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{)@3@3}%9!@ 2B arrg?iﬁt oidl')r‘éﬁlﬁdéaihlI?'Basfs%%iﬁatﬂn&:eds?)o beotakd) into

e aval | abl e anount

s § o B Pa VAR pocin

lge?énﬂgmlf% O ;?erlfoh QY tFaRb it obéHe@Rl water friontea famt dfyesg®n of
ozonation. Retention tinme is a peri.od for. tr d%;aori
thd oponenie MHEECHRR OF DYPIS WIS o#d: 0Z9Re IR0 ot Al orF nan

embodiment, a method and system are provided whereby dissipating ozone and OBr’
reactions are minimized while the synergistic disinfection by ozonation and
bromination is maintained. According to an embodiment of the invention, a method
and system are provided to minimize retention time. In this specification, retention
time is a period of time from injection of ozone into water in a bypass to reinjection
time of the bypass line seawater into the seawater of a main conduit or tank. An
embodiment of the invention provides for reinjecting an ozone treated bypass water
portion back into “bromide rich” main conduit seawater to avoid substantial ozone
and OBr consumption in BrO; and BrOj’ formation and oxygen reversion per

reactions (2) to (4). “Retention time” is minimized.
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the ozone to reinjection of bypass water and ozone
NfogJ/ o<ﬂ main conduit. In an enbodinment, a nethod and

L oLoyStemare pIFOVI QIGQJ wher eby di ssi pati ng ozone and OBr
o rlead t‘l'@h% sar W hithized whil e the synergistic

di sinfection by ozonation and bromnation is .
nl'haahfé%odlﬁ«reap k0, T1gseb@ndabteatidyoihermstltsoh antpgceptable 4.3%

ention, a nethod ds tem r
o;mnn ilq%5.2 Acefiga {9 @helppglcgmerrty t}he m%;’n%é)gl e??ﬁ'eﬁln%g ah@ system are

ploSEN WHERIn FetdMBloA Sinié 1@&bhtecdledfat ﬂessrehahri) menqlse@psmghlyolpss
ozone i nto wat er

st ok (2
(e 13 AR T &SRB T 2 HEL e iy KRR @)
iF@pdui t or tank. An enbodi ment of the invention
ow des fo re| ectin akeq epassvinat edd
Pt f%‘FPrEﬁaé’ B 1 e H “q%z&f;glégrh% Lllgﬁ( ¥(ﬁ:rgn dui t seallﬁ\/\%t er
f(tm)m/goadﬂals:u h&bﬁﬁﬂtonabvhmh onevayanf¢x@mple WiBAY BT figgeribe
Br 02-" and  Br 03- and oxygen reverS|on per

prediitedicBiRedimsytS b hf"ﬂﬂve“ Gtention tine" is nininzed.
(3(36 II@Q/ t300RAemAtically sHow, vessel [10GBAYding stait Bnib8di Joipd a

e palb BERe et SUERRIEe ArdTFnd ARl 4 ycsih 30 isiepRRindiaive of

ordi 1 an i ment of the
theN RS i0P Nesidlsneichmgasaed veglrmt ¢ arventlo@r éﬂﬂ ied Wplét;qﬁlally

prperias gt Bolg I BhE Sl e Sy Sty RO The o

D cp hecandsy o 0 R0 G SHag Y Yea5e] tat
gﬁlﬂsh \r/\?f' e W atgnheT%geDV él' l(bnlsvi&}l) !:al bﬁ%@@%lsﬂm@ﬁfrmbort

s and ow ng det aj | ed CIISCUSSI ONsced
ﬁéﬁly&h Fblyy nefiyedodr residshpasrolgumrasiather prikdigpid JrOdUFEUFR A
preferred enbodi nents of the invention. [0056] FIGS. |
Yo 3 schematically show vessel 10 i ncI di 2‘% Ehﬁ{&n .ézm "
[besy] D‘ko&ng{enaratoai 5005 dluberied Perpren 557! g mal
c{azg]gee egﬁlrrner]% s c;v§r1 as g?ﬁ%k tiOoZofie rrﬁé&@ﬁ%%tahlofetheﬁnvehm

vesse S enconpassed within the |dnvent| on aOZcIOne
Genemtar dOvanttieommbiuged andoenracnesaie PZeRfCE I ok

t anker haV| n NS WPAthli: Nand)n€abakeu|U.S. DN
BTGt o &@cﬂ?@i%ﬁ?ﬁ?ﬂﬁml on ctan F) péi eﬁl 59977,
HOYOR80F; aEudcrg EJIrﬁ pDdr 20@30863481 hdee Had e‘éﬁo g Z@

] [ V@S58, A0 61534 43I Cataddl.SvBsts 6481,879;
1?%{% {rggﬂ%%sr%f Gog-lig%tas or fPuI ly refined ao €5J24Uab  The
(Dmmmlte&rﬁ?xt)ﬁ so6.A8%: itk S4H%EH% apd g’a‘iﬂ: % 48 seed

sclosu 69%?%168%5’[@& &%Eﬁglﬂg @fe iﬁ@ox’p&rateﬂlhﬂ&hrr ay edfetencairetheir
dec 0

érf%t@etyshd\m WEDBaR! (P6H- WHQESQO{':I%V'TOHI"SE?%FF@OL?g“'?ﬁ L}F@.ﬁﬁeld
tFé‘.{c%H{é{\AQJ%t CalfRAE mto@go@@y;teamf(cb/csm serih gereghtarsdnd AEDECO
ener e 0zone accordin O Known O
Eﬁ'ahn@ste@*gs\gl@gy Bégh BONCRY tgedlépﬁ q4o8e plgpd[% _lo% g&ee dzﬁ&% Esﬁurther
L#a%gﬂe@%&%@&ég%ﬁ 3eratbisdem U. S. DN 20030015481 Lee
Pat 6 30 277, t . )
[BOF8It Qzose gag is pwnpgit p%llg ggnega?& 33%6150 s@%]v]eﬁlﬁb%@%u%x line 130
gi j@%ct%é?nto waRP PR spéctive Bﬁlﬁstﬁvaﬁ&ﬁntﬁ%nscﬁmgﬁhondunts 116 118
and 120 via respaegt(?vepceoanrr]\ecet(t)r Fnes HO 1153 &)’ ]mZ qg aca—(;}ﬁance 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. Intake/discharge
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di scl osures of these patent docunents are incorporated
N &ﬁh& by reference in their entirety. PCl-WDECO
- nvi.ranpental Technol ogies, | Fairfield
2 dre§ld' Pﬁ"\/’\és Hichiiel |, NI 07006) type SMO SMA seri es
generators and WEDECO Efflzon(r) t echnol ogy hi
c&guﬁalao Ea{\Afewwazman pocdutekd/anleteashest d3stog @or g?tﬁﬁé}zg
exanp of suitable ozone generators. [0058] Ozone
Oﬁgﬁaﬁém%ﬁnped t hrough generator 30 and subse]u
[0030pBgliasl wier it 3ehded oo {hajvewsel Bhvia thegenslests 13 .3 T3k, ;146 and
respectiv | |l ast water hay;
gl Pumed ired Joeita el e kD
glsleZn ancbnlidis 16, aifcowddan sbownt At ¢ Hestingtiogdocefiopfhp Hif;ﬁesé is

rqvmsgqj( ea,ngnd 4rBlsenJ8%gEm %nkt Beitdridy el QM6 128 through the

conveys vvater fromste

r¢sm@1bve/conuumet1 |6obl % gk foridisshexgeIBiOWHT BRI e $§R Chos
t lle'issf%) Itl%eﬁ%m%(f Or | (ﬂgc%gr%é @hnc‘ B{ @ff&?edctﬁmg'ﬂ hnotie?, &@M&y&ndult

ar’boar i nt ake/ out | et sea chest %
aBd aéab@ﬁst(tytlant(mt}shq_\zﬁ faydm k| batperias JRfs126, 128, After mJectlon

l %3/ dtlhg%vl'!i?é’rqg cglr}vegle ?%/ h&QPQde main Esmadi 114,208, 120 to

wat'er from ntake/ out| et sea_ ¢
ré‘GpB@fVE tanistbataries 128 12@f12§al |Asssach malescong Eb‘@éb%1 @51 fzﬁsﬂasses
tllrggg iagﬁ ba@%g%k AE& °12%fb¢ 19855 §hallbP fa6té phfte(nseshovhg shis be

tiﬂ&hloé‘”sﬁo fravide a)amqnen/idéshalwconﬂ%eVitbg‘glt F%ﬁ&ﬁg‘?ﬁgllple\égn be
caé gin OEI tuﬁr?&{' gPéJff%rd]ai]rpareal 1By bPRes hantaniitsdf, if space is

ocati on, he process is reversed and
anddsec. |s punped fron1tank batteries 124, 126, 128

[9616"03 Yobid. h@h chRRIACABIURYFORDHE ir%atécﬂ-@xateﬂfb&acﬂ%)llefsotank of a
har ge tArough respective se@ﬂc hests 132

stepbdahb batesy, of0anksd 2cdregadia P heelepte é’é?féed“ﬁaﬁfidoﬁ& g 1ol

i
ﬂ%ﬂ t%%k fof§ %Bﬁg%&&% gf)ttraglﬁ f ezss gﬁeﬁéﬂ&rﬁhﬁﬁﬂgh $4spative (seenthests

1|3|41aedt13@nnd infresed 2rshehargef é"t&étt%ﬂkl‘%g“ﬁ%ﬁ@éifégg%e{a bafter 4f°
ci)l?ﬁe E@{ lpatl‘é g dng1 dekh resibéo%ve 1220 id ﬁlfﬁct’lﬁﬁ]yefdteld\mdtbahkced to

atteries 4 126, 128, each, mai n 116
oRpensHECiop AHJeied CRRES HARLY BaTPRLTT PR o419 35 vt
el'lfe?s thRouRTB i Okéngeeaf &QEteIVBZPlsﬁﬁéa{eﬂ&htlﬁb@hﬁ)ielﬂ:\&mcbea linakldf and
dharged h@Ofaoé;flléSf %qrfygrc Eléﬂ%tgéfg lﬂ{l gc%%gaﬂg Yl tﬂil{:%/ ﬁéﬁ é?ﬁgce the
&%&j@%ggn1grea or actually placed in the tank itself,

i an iss
986G s S Pesi B ordne Pl Wi e SO 43k a‘]'?w“
tggﬁi{vké%ndaﬂﬁﬂéstt@rvyaté}felﬂ(;and{ﬁrg]:%to&nbhlbgrtqu or treagment of water
ivers o t

LISt 0 LLSPLSTTIED LAy IR Ao et
Aﬁ%ﬁ@ﬁ%ﬂ MfeozBRA(if hﬁ‘ﬁ'tssof aldbfbedipcbpmt;@n dadhs g)aqllpga)[rélépcg@fgmg
l;@lggt gqltex{) Hté 1rBBcI1rfang 19 %ér 9roR Speﬁ‘z{e%f] Sc;ethglE%lest Rl etr¥atment

respective
%@@l@ I ST;;ipiéaﬂlymo@?}d ¥is fgehéretdd aatda b@dnam:@ﬁon cp% about 10-12%
onpensate_for o | o
paonelpxygen-g N 1§Waa%thab\&oge 9 rrggg)%]eﬁsftof;?\ﬁe?g ggﬁhd of
gﬁ%gét 1%33,25 nhgs otzérfeaﬁsedomitb‘erolztenwfd\edltmvéleédamué 32 me/L of
an

accompanying oxygen is dosed. It has been found that if properly controlied
according 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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charged into a tank of forward battery 124 until each

Nl%)%r% OI s filled to balance the vessel 10. [0061] Wile
! gures describe treating ballast water from sea
e dhe&ﬂsﬂméa Ardi3364 % the i nvention applies to water
either charging to a ballast tank or treatnent of
[Op\@%%h%{)@dsegﬂ)tllg{\xﬂﬁ{ggir@,rx%gab;ﬁd;ﬁg(‘;nhaobhhcteasf ddaﬁqt«o?q&ngpf;c
at
retsassrreay bnerpiined asrolovoSAht B¥0FY %thﬁtaﬁogo%e l'oadi ng
th@'s olgﬁlﬁ@r@fiﬂke{&yg&ﬁ*\'h?ﬁd 49nmtAr gt li asmpmbelt;}paﬁurﬁé: phrg water
er_operat|on_o 0 HeRat TR bolubility of
atskﬁst:e rTheTspHIbEY of OX PR AR S‘fawa%gase%}%ﬁigg at g%

p 0 BERR Y @inm@gﬂasmﬁgmomoﬂmm@% ozone/ oxygen Thi s
nmeans t hat

[0963inRresspre 15 %st ta[nlks gy%ca% VY OEwedC1 qg@ 8ChtMAkphRISa¥ a

ozone I's dosed per_ liter of

taﬂ@tlﬁgﬂlkbeﬁa@mgibllﬁﬁg rayé Ithred times du%@,}]@tmbe‘é};id% at 1
dosed. It has been. foun 10drlcs
atosplieeR: nTgVPt%ﬁk’ BREWalel I nsFtCLilrattm i I)X)%Ef? Q@Jbbﬁt eot, Ndrcegrior

t he ozone_and
td (HecBSY,oR8 szMterh&reﬁd;l bontaind albsiue 8i me/lt RE OXYAeR- pSeftEplling

1m%(oelgfigl‘,pgt XS okr1e %‘i?w%%gxg@glgg%ma%wﬁm Fn%l/lﬁaﬁ@xytgen and

0621
alid &ohdr@ilf @d &h@wlwg at $ atasphired v et BOBRASESS %‘F invention
del et eri ous at npsphes é}pay]dlgg Rxpl ai ned as
PFQYIded i EXCRRSFPLACL ?rvc\ill%glﬁlsgghtﬁq%gr oxXy e% i ndi cate

Gd%a} Furttee dSablybiglallt the okygsn ra@ng)w@lethe que ayErts ¢ ﬁcwlll_brlutm

at no here @the dawifel atertsTthe release
S%ﬂ“ﬂl&u ﬁg’i‘%?mé’f of%ég%%f‘%'&é’@g&%t“g@ s ab FJVt 40 /L. The
Sz oty s@itionpwhen oubsaeuenty gxpasie<0 8¢ FIPFPYEe h K

Oé?lgégﬂgl&;wbgpoe‘?rﬁ%s Fhass e e sfoPbf @Bie foahke o yaivarr] y

at nospheres a

S
[bds] €eGS.Gas obubbCiare owatiesrems ek CWP%S@@ @E@r mgthod, and
Qé%f’fg{ Eﬁl a‘% %%te? bzdne 1ﬂ}e@c§1pm§ﬂ' €an B_é/ Bbdéiallrﬂ donfumanat edithi the

gen ‘at about 15

SyRbBof vesel ml«mo\sreawélﬁér Y é@ag,A@B«Mtg, TCRRSS A 95 anfi%l(;
Of 0% &36orasd ¢ Oreehigeeptddoait teyer 5
quQFe%%xgrgEon %3{2: | 302 E‘lgdes 4 Rdpr&Bor ettige a

ddi t 3

s ﬁmmsmmevﬁn 20, 00 GMELHT o8 G e 240 ASP i
{or 556 fﬁn?ep??do %f%ri%sggn&r‘%lr 530/ @0iveOfupplr B2 deme avonitor 534,
ess apacil or | SSO Vln

dzﬁ@:ﬁdle]strﬁqlrrl)mhéﬁg/ ok chils STt Preion S SE0. e i i

(i{?\glﬁgn 'Eh% AYE 408 VA aif SHAKei AT UTRe i .t ldarhpmessed @dﬁa,scirmdrﬁgld

em cal reactions in the er
rreeigeeml St Toteowles ¥ o SOMREA DY SUHeh 1o Heb equah ey tdnlto

%ed) o?geﬁagnct Ql? lﬁ&gﬁkﬁm&f&enrbﬁd}(ﬁgﬂ w;ﬁﬂteotyg&g content of the gas
Ibriumpermts a nea ota ra n
bcdifatcatsly noeaid By Haponies of ridbeck,” Ryl ShidRangs i
%All‘%\feﬁi t?géc@fv@r 934, m@c@iemti&ndfﬁl@rddeiﬂﬂodltlzhmdectgcygtt@mzone
ast wat er _ozone injec n i
g@m;athﬁOoﬁpwt% Vﬂ%@owgryqugﬁg g 2 Ve@g@ cfgtf?g%\;\lm%ﬁ is
ElGRred 588 ahdaddirdyddasns tBprelent Fen@BnngAt dbBhaie Hgenerated
ozone generation system 502 i £0, 552,
e o UL SYSLETSTRALIE) VR BB ERe S0

g%@as idinafECRsM4Red 520, 02 enrlcher 522, 02 receiver

[0066] Ea%\llqv of %IIC% 5A, 5B and 5C shows three separate bypass injection systems

550. 552, 554, which can correspond respectively to injection into aft intake conduit
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nmonitor 526, filter 528, ozone generator 530, power
N%%&&bﬁl532 ozone moni tor 534, ozone destruct unit
6 and chlller §“rﬂth circulation punp 540. In
'dff awn into the system 502 via air
|ntake 512 The air is conpressed 514, dried and
1n&biaiiger Eaiim5ﬂt6 stafidatdeintakle Sr@uia B vierhhd prg ini 3?“%‘% BfeRert

in 520, ord r denmand, air is
IMN@HGF@Mhﬂﬁdmgﬁ'E%ﬁ%P%BQEHGgﬁgﬁéﬂggégen cont ent of the
[@F] 14 516l §4 enpotiorakysien 160 dadusigs ogongdiRCr i ¥ PP OO
nitrog en enrj i o
Tl Sy LIGRRIS Ry B8k ROy i
cbﬁlh&@ﬁ §68. i Bintilacly om@ectlgte metemt 662 SBiudsperenceiofion pﬁw,eﬁﬂo

20 I 6578,
ﬂygp re:gvéﬁtar g&??%&?g %gélg 1 ng%ﬁgéé}gé? 5763Rd brinliAB Bbrtadt

ent “envi ronmen ﬁ
adﬁ &@é’tﬂbg @steﬁeffﬁénactledﬁs Omn@e¢t9r gy 289> Hew crauiats > 85g%one

iBfhitsg8y St ens 550, 552,
SRR SR R LR T e o, Heh

(66583 hdFEXS. SRans SE hinisetienegyaermt0 iRFHSs OFMF LU BN
%ﬁ@%g@mq5%g{ug§e2ﬂoé %14the\Wi)éé9 59@”F§tﬂ{e¥ Q‘ﬁ@ﬂﬂd:tlon system 550

O 1 njection ntoatlntae ?i
lhﬂl@&@/oi@ﬁﬂiijector 564, static mixer 566 and reinjeppr\pp arly, mjec’uon
SGLh on il ! & SRNgLd 11&857/6 zand]r&ﬁﬁjector
SRS SRpCEE ReRbar SR oSorleHglt id m

e conduit, 120 %é f’L
ﬂlapaml mjacuan@te@ Ssemhtglemgulﬁf@oéﬂﬂ opepepfiestor ¥4, sta ¢ milver
Gld.on. Sy em 550 includes ozone injector punp 560,
gf%% re“ggaﬁast%gr 562, ozone injector 564, 5@ 3? %%grs%erare
[0069]sdtsashoavnnmx51|qs 566 28t d Bmi oA SYSIEBA 2t
con)llle%rrles)f)ectlvgiy%g/tc'o%olﬁc)‘ssé 0% BAdions] gessolleAaiid, 612 and 614
i njector pu

om1regu|ator 5 ozon
c‘iﬂélbe ppeqsscsmos@rltee?@ﬂarﬁamﬁ%?F?fP%éhf‘cgﬁ‘%5 %@!}g‘lg Cihjelod

gstﬂepy a%ﬁé?c‘ie%éﬂb@é”f i ncl udes ozone i nj ector punp 580,
oW regul at

or ozone nj ect or, red
ML LU N G MR TIR S A I A
w?norwﬂ S5k @leﬁg $4 SLRBA g Erb e Bal REOEAK. 1 egu lbgpass if§6Dion

can u to regulate flo t he
Bous T azoneiniccione PToN]dse PiogH el R seipbiipasf OB g
§F5mﬁgtgrglﬁa55@|4tﬁr iric?%ﬂgﬁer%@ﬁ?{nzg?fﬁhﬁﬁfblﬁ&d njiectedposis. with the
B0, waher QY J@rFI§7 is ngegm cff%s;%a{ggg)%)gsrs %Jectlon
lgﬁfeﬂll ?%bt O1“h5e § of&n 530 G’ndlulieeﬁiby]ﬁa@ss g()fﬁitle 1505 Bkt idivefagsl érom main
egul at or ozone | or C
gm@uqt éi@?t@@tugftreg@g)outt&gg IREONVG (g{ﬁﬁs1 \SNlt%tﬂ'l]ﬁ @&E&dul?% ata
2BvnstBdre® ?)BﬂnQGMSYBym c&ﬁl@xt 686 nchnids Pop 68, venoit P, Ineiyer

respectively % contr hlers 610, 612 and 614.

ﬁﬁﬁrﬁ“ﬁé‘l@“@s?‘é‘ﬂ%‘i NJgtY 2Ad 614 can be processors,

F(fO APUT & syBb@SOP LOBES S & anrextrhglatyi s oppecasionrivfiespiipd
nj ected = ozone as he e| d KQl65hﬁﬁ
@wmﬁ?wwiﬁ%w B3t GS" B3 LR cu RO 0 ghdinain

PARBEVdtEH R D e edon pateti $79. of partioepf the servrgertindiyerted

unl oadi ng fro 5 FliesthOfiverted

BYP%%&“PBP”%QghgﬂPWf@8$Vth% %Pg Q%%@“%?% er n1X|nglveJ=

salet Bbitios ad tenfroliéd by €lovzepdatgaso2. Injector 564 injects ozone from

generator 530 into the diverted 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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into the ballast water and proper rem xi ng of the
%6}}ed diverted portion with the main water flow

Q FIG 6.1, gxerrpl ary aft | oad/di scharge bypass
e |"nj &H--I‘ h sYdtem™®BB0. The system 550 includes a

bypass conduit 594 that diverges frommin conduit

poréh BY REUidpRRET g@r@tm RiixeB2 26En0d combinvd hgels Wilht thet main

mai n ctonduit 116 at .a am poi nt 624. Bypass
Seewﬁéumtcomlllﬁépﬁa‘ég“‘b m@’é%&?venturl 564, nixer 566

‘7‘% HRhdh sramdbift t coniin] lﬁg|e<tt01f sipddn .’[5003mj_bo'aed< icprgudty tiesier
550 of FIG b5A an exe S e r
syge8ct27ed pogsco?cgpq BIFEtOT &5 $§/4 SYRESYh, ORA o"f“ﬂ'oQ/r}e%lﬁators

er from sea ches
56X 155D 583-ah dah ffzﬂde 510, cmadmOt to1eh6h vésaeatiae 9zonsainjesor 564,

wat er’ punp i njection S A r 19510,
574,884 gwgpl?qd bydTeg five conkt)roﬁé/r érlgg}ig%%éf}] gﬁ%‘bh@& Pl610,
6 Lo h cdrlbe d dbinfpulry opmmoljrocr@&sosgﬂthe Hkow of the

[Q%éé]%té;g?t b\é@ﬂf"of o(é%s{ b%%%%ﬁérrﬁgchfrge&ﬂo& |2Q¥4 faring vessel

I'njects o0zone from
cHEBET atBlistR30 ir typidab cdev by L sEEreTsa il erdigsprep ojyrisdipion

ozone injector 5 C UL [Nl 8iSTaR6n. O Ah 2
rqquiE@mentior exImRly a‘ ta{)erqge foathg:fimgrérehﬂe uﬁ?tg her i nto tﬁl%e
cSReNReh il heNaAEID/RBMCthe rwgettlbmkllbys ippredeteripebempiseally

aé%g%ﬁ'@fd@{g tl)éreprh%%??g aptii nl'?le CQméc‘i‘&Q n%f?tﬁlg tWtﬂel"oz'bH@ B¢ Bontroller

at mal cont act or 568. ¢
D e Rille lansee af nspiictiohe tahdjust shed tgularing e thsr dlgg;'que;?ﬂrg@bo

SRabr s o B o SeSHE S FROEE s, pecp o
’Dh@@tﬂeﬁéd)p@'tlorﬁé‘aih be&é’@lat%@chth@] rase, eh0%pae %ecélfg carg b3 ac%g%efl
ae%).r] ?%Fq rgcefgtggltc ingt uct18 ORSidkRY 1995@%01%%& m@%ér ®Bpronide the

SP ec I ve controller 610, 614 The
14 @A biokill fira 163E thre&thd arche@dAcealffiqydn gmcr ingd Wyt

OPSTARGH for. ! 0 AFYRL [alm|562:)ft
l@@éi?'gfp?“s oy £y Ea’fc,a ﬁ%ttdﬁﬁglllegcﬁlﬁkggm}l rglﬁw aretglzg ;? rin e‘i’i
rw@ﬂieﬁcebvatecﬂow hecoesatuaa@lon%@wzon‘:nm&ctecgppt?yclmec@g s§F ety

refer thsClahRN 124 &qerffécewelm achieve
op B RR Ao MepA GG Id bBse i |

st i ks G BB S Sh S (R el o P
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[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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[0094] The bypass injection venturi minimizes back-pressure and provides 90-95%

solubilization of ozone gas in seawater.
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and equilibrated overnight to test temperature. Small pieces of nylon mesh were
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Similarly to the LC50 results, juvenile topsmelt (Atherinops affinis) were the most
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additional mortality can occur 1 — 2 d following ozonation. As shown supra, ozone
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[00120] While preferred enbodi nents of the invention
have been described, the present invention is capable

of variation and nodification and therefore should not
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limted to the precise details of the EXAVPLES. The
Nibwembi on i ncl udes changes and alterations that fall
e Ii'iwgt __I,hl)] et NG PUp\-ew..of, the fol l owing claims. 24 N

- 1099/ Od 0= d"CLAI M5 WHAT IS CLAIMED IS 1. A
met hod of ozone treatnent, conprising: determning a
target biokill of specieSLAIMSwater charging into a

bal | ast t of, a sea faring vessel; regulating a
‘MWJ?%‘@B’&H[% of the water prior to chargi nggt he
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e tssbllee BRuRRY PRRERoL I ehFrBPd LR ek o e
Hahﬁt]mk;e][ for charging to the ballast tank. 2. The

met ho aim1. addjtj. I .3 ' i
the asfe iR b LR e a} e de SRR OF Pcron
oFlagonesiith de poftionltakttaid thedatgéttbiakiléilahg conpri si ng

chargi.ng the i.0j ' g
" SR A S B
drainghd tatyeokiokill wienoheportier strecopwinedduibitee yaterfor &harging to

r or.less. 5. The nethod of claim11, conprising
tﬁ%ﬁi@?ﬁ% the regulating of the diverted portion of

wat eR. andThe mathed off dlaijnebtadditionsliyt prammishigechargivg fhfeozone
.por.ti on rovide a concentration of ozone

f
lg'feai. Hattelgmgf)wgé gn%}aflttlgr}]lpt he water charging into the
bal | dst t dhk meghod ’ifeclaimt hcﬁﬁidéfon@‘IYaFQﬁ‘mS“tgo?ﬁ?FS‘%g H{f ozone
B aetLng e, LR Athitg @i he - di verted portion of
W er ‘and a rate of injection of the ozone.into the
por t idon ofheuaethod of glaim dv vdereln thefrasiiiakill dhorss migsehsePer
%.C%e rto?w{&‘(epoﬁggs! in the water charging into the
Cba1_ I asﬁ_i ank. 7. The nmethod of claim1l, conpri ?i n
adj ust i ngThhenethoguofaelping loporprisingdpdietng dhp Ga4 BREHT the
M@e&tt%ﬁ 8&@8? A lvePaRel a faf SGALABN Y tHe2oRZ RBELhE PbRIoh VE water
portion of water to provide a concentration of. ozone
tofprqvidy & epngertrafigh pf papne RE1 Qe 45 REA TN G4 hatgg into the
hakdi sk tank. 8. The nethod of claim1, conprising
I'njecting ozone into the diverted orti

poi nt6- pri dhe msthadaplgslaig fneonREE f P%‘“E?fge %‘%&‘ﬁ%&@{gn&] fhie
diddMed 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.

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 1, 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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) Stk eamy,prior Lo charging each streaminio a
I~ “w@sp %‘HVG‘baIPéSt'T;nk of a plurality of ballast
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o the i on enerat
det oimisdien cETrB> Y6 RBraY ng’ Eagalr ?*y,vﬁg*%é“%é%o i e
%g]&?tg{s%t%t& vunah the vvater for charging into the

an ,
det eF??Pﬁ‘in‘é“gtth%p?rHP'b%’ft er(%(c):rocﬁ%gn]{g’&%ltgﬁgggétg%l?gg
to ajbar gehe bietddl 6f olhins pep besprising téternviaing rthe aee)i erene
into the bal]ast tank

copBr s TEBara e gt e ol Rl (Hore R s lnkinto the
|gw§%gmko |n{ﬁct|ng ozone into the portion and

rsin e.in t.ed .
A
\Jvzg%fprfoh&) lh@hdl@,sazone mikthe bdrtiol hed dispentiog BF injpasdpzppe in the
M%&Qﬁél %851%{(}? t%{: 6)%rtloqei¥1 grtm Wald f@cr3%MCinto the ballast

rovide the concentration of
@gone sufficient to prOV|de a target biokill in the

vat er Cha:l"gl n%th'oﬁ%?cl%x'ilne lb%cslﬁocﬁall&@&%pnsu@nve”' ng the

C14
capaci'ty enera rating val ue; and sel ectin
generdateﬁmnaxgcm dzang geverakieg Icmapmg tQy gr% g thej ?ﬁnéerttr %on of

%g?n feqf ﬂeérﬁ to pr%wdp QEIEL‘ é?%lokgpm tHRatBEdhRRSh OhtoGh@bdNadtkank;

'y* conpri s eterm ning an, ozone
genercahveniingthg eaprcity ta@(ggnqjatﬁgratl@g whis edd ment rate T to

pr Oqugﬁ;t he %ﬁl{l&eﬁ&t Q&Udﬂ‘{; lgf thOZR5Hg VR Bfkct 0zdreeto the

t he er to provi tar
get biokill in the
p@ii@r. charging into the baIIast tank; converting the

CapacL) SRgpeipicyshas At dprang el ct g
oz onaletenmiminighan ozone generatmg capacity accorgmg to aeireatmenmraet‘ 10
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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portion. 16. The method of claim 11, additionally
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vide th
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wat er19. 20 Thd hethoetofiodinfl 8,clizirein 118, dlm@ﬁ@oﬁxopﬁé regulated and
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: conv ylng water to or froma
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21. A ballast-water treatment system comprising:

a sea faring vessel including at least one ballast tank and at 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.

27



a regulator to divert a portion of the water fromthe
giddt; an injector to provide an ozone injection

. rate into the portiqn of water; and a controller

Flioper 'Jalt’!i“"\y-&‘-“&/-” dbrinéct'dd to the regulator and the

injector to adjust the diverted portion of water and
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St “%“oa“g?agl%%'égggioggtoe‘? Fevel of biokill LB RSdium
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conput er L St BRI RS op QR thS bdiroBers @b codrdinate flow of the
t n 0 .

F?{gﬁfsﬂlgt? g&ngjl?tlo' operate ?he controllers to c oEdlenoqftle0 to

filvertedofortidreanddinjeetianeaf qaeme OGHOUHI2 PHICERIFAUSH “6PZ Y one

t l1g)r/ i\rllitglewﬁerconcent ration of ozone of 1.0 to 4.5

ﬁ%/g AT he Wat er . . di
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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30. The systemof claim 27, conprising the conputer
Nig@hbogt medi um conprising a set of instructions to
oper-ay e hhe contrellgrs to coordinate flow of the
leerted portloﬁ anid” injection of ozone to provide a
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rate adjutsmgttherqgelgm%@fébe duvv@dt ROGHIQIATY B 36 2 A trHe‘:“O”
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he ozone i nj ect ed. wa (?
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port a controller operat
connecbatist gaten éoﬂ@gh that ghischprges R nf %‘Et%? elt %la%d s yand
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35. 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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¥P8% of water in the conduit. 42. The method of claim
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i nj ected ter froma ti I{Qﬁ]dﬂa&&nﬁhﬁ
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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, additionaily 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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e é’HOﬂ}ﬁ%tyﬁ?sﬁ' the bypass conduit downstreamto the

i nj ecdoor . Th2.systere of pkiirer7ovhereli e 478ulatariserlaien gegdiverted

m xer .| ocated W 1N . C i A.Oof
Pl ) BETRE LR A R A ot tesom

diove irfj @eedrimotthedsypadst h ozone back to the water conduit
at thg re rgnsagtggnn{)f} %1?/1%1 4;Pﬁ4r§1¥rst3§rﬂ'bx‘?sfingcla?dtamc4n¥xixer located

conprisin ura of injectors to 1nject ozone
vithia thectsypesstconditplownstrgamytodiie idiegtef-t ed wat er porti ons

of strea I P344I Rginrisas A Q& Ib&ied Witiin he bypass
respe%zt'i \ﬁ%g#ﬁ%n%%?tcgnk of apgl ugal ity of ballast

tardkis doGdstredn neethh ddecddr; @one treat ment, conpri sing:

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

31



upl oadi ng seawater to a ballast tank of a sea faring
NY®§/§&)b1 regul ating a diverted portion of the uploading

prler .t .charging the water into the ball ast
ot Emk'Irlll """ hdj’ﬁétl ndq the regul at i ng of the diverted
portion of water and a rate of injection 31 N

09990%’ %gggﬁle Vr%f i ZONFoVidE # nfikigupodivéred dostiqurftor dite according
rted portion_ flow rate ordlng to flow
td ﬂow I’!TetheewulftanbeF&P?ﬁ‘B'bB?‘i‘qoB?l“btg 5‘%%%% i the injected
gas. s65. Fhendmsdectign 2l ahereddhe dinetel portidnds digulatadde at
portion is regul ate Ieast 020/ |
IpenBdd%e 9f B '\“%’P Cei%g%ﬁ?rﬁ/fﬁr §TEr8 SRk ?anBZgg?g @?tg‘?éﬁo N
g?{ a@ss. 56. The nethod of claim 54, vvhere| n the
v

t ed t | d. t
mai ﬁ r5@ g n dﬁli?etr m{;tﬁ f? cé?lm e?v grﬁgn t\/ertédgﬁéﬁclmﬁs gc@ipaftedt Bat
lé%%{ @%j%rb% tt*%)hgéiﬁ Sondufo Tlow'lfbxeevaﬂlt thg/tl orﬁbzmieamjmtghmtq,\ghé pgpaﬁ?
e diverte eaul at
t he A&in ’g%lagqgf)é pio Q‘] %4:, Gsm, & d{vgrt@b% pcjrﬁc?nslts r&u@a%e@t@ at

ozone Injected
L4 9,36 MRARSn Rduill flewntat mayoﬁgm ofi pa0B4, injecied Hatp the
conprising limting a retention period of ozone
hyn?sécted water froma time of ozone injection into the

por tisgn t @h¢ Eﬁﬂhﬂﬂ)bflcll@ 54, Hiertoz ovraprésingplom iting A ToipRUPNERTEO
fl ow of f o Cdnabifiin
@zor@dwﬁ?tpéwﬁtér F ?rﬁ.la%nhe or}do%ﬁe 1eﬁ?tlon n% tH@f)&ﬁ&l flre 1nihg

f et period of ozone
th&bamhed pyebewith tenficy oﬁ wmerofl th@zC@n@l‘i njection into the

port1.gn { . [ SCONDI B i SHEARANRH:CARAE! Meritioh Mhetibe of

The met hod
&oné ln@&cfﬁd%terCf&fmalthmgf dziong tmq@‘goxa inte thenpartien Egerle;;(aﬁblgllng

ozone i nj ect ed.yate Z9REs.i nj ection
qhﬁP%PnFﬁép%lP{‘ 6%% oflior“égo té¥r1t|£)rllég;£§tl](a 5%ozonsat ed portion

wi t h dohe fﬂhe\menlﬁodvm clpint 4] ewnprisingnlimiting & gtgiign Rgjiod of
ng(g%ﬂgécgq%d\ﬁag?r fg arﬂr#e of &%HPHJ@&UGQ inth M pdiGordto recombining

ozonelnjece water froma tine
@ ogHane pon;oe@mholm flaw of water t9dess then 028 SELE8nbi ni ng

the o onat@d ,Qéﬁéfgd ggclxg%mt BSmpistW Rhitat £ retionemsiod of

t han gcon t hod of claim 54,
asbile trijenal waterchomr tihngf eteae FieRgop HEO SheopRstion 1 tsepmbning
té)g(rg}a eq %énrt E%&/lfﬁqggﬁé& of Bhier B 1&@kl’laﬂ$)t21tsaéﬂﬁd0f a

he ne cl ai m 54, co

i nj ecdd. ng chlzmhqdn@foclﬁmxé‘? taééiltw’ﬂ?é%qoawg ‘8$ Ch ’gl“ﬁrtg? PEYe

of teter%%%dtH%Eﬁ'ﬁ"deft 5 a'bﬁ’lla%ht@ﬁlgbﬂgveﬁmh condui t into
HUeCH ast tank of a plurality of ballast .
t anks63 64.Tha metheb@f @falféz%'né’otnrpé‘ﬁt’&éw{ec ”éo?ﬁ??‘? JPRg™Y

cgrgnl%sl %?’ ! nlgluﬁ \AE/PSF 'vﬁ%rd&ﬁﬁﬁltécbﬂldfetor elagding reagr @dm:tmt oo a
N constituent; determning a life of
td‘spsecne@bﬁl haa ﬁian(j;rcﬁ dpurality ghballast 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
accordi'ng 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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contacting ozone with a water containing the s [
( peci es
N(g/ﬂﬁmfe{kod det?rn1ned daccordlng to the determ ned
. e reactj.gn.product. 65. The method of claim
Pl e din ﬁe maﬂe# i s seawater and the species
destructive reaction product is OBr-. 32 N1099/20001

s eav\g({] © nﬁlteggg A ofhh B4 S herbiR@hSivitet 13 @eavatadand she species

er an e speci es destruct
it APl 8% oL
s?ﬁ\ﬁaper for %tog rcoxfltﬂflle@ t@%ln@ﬂn ﬁlthttlargbduedf Bo towiBrt sietl ahove
r- we above 2.7. 67. The

217et hod of cIa|n164 wherein the contacting period is
cont gol | eﬁwf HEth@d BE lf;l'ai?l‘ij 63 P@Bértinabe b@{tm\mg plemyd is controlled

product.  68.
fotett pariodrapebifigc @IQW atlﬁrélt P(é;gtqlnga)‘fﬁ)c%ﬁgl A o d ife fof the rea reaction

gﬁuﬁmhereln the period is |l ess than 5 seconds. The

d
0. 25(6)&(32];'51;3' rgclet%gfﬁéqvl\ge e{g erellnglil eeréllg fs | sért}ga%ﬁ‘sss %&ﬁﬂ

perigg i sThERShENELIAmPY, FR@eindhe pe.ﬁodmlhssdhamfo 27 ssaend.
treatnent, co

char ghng. Th BeRobal 9asch MRt ai B i o 204 Ebna
ozonei nt g o digodiFlokbrRMrehtnent, euingdsian 0zonat ed portion;

and reconbining the o ted
char ghagmERTOM e BT AReTam ® pafi 4 EReLE o

per i el WESR ihtBiiRGorR tb bovalzanezomted por@npardt i on

\?\/2? e(rgcg;lg?ngl}glqglgl q;tpgeﬁ?% 8{) 1Ct e\)\githoﬁ]%g\g% IH %gg \gfétt)gt\tlvé gﬁllast

mﬁgfgfle?htlne limt. 72. The net hod of claim71,

I n e wate

L hat WG § LI GEORE P opT G HRE L Ygho imBAEThBEon and

@é&%ﬂﬁhg ttl?é%mj&ma omhbgortoh withithe Wafer whatgisieningh ghendan 1s
seawat er co brom ne that reacts with

qoptrpHeg\ e %W%é?é P'in%g@ttl on product and further oeone

wher ebn t Irge ez ofsclaiont Boveuleini thé wateaimseavaiesy cetaining

period controlled t
BppineabHacs with orate e R s, A Apredklo B T 1O

t he rgt entrhemdiesd oficlaisn 71 mivherdinbtpe veasert s GleR g BYSARNS

fluid flow vel
bromine that reacts V\(/]l% oé/one to provide an OBr- reaction product and further

wherein the ozone is contacted with seawater for a period controlled to maintain a
molar ratio of Br- to OBr- above 2.7.
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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75. The method of claim71, wherein the retention
Np@tg,%@gl |fs I : mted by bypass pipe length. 76. The
o L DOGL0f 1 al,m .1]1,..wherein the retention period is
i "-'-g@nt hoti i g @r“ Hg pelrl od specified bel ow apl imit
according to the determned life of the reaction
P g ?g?ﬁ:.t onﬂ% m&hgd gqegmﬁld?ofwlhle,legi ﬂfm: Tétentivh@egdchistcoatrolled for
eriod is controlled for a period specified
tft?elemﬂbywﬁﬁo{““ﬁ@d%tf’efﬂﬁ’“f‘ §YEHE" det er mi ned | | fepof t he
reacty on THRIREHEd oibé{al_ﬁﬁl @blhkshi thg raedtengeiodstonsesiled for

chameriod e B8ATHE R AP AT PR NP Bk of ng 0 € ho-
chdarging to the
IJ?I I g@t tﬂ[bkmeﬁ@f] NEQQQM2PNOdtherdin : the metention pexild | is less than
o SR o I R A AR B A ~ it
575800n¢he nmet hod of claim 71, wher e| n the ret entl on
peri g i sTiORettol | sTCidinr 71 t\hl&r@&rthmdethytlooopﬁrlpdl1I5|lcﬁg than
rate of ozone injection 79. The nmethod of claim 71,
Oa5eeeI™d- the retention period is controlled for the
peri gsl byTlOMetlI dMgaim 7 Atwehaéinfthoweteitionheerigi vierlesdthan
portion. 80. The method of claim 71, wherein the
O tEFRon period is less than 5 seconds. 81. The
:FTEt hggl of AGlaRistwater trediedispst¢theompitisipg: i on period is
es nmet hod of claim 71,
wher égﬁss?lﬁﬁgvcﬁP%ﬁ'ﬁ?agﬂoneebra ﬁ%%@g l ess than 0.21
seconflozdnd geﬁkrhaﬂthasglenemwsamzohc eat nent system
conpr i a ve I t
¢ anke e vaied SRRy oRApHils Vil o AT CRBKEckaSi 1o o
f@hért@étoc?ﬁn@faﬁleﬂdlwt that transports water froma
Irst Inta ocatl on t
vessaitypist B8 Aol fing YRy ORHAIR ¢ REAPhE ReiBln it o
&(&Hﬂﬂzﬁ bértib® of tieecaerdfrom eieucandpivifortcinculatien nethe byp3ssine grd
ter fr. or circulation in the
b@ﬁ‘bﬁ) E YV‘\/F% ooy %pﬁg{]%m%?mwégr\%ter conduit at the
r et uran injeitertto irged oaenei infodlg diverted Hoﬁj"i@c‘tf"t?i“éﬁ‘éd iergoterdn
tggggoégse‘?nepﬁr tl{)&ﬂo{?{o ]}{\%ngé a%@@rmlﬂ&ﬂe@&ﬁﬁﬁi tilnd pehb@ between a

ocation to provide a determn %
p’oértteﬁbzomn irtjéchren p@a paintind regemyingng tb@)wﬁctegfpogg)(gﬁ@ the water

ﬁq%ttb% %Hags % nRoi nt of reconbining the injected
e water charging to the ballas

84 Bde s{be susteof ofcdlaiinri3gBhergidheinieoton e IPWIP@é?C{)?t fﬂgcaﬂon
tpgairc?vruf ggfr%me% Je&ﬁ\%d fifde HaP Iﬂp@Mﬁg@ b@lo(d%t l‘ﬂﬁmatﬂ@ﬁdmg to a

I s speci bel ow a
deeroingil tife f@ raactld@t”@rjmt ﬁgépnlel“f@ agtallast palee P?@Ht”ﬁfltoduct

of zqme W'ﬂnl?S)%tf:l?ria‘&+ Asitn 9L BEreMANS Infidctt? M interposed at a location

to provide a determined retention time that is less than 5 seconds.

86.  The system of claim 83, wherein the injector is interposed at a location
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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85. The system of claim83, wherein the injector is
Nipdoeoosed at a location to provide a determ ned

T r?tenfn g]n,,tl It hatl ,|‘.s | ess - than 5 seconds. 86. The
"8 sté %1 al i 83, Wherei n the injector is interposed
at a location to provide a determned retention tine

E;gat \3}\?}5 | ?%S}Lsh:ﬂn of ciRfn 88 CEVMbristg. a iﬂhgﬂls}ySf eacafrs o aijevt
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por t iaGiassei itnbluamg raeleb:a@)he ballakhanlvmdeat leasbm:mmdlat cariygying
return 1gomt 9/%08} k n" " ,

watertp pr frem an Imtzf /Qutl Hie ballastt tan X ; TR

x %a r&gula’ior&&dw@h@ psymhe)lﬁtfmfwandrémm 183 comslottpr i si ng a
ral it njecto t
P egp éeltnp réﬁ) Brroglcf tai}ro%(fnegnjeal 5(}%&: m%%%@%ol‘tr&%f Yater, and

iVer er ‘portions of
wat er; cehfr6lRABpaativety ¢dnne03d'datbghmg:gela®h apbthejigpctpmiogegulate

tp%uqﬁlg&écg\égmgr? Bcgf)‘{sotg ae{,:}glerglfpu?r eaf#‘[ rﬂoﬁ’t){onoﬁmp%t'e 38 Lording to
erthéctdmgult and/]ﬁSﬁ(B‘[lon asfcdzum‘a 1ngheamebteégas one bal | ast

tank g ﬂ%% e&b f) cl ing tctﬁ#.&% VEntBer ANSAES EhQ dWerted

from ast tank; " a regul ator
ioptiahi t\zsqumvu& epcbnwentadrpomontﬂmv mﬁ@téﬁan p.3 et dhecmpig Fopduigiow

BEbERRb A iR AG B ROAGREAN ot o Tare | hto the

a con | er operatively
conneet ed The) sysltmn & glaina®®rwizenein threcantiplert régu‘i“és the diverted

r@‘g’lrtt%té)govﬁ r% dny g/er\'{%{ é&’gorp bivioPRt fe gstR)r?)ﬁ'o‘fl%eam%r&bﬁa{m flow

wra e according to flowin the
i@oa\d:w ngAnd oporepojetted mtothe byrm®e i n the injected gas.

r egu| t es)f?‘ g)r’ntdﬁ% Of;%ﬂinﬁ]’bgowhé{‘gﬁrtﬁé &n&@ﬁeﬁ@éﬂlﬁt@i IR diverted

ver ortion to provid dlverteg
potidn torpréviden divertad postéant fl@y ohat ledst Pﬁé%rpéuﬂi*ﬁ 1@6%911@““ ow

{c))r e\\/gs_y %g}& \{)%{ye l%étbd fo @EBRSsi.Nj ected into the

of claim90, wherein the .
cont 191 | efThe eygtannpkalaim), airklﬁérr@@@”swératqoswut@buwm%“m

rM%%td?Pl CHQIHJTIIU%I’IS lt@l%e?a(te He cbfRsifer & éi%s@fhetd'\s&:ﬂﬂﬂlpﬁmon

for every ng/L of ozone i n%cttg Qb Kill

cufhwsatbymslsiectw raghel &y 9eein o BF AOH VA AREY Frﬁar{éﬂ 1okt
&R%Ftﬁé’{;érﬁgn {s‘?&%ﬂrﬁé wifhendimer t ed portion to provide

portion flow of at |east 0.35% of the] cP
condist f Toavsystem efvelpign §8/ EOBRrisgitois FHRYET SiFaplftgedium

é(ﬁlﬁwpmﬁgaas§t opﬂ’rstr[m%n§Y@B&%t@ﬁhe%oﬂtrﬁﬂl@@to taurdinge flow of the
ri a caonput er. usabl e I um c?nPrls %) f“:ft()to
@Weﬁedwﬁl%t%néﬁ@eqt@“é’é@%{leéotPFRé“ dhteFieren 8t dErast
AEﬁlgq iY Bletvpgbrportion of water and injection rate of
the“ozone into the porti n to attalﬂﬁthe t

bi k(361 WHEMEHE. SoFETbR0; SRR MCtP ILah (e medium

é’@ﬁ;ﬁfsing 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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95. The system of claim 90, conprising the conputer

N%@%lo@l medi um conprising a set of instructions to
ontrall.ers to coordinate flow of the

....,QFQ,.T,,EIIt“..? Lhe €0 .
Ui v d'te bl or t16n" aif e i nj ection of ozone to provide a

concentration of ozone of 1.0 to 4.5 ng/l in the
divva#gir or2Gi an-ﬁr]ﬁjeé%%gcﬁr&z%e 6! ROVIIOH corfeentBtios oh gzdneef 2.0 to
YEWRET usabl e medi um conprising a set of
3i0msg/Yiuche water. t 0 operate the controllers to coordinate
flowof the (di-went elibol icoRpadsy id eshpaer afablzordium
to provide a“concentration of ozong of 1. 510 Hsof the
comgprisingna séieimstrptiong 7o ompiate bk EUWFOYETs 4P LPRCER!e MO
Jefeln oty #ﬂﬂ%&dhﬁje&%ﬁpdfto%&d@%ﬁdd@%%mr gRarpspesiendickill in
Ssét of 1nstructions to operate the controllers to
theoeteti nate fl ow of the 35 N 1099/ 20001 diverted
porton apfl dakadrichin 95, eapieing@ mixevlodecdwithin the bypass
concentration of ozone of 2.0 to 3.0 ng/l in the
covdugrdowagreamtie theyaie@ts: 89C c| ai m 90, conpri sing t he
CONPHL BN LURRRY GeififRet tHEN di@PRP rostidngwith sebneoback to the water
instructions to operate the controllers to coordi nate
chhdwiy abtheretern p@iNtert ed portion and injection of ozone

to pLAviRandyvQaYoior s@rmaieressneci es biokill in the
wat er . 89. The system of claim90, conprising a m xer

| ocal @t witwithpdiH ezqn5 ra@ent SR Y %ownst r eam t o t he

i nj eeét%amiﬁ%d (e DidKi €61 Pecitfor eiatef eletging italp bellast@nk of
portion wth ozone back to the water conduit at the
arvess@bn point. wherein the vessel is a sea faring
vess@lyertih@ Q. poRioNesfivattr fondz Ane of tieavatenthargingripid G gtast
determining a target biokill of species for water
tafkar ging into a ballast tank of a vessel; diverting a
por t iy&tiak osGieeintd tHendiserted qwrtddn sthe ratatdetermaingd ¢o @hain the
into the bal|ast tank; inj.ecti ' i llast
R P P BRD rep P e e AP PP thebe
thi @@t Dbiokill when the portion is reconbined into the
water for charging to the |l t . : ortion
r egultefiianige %eg'dF%gr?oééonpgf?Heo‘ﬁﬁ%rf 1 gh I\’;\I/an?'g? dltvgr_tiad P
AvniafBHRLEHiME kS 6w rotht Eamiuitkhdpropertien aferopelinige ndet9ddAs:
in the copduit and_.pro [ ' e id Rlert-ado
gas. 10ko1 R S hg Oty At G URRRCY Boldof i R
ilver 0.2sbepsdrthd onin sondeidlowt fod evasy ane/} @4 9Eony, Pissiedsintorfhe
mai n conduit flow for every ng/L of ozone injected
BYRES t he. bypass. 102. The nethod of claim 10Q

wher giop. t Tee diethed toé dlajpor 09, ovherain theglivesicd #oftion !

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

$ regulated to

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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at least 0.3%of the main conduit flow for every ng/L

Mboopg@ne injected into the bypass. 103. The net hod of
o lal ,,’lqg,“ V\hgr“el n.the diverted portion is regul ated

L 6 d5ét" '3 "8596°F the main conduit flow for every

rTg/L of ozone injected into the bypass. 104. The

met hqg of Td Akibd 8Pslaiadrtiol vaainl tite mesepbiokil Ing onhaicgotrgper

the ozone injected water into the ballast tank. 105.

cPhis M6 WAT OKFS m 100, additional Iy conprising

char gpng thenezeaef claih a0l ecbnvmtseng admstm@tl'pl regulhtingyofohe
bal | ast tanks. 36 N1099/
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thpeovidead teaséntiation of 08 of Thieo r4r§): llng/di 1mtheo4/aj¢rmhg@@1g into the
corrprl El ng adjusting the regulating of the diverted

of water and a rate of injection of the ozone
|nto mhe prae tneﬂrodaff clamel00, taompising afigusting theciegnlpting ofnthe

(f heé’teé H;gnit]log g{ Wfltgﬁ ﬁnd a Tgeggaé;ﬁcttoq Jriag %b@ t&ﬁl@rpg{‘tﬁ)g of Mafer

net ho al m 1
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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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is a computer further comprising a computer usable medium comprising a set o
instructions to operate the controller 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.

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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120 The bal |l ast water treatnent systemof claim 116,
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a4
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atmosphere.
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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