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comprising: a vessel including at least one ballast tank and at least one conduit



portion of the water fromthe conduit; an injector to
provi de an ozone injection rate into the portion of
wowioengeoand a control | er operatively connect edp¢DUS1v85/045738
regul ator and the injector to regulate the diverted
portion to provide a mnimum diverted port| on flow
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|ver portion of water ang
atmosphere; regulatmg a diverted portion of the water prlor to charging the water into



I njection of ozone into the portion to attain the
target biokill w thout release of an environnentally

w0 200608073 - gas; and i njecting ozone at the deteeTnUsm®ds/ 045738
rate into the regul ated diverted portion to attain the
target biokill when the portion is reconbined into the

VR & 1adt UnkCHBE G %etr@gdlﬂﬁl[gwltﬂeaﬁxter&@PBnl% bhester and a rate of

reI eaS| ng an envi ronnent a toxic o as I nto the
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WFguirsish divted artionus aBtip thealarseRiplitt wheadhe poFligNSreomyined
RROMNGa e €53 Gharin@. to hd BalRstIEAKCWRIIUE r@l€fs MR Rt dnvRontenvilly
of .a gdoubl e hulled vessel and treatnment system [0031]

RS oB-gpginip G HEERNSEE t op vi ew of the vessel and
tjoeay I’IE@tnvSM&ian’féfefaG@&ﬁbvuﬂ%ls@ Driiest dvses chevnt ircbalastevater so
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gavodi nent of a ballast water ozone injection method

and system | flow
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5[9(!&0& F1G.dris batHeamtic pasmctieadeve of nfda@ibte lomied y&885hd FeaBnent
s a schematic side view of a bypass conduit system

[S ﬁ%’] FIG 7 conprises: Table 1 showi ng effects of.
460311 Fi@r2ns e 3drmatx ppyieveofde wasel anddreatreabbystet;showi ng
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[ raph of nortalit t
32“‘3%89 e‘&g%ﬁ]r'%ﬂec’? 3“85%&6[ dogg] "HG 10 is Ia 5 gph

40034 FECS 04, 053 wndPCr argi fiariagiamg oftaltcmpive empgdiments of a
%Tﬁldlaﬁ@sﬁm Bﬁha@k@&&hﬁ, H&@F | ON [0040] Ozone is

generate pressure of about 10-12 psi above

PORSE BHerG ie ¢ 2 s@@maa% pidhiey PHAPYIRPSCOR AL igier: may
6}@%%1 $RbY7 e&ﬁﬁfstes OZBREI HHWMY effdBal éfasﬁbrt%ﬁled;zoh§ eﬂsme @n

aboard at variable pressure, which may be
tsHiYial; arabler 2 [shewing g vile |tvt%wsblﬁ5e§§ﬁ rTé‘szg ﬁE‘?‘W% §&n0

q,ralu@;fa,pgh,@,,ga,@s;gtbuh,gs can be con'pr essed to a higher
R AT N T AT
f[0638] Fr@to i93 @Rph WF mbortslag engresclottifiefatssfuddheat  of

SEB) S50 6h S b S IR B R B "
NAI S anendnE)lEIF&IUBIDiDBSCRbHrImSOFWHEeINVMFImhy wat er
Ao iy Y GG ok gioe 1F St WET? PChtnd Wb philc
dﬁvialt\biisi ﬁﬁm ‘thal ;brasturewaﬁﬁadveisslyﬁe)ffmabmnetoamn Ballaktoaater is
a;l)u\&l%g a oar at (\:/ecl)rrlnblie prests{lrlen’\]'vhlcl% rSn%y b&h H 9s ltahks are filled. Relatively
low-pressure ozone/oxygen or ozone/air mixtures can be compressed to a higher
pressure by very special and expensive equipment (due to the corrosivity of ozone and
more importantly, the fact that ozone will decompose under the heat of compression).
[0041] In an embodiment, the invention relates to ozone ballast water treatment.
Proposed NAIS amendments define “ballast water” as “any water (with its suspended

matter) used to maintain the trim and stability of a vessel.” In another definition,



stability or stresses of a vessel including matter

suspended in such water; and B) any water placed in a
whadobasdo7s ank during cl eani ng, mai ntenance or PCTES2005/045738

operations. These definitions are incorporated into

this specification as enbodi nents of treatable water.
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0045t Ozbraen(Qs3 isanyagletropi©fameofi cs:ygnng Fliy anpsstatid bluages wih a

BRRIFG B MR phlarh GOIOAER L tr o
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corona |sch
has a very short half-life.



corona may be produced by applying a very high
el ectric potential (up to 20 kV) between two
W@ ondogdoes s t hat are separated by an insul ati NBCT/US2005/045738
dielectric layer and a small air gap. Under these
condi tions, nolecular oxygen (Q2) passing through the
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Ct her consi derations in provi di ng an effective ozone
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R B I e N e g
eXR&dtot he water. MNulty injects an oxygen stripping
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g‘mbpﬂwa PR AeHIORS SLPRULE %lne‘%%“}s%(%@@ﬁ t m‘ﬁsﬁ hod and
el‘élateo'ﬂo tthe redchfisn adtd gaso ZreiMents ofirbaliask divaerndJ §aPat.
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SO n iieglop pp R egergR dhRie o Syt Sl bisSeed Snf R B For
Qdgad ®naxpel [tROWEEr. TeNbioy Infactsng dxgpen ﬂqmamg gassh{t\foavenges

Qunt & [ d b bl '
S g TR s SR BB b S8y enen
hpdcigs e Omothe peea hahdd Dmelwedobdlomg @es thatl has@ffererBran@Bf least

%yb]lhgr(sq_fecé?g meé:héﬁgms (Ifl" hﬁfO ﬁﬁha‘%%ﬁ 1?%de31?é%%o]w§rs$n of

Bafﬁﬁall?b@&lrmg ballast \{«a)ersmpmhyb@bstﬁmmtmmoqmﬂw grestoxic to
&?H%g ak u/eﬁ Gé <§> Fe'ap&oﬁiaestr%@l% oRlatd A& (§ 'b?%%gx‘n@n (1) ion

nver ronous aci h‘)
a@mwi iThe fdﬂomnmwageﬁlqn@rﬁmlﬁun@ne& Honﬁfee, yﬁﬁb%ﬁ%sthe
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reaction (1) leads to the
fapd diasdld bmmﬂﬂRO The further

() Os + Br 2 OBr + 0, 160 M s
(2) OBr + O3 2 20, + Br 330 M 5!
(3) OBr + O3 2> BrO;y + O, 100 M5
(4) BrOy + Oy > BrOy’ >10° M s

[0050] Hypobromous ion (OBr-) is created in reaction (1). Most of the reaction (1)
ion is then converted to hypobromous acid (HOBr) by addition of a hydrogen ion



reactions (2) to (4) undesirably renove both ozone and
brom ne products fromthe disinfectant process. A

wo poospsq@erl of seawater ozonation is to converpCEHBESIW®MST3S
ozone as possible to HOBr or OBr . Therefore,
maxi m zing reaction (1) and m nimzing reactions (2) -
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provi ded wherein retention tinme is controlled at |ess
than 5 seconds, desirably |ess than 0.25 seconds and
w@e@besand y | ess than 0.21 seconds to m ni m zePCT/US2005/045738
reactions (2) to (4). [0055] Features of the invention
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resent invention.can b [ . f.ar. .
B D P M QPP M 5 e
Phregerdzadbdit@nisof thegpmeationof vessel s that transport

ful,l ef.i r esi
B it St TR0 LS i Gl b b
geutse hutlbfor86d fremiolfeubult Hiand innscbulbth. digsspbbkisireprerepiptive of
g1feec F}H)éso 2f V\\'Jeggélsnmc@mggs%@ withed tl-!e'f fﬁt@?]r&l%g AHAOWN, 33nRAlidnally

ozone 1 nNj ectrion syst em 0 e I nventi on.. .
Gerpertaned dabie hwlledeoilstankes thaying carael cemparaséy within gogss dull
CQLWL - Q6 Sny SHEAHMRBShPRS GEsEIaRht
LFRALIR R SRR SRy Sueypiarec

209 1029RR0IS; oEbitisrvaters, Tinvessrd 301 swpiepl of yesselp thyt transport

, 1 ii 8 sh agkeed
T L

@innon U.S. Pat 6, 516, 738; Smith 6,468,400, and Pean
3605’% 0zbheSrenbrares 30 EMustbR 16da8al MASKERS | @hft bBASE2paittemtin

ocufrents are i ncorporated herein by.reference . in .
Loenc Tegih i 489 ShCY SYBFECCHE PEPTS/RISERRD BINAT G HErisgrtion
T8HBARY 891 @8 be kel Al Gafogifeedtd bzonbéstorfink dwhbwn ddone

07006) type SMJ SMVA serie enerators and

EERETIbT( 1t GERRBFIRS B GROBEhcint rb orf 7 dB U'S: DN
00§08 8920 meaﬁr@tsog%r\ranmbmsmar Lexanpdled) &f Psuisi7abRe7;
ozone generators. 5 e | .S ~pu t ,
Jhrierarh 50 Ao Gl et 19 AP etgn PG g o G875
i(l‘H'nﬁﬁn{ }Jgﬂ HaﬂB,@l&ya}SSrSSiim 6,468p01 andePdaalck abtU.9a6,231,769. The
i nt ake/ di arge conduits 116, 118 a 1.2Q_vj . .
BTt oL fean et gpormints 7 2ol flrd by lefbrence in thei
amefndarce WEDIBCOh@CEMGEDECO tEny poghen®al aFedhzblogiesd 1 4Rirficld
enbodi t of the.i .an el.d] '

e ey Al N DAL DB M Ack e Rl S bECO
13 Pzér® fahuelogy haght emyert@dorobziyal praductivmrgegerators are further

ui5r5‘118 conveys water from

I nt akF/ dg'. %ctr\%a}rgzeo condui,
STAPBSAP U A akE88E 16t Sea chest 134 to a starboard
ba0383 10z0d2Easaf pirapedakrioughageasrator 30 akdegubtbesiuprttygbrog g ling 130
Oir gAY e bilgst Rk rﬁé RUllselarge@®nahRStI6, 118
ST VTP b Poles BRE] RRU BlarsaRnaaRSLIG,
and 120 via respective connector lines 110, 112 and 114 in accordance with the
FIGS. 1 through 3 and 4A and 4B embodiment of the invention. Intake/discharge
conduit 116 conveys water from stern intake/outlet sea chest 132 to forward battery
124 of ballast tanks. Intake/discharge conduit 118 conveys water from starboard

intake/outlet sea chest 134 to a starboard battery 126 of ballast tanks. lntake/dischalfge
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[0059] Ballast water is |oaded into the vessel 10 via
the sea chests 132, 134, 136 and is then punped to
wo omdog@spect i ve bal l ast tank batteries 124, 1P6r/UIR85/045738

t hrough the system of conduits 116, 118 and 120 shown.

At a destination |ocation, the process is reversed and
i 1'26 cﬁ%?éf%tfeF RB L ARK BRI &3 cﬂe%flwé]{% olt&?attery 128
rough espective conduits 116, 118, Op

@fh@ih&r@ﬁkst hrough respective sea chests 132 134 136

46059 Baﬁ’a%ﬁwat@ is 16Hde & s ae v@ﬁ@l nevigleaed atstshspugh, 136 and
anot separ at e conduit and sea chest SYSt em

sw\m)pump%fiﬁq I resReqtive jballasy sank bagegies 138, 136 1gp (‘hmugh the
Its @6 bf &ﬂld\mstd h 6?¥mﬁbg 1t2l£ ?récy\m gAt at GestiRNGR YAt 61y tl@’}go&fss is
e nmain conduits Qr e ve tan
peversed jand yatar 'a@ampidzzim%a% battefied 12boi {28 fhadueh the
Q?ectll(g QomAss 936, hirpugh feadifthiat asight @sectldsealdhbston 32,

1 TR e ook BB R LI €l DSl BKe i

fagd séahedtQQdt@n (It RRoVvaRITrdne tan ko dhtadriee d24, 126, 128n rvefter dmjection

f ferd tu |l aced in th
R Sate G, LB (bl RS R Bl Mg
debtotiet mnkbaueict 1 BRI 2E 188t eAsteachesah doaduiaki, t B k2Mbpasses

t 26 '
HiPiefersr sSTRt 0 A2t dgPRaTat S e RORER P it en e
pakieh olffatb tpeowdeod suctipivdisd@ie condier: ‘Ealvieg $ortthe dantgn pipe can be
rcﬁl%gf?lg& fnva%yén%?orcg?%}dﬁgja%}i ﬁmétuqiﬁ)gplg%g t%aertéﬁﬂkgﬁ 1?5%% 18

_hﬁ@ssmer the port battery 128 until each respective tank

Baebl ] b1 AR, bandlile 11 BHL AR DBIARGRA R GOTRANRALS 1diRr o

oaded carg i as S ovvn in
4Brboprsk @ttere/mfetu@sﬂﬁﬁ g koshurIR0 sleliveshessne 1@Qted “@ter W each
b RAL {%ﬁk Bt iBor?gr?{éFy &kqg,xk\ng dwited eJ\tEmm%aQ\ Rie maseg Bifsts

Into a orwar battery 124 until each tank is

fw |aecalft6oanﬁa$ aerted angechgrgedimpo wnk pheithe] theystarkoagdypattery 126
fol GHATR%: HABSS rlb@%mtllre%té“ teBkchRl hashs swaHcRhtlY FiNE malanced to

chest's 134 and he 1 nvention applies to wat
spmpensate Harr aifipded carena Simisyly; anrhogin *PrFég*ﬁnéﬁtanéf“B water

Wﬁk?srthkﬁglmgtem sahacgad fi ‘ﬂ@&t@d Rathloasle defiRe@nth M2 A0 and
fresh or salt water bo such as. a

Shyaed mt%att@ﬂmf Brvad dgley 19¢ ot f'c}cgﬁaftlblstfﬂgfgotagﬁiaﬁ@e the
Q,résselpﬁphargl ng baI | ast water) is inportant to the
t water treat

DR RSP T Rb5eL e 51 ob S3LRER 13 s 156
Q?]H‘Iﬁ%}%lbﬂtabﬂibs @b watw Yithet Qhalg%g oz 0 bellaxgeor tranmsmrm"azgmr
t hat about en ar ose ver oun
i SRR Eed rom s tafless K AR 15 B el Wby BT Fuc B
tAremmabo bf oBéhel'(g*/ tcrrﬁf ofig @iomdanypdmgmmytge ﬂbaldmgcbtr&bszl:hargmg
rﬂjgﬁqsbeen found t I I e cc

faval er% ésntn?pé)ﬁtar?tt e t%? r oH%ra Cont vl er {reanent
Wwidtém be Typichly, Sadonbl 8 genetaked fulal cdira:bhtaﬂlbn\l\ﬂﬁ eboutnl(akﬁ%
s T
aymned alfca. Sofngdeﬁoee e i dosad @embissp hefr weter dhemageoutred? bwy/L of
SO0 ARy LQ 1OWBea s ebi WoutANBEEDN pldBEr AR Ied
accordmg to the invention, then both the ozone and the oxygen will be fully soluble in

the full ballast water intake or discharge stream without release to the atmosphere.
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the solubility of pure oxygen will be 49 ng/L at 1

at nosphere pressure in pure water at 15 C. The
weodoahsdors y of oxygen in seawater is about 40 pgr/us200%e45738

solubility of pure ozone is 8 tinmes as high as that of

oxygen. [0063] Pressure in ballast tanks typically

\{@662?3\119@ e efﬁlléwnﬁgqs o bRHBN8VSESnaS o deRBdfiols atmospherlc
Gas solubiTities are three ti mes higher

é?'ﬁ%§§ mﬁé«rb@sexa@ms@ ag follew's Pisavs lavrgpristaaf 1oy °§é%ﬁwa{"g?at?ss‘hat
SR 401 1Rl oWbEuQ oRFLE 611 Bt 48 HpLt atlﬁaﬁosﬂﬂﬁl‘&;ﬁeﬁmeQﬁ ptn@ water

|nJ ectiaon, the se vvater alread t ai 0

&t 1ox§gdhe S@Bh‘ﬂlp’o P11 THEE 1 SS?:W*F s 3 b A ﬁ "?ng) tﬁ‘? ﬁ@‘r}g ity of
|;iiliabecﬂbill@i§ Iﬁ&ﬁfbsﬁf Bigh dethaﬂbfadyigem onalOI 32 ng/ L of oxygen

t he e ssol yed at

AB0k3htesn o B e omgaiby BaR: Pivept birBomaREEs o5 o
amkaﬁi fijed. 0Gadl :scslslmhwsnge hibitel tom;sgla.heamﬂ Daonssphdré08stpt 1

rt her i S Vi n gen

indRaer taoa st et e S BER e 8 Rl i Fns i
hy igbaivhec dle seawattnd airmdy rorthies abawat mg/lavt okggeh heControlling
350085 Qe 70 QTR bR I SRyBUBP MBI Mosypen e
puﬂrtm dzona wik he Idyssdlmdait ltatracmhm ét thogoatmosphersatthe ingention

I | ow di

S Sheseshr APl £ e e e 01 2 PO T
ViB6dl Fotlmmedissa]véngt dllothe phygen elong vthube dzang axestsj apregpiligrium

Sl O e Vg I, AR s e
of szens FOm selutiand wbermswbse@wpﬁhegsmse% 10 the amqsparat déence,
aagértlg%&g{] llb’?‘l]u% pe@ﬂﬁé ?ﬁé%'rlp thiittah§Er OI_T L8onedb afef Sreéey\%ter

rc receliver 524, dew poi nt

180651 FIGS 2%, 5fB M«bﬁc @%ﬂowmgéar@seﬁfe%b%kmmof péRpeiod and

%9:9841 yfox5 @gllasto%%le oiH?x@ 'Clﬁ J?Zgloﬁ gtﬁato%% OJéeusQ@ Sk rcHﬁﬁhndt!irc}h twift3the
ircul ati

@p@?rmof zﬁ%ﬁseldprsh%n a\er@ﬁ #t Dandreh §%n$%n{"5‘6§5v?% 2 pnd 5C,

iAbRKEnehRen HREMA0 ihAudeANBHBREP 3, réltib@aieand dryer 516,
refrl gerated 516, filtered 518 and tenporaril Z?tored

icRalsme ks R | Bibraring 128 Ge AuicheTor 22 ShdfeiveRP 24, dew point

hdringF s0W) filter SIB bidh@ lgeftdtor SYDEPSVEXMBRN ST LG m@tfltoi* l5®4,
gas | differenti H{Eﬂm{e}; reased b adsor pti

z@l n of . ..
Rl sict it S And rculatil U 49 1B Opesiany df i
Qf2fwn meNihk Gy fem 585 vanak "htaké erzedTﬁa’zaar isndordprdskgdexidedried and

sSRerap S e SRR sk 7 dePoady ad dn R Lo dging o

d;eﬁdrﬁteiywmﬁna Gait 13 vpt‘hdmmtto emwheoﬁmle nwhedioxggemrogatent of the gas

d,ozone er 5
Foiiaeagg BYpusE nfemidh d) e cdiotk ricneq g s
hie i edrexafot Qbeldieﬁdm inenitor@d)&%énd%l@dned)ﬁmzhm injodted b anwhe
5C sho hr ee par at nj n S
%ﬁ&?rgtg;\gﬁl%b V\%)erahe Cara1 Rower essgnefi§3?es‘§gtt a% fr?rx ée%gt%to?%() is
inmjnétoteid 084j mbd dadttoyech 3k ¢o prvendi ¢nlzlt6nm¢lm dls:cﬁqrge Generated

iacl)%j) lg sfP eicf QtCRl”%E §§§09rﬂ %m‘n%“c%g %g 2@.&‘5‘ 'u]ijir%%ﬁ sv§t§11 1§ﬂ?ﬂ 552,

i nj ec I'nto por 4 as
§ﬁémhqrﬂnﬁ@¢scabed3 and 4A. [0067] In FIG B5A

if[p@)(,&;&sgaﬁofsm&tsm?%) ahd"S¢ WARSs RALWEpakdl BFJaSL infidhBh §3Rms

550, 552, 554, which can correspond respectively to injection into aft intake conduit
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regul ator 562, ozone injector 564, predisperser (or
static mxer) 566 and mainline contactor 568.
waseas gy, i njection system 552 incl udes 0zonBCT/US2005/045738
i njector punp 570, flow regul ator 572, ozone injector
574 predi sperser 576 and mainline contactor 578, and
ection system 554 i des 4
I § e e 3imga i paf N B b B8 i B4R s Bor
Mea&iﬂuﬁaem\/laﬁe4@mﬂo&mt1mﬂ@88 3 §rRI058] In FIGS 5B and

BT AL EE AT TS VAR R LS, SRR SERG bR 6B o
RQdlatoF 562 hezone tifjectom]dde uaredrspmt(emtsﬁo mlm] @@%sncb maivéine
: nr{ﬁe?o& 6856§liiﬁ111 t at I %ctlon §'Et€l§l6§3alpﬂg egadgjgﬁf ﬁerg{lctog%mp 570,
ﬂé’@ regmiamfré’mnpmt oneCEﬁ?zﬁ74,s;1ratl$mrsm 5rang epiglig contactor 578,
F"é |n eg %no y%tgné% 54 MHde bR | ln@e@to? é%ﬁ T3 Fdw r@&dlé}cgle%%ozone

ozone 1 nj ect atl C m Xxer
amtmésﬂjpe@hspprsm6 ap@@w}meﬂ@n@h@m% n FIGS. 5A and

]'eﬂ.l HES! a9 %ﬁdy ¢ ?ﬂ@ct?ﬁ stte%sgSOaiHngé%zé\{eereQQﬁ&r 380! ®Hich

ctively by controllers
Con opirep & GElatedipy ke mssC%’ﬁ Eéﬂb?fo@ég%c‘rt@“ system 550

Reitjbdt6r S6B FHANAQlid d:d‘ﬁl@
|%Fgg%§%ﬁoz ﬁ%&ggﬁﬁgﬁgﬁﬁgéfgsaggséglbed Oozgigflj ¥
remjector

sxﬁrr@nm inelifles regidater T8t agone wiectyy pik stafin mixer P4

2}3 7§ 1fd irmcgoﬁ‘ sﬂle‘{xﬁgﬂei?lclﬁ&rstrég%&t&fS gWaizBhe infeamdr BEK, s@tiOmixer
oad | froma bal | ast tank. The bypass injection

é8¢wvbfmﬁﬁm@§@he i njection, provides proper m xing and
$6U6uPhL IsB&Wh GR FO6St bR Maos® @ﬁ&tndmb}&te&ﬂzesﬁ)alslsasdndmﬁmexre

and proper rem xing of t ver 0

PRI IEdh EESPRSTIHEIAY @wt@ilm@?‘éﬁﬁﬂ e Rlarfglegs Q’xéf?p?“ 64
ahit bt PAEGbaC bahpReBYRassprodesent drothe sytstfem&mum*g'hmjected
syst em 550 nclud%s a bypass conduit 594 that diverges
PESMABFRINBRT AP 6 at an upstream point 622 and

| WOPFEI %%ih&hdtf&am}hﬁtowaldﬂaﬁ Ofllﬁixtphis u’iﬂzﬁumtofa)zoiavm‘@tmbmned
poi nt

ss cond Oin
\P@'ﬁ’loﬂroi \@664 %X ng-to %%VO&HI& ﬁ,‘g)lnha %glljaég ?atni?r gﬁlﬁﬁ&%ss injection
QfiSws {00 0zohk 1r§ﬁ€dfioﬁ,g)r6\y6€ts$m;ﬁﬁﬂvmig 4ak Golubilizat®onand the ozone gas

exe&%l %Tts rsagg PEGPE r %tnll_ﬂ%gg I()E gr%tgi)e(ﬂv&l%fi é)%lrt;o(r\v%th the
(hmdwaﬁer 1136. \Ehawmim HIGES isa:stmpimyaft loarkhis@@pzetbypass injection

%é@ng@l %gu 0 1|4181Hde§8anbé}p%g 68 c}u'gm%ggtnag‘g?\{e?ifs 'fr%m mam
myncpaslsélar memfsﬁdam pbionb23f ant iesonyerges ath themein geadyit bW at a

Lol L Qdn mixer
Idﬁwns?{c‘earrngp uﬁ%ZQyoﬂ;#p%’sv DA @Ogé Olécﬁi% tpu,n?J 550! 94 t1§5§64

zone fr gener at or In he diverted
§6awaxtmalnwonduthmJCWES@zone i njector 564 can be a

ﬁ&d’flg&akl )%Fe%rESSOOJf FIIGGSA hé‘ﬁ]‘ exIH?laWy@t@&egpéPZt%Qs H&cribed

into the seawaterportion
" s é@llos\pe rSsewatgrofrons tsea ¢1@Stn4|3>2éFI)GSE>@63) aﬁwffdd@ ﬁ%’?‘?\;‘éo‘ 15ygcmain

\(I:Mgr%%ta Clékgr %@Wﬁg"@g?fon r??séﬁlg @5’0“ A tpélil@g f@f th%%bd%dt?@s diverted
ibyjcérculationgystret OSB! coseuif bifainte oo Phj Eloef g divertd

Qéa%%%?nd?lﬁrstcoﬁt%mlk“b{y fidW fGhRfor S5t eRedSA5EN infekfs 0zbls from
eac OwW regul ators
generator 530 into the dwerted seawater portion. The ozone injector 564 can be a

venturi injector or the like. The injected ozone is dispersed further into the seawater
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562, 572, 582 and each valve 616, 618, 620 to each
respective ozone injector 564, 574, 584 are controlled
whyoosesqexti ve control l er 610, 612, 614. The cepat/UsSioh&045738

610, 612 and 614 can be a conputer or ncroprocessor

or the like. [0073] A target biokill of species for
g)ehloﬂssay pﬁaﬁgggé@@h%faa@%&&?%a a%aacow |eA%¢RSPR (HeRain
e est a typical case erence to a
dﬁ@ﬁﬁﬁﬂ@@ﬁﬁuﬁﬂé@ﬂ@?&@ﬁwﬁ@ﬁ@ﬁWéﬁﬁnt for exanpl e by

69721 &N&Rh bPthk it N RIitOmjdclok Ssybied] §§Oat§té?90arMO9&9p%Jector
concentratl onin the water to " attain the t

ISYSRD P2 prd porberndeit BleataisystensP4 PERIG: 9Aaﬁ%fha3&9mee+§ators

t5@2 PiSkgAnABRNGARRI A8 6IfSaGM)fosearcﬁ|r@stphéigfetd20ﬁehﬁijector 564,
ozone The contrgwler can i ncl ude a

iSrét Yadare sonirallgd By jrempective conteaden ko %2 dﬁrl‘& e fopEges 410,
mﬂbhd)ﬂMan\b@b%m@ﬁ& drmlao@%cdswrasmbme of the ozone
the porti.on_to atg)a theth%ﬁ kill. gfw
AP pdarebronBiar s b7 balet Seeeihtrert B aysen fing vesse
Qa@rtﬁz edtgtRickddO rn Canyfial aﬁsm&tyetifmertdl Aodischaike Siatisdidtion

t t t t ry. .t
SPUVRHEN FE PO BETET oo R\ G RPERHOTa 4 Brpe

conamitioatih olie watei hﬁatt‘a&ﬂthﬁ’margeﬂblcﬂﬂl &' thei G&Eﬂﬂﬂmdmemplrlcally

operat i or, ex l,e er 61 ontrol s.fl ow

2B iR ok Shoreiichers Faelin o fR0isRe T faffyottr
Waﬂi Imodlzie raesett 0f @ctrudionbyo ad]}l:eahcoregiilﬁﬁng of diefdwdried gloytion of
tV\éaII] r anié%: O¥Imé?%tec t : \r/et gzo\ﬂ\eaﬁ]&e\t/hg pg) Oci?glio ant 1% t@? ltel%rg&tbiokill.
d‘ls clhartgd partibm bdralst reg\udateat arfdr therrdvadfl erote tnawklsn ¢@vibet agljusted

I
SRR 3 SR Sopd [N SIS L o
parg@cbmkldbd aUywcsm thr¢gholid operle comeaisition iBihe cécombiet wakhus
' I
IRPRSREMLST 10,00, cREaE Lt FOl AP SE
megulatpivater Bewe in ¢por<heat®e avithezene injectionfoy dejestel $620p eifeciiwely
%Cﬁlé&&gﬁkkp ﬁmr th -watdd4daing fr\ﬁ) bﬂiaﬁ%.% @Q“tocﬁfbc{?&é)ag%leve

as I nto I nj ect or SUC as a { I Nn] ect or
ga«écﬂlérpam {p ris§clalrg;@snbalﬂast watep diome 8 aﬁth@“kseéﬁﬂ fethenteg. offor

r&ash,me tS@sSystem Qnde *abrgrbnw{daﬁ%mcaftadgbmmJo;aumfab&ve@ tifht are
h degreée of solubility. Furthe a venturi

d’é‘ésti*%ﬂgl by tasc MatienabfInyasiye \Spegies éw poliis t&%rf@um){qr df0 can

feB¥Yd RN fIvey &gﬁlht%r SmntMnEHcfmbéﬁﬁﬁéﬁirmeQﬁ@dﬁBérﬁﬁﬁ&ﬁ 6f 2.8\mg/I
vent uri wor ks forC|n%afIU|dthrouglh a conic
4

Ob AN i the 867 ‘t’ﬁ%ftto eHeqtively goovidegriugd W& i fferential in

{675y Fhé Ujdctdriize corbyagy F@nnﬂorﬂ@d Cbr%ﬁclﬂ&ﬂijﬂ ifj&tdr, but
The @essure differential inside t vent ur.i

iPFRTErablxds & Yethd P atdress dreHequiremgnty B‘i’i:i%g?fo‘m"a“} ﬁﬂ'ﬁdomme
g)iﬂﬁqlhlﬂ td &BicpE @ hitdegias 6f solubilnyghurtheR@rventafi idesirable because
|£1tersect|l ‘% side Iine. A venturi .injector dcan in uqe
SEVENVEY 1 MUPEVER SO REIYPTs S Qg Pady r ) m*nlmaﬁéys em
Sb@ﬂd:ph@fhrar At henaat wbﬂdsvbgfetbrdingm ﬂa:ﬂahmdg}seccbmonsnstr'rhe)n that
t.apered sec t on tha ses
GRBEeT heSRat AREea®h 1P SERME e Bh Bt i Plos S5y RESufppor
(the gsesswre dliffgrentiah issidez tha eventotiotubdr émitdteswsifcriomof laeother fluid
i.ntersect.i.n |de lin h Q
(PR FEiRE ! int pRSens bR BlouINE pBA2P B ARELAERE ide tine.
af tventumametqtmgcanheckuémauventurlnqueecthat corﬁpte@s spehogestralgB6 pipe

isg’ctiBE egre{h?&llt Yoefveth atthoC tamel)é& rseéthﬂg. PR Yépgf‘e% sections form the
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addi tional solubilization of ozone into the water and

ensures that entrai ned ozone gas bubbles are uniformy
wolc@pes®esl i n t he bypass conduit water. Predi SPer/E81005/045738

566 can be any suitable m xer but a static mxer is

preferred. Typically, a static mxer conprises a

series of fins, obstructions, or %; nnel.s m?lurg]t ed or Th

Foneigtiom that gaysep _riffor it RFgFe AL flufhEoys fyough the pipe. The

%&E&&bp @a%s Okore b fiel flovafrém @ﬁ&ht@fsa‘dmg gidpilipeot e
ther m xing of the ozone‘{?g[g bal |.ast ,.wat er

|[q0(‘-m] Tihe gzong gds/water; Iwéfur ﬂ’Hﬁngﬁl Opd*e%fpefser 566 after

@thch@@eﬁthﬁ ifj oy, Pﬁebﬁﬁbr!{dﬂﬁeﬁ lsrpgefemlsi&rarseitm mgxerohat provides

g%g%%gfog%gzagg%ﬁf %ztgﬁé k&%gﬂg geg alaé grgﬁ’re]; \ar entra(iened ozone gas

3%511@ ard @rdforialy. d|§5|aaedi hltthﬂbyp‘assanbndmb(wngr | Reexjspeesas S G6tan be
di stance cov b 9as bub

A OGO PR T B et BEPTHERo P ey aaas Ayl ABRbS

aledidstoy ﬁhg obstauesérey oroczhamlsfm@mteﬂlwe figeds infr a<plt9mg arrengeh@m

Xer o
{5 Al S, 57 SR80 R 5002 i of
momrgasaed ibsllast ater élqmby & GREE deixérgas hes wmeemierapd 1§ first
1v1<P rrloQﬁ ?1%% Q{\‘Q\ Fchgtmr 220?&@1&11\1{?1 ogrql{é%'tslt ?_t; 2@18 nsé%t{cs m(l))éer
aqensxf&b etlht Idofﬁnpdsamds cmrweitl preresprs  OS @@oneo selpbiligationpe The
%e&snﬁdstﬁﬁﬁ dje tﬁrth@“cdlﬁftan\@é c%réd B9 gh¢ @mYILeand breaks the

tion pressure drop. nust be
@g@@me@ stnursmgnqéwub\ples therky @é’ieﬁsafil%wtht’— AbiitytA érabsf?fa&zgne from

%er éqglnl‘?\&fu@tom{mat}?s TROWixe: loP WeCHRARI ch tpﬂﬂfhepefneafdﬂt'dfoﬁal 5-

provide proper mxing in the static
ﬁﬂ%eﬂolubmze@n the water flow rate should be hi gh enough

t[ﬂ)?@f]%'é Staflc h%r %@9 KO0 e ClondilidiRg e Hilaféhﬁll tbeoeoﬁ&’ﬁ:@sed
'osses to wasteful by reactions in sea (%

Apé edatagt vhick i nagbgq:progqssqdhé sfatiG BY¥er (:mt eﬁ§tr} i ﬁ‘r#ents or

RY R3S oo siRt RixkS ce[nelSBJhsfeGdo (5 aFH'lp'B/ bthe Skt idedntdr as that

ozonation of ballast water

CaiTAE GOT e BRIBHoT nEPaT 78] HIOSH Sy FIoR, s dFsFsRe,

Rrdb R HARR BYRAS that klﬁ%}fp@zisazlrﬁmstlingb@nﬁﬁiha’st it ﬂdwOEfapailty and
| east 0.25% of the main conduit,f ow Qr e%(ﬁ % ol L. afw
FFSHEe FHRBIliDEa Prvids i By s e mifer K Re g Rats
frht0\8hdudd Be high I’Eﬂbt[gm&b rashr@h 16w esough aontct 3D ©f mineizerazame
ondui t fltoﬁ)and eferablé/ the flowrate is

SeRIGMATETUADY 524595 Bt ¥E"hai n conduit flow. For
qo@m8p lACc@8ing s Cuni mdct heefr the rimfenhon, faomirtOmB@%yypass ﬂow rate is

tio, betwe o} f |
o o rrPuar parearoalogAf Al VAR By bR reinjested
ReN itd mmaimcondmamm a emlmhmmtl aamuﬂmomdlypmdlosv mt,mwust be
560 t er f . o
T e
Ihjadted) mtcdth«téxybasd rwslrabdmthmbwwss flow ra@osm@mﬁ@nftdoatfmfliwthan
ﬁO??f t@g %’n Qg ?lr Q]gﬁ %}e%wra % tf?ezg{i@ r&8€ %ﬁh@%eh Rt 6. 59%

US t ntro can coordi nate

fdf alre b\ymmmptﬁﬁﬂow thor |enqlreldc o8 degribadohgstioafier éordf 38t 2 dow
QLS bR edr! £ VK/yggssaﬁovJ 5@5thatOn 207k c%néf(ﬁt’ ﬂo& Qsﬂ%& 66 lg®¥hin

for every ozone I njected into %
[tOu7EP g"ﬁﬂfmni olln epsraderefearpsteRle s@mvglleasﬂmqou plp awm@n%éo to

qg&xlzﬁg RafdPhow B ERARRRR with ozone injection by injector 562 to effectively

provide a minimum diverted portion flow rate according to flow in the conduit and
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limtations of the present invention as defined in the
clains. [0080] EXAMPLE 1 [0081] The ozone gener ator

wh D660 GS. 5A-5C can be sel ected accordi ng ROI/USE®05/045738
following. First, a target species biokill is
established. In this exanple, a 99%biokill is
target ed; neaning that the trecgment tar et of

PropeRien ¢fsotage (Generaigd ing F miFe g@%.Té@Sé tca?tfﬂé'af 640 can
hsdneR ﬂgm B pdnﬁ]{%b &vithaaRedr 56utte ptrmdehﬂ{/éraatpottmmw of at
esged_ in ano ner i
TSRV A S @ain e ey grely delast éOfEéPJe%tEf%r‘&on;ﬁ%Pwss
CP(507DI ﬂfﬁé Gﬂlldﬁh@rex@mpiegsﬁrveEﬁmhllbuls&ﬂlonQ'R@ﬁt a8t hatginddnded as
a wat er. | oadi ng _gst.ablishes that an ozone
Lttt oL R e D IRLR S g e and 3.0 /11t er
QGOSEPEWAMLH s required to obt ain the 99%t ar get
f ot

Bt b, %t a ST A€l B SEBESUEL 2 o8l e
(fol)ovang Ofickt, agarget shemasblickil( ls)establlshedglnihlegpxamn@ a-99%, biokill
@ta[r‘)% % ]meam %_ghagthe t‘?ea?m&%'?ﬁgéttc)f tﬁe?r%l% esgiis ?angiélk? % of the
[SPETNES comtnmtch insthEXguVPALE, intaké atdsl ipte the balisspletks. dixpsassadnin
aﬂ&ﬁéﬁP&W a3hea SO0 353 ERRTh 502 RaieShRRROR rblFl:t fubic

tarbo sea est port i nta
artetqmcnfttresteé watee ot 16636 Equahmoamwm sulpjers spaesvp@tiqad@g

?H%sﬂé&t tagta'&agio'ﬁé §§nc@ﬁtgatl%z 0@%@“\%@1]\ h @nﬁg/@@err afll @L{i ﬁg/ liter of

vals 19, gpm
[Se08EF nsxme@zreqhéo pb@uu&m%’gf tasgeh be%pl& %Ty‘SQ’ S\tr@mattqna?fnthe
?Erba‘dgfi@?{)f hav el 192908t LABAhARD Furﬁﬁstz@ a@geagbhgst{'ﬁi ladcbﬁﬁng 1to

or a required 99% bi oki IS
craril{@os4] where G is a pounds to k| I ogram
conver si on const an{l) CQ& ®, g,aldzqns bo liters
conver si on constant” and is a mnutes to_daily

d@ﬁm PEErE MDA SERRAILY torfrb@ésme rOYRECtye RYBP SARAGITES ﬁ%’t’ Appker of

MESHiimpshen %QERAMP!L‘EJ atid m&erlau&pg@@a%inmtaee gﬁmp at stern
erial unit measure for co ari son

rS%ﬁ qfﬁ@t léap%ﬁ%rb?qrwt%@ PHIRS FBE3T ?W&%‘é 3%&63 g%mtﬁka PEmp
|aﬂ bocetiRst 136) RPAVEEXAMPLE, Qe Teshectize 30@p|das td@lifi®bare

LN ERCRITER P ML o R
ggse[ é\h@&&neﬂfr@d&ﬂﬁ’tﬂﬁt&gﬁgiﬁym&) @‘alenZéélZu;?g}rt@?gg&fg@mmﬂﬁent
p‘EtF Bgﬁgﬂ@q & rﬁqubrﬁgbfn;%[ogdg'é] A correspondi ng

ol Fouen 56%‘h2a2abe“?te ol IRONSalect 8 Conarator i o
ABIRSEFbER G o Lo SRRRG et {0 S8 SRR AT E By ers
gasverdignaohstant.and O & avaihutes ﬂosiaﬂ)acomel'she cgetet.at or

IBHRT ab efyelol SPRER P RieRChhe S0y PURIbE dub apel o an
12p6rtat amit- e nteasurd igy gmsparllsqn td1 |stsnd§)@\WLrE caphdtiGCPMpiimip
tsnganu%g F cpgurpgﬁgrgh Iﬁ % (IP' a%o% chqs @C%r@'ﬁg lf)s‘?kg/lo6

mg/Kg) (3.79 hters/gallonr)e(zg r;t2a4) and Q equals 707.60 ozone pounds per day.
Available ozone generators are compared to the Q; 707.60 ozone pounds per day
requirement to select a generator 530 to attain the required biokill.

[0086] A corresponding injector 564 can be selected according to the following: The

capacity of the selected generator is converted to a standard cubic feet per minute
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out put proportionation: (H) Q1 = (Ql/ Q) Qa [0088]
For exanple for a first injector, the required
wW@E apaosdoys 3, is (17,000/19, 6000) X 56 equal tPCHBSA05/045738
SCFM Avail able injectors are conpared to the
respective Qal , Q and Qa3 requirenents to sel ect

respective injectors to tain the re U|red

(BB Sortigpisc bt 8t st © BGPTSR Gk 74 60 pounds

PérCdaly TOnEpiee ﬁ@SQFWéoﬁblﬂ@lr@ﬁHatgﬁéséﬁéCM g‘eﬁérateagh)erates a 12%
ector. to att 0090] EXAMPLE 2

?}JG@meF‘W'"(gtﬁa% %)EE\F/%XE“%%% It ?&Mt‘ 6[I s fed from an

[0U8AK ENea cach &f fje@eor GOsighdi dccdraingee the dolkedng hepsdseraartheaequired

battera/p of b | | ast tanks of a 100,000 to 150,000 DWr

PURRIFC ‘er is fed at a 10,000 gpm fl ow rate.
The seavvater cont ai nﬂllzmarrg/(Ql/(Qr)anm de. [0092] A

T A T
b(y@smla@ ABlAISCFd s enitable injstaratre domnpared @ theresi@edrreQgdd.
d éarq aetqm erﬁfgntsséo sgllgét r&{ggﬁﬁg %‘ieézﬁo]rgtto]aﬁa RShe reé& i Ji..

source alnl ess st eel pi pi ng
t{(msa] mepmchuremfebus MAMWeE pwites f precisp geneeaiorsdzing and gas

i}lgwifér;’/gaggg, %t(;r@? %¥,€§Ct%@gmg§tlure A bypass flow rate

ve I njection by the venturi.
IHPhEXAMPANFLE, a bypass flowrate is set at 66 gpm

6}3%@) #’E%%Pﬂ?pﬁe@éétn@h@ % R4 Rsh- anﬂﬂ'ta‘f(e/ﬁﬂs%réeat&ldwt

e main flow for every

@gts@w aze® chegt Bnd p befiery gboalgst ganks Pf @vJOQrS)&O ﬁ? éég QPOe DWr
@{? e@}ggv@égqgféayma 1098D LhMEIW SR ABRNEAatdSRtaink FOXY/L

e low rate and pressure are confirnmed as
fobbrogde: The flow rati o between the main flow and that

+6b9§]“ﬁ RYRASSreh AR i1 AiveRY Hah/the [htzik@/d@@h@ | £8Ad0it at a
he specific ozone dosage in the bypa tao i eve 2
sestant fowHatormbypass ¢oug W"B“B’é“%%?g “n%)GL 1995 12254% frd

QRbeY shht rﬂ!ﬂéﬁur@f(l i S“f’pfb@ Groitd BéhemBAYBEREC t}'@fghm 6L dtainless
exceed Br'

el e i T S BSnDSESt 7o Beeacth e
d@Rixnat e AOBpRsst ity BiyPRSSt tStpEBﬂﬂbﬂfébtwe mJecadn b the veh@ri. In
B BANIPS iR o F ot St pad oS o B
t9b @silTElhis A8 geisr0eIW iof eemmdin 6w ZorCevany/rhg/L[dF09ehe td he dosed
DRSS MBS AR ol PSS, R IERRLT R
sieplaadnednt pHOS] EXAMPLE 3 [0096] In this EXAI\/PLE
JORBE RO AP QGO el RYRRRAR O hlfodd: T bp o
betisee theenaamﬂbwrantilthm ndtbwrbypass &l abostt 100000 gEmengsHoagal/min.
’[%e spevc\llsf‘lc ozone dosage in the bypass to achieve 2 mg/L in the main stream would
be 303 mg/L so that with only 70 mg/L of bromide in the seawater, OBr" would
exceed Br by far, favoring the undesirable reactions. The beneficial reactions
producing OBr” will only dominate once the bypass stream is remixed with the main
stream. Hence, bypass retention time is minimized to avoid as much ozone loss as
possible and to meet the main dosage requirement of 2.0 mg/L.

[0094] The bypass injection venturi minimizes back-pressure and provides 90-95%

solubilization of ozone gas in seawater.
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[0097] A bypass flow rate of 66 gpmtypically requires
a 2" pipe size. In this EXAMPLE, a smaller pipe size

WO 200888@c3 ed to i nprove the flow velocity. Sineer/bsmks045738
pressure on the venturi is also a limtation, the
sel ected pipe size is decreased by only one size
increnment, i.e. to 11A". The cross-sectional area of a
10095} EXAMIH £ 80 pipe is 0.01227 square feet. The
f[ﬁ(@W] fredh ERA :E%By&%s ¥ipf@)idngth Ror ll4e7ﬂypfa§sV§}ﬁCIs Iigfitel RAd a

in

vel ocity e i S increase

iEbery e, epiees pumpie Y ;Ss'@emtamég%]re : fﬁ%&g*st'@w’% to

lafndieE.D IRRAdS R fRllAwt de a m ni num | ength (retenti on
| ength) fromyventuri mai n condui t, rel{}Lectlon LE‘
e Ps 15

AW bA bypass A At %fnét?o &AM BRIGHK Teguirgsn? e PP SIS f |
ExAapripal sohlRApipe! Eﬁe hsegauulad tcomqyzmmﬂameacsy aSiInCe back
m xer ang‘ean addi t.i oo

SHTEEOF B AP 6t e e P SRR o cpreged by onl
(o] bizé BORAIERL, 1.6 1213 TR crosEhectionsiarda afg 112t Sehedubnd(L pipeis

[ veling 2.5 f 12 2 §,0099
ShAREL K B 3By ow M e BBy o 1SRRI har e
ceRceninited piphs indeasabin®. 1481/601287nat1R fesecaccept abl e
eoforansm om.hal | ast t .
'?@bés Efn Pss. sag €T 1%P]esngtnec§ {3 Cpr?vxé‘ %gnzlrg\lrﬂ]\@ ltgrg%ﬁ @ggr‘?uo%qgngth)
- deheventuretb mainf conguis penjlees)anomms ifoldovor glimd stentiby length is

Cf {e]:? t? Q?’rrgl 1'3910'nﬂtlia? d%nﬁel)ter{)ﬁt\ %h to g&%‘n%ﬁat@ A%X%IJC: dﬁirer and an

erm (i exposures.
Addnhbnamgumbhshtq acppmmadalahn amﬁ@w«slmectqruﬁé\mrﬁt@mwn length for

Ge%geé %@ﬁ%em AN9WSs tan%easi#mm gqﬁnm{ ?ra%e?}ﬁ%?? ft at

ricanysis Bahi a arv erlnops
Jla\fépré)ZIS vari egat us, and adul t L pl unul osus were
%@@Lg gy Aquati c Biosystems (ABS, Fort Collins,
A) |Ie adult R abronius were collected in
009} dihis EXavM N cdstarained \wnceniratiaftsi phegonsy & rflighate gn

a@@epga@@ BeR@nfa ?&g%f’ At Ah¥ms *H‘('.)Y@Bélla@t WY AR B AR Bff-gas.

were al'so received from ABS for tests
&a d@flmyngf peose 93 ditadrsmiasthinstivesnspigs Phanapas sraspisme &y

Qo QG hiSial Nalvatef PR niﬁéf@ft@hngeoodsr] batch
condi ?;%Eggn efore 6e%| ngl ?lg ?e?t)\?ng [OoeerZ](l ) bate

tORISEI®Ey tests were conducted in glass aquari a (either
éﬁhl@li ] Adule) meStsRiiMp,NANAL ttd;fsin@llt ajuv@ﬁl@%%ﬁi’she(aASWnnE\Of tand

at hons Cr st al Sea anéi 'a’?l oni zed wa %evd) -30 p
PHyls pmpljpe swrﬁgestegqufa Yitodkgericemysis paanierg! A ”"ms s,
ljivedilat ebaratilys, andl A0l 4.1 phatRsksOwWereniogtainet OfrbrﬁSI\quatlc

er at [ sh, wer epl ace
ipBeras LhSs, Bae B EOEhsRy MilsGOMI fyptd ereigiied® in
Whd Hicld. ndak UNAHcOBss Vand aid sﬁbp@lﬂbwmgl[utOfblﬂﬁ] te€lirpn bomsory.

i spensed .usi ng,a, | . SC-1.0 ozon t.or. ((Nutech.
JUaR RSBl Bk o e S RE S ED ARS Rlrekb diriffling
vpast @&&ﬂommm aEdl mapbmns&a@dbfmhamu@prodaas cAdhomzetiresiwere
Wi t N) Jf et e with a glass float (G | nont
in good ondition before begmnmg estmg
[00102] All toxicity tests were conducted in glass aquaria (either 10 or 20 L)
containing artificial seawater (ASW; Forty Fathoms Crystal Sea and deionized water)
at 28-30 ppt. Prior to testing, aquaria were filled with ASW, placed in a water bath,

and equilibrated overnight to test temperature. Small pieces of nylon mesh were
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Instrunments, Barrington, IL). Ozone gas was

distributed to the chanbers using Kynar tubing and
wozmeesdoad er ant di ffusers (Aquatic Ecosyst ens)PCT/000081945738

TRO weasurenents wer e obtai ned using an

N, N-di et hyl -1, 4 phenyl enedi anmoni untf pot assi um i odi de

di.cat
bt "zir?ﬁbﬂ%ﬁ)”(‘:g‘l‘%?‘& U8 st Bl 8h PER L o Rlsand »
Wetohne. 330.5 for wastewater and Standard Met hod

i@ggﬂcb Cl;wf 2hs gl ﬂké % odel g@ l%o%ﬁgg d:?etrétgp(l‘ﬁﬂ&/hl-@3

Ift S¥here expr ess
&guiMecleantVAD r"fo@hﬂpatthmnsl e Skﬂt@m“ﬁe 258 mL/min. driw ©16ach

&%be{ wgglcggr & e{i Q]O;rp o176 &fowd Bieker %H}acrl s§ LAt

|n|ty were treated wt ozone at a
ﬂﬂsmpms,@aoﬁnm BnmQzanngaswess distrivared del thsfohambess usingynar

?@ﬂ%\ga% o?&%g&le}dfﬁ’ ﬁﬁs‘%}s @dufiRBRb§3RRG). ai r at the sanme

rate to nmet hods used on the Tonsi na by
P& TRO amnmaz@ngvs TREE neekitineshensigswer oldadipidyl-1.4

fg&%eﬂ%dlarﬁlnemﬁyp%taé&ulg Jodldd NEEPYRIS fndREP &Ad 6ah.Pocket

Ozone tOXICIt%»eX perinents for |arva

Koknsineins gacks Eovsiand, GO & hispeocedurg was eayivalsat todREFAuMFthod

30,300 Wabtswi¥El §nd” SRAlTl @¥ethéd 4900-CRGU &I d@inkiHy {Jv@ter TRO
experinents wth adult Americanysis bahia and adu

ORGSR S MBS UISEIET BT WER P LRSS THaF S 25 Fauivalent

%&Pct%ﬁﬂrdﬁ%ﬂ; §ft BiSBEle @BLQU Ahol @fi2 £i0ve nm&rzaﬂgnber s each

cont ai ni ng _ten organi sns ha er t est

BB hEs 2Brinsiars Cerunibing A ors CPg aRing T EpRT it

&R dFowlite of 6UBOHBAINQvers b&ldﬂl&iﬂmai nedodt caaol Qquﬁiclum
[ 00107] Totalégwsmf ow rates f

qcegleg égmgl:essg § s¥pe @om_ya r§2 m*ﬂgsg’ ?“F‘g‘&? ed on the
Tondiks ;Bsm@l@qbet et apn206d). 0TROE meaPpInEentsatver® dﬁtalﬁed4$rom all
0, 28, 9 H? /L/mn. Controls received

.é?, and 0.
Chpheasd é}’gﬁﬁV‘ ° "97.5 n/mn (i.e., maxinum
floono6y @zeje tdhatial egpsinfdnowioratees f Aheri@pt affiminbgrvenile C.
were 38.6,, 28 3, 20.0, and Di3%h; :
O’,‘"fgﬁatuf{l_%ldaaﬁah %ﬁ ibzrfmrzﬁk] w&glcl_%&)’ucgedm’gg%r F.l aal, ?Vh%lig g)gvo%gments
3}8th6adlﬂl.t/ ,mmr)canﬁmpémhmemdsaduﬁrle Mranulbos werergrifommadoi 10-L
r n re Wit [
gﬂgaé‘avafxl o mfrﬁ%n?% g{"a g?ot dtgfef' \C F&r gl%ql}b Ssu%\?ﬁllcglr'ltg?n'%a en
Q)r@msmjt with- poné8-chamber tmtg{d 5peh tfqgtmqyw n§hemakgrs containing all
| ma‘insﬁlts eQ(Q: r| oa%%ﬂ}gzﬂ?ﬁ §2‘Q@%m Sﬁgv@e%ﬂﬁné‘ﬂ dthkn ?@3 5-h

sur e in a treatnent died
[[mun@B]rotﬁ«b gdeflewniatee fof 2@t chagibershivere %Sy 98 3z 3R, and 20.0

%[2/91‘?‘# ’ﬁbeg@{lb\g RYES an%EISE‘nééH t\ﬁ'n\ﬁﬁ\lma‘l] H%(ﬁ@ 'suﬁ)lfﬁ?er 'o@@ws() 38,

laced in five -L glass aquari
(019, arzd 009t Bg C&/Tg{am srfpnpals rémwsecpwpremiapmglsgt fir a¥N97 5

é@é/ﬁﬁr},{?r 2l {l‘un?ﬁ@\m)ﬁgs TR asgt‘?o»\5r1ate§30r30 L%aﬁ»be@%re 38.6,

L/ m
387k 260 33113 roimin @734501415/%%)1?4”%@(9 hms DGt Soti air

twg DOE bsfiDr € Expirinidatsd RereOAMANRY tar BRkIFRIAT of THcal.t ERO
75. mn of exposure. After 90 m n

of e
JUGARYIGINETYS WErGARsasdRd With RiologioR! Qsss SXEPEEHF% Apd Bgtilifypf
RLAGRE) anh3- beakess 40f anal PR fol BRaYVEleST initaiidH. Experimdnts were

terminated within the 5-h exposure period if all organisms in a treatment died.
[00108] To determine effects of short-term ozone exposure on longer-term survival

Juvenile Americamysis bahia (10 d) were placed in five 20-L glass aquaria (19 + 2 °C,
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a water bath at 19 2C, and fed Artem a franci scana

(0.1 nL per beaker). The shrinp were exam ned at 24 h
w@bdoensdoes m nati ng exposure for nortality, andpcEEs2005/045738

organi sms were renoved. Surviving organi sms were again

fed Artem a franci scana, and exam ned agai n for

i Bl%l;ujtnigr}fs ?etr cﬁﬁn%r)affcﬁz{l SRGR U& fol ﬁpﬂ Qﬁlmge‘?s Q@lre%@' B%2,

t oxl resi OXI ants over I"ass$

atfefaend) AP-8 anle/aiith (P, A2y 8 7,1amd @ Qﬁa@g lq3éldﬂ’é’ij ‘W“F‘P\‘ a7 hove =
7. hi/min)! /Fﬁbr}néagurél%eﬂg wWeR/ thkdH B&h b'éTBr'e mﬁlatrlr%e&z%% Tr@égnent

val ues (> nmg/ L) were reached .5 h; see results).
Ang 3fter maf Oi ﬁ@owr%af\@ar Yhdsy of %pssms SWEY&Y IReh prgpEgs from

faEh EHAvRE WEie rélﬁ&ﬁed‘élhdi @c&hﬁtor&%ﬁmeaw@&v&d&@m&a‘.ﬁam&ﬂm
fromthe aqu mt02 L | owdensity Bolyet yl ene

UBPER Paib R 19 pedits ANk dretif drenciegss Pd, Mhrgg! Aeaken. The

Sdaﬂmgdwéra edaﬁiﬁe@as 24Vt AT tterf@iatiag raﬁ;sosh}eafds I&ﬂﬁ@h@t add dead
. Toxicit erients were. initiated

SrEs A Bt Ty Ing Or R Isma WS 8D LA g greana,
exp) @ S iQe o inCfolr m&“[a[‘lfﬁﬁ@ewmfaﬁ'gmpﬁﬂmem r athl ons \r/]\/aS Sw.

' € 0z ed water wt A
AABY T s b SR LB e A 2 &0 AdAium
toestamingeA WD 099¢ (az anatdedithvatone angil. gl)n,l/m'b&') (043 2@ GZ/L/dn)
% ..and 0O .2 S\ on| . Three, 300 | i cates ,of ..
SoiPiesitd SRS ¥ bl e pdipalL s HERs WGRLS pportion of
gbe hredtabs tvatan . 51h) sasiob@thed forlilimediat€ usa, whﬂmtlerrelbalhﬂler was
F@\?seﬁ???sdeﬁ%ﬁgh%r egarlusn? tso %Hgl ?%1%1 B(\t’/\éﬁgﬂﬁnsee ubelltta{n%rr; Cq;]le wm
reqmparatine Lapmnt, Ibéra@dfswded)mmaﬂdnes&rwn&nwachnaamr $cammcatat 12°

t(je S’f‘o 1crth e&ﬁ‘érlngﬁﬁ ds J%g m%tliytéd"%tmg Bzcn® %@at@g a(%F %t204 n8 E18 h

organi sns were renove
cfplgaﬂns mh;s werosurg geerind.f e’d rghge fof IRE) somentratiomsd wex amlwedi by

'ming %eo%zo“%]&i @a{e} ¥vxtﬂtfre‘s]1$ Rwaf Efcch®RioREGH HRhAgy %tehnfed

oxl Ci t 0|nts wer e expressed eit
a@ tq’r@@ny &asts| vear 500 %dﬁ@@med a*aiebwsly)@ IEB0Y0 & 28 feand P do (ASW

%’ﬁ ST'fn%e tB'OU‘ﬁﬁ ré}fﬁ@&bm eti&pcmngeniratf'cﬁl if 500l ﬁéakers were used for
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[00111] Ozonation of ASWin glass aquaria over 5 h
during the acute batch toxicity tests indicated a
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Similarly to the LC50 resuits, juvenile topsmelt (Atherinops affinis) were the most
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of the less sensitive anphi pods, R abronius or L.

pl umul osus. [00114] Effects of short-term ozone
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significant portions of marine N S popul ati ons.

[00118] The results indicate that marine invertebrate
wareNHsdts speci es can be effectively el i m nat eRCT/US2005/045738

followi ng short-term(i.e., less than 5 hours to 100%

nortality) ozonation at TRO concentrations less than 1

ng/ 1 as brom ne, and that ozonepr ced oxi danté can
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visssien.. Corsyuiing 97a6¢ by ghapisal EopBB iR BiF SEPVAIF AT By release
Bf” sQ8net Borft RBILALNIhENSuBABGLRALY BifRsdd® thal I'astsyttamksan avert

adjusting the regulating of the diverted portjon of
waitiBpriuan 9 ngrpiae @y tpia) féé’é‘tsﬁ%ﬁf BPNGD ST Cht BV eiE

ROV12OPWHIR SbeAbd cihibBdiRhEG ST e Qrk\lehﬂlon and bd’ehectetsdrn)gd the
ozone at .t he determ ned rate mégFt er

@re\s@w@@nwlﬁ Fanable O xeriagpp apdy@ogifeayiop apf gi?fﬁ?‘?fe Feutd gt de
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AHerptqns Hhat ‘391 V&'BHE)WF‘QPWQG %ﬁf’egﬁoﬂﬁ 'Pﬁé Bne i nj ect ed
water into the ballast tank. 3. The nmethod of claiml,

additionally conprising charging the ozone injected
water into a plurality of ballast tanks.
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4. The nmethod of claim1l, wherein the target biokil
is one mcrobe per cubic neter of water or |less. 5.

w(d b@eedood of claim 1, conprising adjusting tPer/us2005045738
regul ating of the diverted portion of water and a rate
of injection of the ozone into the portion of water to
provide a concentration of ozone of 1.0 to 4.5 ng/1 in
the water charging into t®eAA | ast tank. 6. The
eiiagds efAahvapnsl, conprising adjusting the regul ating
of the diverted paortion of water and a rate of
i nj ectli on dfMmethnd of 9gaTe teRfsnt FINRSISING; on of water to
provi déemifing e ekdt @tqunopﬁﬁe@ezsqeemér ShalgifOinth. Dot karikrof
the water charging into the ballast tank. 7. The
RSEh3ENSYes&slai m 1, conprising adj usting the regul ating
of t hepdiaMfd & AileRE pdroh of thevalatk paerohiirging thé water into the
injection of the ozone into the portion of water to
ﬁF@VFﬁéma concentration of ozone of 2.0 to 3.0 ng/1 in
t he wadjedting g gguigingrif thet digerledlpb@ish of &ater arfil. a rhtesof injection

thod.of claim onprising. injecting ozone into the

3596PF§H°Hﬁﬁ?ﬁ@H%%?%%F@Fﬁﬁ%%gﬁkﬂk?m%rior to charging

t he waijeting dbtanetdnehedddtdradiedtratekintodhe Tdgelaredt divaitedfportion to

claiml, conpr.i.si.ng.injecti.n zone. in ' :

3o s ergp R SRR h ey P e BRBEL S el 67 it o

ttiee teiflast ginkg each streaminto a respective ballast tank

of a pluralit f I t, t : . . Of

claingl, ?@%b%F@P%ngkgﬁNa?@ﬁg&ﬁﬁg‘ﬁﬁ@gﬁﬁgﬁnﬁg??ﬁ%%°%?e

vait@ed wateraintotthe bablpgt¢ankng ozone into the portion and

di speksi ng i Nj z ! oy '

recon; ni o felhB B cBfin 32 Q8RR PR ol e bobne

iimtaed wateiatol agpdwralitsiok baltpgt tankset hod of ozone

treat gent, Tl‘feomgé 'oflgl"cling'l,v\@ﬁéréiﬂgheata&@f bioRi iQfon¥ai&bbe per

charging into a ballast tank of a sea faring vessel;

debiemetanohyatahordeséne generating capacity Q sufficient

to ingect PRORRMLALR ddif POdpPRink QdpktinY nmearrer%@w%t of the
i ne

ozone concentrati on when the_portlon 1S reco
iditesed prrtigmplewvatergind aate of Hgectinm of thpgzang intadhe Roglige; of water

{9 pRF Ide NG REARBL NS OzbREPRS td £5 kY1 i@ (BEReleALIRAkgiR@ A the
t he determ ned ozone generating capacity; and

vatahisrki ng the portion with the water for charging
into ghe bﬂbjé atholl dTkclaih21, cofprisll haflistig eeadefildting of the
conpri sing termnin tge,tar et ,ozone .concentration
ARG Pogon 6 SEEL o RSCHOBE! L BETEd D G1e RSN CHer
GO PFFideG dontdtrhiieh &radzbassf 1.80K4.0 by Thhike Wetehothrglig into the
§¥ﬁ|n111, conprising regulating the diverted portion

ast tank.

7. The method of claim 1, comprising adjusting the regulating of the
diverted portion of water and a rate of injection of the ozone into the portion of water
to provide a concentration of ozone of 2.0 to 3.0 mg/l in the water charging into the
ballast tank.

8. The method of claim 1, comprising injecting ozone into the diverted
portion at a single point prior to charging the water into the ballast tank.

9. The method of claim I, comprising injecting ozone into a diverted
portion of each of a plurality of water streams prior to charging each stream into a

respective ballast tank of a plurality of ballast tanks.
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water prior to injecting ozone into the portion and
di spersing the injected ozone in the portion prior to

WO emenkions ng the portion into the water for chedQUsm0s5/045738
into the ballast tank. 14. The nethod of claim 11,
additionally conprising: determ ning an ozone
generating capacity to provide the concentration of
ozonel&uf f The pthod of ¢lpigy 1.Femarisiag &revlating Kiel diveried prgion of
V@te? bricMBhigbdifigioRérR B ehdrichsdnd dRPkrsing m\aﬁfe&w BzdnBéh the
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@mgne into the portion. 15. The nethod of claim 11,
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gener 4t ngAEEFHE’gpot%?ZOé'Eg‘S?tH‘FWgC‘WB”Q‘ reatnment rate T to
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t he bgllast water to provi
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neraq o g eat the ballast water to provide a

t's B‘a%aﬁ

rge detern1n|ng t he ozone generator
c apacrebgmb)nmgcthrrphm with thbiwvater foatieging mdd the Pallast tank.
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det erm'ned capac ozone

parcentaaioh pcednding ene taaged rblokn!l70f S'ﬁh@esnﬁ)t dewnﬂ:r @hamum ih®, the
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trea e ballast water to provide the target biokill;
and déi.er nTheimgghadofslabnd | pemerising regukapag itheydigited portion of

%&Q?HMQ lrf')Qctff\g %Mtb il Oﬁbﬁ'tlcﬁ'l and B%E%‘EMF %Clﬁjegt‘e@ gzoth ifthe

treat nent required to treat wat er
eotiguiprisr tooregombining|the gortign vt thag’tatqrafﬁkghara% ingp H@th@&@ﬁt
ef,ko0zone treatnment, conprising: determning a target
biokill of species for water charging into a ball ast
tank b a Bedngthed ¢fglaiad sedditignalycpmRgsiBg:por ti on of

t he Vadi&mimhs @h d28n& Radcaiting dapathxyttbeprbahé asd c&@almanon of
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water for c Into.the ballast tank ulatln
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15.  The method of claim 11, additionally comprising:

determining an ozone generating capacity according to a treatment rate T to
provide the concentration of ozone required to treat the ballast water to provide a
target biokill in the water charging into the ballast tank;

converting the capacity to a generator rating value; and

selecting the generator according to the rating value to inject ozone into the
portion.

16.  The method of claim 11, additionally comprising:

determining a treatment rate T required to treat the ballast water to provide a

target biokill;
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the portion with a generator having the determ ne

ozone generating capacity to attain the target biokill
wobme/0sdoes portion i s reconbined i nto the wat erpdDUS2005/045738

charging to the ballast tank.; and reconbining the

portion wth the water for charging into the ball ast

tank. 19. The nethod of claim 18, wherein the diverted

por t i efeimyning giglcaprsceagrator erpagityt@acsprdingdAdhd rfapment e T
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provide the target” biokill at "a | owest threshol’d ozone

conceﬁvf?cﬂtlg@??"Fr‘f“‘?ﬁ@PP@@ﬁr‘?tﬁ“ﬁé@“W@'ér 20. The nethod

of cl agm 18pe WRRLEION clallf 1€ U&ﬁﬂr%ﬂ]gm&hﬂﬂng 8 tle@@ehatedT
and _the rate of ozone injection is adjusted according

trefluired kox treg the falasiwaterd §r°ﬁ’ Esithrdateet tiokillc®ftput er nenory

to pramedanih %nt&l’)r%eéen@aﬂﬁlch;l)acﬁy & deoviBing tb Brﬁﬁﬁ@tﬂn of a
0ozone concen ration 1n the rec d:}bl ne

[FAPACIY pecqEding toprtaimrshiates | Eearing ﬁfiﬁ%@@ Vajgr g gpndlits o a
quurgmgof/@sﬁgltaﬂk@cl udi ng at | east one ballast tank and

| east one co it conve water to or from an
i nt akégout‘f‘é’fetkfog (’?I‘?éo"ﬁéﬁef'tﬁéf‘t URK!SI"E r equl ator to
di ver detarfiging b eargafbidkileofptees for oaet tharghonidt 4 ballast tank of
i(r;J ?tor t o .provide an ozone injection rate into the
Forl 120R8 &¥55%Wat er; and a controller operatively
connediveding @ pbhten roégmlvmtem priartd chdnging injtetie balldsotaaldj ust

: Eg glg%ﬁrglglﬁg glgtr%gne %enteray}lr?]g {:%)ac?i y? sulffq é ?xﬁ o%ﬁfzégtgc%gneofnto the
tpioalon|td atrdve m tarpe opmetcpmntraxlome’dmn‘mhermlm i hecotmbined into the
%&e‘?&%r%ﬁ%rgin@%t@%e Bk YaLer treatnment system of claim

rising a disperser to disperse

i nj ectredlatoptie d‘l‘hrtodlghrtrbhencp@m jtiog apatef injection of ozone into

£

SO 0 OO AR L Aok OB Shenciiing ity o avain
ahmprges biokjillawhezba@otionds ecombined miwthedraterzion éhemng kethe
|bg“§sga% r@ The bal |l ast water treatnent system of
claim urther conprising an ozone generator to
provi chsowbiving thopartien Wit the thaier faxiebaraing intp ghechatest iplsr

i s seljgct eﬁh@&ems@bﬁ&alhplsa“ma@mh& YivEh&le T,sown ;aesigmed and
sufficient to provide a treatnment rate I nj ected

dbomae af peenctipisclinsris pdinstedacerdigiio a setar g@fruwaﬁ@ provide the

QQ’?&WHI?&' a0Bw¥d Bfteshf18 oRSHelchbRRnirdtioh & ﬂﬁtﬂécfd%meﬂ Wﬁtet* he
for charging into the ballast tank. 25.

bal | ad?- wal ks mepedehelpim &y stheikinghe divaitgd @J:tlorbeﬁiﬁuﬂaéﬁdr?@d

ahdPhatd &l dzbie RfecHbry BradRited AcbokdihE ot 2D§et %ﬁtrﬁtrﬁ&noh@k@ﬁ&nt in a
ozone into a plurality of portion

ter strea
(SPINBILER ANYERRAY gion §roisleh thet faé%ﬁw?ﬂ‘?@ ?} Pe ot thyes hold” ozone
Rehdeagitionanthe @écombiledmatert y of bal | ast tanks 26. The
bal | ai wat er .treatment étttem of cl.aim?21, further

conpr P&i ng Aapl g avateT FEAEIEAL P §OBPUN%ie o0zone to the
i Nj ect@éa favifghedsel ihdiadigemeaeat one batlas edrkcdnd dt least one conduit

conveying water to or from an intake/outlet to the ballast tank;

a regulator to divert a portion of the water from the conduit;

an injector to provide an ozone injection rate into the portion of water; and

a controller operatively connected to the regulator and the injector to adjust the
diverted portion of water and injection rate of the ozone into the portion to attain the

target biokill when the portion is recombined with the water.
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according to an ozone generator capacity Qn determ ned
according to a summati on of a capacity according to a

wo e@ans®dnd rate T required to treat ballast waREr/usf0s/045738
conduits to the plurality of ballast tanks. 27. The
bal | ast water treatnment systemof claim?21, further
conprising a conputer usable nedium conprising a set
of i n8%r uctheobmdlastovaigsdreatment pysterbefk ¢laim lrft"ahewpm@tlsmga

tduﬁergérvt%r&%rsgq %bt@&‘ oPbneV@ERikh AN pbriibe GhibP o FRbAbRENg the
the ozone into the portlon to attaln t he tar get

pPien Mithikevatéhe portion is recombined with the water.
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di ver p£d ppHet baPBst HAeer itRht@Rhd @aemfofczmnem ﬂlrtlhElOdUnﬁﬁlsﬂg an
target level of bjokill in the wa g‘ The s ?/ e ed
SFOrd: Benirao (o BEHEEI PRy e TUGHIROF el 51 ETSTRRT D e
QEdTRdihS tg c&ba&@t Qodietdrimgied s suffioknt © @WpPedaterchfient rate T of
cantroll ers % coordinate flow of the div rteg lgﬁ]r L on
ANEFTE9780E Inthhe PGB ReAtAl HIPERST GRONG CUSHIRHER Rfiph e pprtion
zZetemfiedlin®d thcowdteSfongalgingintohtke hagnank30. The Syst em
t he com

of claim C risin ut.er.u
conpr ?%I nSF 1 b?@fl &a§ﬁr ﬁrg?tpqﬁﬁttsy%t (343 OiforabnﬁZ?a‘iomp?ﬁmg 4 plurahty
obrtiveatd afdsinjeotot Gets do rgite dzbmavindd atﬂiwakﬂwvufmcenbrpmft ivGer
n n of gzon 1,0

305me R 1¢ ByBhe 2R GAAR R0 RSB R Br By of
cbﬁllasttankm 27, conprising the corrput er usabl e nedi um
conprhsin f ' na
contr o1 or it Bk Syl BRG] 4805, dr R 31 Chitnbi N omprsing a
anchei geperator ¢, poividg zaznee toothp rigedtere wael@wntbe raenmtpbn; @fected

%?c%ﬂﬁ é){o %\7090%:% e%egtoqgé tll}l?th Hﬁeme%raccﬁglf]%? £ sivmdfN of

rrsin conputer usa medi um
aonpAcits ergrdingsteta ttsptmensrate B raquines! tp drealihaflagt avater ef conduits to

Qﬁkgﬁla,gf tg%qvgaﬂagttg,g@r dinate flow of the diverted portion

ction of ozone to provide a 95% or %reater
speci é bi Big ballastaiereragiment sysem ofaclaigy Bbdfudier gpppEsing a

tcf)ﬁﬁﬁt@ﬁ%tableqmﬂ SdriYHsirdel Rf bt 1‘ﬂ§tﬂﬂt1@nstt@rog%tetth@&bdttloll&fto
species for ballast water unloading froma sea faring

@é@gtéhe digertedepostion; of vt jagd invRstian m‘tev%frtbféaZ% iRtp g Roftion to

th%in BRI thrastbiNal fhePihb BbrtibR istBdondilicd Sithakld waikd. ng t he
regul ating of the diverted portion of water and

a .e
of inpecti B &ty Sh&laMiy> CABPHYRG {then CQBPUETt 'éﬁahlet’H%J‘“m
tcamp@dindh @kt dfl instABEorsnb %érbt@gh@ Zaiiellak té beordberiowiethe

nto the ul ated divert, ort

BieEied Pastoa imigrtn o REona &8 rpure p Bopek 3t ish] Rk vHig
wat er 2§.0r T 9@t @f tchém 0270 REMb§ieE tied covpuddr isable h@edium

chr%brising a set of instructions to operate the controllers to coordinate flow of the
diverted portion and injection of ozone to provide a concentration of ozone of 1.0 to
4.5 mg/l in the water.

30. The system of claim 27, comprising the computer usable medium
comprising a set of instructions to operate the controllers to coordinate flow of the
diverted portion and injection of ozone to provide a concentration of ozone of 1.5 to

4.0 mg/l in the water.
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34. A ballast-water treatnent system conprising: a sea

faring vessel including at |east one ballast tank; an
we@z@eesa@ener at or that generates ozone, a bal | aB¢tT/v81085/045738

conduit that discharges water fromthe ballast tank

and conducts the water to an unl oadi ng port of the sea

faring vessel; a regulator to divert a portion of tla,e

wat er31f r offihe heysteonefusleim 3 FoIpRIiSingr the FOBIPYIFF disabig, medium

%‘Pn;{}%ir{g”ai ¢ LF %trbatoﬁf kb Rerdtb EhePRntrbiRis B cobdifdte fldwcbfahe
contro y

l'er operatively connected to the r,egutl at or @16}
divertddrjosteanoandtinjeetivn s ozengdo grayiderae@neRieigholtzolmper ¥ ©

BG4 nheetlfL. rate of the ozone into the portion to
gtﬁikﬁ/ln t‘aﬁee target biokill _when the ﬁlgrtion [

s .
r ecord ned™hgi pRierhel famerR7i AOPRRSIngG Mg FAMPULsE usablg medipp
95%‘5}%?@% Lt @Rt ionS RTBperate M conRbIRR tghosdiRatwvdioer oft the
a ballast tank of a sea farin _ves?'lsag) ; re%ul at 109,83 411 in
diverqd rRaatiqyognd; ipigetion quéor{ﬁﬁPaaOgM*?g’ b B BTHF PPy OO
tard,ng the water into the ballast tank; adjusting
the regulating of .the diverted portion of water and a
rate of i rﬂé’@%oéﬁfﬁ?onﬁfﬁ)aﬁ’@er?tn‘io F'i®portion to attain
a tar gedrmiifkh ltdrget diukill of @eticnfpr daltusewater tdieading from a sea
determ ned rate into the regul ated diverted portion to
Saringivesseie thesfet biokill when the portion is

r econpigiiethd Ndierteld @ottioh ofidhe ibgllasawater drior chanlgiding: t o t he
bal | ast tank. 36. The _.nethod of ¢l aj i Sl :
adj ust¥yne Iié}?v{/e%\‘latpﬁé’ f g?evdgvre?[ 5‘3 p%%'(r)?F%Qﬁgtgrn%ﬁ%%{gco?i“g%mn
of oae iifto the ppitiow italdtain BSMrget bigkidlatrelr speci es bi oki | |

in the.water. 37. A ) ] ;
conpr [HSCHES NG & tﬂllenég@%arggn%fi? ‘thﬁ&tglg ﬁe\/\gell’ggl?{ewgﬂ o Ioglv(\)/n_ ‘0
aftainaticctargenbiakitiontcbuithe portipre tstreemgnbareddrteribe wetet &rninfpgding

as into.th rti 0 provide an ozonated portion;
?’éeco&%ei Weﬁtﬁgtv\%{ér E)Oztgggltaéd portion with the flow of

wat er 34.n t Abaltasheatet treagmeht pystpnt eanimityinghe di vert ed
por ti 00 LRl QU 3t fhIL A Bedkdi @ghipor ti on 1 ow
rate gé%aofrgrdlip%w\%\%egﬁfﬁjgfvﬁ\;gi n the conduit J[a)md proportion
of ozemezong gerteeatorihas GEREERYFHIONSI8. The net hod of cl aim

37, ' boyefaife FRE Weiter' GOk BeCBalfagt @bk and
I eas}"’ﬂg&%{%% grt ggﬁloﬁgi ﬁgtcgﬁ%‘f%é fl osv for every ng/L oa:‘n

ceodetsithy waerad an peloadingpasiqidkessea fging vesselvet hod of

cl ai m, 37,1085 ivEre b B6ridh ¥Eht ReePRbrh it tohduit,egul ated to
at |east” 0.3%of the main _conduit flow for ev r% ng/ L
'h%é% IE %F’

of ozemédc)réxpradide AR BZonA B AR intpghe ReTHO

clai ma%gntrd'ﬁ@re&&irdﬂivélz RoHe¥ed tafle RQlikioPANd the fgtirad sijudt the
at least 0.35%of t

olivegied pertipp ng@@aaq%ﬁggt?(lwgragoo?t u@I (Ezorlé 1% 0 Ih(e) rpox%\{)(rai "W at@é Ehe
target biokill when the portion is recombined with the water in the conduit.
3s. A method of ozone treatment, comprising:
uploading sea water to a ballast tank of a sea faring vessel;
regulating a diverted portion of the uploading water prior to charging the water
into the ballast tank;
adjusting the regulating of the diverted portion of water and a rate of injection
of ozone into the portion to attain a target biokill; and
injecting ozone at the determined rate into the regulated diverted portion to

attain the target biokill when the portion is recombined into the uploading water for
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bypass. 4 1. The nmethod of claim 37, further
conprising limting a retention period of ozone
w0 njosos@d wat er froma tinme of ozone injecti onP¢Tus200HIR15738
portion to reconbi ning the ozonated portion with the
flow of water in the conduit. 42. The nethod of claim
3/, co I Si mting a retention period of ozone
icmr%'eggdgﬁ‘e\g?lga?ttﬁlﬁm a tinme of ozone injection into the
port i 86 t oTheanahdd sfictuim 3hecoopdsiag edjuporgt iflow wf tthe tdieerted
f"%é’P g?c}ﬁn}o;:f ion %f?%?nest% ﬁ)‘fon/ a%Sg/e Qc%?er s%e%%els -gn%%ggﬁtt%o\gat?r
ozone31.nj eAMod/aJlfezonbmmnamt mercmgozone i njection
into t.h g portion
w'th REREapoaPe bErAEFRIRY Bobrkaf: BRORRUEE D05
The nafdetog @h abed-engifing @R Mte ithegprtien tto mepvade an ozonated
?ntt Qtl on period of ozone injected water froma tine
O0zone injection into the portion to reconbining the
0z onategompiomgitesmoagpated paréorf wighwhe flowepd aater & the sendufizand
0.21 ?e?ﬁﬁﬁgg hh%%weﬂgg poRiAad pRdvide! thn%m aqehdd ;%?'ﬁ(!»d How
conpri Sing tharging the 0zone injected water fromthe
conawprdingtp dlow ibahd ceaduitad prapprtign pE8Z0aF in the injectrd gas.

met hoglg of lAh&h&f of &Qmﬂ @hé}gin't}m B6dricd PoRBA n@regtﬂﬁt@d to at
di verted portions of ag urality of water condult

peasiof-28% efhike gnaip cenfut B o vern g/l of @éﬁ*&tﬁl%ﬂd into the
kg%,gsgst tank of a plurality of bal | ast tanks.47. A
water treatment s s m conpri si ng ter. condui t

that 8%-anspismeh aim3dpnivae rF'i"r“%etd'Y‘?ﬂ\gglPBWOBé%rl‘engﬁte? B at
Jeadi GDRA BR nlidi’x?&h\ld@\ﬂ floR fEeRas sngd/i, BEoAohe Mjdatedi mts&hqagfpnsts

of the vvat r co con et ur,n |nt

the b§pass }I"i 'ﬁ%tﬂﬁ‘fﬂ’/‘fa‘i“‘l'g’ 33 BE ‘E‘i"gl?f ‘t{,lferieﬂé’o ésrre\g'ha) to'at
tidyet GO5MUbH the Qfiaif icodUiflbwfol Bverengdly pdsmond imgecaeddinto the
k%ack to the water conduit at a return point; an

HP&Et or i ncluded in the bypass line to inj ect ozone
into #he dTlveemEtadd pﬁxnilmoav ﬁfrthmatoafpnsnag hmzm gendompaiod
gener a one

t hat ect.l

é’EBZQQ PEET a‘f’%?r e “P“Sé’& d(‘gém?cﬁom ver Obg? %e%mb'f] 08
plicoozoaktecBpdtiion wtmldlﬂmwrdf&dtepmthe omdhitow r at e accordi ng
to fl n.{ he co r

i cofba g PeROT ifiof, ROAPAG, Riifls @TRRIndred of
roegne! iajected mag Ifiaies titeef dzarerinjedtiopantoi the pprsion égyrecombiding

tl?e cf_zon?tgcﬁgomgﬁ \%thfﬂo qvﬂ?elr &lggq}%‘l’ § sefxl)rﬁig’ for every

ect e bypass The system
of cl 48.m 4The méméqu qléhm 37eg=mnat1$mg ligytingae astentipa period of

q) Xl%rl fegtgg Waiéfr Gfon] ?tlh%q)lftlo%n%qn%&loﬂtm oecﬂ§g0t%or?’% RkohbiRing

In con or eve
the ozonated portion w1th the flow of water to Iess than 0.25 second.

44,  The method of claim 37, comprising limiting a retention period of
ozone injected water from a time of ozone injection into the portion to recombining
the ozonated portion with the flow of water to less than 0.21 second.

45.  The method of claim 37, additionally comprising charging the ozone
injected water from the conduit into a ballast tank of a vessel.

46.  The method of claim 37, comprising injecting ozone into diverted
portions of a plurality of water conduits prior to charging each conduit into a

respective ballast tank of a plurality of ballast tanks.
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injected into the bypass. 50. The system of claim 47,
wherein the regul ator regul ates the diverted portion
WO s006egp0olat ed to at | east 0.35% of the main copdDU2005/045738
flow for every ng/L of ozone injected into the bypass.
5 1. The systemof claim47, further conprising a
static mxer located within the bypass conduit
dovvns¢t7r earh wetet teatmerjt systegt CongZisinghe syst em of cl ai m
\QBEII SinlBGit Aalr8horts Wt SdmM £ifdt Mtk BocRIRAGS discharge
condwt ownstreamto the injector; and a reinjector
tovatiomi nj ect the diverted portion with ozone back to

t Pe Y‘@ﬁ}ﬁ{asscmdl%rﬁ a@frstifofht %ﬂﬂér\ﬁht&%ﬂdult 0% selbifd, Sey@rh @int
or cl al

rising a plurality o jecto
N U S D R t*\ﬁl‘m‘f‘élfr%‘ythafc%‘f SpE ggutation

naheb pﬁglﬁﬂe%@ bk 18 tHeQRE cBidullat 4 RtGh 6@t ng each
portlon|ntoarespect|vebllast t an Jr%eallt&/lon

DF" bian inispior ialided Bhe pYREHISAS BechoOE K7 d po

SOWREL Si ng: upl oadi ng seawater to a ballast tank of a

sea faring vessel; ulatin di vert ortion of

The iR Atk W< St BRCBIes g ook e MR s

ghe bat gﬁﬁforttl@dﬁkeguﬁim teddliviated pgrtidneto pegyidead mngmotlh ctli'mted
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porti on. of ter darte of in |
Gorie o B, s (oot i BGtrPaue &% Plopb bR G I in e
mécttddcgrasfl ow rate according to flowin the condwt and

propot ' O O];ﬁ %%%Zef ((!Aﬁqléltr%le wh{sﬁlenctg;gdreegl?ﬁ%r r%gulfltzpﬁm diverted

met ho
heiGich as &@uta@:dab at demst 0.05% 5fotled miinecamdirin ﬂown’@u levery InegAL of

for ever k f ozone injected into the bypass. 56.
?F\‘E‘eﬁ'ﬂfﬂ%ddng*t %B’éf’a?ﬁ 54, wherein the diverted portion
i s regul atBe stytstealt ofl @aist 47) wa@teot the iregukipmreeaige the divasigd
f‘aﬁrréloﬁéie rrﬁ%\a%? lT) z}q lea: tzcgﬁ/e 5 O %&Rne&nﬁﬁ{ go\];/ k& eQ&Q@ﬁgQ/L oPézone

erel Iverted portion
u@ectt@iguioahebiyms; at least 0.35%of the main conduit

flow meerlﬁo% EP/ & aglmoé’f)%fefem B l8glIdBH Qgﬁlﬁ@s ePdPstted

58. The clarm her conpri Si ng
Ippmotumgegalalt@t toret ileast béﬁ%ditf th meiopraditihjflewt By Cyery ape/L of

n@c&éﬂ:ﬁt eg Re injection into the portion to
eco Ining t zonated portion with the fl ow of

wat er 51.n t hlee wmwf claigg 477Hgrthes cABArIERE @ SRt S‘lf‘er located
CRFR & gy%aé éd%ﬁ\'t H&V@tr&ﬁﬁ ﬁﬂhé Rfecleri od of ozone

I njecte ter froma tine of ozone jinjection ji.nto

port i 8% t ol hecwysieni ofichim i ecamnsisiag adn e erasst Within t'feh'?%'pass

f%ﬁdﬁnt‘ﬁov&%&ﬁq%%élﬁﬁ&oi hah 5 seconds. 60. The nethod

alm b4, conprising limting. a reﬁ%ggéeogaceerlt%d of

a reinjector to reinject the diverted pottion wit € water

conduit at the return point.

53.  The system of claim 47, comprising a plurality of injectors to inject
ozone into respective plurality of diverted water portions of streams prior to charging
each portion into a respective ballast tank of a plurality of ballast tanks.

54. A method of ozone treatment, comprising:

uploading seawater to a ballast tank of a sea faring vessel;

regulating a diverted portion of the uploading water prior to charging the water
into the ballast tank; and

adjusting the regulating of the diverted portion of water and a rate of injection
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ozone injected water froma tinme of ozone injection

into the portion to reconbining the ozonated portion
wowdok/osdoes f | ow of water to | ess than 0.25 secopdr/u§hos/045738

The nethod of claimb54, conprising limting a

retention period of ozone injected water froma tine

ozone injection int.o the .portjon to rec e
G5 sfie o s BT e g Mo B st 3o B5 TRRL AL Redrde
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condury 1 AT Befaf P 2 RRG e P GaLaHn PBHER i gl
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P'Por to charging each conduit into a respective
bal | a§6. t afike éthed pff daiml 54t ywhesfinlsle divested tpariies is Bgulatad to at

frafsm?%%%th%mc&nﬁﬁﬁhmmggwtsf&gme In %uﬁtwtm)yeass

peci'es-destructive reaction’product zone Wit
vvat er StonsThemethed ofgdaier i wher gméhq Cilf'@eéfpottﬁ’é i§ '@ﬁ%‘ﬁﬁeér’fp at

%199 859, @fnﬁin]; GRAh a6hdJid 89@ GBE eV L WRTREnE RMcRidNinR the

e species for a period determmned according to the
d’étmﬁm ned Iife of the reaction product. 65. The

et hodg of ¢l BhEdtor WARS R, RurthBecopfkiSing '11§11t$1%3é/\@¥eﬂf10@5@10d
t he species destructiyve reactlon product is

Phezans iniesdedovaten o sime ofRgme .lmeqﬂﬁ@ i@ the rPOF@né%m@ng

IRoAohRe SRRGHLFitHBS oW Tiwar FEBE Edranit. pr odu0t i s OBr -
and further wherein the ozone is .conta

d wt
seawa®r fbke Bepef | BFlaBntd sometsing l'l’f‘éﬁ”}& élrﬁte‘g'%l’%'fod of

roabreOinREte®ivater FrofdBi timéaIfloz@RanRctdnintofiife pdrkien fefdetbiaing
claim®64, wherejn t od 1 s controll ed

e caqntacting per
ft%erozﬁnif%drl?%o%%@lb hFr}@H’ Ogé‘faﬁ’\fvma'e%ltﬁﬁ“tg SE¥WFding to the
det er gp.nedThd fmRthol dffwalﬁxeat;tdomﬁnﬁﬁg)(ﬂiuﬁﬁing 68eteﬂthm perlod of
nmet hod. of cl ai ein the

SBeTaie S 4§re ab B e Gronel BERTBAP UL PR ffs omorine
kY dZofateSpdreaswitine ﬂawzﬁ waiet enldss tih. 0. Bhecorett hod  of

Cl al ﬁ\? egag#hogzg C ézf) dc hﬁ{llsﬁgﬁlmlthnagga retegho%ege?f%g of

Prehat
djzm&r 1hjeﬁl§d avapo rftomm tiok ofatare igjectiogi ing thcnp@rtlan batecarsbining

ssel. i ectdn ' portion to
66‘ o%oaaete %orte novr\]né thg rHow C{f wa ’r P l%%%hdg%%bsteg&ﬁi t he
o z o natzd pOhe methogvof hlatdn &4, waddgiondhyasagipniging mhargtrtgethe ozone

TREEP kAR ISHELTIn® SHERLD PRLLEG Dot hon

ozone 1 n ortion and reconbi ni ng
the i Bp ect’éble owrthed cpfocrlaxnoﬁ4,vwom‘rpmsme ingeting edeae gtagdiverted

'pmt%ng I'b? 4 %ﬂ#alit? of water conduits prior to charging each conduit into a
respective ballast tank of a plurality of ballast tanks.

64. A method of ozone treatment, comprising:

identifying a species-destructive reaction product of ozone with a water
constituent;

determining a life of the reaction product; and

contacting ozone with a water containing the species for a period determined
accordiAng to the determined life of the reaction product.

65.  The method of claim 64, wherein the water is seawater and the species

destructive reaction product is OBr-.
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controlled below a specified time limt. 72. The
met hod of claim 71, wherein the water i s seawater,

W@ obasdrng brom ne that reacts with ozone to peDUSIES/045738
an OBr- reaction product. 73. The nethod of claim 71,
wherein the water is seawater containing brom ne that
reacts with ozone to provide an OBr- reaction product
and f 66t heFhohethed of dldie &4z wheseindheowerae seaeyaler apd the species

YEANRE RS ref@ion %rcﬂﬁﬁﬂ i9OBOMS ﬂhh&%ﬂe%lﬂﬁierﬂz@hé’lls%oﬁf@&t@d with
rati o of Br- OBr - above 2.7. 74. The_ et hod

seayatpr far a m@fiépqulhe to BRBYRIR éﬁ‘oﬂf’érri“w(’f Br-to ﬁ’iBtrewelbybove
eontrolling bypass fluid flow velocity. 75. The rret hod

of claim7]1, in the retention periqd is
by byPass HTep‘@e‘IE%‘ﬁ@f Rlaimy £4, W‘Pféelﬁéleqq%zﬂltqgflng:pg,lqﬁil k?fontrolled

\hed pdriddtspecifi@t Bildw aninflehdcofdigStoaRtidter iR 1ifoTof ghe reaction
period specified belowa limt according to the

#&%tthi ned life of the reaction product. 77. The
met hogg.of rﬂeahmacﬂofcmﬂmm xnhetréieﬂfe@teem is 0g3s fhan 5 @ekonds.

contr f or ci f.i bel

accor E} dT}E? Tﬁ %‘ghq“f'i’g'ec?F“? I8 l?%glégbgﬁ second.
pr oduge. byr}e:aﬁabcbd ca‘hlla’ng 64, w}mngﬁ thelpetivicis ifesathpo 0128 sefond.
ozone gnje tlgg) and a 0|tnt of rrrler%lcgln‘o ning the

i nj ec? dp M H Of%‘e TRAMEAY YMRIRY Iggl ng to the

bal | agivettiag k p@Bion dheatmethargthedftoel tallast fabk ofunesseiln t he

retenti Oﬂrﬁ% onQ gr%tcl) ﬁle%gl’tl‘i)lq ?o egrggdé oztonﬁe}cgs&}.llﬁrg apy T hod

cont r of° nj ec

of cl ancmn&hmgvﬂxeroeormtetdhwm@t eznthltbm watsr icharging into the ballast
g%ﬂtrol led for the period by controlling a rate of

1'0v of the diverted portion. 80. The nmethod of claim
71, V\Méqcremna tetntipe penad mﬁwmrmmdtmgsthe @genet intenthg portion and

?&%Hx‘ﬂﬁx (%n p -Egtgd erogorﬂE Qmﬁ“n' memfaterv"a% ag%% |ﬁtQQRe tank is

retenti an 0. 25 secon
wentradlad b¢10‘dlaép¢ﬁlﬁeﬂ timghlémiéi n the retention period is

l'ess than §,:2L.$56¢ 0PLiai 1, AhbRl &g twalgt @rseztvveﬁé}t E& M 4ining

system conprising: a vessel including at |east one
IbEdn ings that reamks Wilhozene HeprgudeHPBY- reasten pedust-at es ozone,

a bal bast ol BEnh6@ e Widimt NabyheFedN 8ROV A vgaieawatfef @6ﬂté‘lnmg
first intake location to a discharge |ocation of

Veasring thap reacksawith |qzere 1o grovide rany QBT-pispgHonorogdyes awétféfﬁher

GRRARH thelRot BQOAMAted Mith A6 fof atperist ¥é&ilollad ROMmkin@ih a
of the vvater fromthe condwt for circulation in the

B §i0 Q- [gefYPr- above 2

74.  The method of claim 71, wherein the retention period is limited by
controlling bypass fluid flow velocity.

75.  The method of claim 71, wherein the retention period is limited by
bypass pipe length.

76. The method of claim 71, wherein the retention period is controlled for
a period specified below a limit according to the determined life of the reaction
product.

77.  The method of claim 71, wherein the retention period is controlled for
a period specified below a limit according to the determined life of the reaction
product by establishing a length between a point of ozone injection and a point of

recombining the injected portion with the water charging to the ballast tank.
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back to the water conduit at the return point; and an

injector to inject ozone into the diverted portion of
wowdoensamnsl i nt erposed in the bypass |ine at a PODES100§045738

to provide a determned retention tine period between

a point of ozone injection and a point of reconbining

poi n i nj ect | n
ba 1 gt ¢ e Raiod SFelll 2 ek alh PelfRL i ol or

ithg pziod by icentrallireyr grewed ozdne anjéwioat i on to provi de a

det er ghLned ' i Ny i fied I

e TR TT, Bk e PRSEL G DS B e o
phophuiot! by ontuilengwi tate of flbwlof tetdiveate@portonst i t uent . 85.
.The S}é&t eml“ﬁ’g rrfelttﬁ)'dna@ﬁaimmﬁr\@l'\é?eiﬁ fe %Q%ﬁﬁk%erib& is less than
interposed at a location to provide a determ ned
rieseeands.on t i me that is Iess than. 5. seconds. 86. The
system of FhahiBiisd o MIGREYT JltGeih the GiéHiioh hekiBl 6 RAS Gk
at a location to provide a determned retention tine
thddtsegand] ess than 0. 25 second. 87. The systemof claim

83, wger ei Mud Biodl SCUfm ¥8 WRk&h Rﬁé?éi'enﬁ‘itﬁg ?peh@&@% 1Y than

to provide a determned retention tinme t I's than

@:2Bee@dond. 88. The system of claim83, conprising a

m xer 80 NMabaPZendtet BeRGERydidt SohhiRidt verted portion;
and a rei n‘],ecto_r to reinject the diverted portion with
ozone 2BEEK! Ipgudingateasinedaiiitiebkiat the return

poi Nt aB8zond EncsytSiitRaNgRRerbAdzZBNE3, conprising a

plurality of injectors to inject ozone intq )

P eapol st pelst APTA (Bt T@nYAOHS SRR @ 6 Tiarslogttion to a
wixcRargSlot /AT pReseEl; t 0 chargi ng each portion into a
respec ast I ank. of | urality of Dballast

i ve hal . .

F anksd obgrss BT 2 vt Eot s Bl ity R shl R pointto
cloveprd sortion ofithe egsee| franh eedhdgt ok clr@Astondn @hdbypagsSline and
tank and at | eas ne condui .t conveying water to or
fbrar%]?ﬁoglﬁe ‘ivﬂfra‘i?g%tqtﬁéetrewg' RN 441 | ast tank; a regul ator
to di weijeczorpoirjéconzant inth ehevirteeted pordion bh@aeomrdlinterposad in
A A BRI RSB ES SRR o bR e
eoimheldzede ingectitreandexqueiirdbbrecamidning éheiinjeeted portibrowith the water
r ' ted portion to provide a m nimum
élﬁ%gJP?'éogth%g?l%ag%t\éﬁ{'l ow rate according to flowin the
conduB4. anthesyspwrdaficlaim 88, wheoriethennjedier is njterposed agmlocation

%‘ romi@ aséé%{glr%m eretgllltﬁ)hmn%ot’hatwg %@e%kﬂ%dtd%%“ﬁe? Rt oAch?tﬁin toa
reBuI ates the drverte portron to provide a d’iverteé
petetmioed lifeoha efactian predust ofzopswitiod ballaet watenronsitent. t

£ oW k8 YRS Tl d cim 8T ANRdiRIHEGH B0 1@ iRerb 180 BYPRERfon
92. The systemof claim90, wherein the controller
rBgN g & detereing ipEeptientipoihal ipiest Gapd saePeds. a di vert ed
portigg fl Py QbteMlorleBfin 83 Avid¥eidthe ik)&ctoBS hiGPREY hia bt
for every ng/L of ozone injected into the bypass.
to provide a determined retention time that is less than 0.25 second.

87.  The system of claim 83, wherein the injector is interposed at a location
to provide a determined retention time that is than 0.21 second.

88.  The system of claim 83, comprising a mixer to mix ozone injected into
the diverted portion; and

a reinjector to reinject the diverted portion with ozone back to the water

conduit at the return point.
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93. The system of claim 90, wherein the controller

regul ates the diverted portion to provide a diverted
w@ooobiogd7d | ow of at |east 0.35% of the main copdDU2005/045738

flow for every ng/L of ozone injected into the bypass.

94. The systemof claim90, further conprising a

conputer usabl e nedium c rising a set .of ... -

"ot r Bt i OhG® FGTper S SherorHt e APHY ofdrisaiprs Reniect

chizvr in@ca re@lbdcnwplofalmaﬁfemveﬁmad wargjr Qottlioﬂs‘lof whter gfeaink@rior to

{ t { t t.. bi [
R D [ T
syst edd of albtallast-9@ter treamemtsyzmgn tdsmmmmgput er usabl e

di t
cont r &' OPEHUE 8 57E bpE byt i g e REEE Al e
awvedierito preftem am intdkeondetdo the bplllasmlade a concentration of

OZ one ?%ﬁugacg tZ) elvért 25&%3 Jﬁtrﬂe wg%{)é\’?ﬁé%e co%gl]l éThe system

usa nmedi um
conpr A Mt te altovvdf: an parng irgedtiom gate iotoghepertien phwater; and

contr glcl)ﬁtﬁﬁle} B%éf'}é)t %‘&)ﬁﬁe%tefd tQ Wlegre JIJI& é#d\{ﬁé géétotl) @ Pe'fgglgte

and i nj ectl on to provi concentration o
dhodivertd gordon tp Arogidagg/ minjmurm tdeveﬂad eprtion flowrrpée agearding to

qov@x'n%ef@o%@mt &rﬁirﬁ?MoﬂléﬁgdtoQﬁle(ﬁ?ﬂE%J@&ed@@bl e m:-‘d' um

conpri si ng set of instructions to oper ate
contr 8l er @hq gystesbelslaian W, Mheiginpthe cpatanlize rqgéaiteﬁdhq digerted

aRidnNb ?Févﬁ&rh &it/er&a%ﬁlohqlow &\é't (a5t B0 6 LME iid Sdhdek flow
ozone o in the water. 98. The system

der @F%’Wé@fOWJP§$q‘%‘Qt%tFFeby@éﬁput er usabl e medi um

conpr iosi NYTRe §RtenPbf dIMHT 90) GiheRNStht QoRRAeAtulalts the dlverted
controllers to coordinate flow of the diyv rted {::)Ol'tl :

AREHoNp PEvidsre divertesonpetiangfiy 8l atdeash0-dkup uit
&B:e&fe@SngL@lfbkdneluf]edtéuemmh@tsypg&,9 ;he syst gm of cl ai m
n cated. w.thin
condudty dohr it o P b ComriE reRlRR by gperted
tportioaitd Jpﬁmdetafwvmexae;bmd froow dfi ad feawi 0t 3590 8DME nisdc Koridoit flow
ndui t .at turn point. wherein the

\;h wat erL 9 L ?ﬁ{q‘ ée
QIVETY Mg/ ot gzonednigqted infodhehypass; g A et hod of ozone
t r eat ggnt, Th@sypfemsofmgum def farthdr mthn'rlﬂng acqgefutdrivedtild hmediim

TREGHRe 2% oY Pisfhe RS R B Sorlio @' ARl hadfegortion

tolﬁ @vamtaed igbaiogi ralg dfrtheotdne 1rhlaltlheﬁpdrt|d>ratd<attalm trecthigatgbiokill
t?l_{l %trt(i)q[n 19reec9m¥;%%5§?%&8 Noly at a rate determ ned

hhen t he portion is
r ecomgﬁ nedThentsystemh ef widimr 9G, somplising)itiy cooputére uahlel msdium

comprising a set of instructions to operate the controllers to coordinate flow of the
diverted portion and injection of ozone to provide a concentration of ozone of 1.0 to
4.5 mg/l in the water.

96.  The system of claim 90, comprising the computer usable medium
comprising a set of instructions to operate the controllers to coordinate flow of the
diverted portion and injection of ozone to provide a concentration of ozone of 1.5 to
4.0 mg/l in the water.

97.  The system of claim 90, comprising the computer usable medium

comprising a set of instructions to operate the controllers to coordinate flow of the
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tank; and regulating the diverted portion of the water
to a mninmumdiverted portion flowrate according to
w6 b@wosd7t he conduit and proportion of ozone iPCt/82005/045738
injected gas. 101. The nethod of claim 100, wherein
the diverted portion is regulated to at |east 0.25% of
the main conduit flow for every ng/L of ozong ia%eféﬁg
diveed pRation andaaiectiqnot oppe QP HFONEFLiaH™ BOZORR 8t &1 P
Bhengl Mekd waeportion is regulated to at |east 0.3% of
the main conduit flow for every.ng/l of ozone injected
into Yhe bWa%)’ét.emleg.Claﬁ e Oné?'ﬂﬁfésq%‘ h@l %qn?ﬁu%ﬁolfsal\g/\]*ﬁ enl?eed?uﬁn
tHBpHinged b& bf Pastiuttiohs it opaard ltid edhtrbleraito baadinat® 88 fothe

t he i.n.conduit flow for ever f 0] ©ct.
HERe0 Pt aduEetepie! oFi A o7 Prppwerits Bk
adididronal | y conprising charging the ozone injected

t | nta.t he bal |.ast K. 1 Qaf. '
T o OG5 ok A S8y o TR i s
icopdairtdednsmhmno ietigeaophndr al i ty of bal | ast tanks. 106.
The net hod of . cl ai.m.100, .. .0 . t i QK lafer
one n?éPBBngg%r%WBFigﬁelggséﬁmagﬁgfm%?gﬁgs%£k%g%bé?ﬁ%
reiduadt e raeb@ipeint00, conpri si ng adj usting the
regul %Lciern% tﬁ’g ve%ge? 195 ye%rfgrﬁ% R@fion of water and a rate
of i fon of 1 ' )

i njectl he ozone~ into the portion of water to
provi ie.a A orettedtof azanetreagfmentzemeprisingl. 0 to 4.5 ng/1 in

the m@ét%r?m@lqgg ?ﬁ{r% (lg?dﬁhpoﬁ%ﬂgclg%ll Astr dafng in%oﬁballzﬁ%nk of

nmet ho conprising adjusting the
rregsselat i ng of the diverted portion of water and a rate

of inj ﬁgxttiingg Xgitiowb? WAEP RS m D16 b he RRMdricAAt gDk iNB LIRS ballgst
provi de a concentration of ozone of 1.5 to 4.0 ng/1 in

ti#nd; wat er charging into the ballast tank.. 109. The
met hoghiofing |0§6r{@hiqagpthe“<9@lreﬂ FoRBnad]aufatd Bderhlifed to attain the

regul ating of the diverted portion of ter and rate
aareetbiakell When Be perHEn A8 gineddntp e %?f%bﬁ’afﬂﬂ“%{%‘éer b"’ﬁ‘&“
RERVife a concentration of ozone of 2.0 to 3.0 ng/1 in
the water charging into th

. e ‘?al | ast tank.. 12{%. The i
met hoereslatieg Hlendiveitsd ROgHASr 9ls R gVaih; iR @ MY sHeerted Pgriion
tfﬁhev ﬂie‘é@&&ﬁﬁg ROfdv Athé@éonduis hﬂ’tg?r[q)qa@dﬂ’ﬁf oEdSrie(])-'l:’ll- :tl-ltedl_?lf]:cted gas.
charging the water to e ba t tank. .. The
met hgéogf El'l‘eaWﬁﬁﬁ“i‘é)@,L a&'&h‘L b &Rﬁrﬁmﬁﬁf P PEIThHiS regpiaed o
ik YRkt ©25% @F ttheOomaiaf copawihflof far @leby algilt yf adonwvatjested into the
streans prior to charging each streaminto a

r¥B¥&ct i ve ballast tank of a plurality of ballast
t anks.102. The method of claim 100, wherein the diverted portion is regulated to

at least 0.3% of the main conduit flow for every mg/L of ozone injected into the

bypass.
103. The method of claim 100, wherein the diverted portion is regulated to

at least 0.35% of the main conduit flow for every mg/L of ozone injected into the

bypass.
104. The method of claim 100, additionally comprising charging the ozone

injected water into the ballast tank.
105. The method of claim 100, additionally comprising charging the ozone

injected water into a plurality of ballast tanks.
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112. A ballast-water treatnment system conprising: a

sea faring vessel including at | east one ball ast tank;
W@ooagdes gener at or that generates ozone; a babdBEE2005/045738

wat er conduit that discharges water fromthe ball ast

tank and conducts the water to an unl oadi ng port of

the sea faring vessel; a requlator to divert a portjion

of t htd6natEhe mathod afiedain dABThereimibg tagaetibigkilbis one ficrobe per

REKY hdRr 8 wR&UGesk.Nj €Ction rate into the portion of
wat er erein the regul ator regulates the diverted

: wh o] >
por t i 8- t oltisrimsther obelaith | Oy Papieing adiushiae theotrelptng of the

Rk Re BSOS Hb MGatérQinfl la@ive bPinjdd@ortOMAdIbionailo Bl GRAISNI dFvater
of ozone in the. in

ected gas. 3. The system of clJaim
ooV & reamesnion PR i @g‘&% Hieddn Fieor s degaing o the
BAMdsi k.t 0 provide a diverted portion flow of at | east
5 . .
Do @ ITEsmeRe 6 NaE dod, pmorite &Ebe T ety O e
Uhsted\bR1i® 6F whle ane guhtabdinjdcaglibftheszonb éntalihegiottia of water
ortign to provide a divert rti.an fl ow of, at | eas
"o F etenhitioncesdatta o St PEmelIRA FlpronfEing Ffithe
ballectsid. i Nt o the bypass. 115. The system of claim 112,
wherein, t requl atpr, re ates_.t.he diverted rtio
to prb)(&'dtelﬁg ra%%cff)gﬁlalﬁno? PSR PO %cﬁusz\fll gltt%arsegglﬁ.lés%b}; the
dfvettéeparaomofoemnetuint! afrhtowf infectigvefitye ogpht intd theporten of water
injected into fhe by S . l.] ast - -
I REFHE R BRI HAPARSor 210 3 Ol 3R sl Blarging inco the
tielasctenk.conpri sing: a salt water or fresh water sea

fari nY, Oyesﬁ%l métﬂcgd Sdiig l@b, Joﬁ%ﬁging ﬂﬁeclaﬂé Bﬂﬁ% i@ Ate AHted
at | east one conduit conveyl ng water to or rom an
ipoitiak ef 2singlepointprioh to dhatgingghe watakintoghe bajlastdanks t o

divery;@ phflhQRoPbr Liltn YRE %m&fﬁ% ffRefROBAME into Wiverted

injector to provide an ozone | ction rate into :
portion of easth ol Rlpralitref watebpiraamisipeier prbpeging eacly stream into a
?ﬁg&?% nglatstQaﬂkhcﬁafp@tgh'llit?‘&)pﬁallﬁﬁftiarﬁcge injector to adjust

iverted portion of water and an_ injection rate of
t he okbne A hellpstwatehErtme sYsSEmiAIrsinghe t ar get

bi oKi | KeaVphYid oSveiePintliuBfi at Rt RSN t#lRL I i ment al gas
into the atnosphere Wl?hout an of f-gas destruction

devi c@ 0ZpRy BEeNFIEOT Al BESTAIRLERI t r eat ment  syst em of

cl ai my Ihfiast fwatbhesndaRNBA GistHlige@ WadrNfre@t @k Bablast tank and
reinject the diverted portion w %h_ ozon%. back to the
Fardypts dsrtisrito ar vilordna RAT PeTE2 1AHAYVESHi sper ser to

di speg gRulaliir &£diesh HESHIEn bthOwadr frdie tHebhduWapl | or to
reconbi nj ng t he pgrtl on with.the water. .

an injector to provide an ozone Injection rate into the portion of water;

wherein the regulator regulates the diverted portion to provide a minimum
diverted portion flow rate according to flow in the conduit and proportion of ozone in
the injected gas.

113.  The system of claim 112, wherein the regulator regulates the diverted
portion to provide a diverted portion flow of at least 0.25% of the main conduit flow
for every mg/L of ozone injected into the bypass.

114. The system of claim 112, wherein the regulator regulates the diverted
portion to provide a diverted portion flow of at least 0.3% of the main conduit flow

for every mg/L of ozone injected into the bypass.
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118. The ballast water treatnent system of claim 116,
further conprising an ozone generator to provi de ozone
WO 000bhg07n) ector. 119. The bal |l ast water treatPENUS2005/045738

system of claim 116, conprising a plurality of
di verter and injector sets to inject ozone into a
plurality of portions of water streanms prior to

char gi By eHhersysemeadiplaimtld2.avheseip dher regdatprregalates therflivested

?or@noh’ 'i@bl‘o'i/ﬁﬂe Qfdnbe?tta!i 9§rrtlolt1 ﬁmﬁ%f 12Rast B8P thashine@hedit flow
r eat nent sgstem of claim 116, wherein the controller
ifay exery apaduPERZORE jasesd inte MSraYBIShg a conput er usabl e

nmedi um ¢ ONRILhFsNFaRr SREm&H systht WiEduk BNSfIixRs QRE\GIA0R dEiee;
controller to adjust the diverted portion of water and
|C?1‘Pé‘d\‘t"i‘f=’on rate of the ozone into the portion to attain

the tacgewatti @kirdsh wakee Bedt ABNPHASstdl Q{bldd&greﬁ%h@f%ﬁ&&ﬁllw talak
t he ter. 121, The ballast wate treatgg q}fi

&rdiatrleast one ERRTUY; SOVRANEG BAET B Prefiom @ngin
fidnkt her conprising a set of |nstruct| ons to operate
the controllers to coordlfntefl ?% g(gdlverted
portlﬁﬁgﬁlﬁﬁ’rf%ﬁ?éﬂ??)wl%rfoc} DHECE TP % target

| evel ainjdotodkd ;irbwdeﬂart trensmfeetionlid. intdhiee ;hﬂihdrﬁﬁ’[wa\mtaeﬁ
t t t
572 RemyetEronr Y b P RaT P oS BB LR i i e

ti()/eﬂcl:lspc&tlm bvhweateoartdranl ihjectdont rate b tredozoad entd thewodfontthattain
' tion _and injection: of . e to proyi
s Bl BTk h 87 2000k M RO, §g AERRCH ' B sfosbhere
watthewt.an bP3gas Tbstrubtidn desice.wat er t reat ment system of
cl ai mll]716 Tm%ﬂgt Ova{epﬁe %m#t Bf élé?lmal I%Oﬂnﬂér%'bm rising:
further conp SEt ructlonstoo rate
t he cmntmmbﬂoert@ r«tlme@otbc dilwatsé pbﬂ@w with henedbag rtp etble water
[ on of ozone to prOV|de a
E’g@é’g% rati ohgllnfgcl)dzone of 1.5 to 0 nmy/1 in the
wat er a dispetser Théispease| iniseted eaoas thmt@htthmw‘u@wtoém gfombining
?Aeado ohiGith wbgLeEN the controller is a conputer

urt her conprising a set of instructions to Operate
t he cbhk r olhechalast ratep ipatmpritsestem efielaim | Ke fugihgieganpgising an

B%Je'g@ﬁkrﬁ&dto'p%ﬁd“etdzgﬁb ®fhagRaer.t 0 provide a
concentration ozone of 0to 3.0 /1 in the

wat er | 19125Thwh@8a%a4a$ea§@atwté¥sm eblatant! 6s5asrsising plurality
oF Aivetdrléhd WhRIRIsEs tth 8njeQ@NzbM |nd alﬁu@llﬁm&'@({ns of water

further conprising a set of |nstruct|ons to g
EHRAMSCHCE &1 FRAVRNG PR SHFET WP @ THPBANG0a 1S Ll Pl ety of
Beldst @iksand |nJ ection of ozone to pr ovide a 95% or
greater species biokill in the wa

ozone {Or eat frehitlast WG%V?%?‘W&SYS&%‘?S 'Pi‘i \]43 \gh?rslpé'&contrgﬁ

liH @l@iolnlput@f flﬁﬂ\%ﬁ k:@ﬁpl‘ﬁ#iﬂg Mbﬂbut@haiaglen@edlmmmoaldﬁﬁinga:siet of
a Sea

RSO3 258 b 5 AR AR P ES o o

injection rate of the ozone into the portion to attain the target biokill when the portion

e ba last

is recombined with the water.

121.  The ballast water treatment system of claim 116, wherein the controller
is a computer further comprising a set of instructions to operate the controllers to
coordinate flow of the diverted portion and injection of ozone to provide a target level

of biokill in the water.
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wi t hout releasing an environnental ly toxic off-gas
into the atnosphere. regulating a diverted portion of

WO bweogdney prior to charging the water into thecbesioase45738
tank; adjusting the regulating of the diverted portion
of water and a rate of injection of ozone into the
portion to attain the target biokill wthout rel ease
of anl2nviTrermatat ahteytreatment systdm gfaedaimalid, whgreia therggntroller

e

dszé) Q&P@sc}ext Hx?thgrocsno“?rtwg?s ag?dageﬁt()? Msﬂhglrogg ?o 'Eb)IE%EtL: ahe gontroll%rﬁ eto
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127.  The method of claim 126, additionally comprising charging ozone
injected water into the ballast tank.

128. The method of claim 126, additionally comprising charging ozone

injected water into a plurality of ballast tanks.
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the portion prior to reconbining the portion into the
wat er for charging into the ballast tank.
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129. The method of claim 126, wherein the target biokill is one microbe per
cubic meter of water or less.

130. The method of claim 126, comprising adjusting the regulating of the
diverted portion of water and a rate of injection of the ozone into the portion of water
to provide a concentration of ozone of 1.0 to 4.5 mg/l in the water charging into the
ballast tank.

131.  The method of claim 126, comprising adjusting the regulating of the
diverted portion of water and a rate of injection of the ozone into the portion of water
to provide a concentration of ozone of 1.5 to 4.0 mg/l in the water charging into the
ballast tank.

132. The method of claim 126, comprising adjusting the regulating of the
diverted portion of water and a rate of injection of the ozone into the portion of water
to provide a concentration of ozone of 2.0 to 3.0 mg/l in the water charging into the
ballast tank.

133.  The method of claim 126, comprising injecting ozone into the diverted
portion at a single point prior to charging the water into the ballast tank.

134. The method of claim 126, comprising injecting ozone into a diverted
portion of each of a plurality of water streams prior to charging each stream into a
respective ballast tank of a plurality of ballast tanks.

135. The method of claim 126, comprising regulating the diverted portion
of water prior to injecting ozone into the portion and dispersing the injected ozone in
the portion prior to recombining the portion into the water for charging into the ballast

tank.
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