei ng” used for” heating the heav . Rel eased

oX YRIEFCE G t Hee b%ﬂilh%%t waR T | Grer e RhneBLE! ¥ -

renoved fromthe ballast water system and tanks and
venrml m)eiil&@& owd her at hesphene @hihev mraugmcted in Fig.

29 d t t
of 1 aribby R ERER Thot it ATEHCT Ak b okt FRPFDRE 22
sysimﬂagimtm@ﬁw;mmean1inbet1@aylastheagas pmpérél Thet
t | k
o B Eq Rt g, OF B8 L8R chal By 2P panical
tarﬁ%cupmh%zgh%a@mgrbo YMATDow mlln,@mcéitl twget Bhé. The

gascePM e el thset 20kss. cgﬂﬁeéaé@swhsrﬁlaekssectlon or
arrangenent is,not feasible, ventilation wl]l

ensTREP L RErt RInaf | § G?Yéﬁﬂfo?oc%%‘&@%rd%ék ”5]8? conical

manggeth by Dy effd £S5 UERe Viah ¥ Eol OceDstifel that tabe RS may
nOtinclude 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/tubeg 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 tubeg 25 at the periphery of the intake
chamber 21.
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sucked into the respective tanks . The system shown in
Figure 2 may al so include an optional filtering unit
w@e@saaidng t he bal | ast water treatnent unit 7 PCTG82005/001838
bal | ast water treatnment unit 7 is depicted in Fig. 3.
This consists of a cylindrical %%téke chanber 21
integrated with an inlet ballast water pipe 6 . The

cyljindric i er-21 is coni ¢
sec i%ﬂhﬁg£¥ dgg%péﬁégpné$réﬁ%cy% ér céwa b%aEBOuehet
Thetwyes n2lt inay hebingagried connéetedpovahedi der the

sec aubery aft ] L O
The&%onlca}&Qectloﬁégziggd?%Fﬁtﬁggﬁgr %m?% Flndgérgﬁhery of
t uler e AP AR NS 3Di Yartshapess ofige ta eyRWEP@ge of

Theratahei dd ¥ 1dadad £¥@eﬁ0taTNe”@MB@EnéréayéaBQné to an
nmonent to the fI id f

i nj LT t%%%§m§5 ém?%ﬁt??%dz%r %h%om%%+5P%§D?ﬁ e
i ntakenediaadeto 2dhe Tdas/ theseol nunett | onby uherénbesg2pipe

fr I
oA e B A LU 00N 805 AT B oL ML
21. tulhes e ext ndye e Reery nof bhai ngvibabben chamber 24,
m%@i@l ¥ bed %@sﬂﬁf%;tgcg Lhe 61‘?163‘/305' an%ﬂgegagsoutlet

(not 1llustrate me m xed in an annu
manf¥Rf £ 26 surrounding the water inlet pipe 6 . The

gas mxture is mxed with water in the intake chanber
21.wHdn i Bn @4t Bsh | Osé@&ﬁa@eﬁuiélb@ﬂﬁgofe@aﬁy the ballast

LSO DS 25 st oLbe ppriphers ol et Balc, o1 ana
gastuotitthet tthutmsg&?thmycdnelcm:sea:eem«m 2mcoopohated to
Lgfﬁg e#%ﬁ%ig?ﬁénﬁgpﬁ%er ac |%€ §§€€E€$||§%%%%§Flon ﬁhamber
purdbseTld plamidaly eerdbseenexfeencaThieatibes areclose-to-
! ea&a\ngcat@l&p Mﬁoﬂ@%@%ééﬁrr@f‘éfé’&%@@edT gh
manifold 2 8 is connected to the gas control uni %g
a Wﬁﬁ%@ﬁ}?ﬁﬁﬁp of the ballast water consistence and thus
its vapour-point and by lowering the internal fluid
pressure. At the edge 20 between the cylindrical tube
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 combination with the
dramatic pressure change over the edge 20 between the
cylindrical tube 23 and the cavitation chamber 24. These
actions 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
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29. It is preferred to use a nultitude of gas outl et

tubes 27 at the periphery of the cavitation chanber
WQ205abd3eit it is possible to use only a singlBCH&82005/001838

outlet tube 27. Wen in operation, seawater is being

fed by the ballast water pun’p’52 nto the cylindrical

i nt ake chanber 21 and further through the conica

d
tSﬁgécggl\r}i%i%n&]ﬁe%eéﬁg%ec%eﬁ%%s| ca n00:1 e%l‘lﬁﬁ%é%o?s
cawitlat idrvery Tiwkeed ommumtati@nrwmmedom toeateuthe
ar g,y av ede Ay herﬁ@@lmmlorbpéeéb Qa%hf? J%moted

consi stence and t hus ItS vapour - pol nt and
t hés i A Lymei of Fressesen WCJf%S%%g@u@o pekhpeHmTediate

t hesieplgendim csle td&@sﬁ:}ﬂ dbecﬁ@vmi@ﬁd@éh chadesubbles will
caV|tat|oq%|s init At the c) |qﬁé|cal t ube, the
o

vel TEH e 99 Qﬂ%ﬁ%lp?ﬁﬁﬁ¥§ P t e Such as
hydrmstcatem]p]r esssetydentdasestdai twr &4 osiee twithegen is

aRyy f 'Eeq a ter_ (the fluid
Y resu]1 tin dBut kp%] or rra]{floggn‘% Aiﬂ@%“r%@ e‘”flel partly
Splef@p%im’g“éﬂ%gﬁld)rpm e vﬂ'ﬂtadtilmll}i’ ail'mmlbved by the
coljARSe, ofn SRl 63 110 GOl Nat 190 W

% of oxygen.
dramati c pressure change over t e edge 20 etvveen t he
cylindrical tube 23 and the cavitation chanmber

Thédd SAcRHIIF 1508 i RE 15 Jahamt 3w (fé?éposed to the
calmtrig:rtsi‘leaﬂawltd a&lﬁsruemplemﬁ any, tiis L iEPse BNREY will

th f ure es agnd peaki ng, ,
t ety RS R AP sty P ot e by i | chamber
actdon ’.lﬂreormntpﬁle:smoa urfe tdfe skttﬂﬂmmdmrﬂilt raEer @nt @ dangi c
th t
RS e, i3 SR oo Ay e WSS steaay
| n atmﬁe Qﬁétté?OH@@)rﬂ%Wé‘—a\ﬁér% |8 e valmbumcdwr riegguilred

t O a3t Mlﬁ:ekiOQﬁieertcﬁftfkfé:tparmc%l%osdéaéﬁﬁ{ feete e

further pro s the vol,unme of _nitrogen 7 ncreases
duéfatv&ttaﬁel%ﬁ?gm H&ERFe I & Kb s PprissHes change.

ni trogen. The bubbles W||
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, also after the water
have entered the ballast tanks 3.

The ballast water treatment unit has been described asg
including 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 as illustrated in Fig. 4. The
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change the rheol ogical properties of the water, such
as the overall density and viscosity. As the nitrogen
w0 g0080e83ed down by the surrounding water, it wdT/GB2005/001838
partly shape bubbles and partly_ be gradually dissol ved
by the water. This process wiTi39nitiate the rel ease
of oxygen. After passing the cylindrical tube 23 and

d. t tions_of the Lnsert dge, 2 t he ,
o DEPEEs et 1186 b Ep Rt 08 H SR 208800 81 b ogenings
t he3&alotatedroehandbongithdheirophbsiencef antiein the
bu RYY| S ni I n i ue.
o SRR o p P L UL BRTOE RS FROREa BpBEEoh! 3516 e
cadd & iyl Bt FeFI 11J eckieni nl® hauphl paserhadénedte an

t(3dﬂﬁhl&ﬂt%?%“ﬁ%niﬁﬁi@nméi E@ﬁdé@ﬂéﬁ%ﬁingﬁh?ﬂgfﬁ?ﬁeor box
creatin ramat j ¢ pressure change: effect o

cavﬁ a‘?r?n@“%c‘?lfl%%lﬁ% thathe E?Wg‘gc%%?tb%Fﬁ%f apfealong
oxyden fukkedngtrh tde sat@rtaperedecoseiorl eased. This
oxygen may be renoved by the gas outlet tubes 27

. | e b .
o dkRIY oqlPt SR oR lGe TR Bt RLEE 08 16 10w
ni tFogearit eonteerly, stiypieably i htwgf elfland Wowlin living
repl gt 141 ered o Saged Wi 4 o cavitat i eRe afg\fl roxygen

prevent it to be absorbed and dissol ved again b .
wat G R B L oi REONPL € Nl robEeknatiep aftetlibeg action
wat@irtlase o edet phevdat 1 astadankst pordheidal Fasrowth .
mayﬁ%%treatnent unit has been described, as %nclu ing a

' e

cyl 1K i TR LT HADEr S ¥ AL o et e ?gﬁﬁg%Q on
andcaisnd indroc adepeide?3. uddn sthe phesencs enf | yxygen will

pr gferdsed, enhadi tﬁéﬁ%éaf i nvention. However, these
1Ty i

el ements may opti e replaced wwth a single
tapered section 33 as illustrated in Fig. 4 . Thegases

may hEITs Shleoa it tide fRakh ety drank 3 ubihardapepdmigsoB4unit 9

| ogaitied g alona-ddeen ol d cud erance e IA8 oxygen or
Ioggjtudlnal direction of, the tapered section 33, 17 e.

as B ImHY IS SHg S REtHEE  Jen SRl e drp diaERtcnance of

an atmosphere low on oxygen also when the tank is empty
for water. This gas is supplied 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 allowing air to
enter via ventilators (not illustrated).

Figure 5 1s 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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annul ar gas mani fold may be designed as a chanber or

box 35 on the outside of the tapered section 33 and
wab@sgosshe full length of said tapered secti onPCFGBRO05/001838

the cavitation chanber, ballast water that is lowin

oxygen content, typlcally 2 ny/ %17 and low in living

organi sns are fed to the ballast tanks . The | ow

OXWgery e n1n tion or _killing
action %]t reigln nj?%v%%?%% ga| %s%ﬁ )(rf:-Jﬁ‘P'i“aH1
r e-YHORURATIE W@Y aWeIée 036 coTh’l@sW@inezands cdareuged to

deghagatd %y@%fps@yt@feggﬁﬁd@& LHOP04 0o PUESER S Crne

of ‘oxygen will be signific
unl my ﬁerﬁéi%atﬁlleaswat%%k%rewée@@su%w?on@npzp@ 6.

vv| |9t§mppind m:‘:%ﬂ%ﬁéh:] $ad hes t?ékKSt@f@l’{@%étE‘Qﬁ ?’Pé(%gﬁgrgéﬁt
r and by this.c ng the mai
of Ed a?ﬁ&@bﬁ%?% 5 kyg q%&é% %a%%% ?%ﬁﬂemsls
enqund\mfd V\altaerpipTdf]i259,ga?ancﬂ St lsel P & wbwtlt%ol h@nptt pe. 11.
I s be sup
oﬂtﬂsjvlr a| r Xﬁ%@@gﬁ&?v\%}%%#% dc)aélrl\gye tgh%fatmosphere
PJJ-Rﬁ/\/é”\Pe-r After ﬁ?l@%ﬁmeﬁhvetmﬁt orfatperucl :Lqusuraped into

cl Ctﬁ’rféd KRS Nt Bk S_yaﬁieang?é ﬁ@%ﬂ&sa asé‘&éh&oéﬂxoéé Vﬁay
at rmslphere in the ballast tanks . In case soneone 1S

abdift o “nt e WAHAE ot TeRIREinDgas hen gaee domt kast tank

uniz, %nd ldhe eplace thandiidd agen @igosphere with
nornal breat habl e air through the pipe 12 . In case

tilation es. 11 and .12 are not
|nc£#%&%q% %:&F%$ Ch b rittied AT oW IRL e
t o variear 1 @umaﬂdIagamnsﬂhnnughluhﬁrﬁy&ﬂém aéﬁ@ﬁﬂéxfbed
[ ver [ angenen

| OISR M S Y VLIS AL e
di CEPASGIEs brhervaed sHi it m@amrrmzlcastpm &1 ralt'igler
Mat ng e t r

O ol EIRer TS R e 3 i I G As it

5’8&% o(‘f’or?lnr SEIYEETY 1Sy &40 . dl-ﬁﬁ:é’larged in cases where the

port or area of discharge is already deficient in oxygen
levels. 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,
second 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 unit 9 via pipe 11 in order to maintain an
oxygen-depleted atmosphere 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. sewage. During

summertime superfluous energy may be available from
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punp 5 feeds the water treatnent unit 7 via pipe 6 .

Steam and nitrogen gas is fed to the water treatnent
w@rios/ 1083y pi pes 30 and 31, while rel eased oxyPEnGB2005/001838

renmoved via pipe 29, and the g control unit 9 .

Eventual |y, the oxygen is vent off into the

at nosphere by pipe 39. After treatnent, the water is

pun ' [l ast t M1 A pl a
oA TP E 3 1P SAARPEGE TG o

i n hnelnedd tess teatk SippBndEnelgYaso | driemmveceviation
pi 2. D3 sehay ﬁqﬁé?h. c n ;
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de St R WA SRR SRR TSt RS thepcorpesive

\A@taaftsirmy cfﬂﬁ D SRtk _tjtgs Q%ﬁ’gﬁﬂ_rc:}]tﬁn@écﬁué/rh@e il?.til(?&ﬁ.{_: | Pl se
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i N ccaskEs wheirgy tdilempos t @ irefoed @hd odwetges isrocessing
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il Ilggﬁlsat?%c# S?’ne%rgu(gbe @hrge(f\t}g%ﬁ%%{mmgtie%v?lss' These
unlagdeRsd o aatel areh K Bbyo i heo B 741 | inventier-awy may be
valae A RUHRL P bhed eﬁ&&?té@Emé%it%%%d S&¢AP% o apply

t hree-way val ve 41, and di scharged 1nto
surTQ NG s & DR HiPRPFEA 150 thakladsevaidam i s
supplied by pipe 30 and air or oxygen supplied by the

Ei L Rikce ﬁﬁuﬁlovtdﬂa:hlmtaafraﬂgéiﬁmﬁﬁaﬁhéfé Q:Ké’leﬂ/'é@@ed %Nipbfovides
ave .restored ox n caontent . .The, water renove 0
CRERERIES 3 ST G T Y (PO e ST P e
t helgpadadmtatoltankis awa dgrmpeenddtied order to

mai ntai n an oxygen -depleted atnosphere in the tank.

Whi j WV [ X i t
ot Al oL A, DD ARG et A R ae Al A

al $6-SGHRF 98 I3 catTisn i s rgr Puppl it fomresled by

f ortHe' et PfcomBsicl WBiRem e(rfbt SAWREE. dAH I 19 arranged

T G RASSEF | SHEEe G GPY et or Sbre i ballast
water control unit 705. Ballast water control unit 705
receives a GPS signal indicating the vessel's
coordinates 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 coordinates from the
GPS receiver and stores this data. When the discharge
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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i ncinerators may supply energy to drive a cavitation

unit, as well as oxygen stripping gas. Carbon dioxide
woreapshessosed as oxygen stripping gas, as the cPCT/OGBRM06/001838

action of this gas is of no consequence under these

condi tions. O her applicatioﬁézﬁ?é'in | arge air

conditioning plants, or in food and drinks processing

. . , S | i
ot rtLesBPing Lo TER COLp 008 REE" CRbBLLCE B B CHE Papevant
be Bawslefined in the appended clains altered only to

apply to sewage, etc as opposed to ballast water.

Fi gt & 7eshomsy thgrsa{Abge et Mhefeol henvesas! b arranged

provides_data to a coastal authority indicatin ere .
and- WS FRE D P dke t BR%kES havkeSh et bnple¥darghapproaching

vessed Idal sliibyi fledl ad ébhdediegttha@nkay¥f2santdanks.

di scharge punp 703. The di scharge punp is controlled

by 4. essel,. ont,r syst.em.(not shown) dis .

ar rﬁal%“e%efg; épl%éo"{'ug > Bt 1E‘J\Itao‘?")<S c%ﬁ?%lllr?i'ﬁgf‘?%&?oa first
t hetEngstemat er control unit 705. Bal | ast water

control unit 705 receives a GPS signal indicating the

vesggl ' GRordd naf ese drpan @S L ee .é’@rpgp‘c@io hi??ze connected

control unit 705 is, also connected to a saterll . '
tr i (et Feedt verddhy Ry el tat TRt E-sechien 803 is

fr Q{Brtrlftfttfegtiisﬂcma a@é&l@im% chfﬁaﬁim% hrB@P.er a}filﬁé‘t téti‘xﬁd s?cond
contr . uni ecel ve al a rom e oast a au ority ,
COHERidE sl TR Rl H MRt S S e Oal donauie
bald stwhiatleris .@onndet el sdtandes fsomdhersoalsd . bdhiSst tank
data | d_ingt t it. The contr unj t

r ec%dvisﬁcﬁ%rgv.eés%%lg‘g tglg@or%ol%na gesa??%srﬁel%%ree GP valve 806

r edéi Viercadaf! strortde tdvdwidt &8 05Wen dahkowlisthaimeo and out

PURGES +HE {QRA! B0 iy %H&ﬂ{% Salrﬁi‘ﬂlniéa%ﬁf%i ved by the

control unit 705 whith logs the tine an cation at

whi_ch t he punps m%{e operated. This data can then be
In operation, the tank is loaded with the valve 806

open. Once the ballast tank is full valve 806 is
closed. Nitrogen is then introduced into the head-space
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 901 is formed of a first portion 902 extending
into the second portion 903 formed as a sealed tube or
'drum'. The first and second portions are sealed by
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automatically transmtted to the coastal authority
708indicating if the vessel has conplied with the
wo edosnessvl | aws . I n a further enbodi ment the cp@t/G8R005/001838

unit may be arranged to indicate to the vessel crew

that they are approaching the I%‘ba‘[ [imt for

di schargl ng the ballast tanks. Figure 8 shows a

bal e v f| [ rangenent .

The St yer Rt Y OF ALl e € Ly By 85} FLTABESTRE! secona

com@éﬁﬂe@nt@% U-?lé%th@‘hl‘?inﬂ@@ @@nmmncaﬂes #heh the

U- seetd 08 803t S(£onnged t tion 804.

F| rst and second( porti on@%d%ﬁn%%%%fgrg@%onnect ed to
rtical conduit 805 ich is connected at the

bot Sbrit e (e BHTHRAL ¢ RERISSHROWH)CEPRERE thethepcavity
to S&IEmmhﬂTee presine BO6hs BHCBISH tank heiseadui the

80 Iowalrl and out nk durin .

I oa ng A nJToonadJH S5 P Lkéjragi}r%nte iﬁ%gt%%?h liquid 907

| oardélctmatdtst fees e \ﬁElISOBOa:ipémet@me tie botdasind agkcond
ve hen

| nt r oc}!uca% [ nt%pt e he ngé%r}é('}]ieg vﬁ%ﬂl%g%%lag%%‘éet h"élth

ai FeferaRehdRisire £inry saslvy atrangessur e afsthidie

P el AN GRASRS d 1 leRlgn d
807_in u-section 803. %The?evel of Ilqk%%t%{efl nesﬂﬂ;ﬁ&Ild and

pr &S AEMRRRIR IS Eiuah | Hhe B e . O Chee
t h@m:rlahaay beety @mﬁwqﬁémx\@llﬁ ey rﬁgrgq g&sn tise
as_the pressure
etr gﬁa%e%%qt lhevefdr |L’b§/f @]’?d (?ng portions

changes . Flgure 9 shows a bal last tank pressure val ve
i n I& sdddndeappampenmited thed \malnen@ bfi sfffamshtof a

fi %fﬁ%tr‘a‘%@.o%%z O%Xtcgﬂ'fa Gd Ny tah% ﬁ%@eqfeq/oert lon be

903 f orned as a seale e or "dru i rst and
sel5Rd O BiCHHEVE & bod ek thyedmTe dass Bt vl eoral dhe
catiyby %@Tewnt ek t@esecond
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portion 903 . The cavity 905 conmuni cates with the

bal | ast tank (not shown) via conduit 906. In this
w@eooangessaent the pressure increases in the cavP€HGBR®H5/001838

as the pressure in the ball ast nk rises. The second

portion 903 is partially fille ith a liquid 907

whi ch acts as an air | ock between the first and second

portions. In the same way as di scussed above, with

referenge. to the first valve arrangenent, as the

pressure | ncreases gas can bubble through the liquid

and out to atnmosphere through the first portion 902.
Si M1 ar 13, Meffrdxedrblatk iyat¢n theataskt canlce

autermdi Gddd y r@ligemes wytdhervah Ve wateM sbube (e.g.

appreci ated, that a r e of djfferent configurations
of COMRHE HhPE 1 i I Pevet Veah BRIl 3 of htkeevko the
3 ool 1 Joest £ Vit reie ﬁ%mt&aw@dhﬁé@fx;éi@?%yper@ﬂﬁh@ the

eser | [ TS, : met.hod. o st ter :
trggltérr%ﬁtq’e ﬁ{‘:ﬁo&%%i%&?er%r%? o \t/)\g?aé‘?‘ fﬁ‘%\% Lhatatd
soadee £q.a skeveluralione s8z Mibtkeogen rsauyat hoougbnient
fildge t t ke 0f 5 M= .00 v l;
rai si nrg%%hé?ngeili%g% \?%{de nitr oﬁelnﬁc%%(gn}%ggjf% %@gtWhen
paUTBFLIhi if e na- e | e bt vidie el tegegerpturation
satddratdron ettt drivengofow lﬁ{@@kﬁ%@“av@é@iré@i&?'h@ontent

e e

bal |,.ast tank when punping is .term nga I's above_t

ni t%&eq?@at MRS g]rﬂ thesrdsprrodhwate ballast

gxy:@mk sat latatdgyheomlnml irtgwegl;ﬁéﬁemwﬂarﬁiammﬁsp@ﬂéﬁ@
eadspa [ ast_tank an atnosphere havin

gr eat er %tethg{}f a%r%so%%élri lr%:érhqrheent"rsdf rﬁ"t“&ifd’e% "(aﬁ?‘?]ﬁ%%om

% yalddpadileg twdteerk fimdm ddiad wedldmstutmnindirie ddid

WatRls <l .l O g "%n% ' ' e, .

wat erS pun’petljlégﬁ o@%@%%l\gﬁ@sﬁ tan rﬁﬁiﬁ&éd %M said

i CPdIAFANIESRARKITT ian riggasEis & e nelasision before

t heheofrdlriaes Al rerife i rdd i S@idhrrounding said

vessel.

2. An apparatus for the treatment of ballast water for
a water-going vessel, said 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 said first pump; a conduit for carrying 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 said
ballast tank; optionally a nitrogen source attached or
attachable to said nitrogen introducer; a second pump
(which may optionally and preferably be said first pump )
for pumping water from said ballast tank through a
conduit and out of said vessel; and a microorganism
killing unit arranged to kill microorganisms in water
being pumped from said ballast tank and out of said
vessel.
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vessel . 2 . An apparatus for the treatnent of ball ast
wat er for a water-going vessel, said apparatus
weowpnising: a first punp for punping water thrOUGB2@5/001838
filter and into a ballast tank; $ filter through which
wat er may be punped by said f|r§ punp; a conduit for
carrying water fromsaid first punp through said
filter to said ballast tank; a nitrogen introducer for
i ntroduci ng nitrogen into water being punped fromsaid
first punp to said ballast tank; optionally a nitrogen
source attached or attachable to said nitrogen
i ntroducer; a second punp (which nay optionally and

pr ef er all yndensai o fbéﬁh@@%téﬁrt%&%@ﬂt %f&hf rom
sai d bal]ast tank throu ‘%_n_sa conduit and out of said
a

vesSEIRTHiHF & iRUrdTY FF KEFPPngy WRbeT aPPahgRd (€ ed-

Ki Idumcmmbrx@m;sairs laikev\/&bzerr:b@éﬁg tpluﬁ@@glhféom_ﬁ@éﬁ to the
bal d foug of, sai d vesse A net hod

balq as vvat er reat rren?t%l%%l%r%??%eels p%%?h@gv\%‘?%‘?r
fr dman vietled wlbkast (ank buwro dthﬂiilW@tsnasutad&m@ing said

LAy bl dar o e LA AR 18 e

wat er - goi ng. vesse
t afiE ThtR ¥hd akast staPorRliguier ebvawsksn-lahtling action

suljerdnd G Her dd Bie PR DO & O AW 41080 @.E)plfoundlng

ballas tank to a mcroorganismkilling actio

&5 % hereof into said water surrounding said
vessel . 4 . An apparatus for the treatnent of ball ast
watder fdm aapmimtmiﬁtg: \/c&&seireaaheiw_tapﬁarkaéuﬁast water for

conpr, 8 ing water through a
fi Ir%)éﬁ}ra%%ig Cﬁltrféé VQ‘etba a’st ank aﬁagfll‘fserccf icH
watferr St p U p‘iﬂﬁéﬂimnmmwcatfalr gthymuglh a ﬁ:drtdimtarfcbrlnto a

Ca&kMﬂ%&ﬁMgéﬂkfr%mfﬁiééf'ﬁﬁﬁﬁgym%féHT%§UEEQﬁ be pumped

h er t.o sald bal | ast tank a m croorganis
1¢hi 1qﬁ-zgﬂﬂgjt(9|gqqdu1t for carrying water from

sald first pump through said filter to said ballast
tank; and a microorganism killing unit arranged to kill
microorganisms in water being pumped both to and from
said ballast tank.

5. A method as claimed in either of claims 1 and 3
wherein ballast water is oxygenated before discharge
from said vessel.

6. Apparatus as claimed in either of claims 2 and 4
further comprising an oxygen introducer arranged to
oxygenate ballast water before discharge thereof from
said vessel.

7. A water-going vessel having a ballast water tank,

characterized in that said vessel further comprises

apparatus according to any one of claims 2, 4 and 6.
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m croorgani snms in water being punped both to and from

said ballast tank. 5. A nmethod as clained in either
wo@booshessns 1 and 3 wherein ballast water i s OXROEGBR@®E/001838

bef ore di scharge from said veszﬁ;. 6 . Apparatus as

claimed in either of clainms 2 ahd 4 further conprising

an oxygen introducer arranged to oxygenate ball ast

t b i i . A
vt - o I CPBE I LAPHERE oL MR ER L VREREY data
charetched i g@@Thsinat sai d vessel further conprises

apparatus according to any one of clains 2, 4 and 6 .8

. Aumsiwg fotetr eabeat s of sbalbgshiveter . sai d met hod

conprising punping water froma first repository,

addi ng, steamto the water, adding a further gaseous
mm%égiﬂgték?ﬂ% bRt RS ¥at$Bduci ng a cavitation action

in the water, and conducting the water to a second
repoddimg ya BurtHenethocdoas whiaeénkdl i tocthenwdter,
wherein the steamis mxed with the further gaseous

mat.erd ' 0 | e h r.
B B e R T aie
introducing a rotation novenent to_the water before
t heCXEMTRATDRE 2 tal  tA FretP@nAsTePAFHedrYn clai m
8 , wherein said first repository is the sea, said

furd her masegsd e e¢ialmés BM OXyDRNS, Stripping gas,
said nmethod including an additional step of renoving

oxygen fro he wat er. before.or,after the water is
ot o e SEoHe RS Bis e ERohoadeous
r epusigoral hefigr acbdbemsy dddkd 4Q. tle medbed. as
claimed in claim11,

10. A method asg claimed in claim 8,

further comprising introducing a rotation movement to

the water before the cavitation step.
11. A method as claimed in claim 8,

wherein said first repository is the sea, said further
gaseous material is an oxygen-stripping gas, said method
including an additional step of removing oxygen from the
water before or after the water is conducted to the
second repository, said second repository being a
ballast tank.

12. A method as claimed in claim 11,

wherein oxygen 1s removed from the water both before and
after the water is conducted to the second repository.

13. A method as claimed in claim 8,

wherein said first repository is a ballast tank, said
further gaseous material is a gas containing oxygen and,

said second repository is the surrounding sea.
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wherei n oxygen is renmoved fromthe water both before
and after the water is conducted to the second

wo epedogsory. 13. A nmethod as clainmed in clai mBCT/GB2005/001838
wherein said first repository is_a ballast tank, said
further gaseous material is a & cont ai ni ng oxygen
and, said second repository is the surroundi ng sea. 14.
An ran a n a [
incﬁ%din%ﬁggg%ﬁégéﬂ%%§n9g§a§£§ Fﬁ%ﬁ#ag%iﬁgﬁiaSt water,
repository, characterized in that said arrangenent
conpr¢ EedingansPEEp RUdPHED svehatt bromeanlicst wemasitory,
forcdeh gl S UGt DET t HAE COHSA MREBAhGEMEAL t BEMYRL BE S
means for introducing a cavitation action in the water
means for_condycting the water. to a second repository.
15 Moene, FORGRTRO SSEF | RRdRR ERERRY 14, furt her
conprising nmeans for mxing the steamand the further
gaseoauss nbberaddibhef ar futtieenm ghaeeussmatddedal otbhehe
wat 6. r g . ¢l aj | Laim 14. :
b conern gl P RERRR Rt ChRt Rt aBponaign in cbe
nmowESE to the water before entering said cavitation
means . 17. An arrangenent as clainmed in claim 14,
WheR&d s SEhH EbRGhCE LROSEROT Wat Sribs §€8ecbh8 $86889tory .
repository is a ballast tank, said further gaseous
material_is_ an oxygen- stripping_gas, said arrangenent
| nch i A RERRAF ST ot i RS Getn | FomEhitwat or
18. An arrangenent as clained in claim17, wherein the
oxyfentls¢r | pEhogl gasg i seans r boge mitdng Anhar sasgenentl the
as i ' ' rej [ [ r epositor.
s SRR il Bt B B EaEE, Eat P EbPHERCTy  Bhdea o
surthinei e sea, said further gaseous material being a
gas contai ni ng oxygen. 20. An arrangenent as clained in

claidgN 17an 18rPinddnent as claimed in claim 14,

further comprising means for introducing a rotation
movement to the water before entering said cavitation
means.

17. An arrangement as claimed in claim 14,

wherein said first repository is the sea, the second
repository is a ballast tank, said further gaseous
material is an oxygen-stripping gas, said arrangement

including means for removing oxygen from the water.
18. An arrangement as claimed in claim 17,

wherein the oxygen stripping gas is nitrogen.

19. An arrangement as claimed in claim 14,

wherein said first repository is a ballast tank and said
second repository is the surrounding sea, said further

gaseous material being a gas containing oxygen.
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further conprising neans for controlling the

at nosphere in said ballast tank in order to provide an
w@reeeagdler e | ow i n oxygen. 21. An arrangenent BGI/GB2005/001838

clainmed in claim20, further c rising ventilation

means connecting said ballast tank to the outside air,

said neans for controlling the atnosphere in the

baljgst Lank, helog. ALt angeg § nsiPel Yo fy s, A sphagings

ai r~or oxygen pr e tan arr angenent
as claimed in claim20, wherein said neans for
CONFHB eI (COTRT B HoS JheReS | FO¥ heoBRr P hsing ahkej gtmosphere

ar rangesh 4 Gy end s Of £y eI BT 6584 er gagesviaomhherhdBkhere
when ba)last water is filled into the tank, and supply

an Y g CEPFRted gas to the tank when bal | ast wat er
is discharged fromthe tank. 23. A device for

t r ezt menin cdirbahdeséned erglddnedseni alabmar 0 angenent
as claimed in claim4 , said device conprising a

[ R ol Sy U YR e BlG YBLELCEPed e
corprektast tankhet o ntled @ipeids)alra sahdcatasectpsdn
(220 oPRerti g €19 themdHbRkee Cbﬁ"@l@é b21lase tHhe $E3hg

connected to The conical sectjon_(22) , a cavitation
chaﬁﬁb@neq%)t% OFHRRE B P t9PT WL TRBRCEDS) 21T 20T | gveen

out ©dsdmbei gormect ekt o the cavitation chanber (24)
conductlng the liquid fromthe cavitation chanber

dat_| east one t ube 25) uppl yi ng
i%%n SR T T i R T
chanber (21) . 24. A device as clained in claim?23,
coryprése iy amideasan@n%ODXVQ@hrghli@g tiubeatIyphere in the

Cc”ﬂﬁi&é%ktﬁhﬁﬁjgscé@fé ofg4%ver%P§s§ﬁre gases

| east one oxygen outl et elng arra

renfpe@n the tank when ballast er is filled 1nto the
tank, and supply an oxygen—depleted gas to the tank when

ballast water is discharged from the tank.

23. A device for treatment of ballast water, for use in
an arrangement as claimed in claim 4, said device
comprising a liquid inlet pipe (6) supplying ballast
water to the liquid treatmeht device (7),

an intake chamber (21) connected to the inlet pipe (6),

a conical section (22) connected to the intake chamber
(21),

a tube (23) connected to the conical section (22),
a cavitation chamber (24) connected to the tube (23),

a liquid outlet tube connected to the cavitation chamber
(24) and conducting the liquid from the cavitation
chamber (24), and

SUBSTITUTE SHEET (RULE 26)



oxygen fromthe cavitation chanber (24) . 25. A device

as clainmed in claim23, conprising a plurality of gas
waepphgssdubes (25) are surroundi ng the intake PCEHGB2005/001838

(21) , each gas supply tube (25% bei ng connected to

t he i ntake chanber (21) in onée fd; the other end

bei ng connected to a common annul ar manifold (26) .

26. Lce [ ' L m i.$1.Nng

ol a TS Gad GRPRLY FuBhC 73, SIPRLL IR sRerp,ana o

t hefeuiient yapeehanbeier2a} toebbh drygke chambert (Be) .

(27) being connected to the cavitation chanber (24) in

onexend, p thevptdess entlabrbagi gopngehegdst o a common
annul ar gas outlet manifold (28) . 27. A device as

clainmed in,claim23, conprising at | east one vane. (32
in é%ﬁ%r%%ﬁ?%a?tsﬁ%%?%ng¥§2?xﬁ P oPu eEaFHb?u6%7223))
, Savtheaned (82) sdhed ngaat taned thanbérodpge, athe at least

rotatio n b wat er _conduct ed

i Sl st © Judfe of (525185 5ar RORUA B8 sprove
f oroxygen nenem ofhdatdustawhorr chémpensé24h. an
arrangenent as clained in claim4 , said device

conps | SiAgd1dduig T4 Bhedi P& £B1iRUPP! ying a liquid

to the liquid treatment device (7) , a tapered section

(33) connected to the jnlet_pipe (6) ,a cavitation
cha%@%‘?“(%g ORI R £ ?%e9$%pé‘ﬂ%ﬂ1¥.e@tﬂi’%ﬁ, (35) are

| quﬂﬂr@mmtgttétb@ i%@ké:o&mh @:ld w_l)(tj h?e@@ﬂi %@&i 8fipply

c er and conducting.the l.iqui romthe :
cadl D51 § (2L B TOMeCtaLtE ) Letrk S insredpd) in
andrze fend hethgasttoers erd evée mhg t conhectad ake &haobeon
(ZM%nnufgg e SEeVd €8 g§6§[ained in claim28, conprising

at

east one oxygen outlet tube (27) connected to said
cathation chanber (24), , the oxygen

device as claimed in claim 23,
comprising a plurality of oxygen outlet tubes (27) are
surrounding the cavitation chamber (24), each oxygen
outlet tube (27) being connected to the cavitation
chamber (24) in one end, the other end being connected

to a common annular gas outlet manifold (28).
27. A device as claimed in claim 23,

comprising at least one vane (32) in said conical
section (22) and/or in said tube (23), said vane (32)
being arranged to introduce a rotation movement to the
ballast water conducted through the conical section
(22) .

28. A device (7) for treatment of ballast water, for
use in an arrangement as claimed in claim 4, said device
comprising a ligquid inlet pipe (6) supplying a liquid to
the liquid treatment device (7),

a tapered section (33) connected to the inlet pipe (6)

'

SUBSTITUTE SHEET (RULE 26)



outl et tube (27) being arranged to renove oxygen from
the cavitation chanber (24) . 30. A device as clained
WO pooshesdm 28, conprising a nmanifold (35) on t hECDGB20046©01838
of said tapered section (33), a unber of openi ngs
(34) in the tapered section (333 for injecting steam
and further gaseous material into ballast water inside

t heat@eggg{t‘?é'tf&?téﬁ%é?) |(24531coé1981¥é8€ §2§ﬁ£%§§95%8

| ai t oné va

r's
tap@?%@l@@ctaohIQQgg oukheld Vabe (30) b@nngcaedahgeuhe
to &A1 OMUCEN AchQhISEE O npwﬁ@n&oﬁ&u&'aﬁngakhéﬂl&@&&r from

conducted through the tapered section

bal c%%&%ﬁt%%%t?Qﬁmg?Eté%%bonprlS|ng a control unit
and data storage neans, the control unit being

ar rmesegyed tm.)r efet Vaaddthngi; nelt €ahi andt Hatuathal | gstevater

coorofp d? % EISessn a% Indlc?%# nbgzhthe

|nd|cat|ons in said data storage neans .
29. A device as claimed in claim 28,

comprising at least one oxygen outlet tube (27)
connected to said cavitation chamber (24), the oxygen
outlet tube (27) being arranged to remove oxygen from
the cavitation chamber (24).

30. A device asg claimed in claim 28,

comprising a manifold (35) on the outside of said
tapered section (33), a number of openings (34) in the
tapered section (33) for injecting steam and further
gaseous material into ballast water inside the tapered
section (33).

31. A device as claimed in claim 28,

comprising at least one vane (32) in said tapered
section (33), said vane (32) being arranged to introduce
a rotation movement to the ballast water conducted
through the tapered section (33).

32. 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
coordinates of the vessel and to store both indications

in said data storage means.
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