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AND SYSTEM STATEMENT OF GOVERNMENT INTEREST [000] This
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species may be nonindigenous and deleterious to the discharge water environment.
The nonindigenous species may cause damage to the water environment and replace
benthic organisms and clear plankton communities that provide food and larvae for
desirable resident native species in overlying waters.

[004] 1n 1996, the U.S. Congress passed the National Aquatic Invasive Species Act
(P. L. 104-332) (“NAIS”) to stem the spread of nonindigenous organisms through
ballast water discharge. The act reauthorized the Great Lakes ballast management
program and expanded applicability to vessels with ballast tanks. The Act requires the
Secretary of Transportation to develop national guidelines to prevent the spread of
organisms and their introduction into U.S. waters via ballast water of commercial

vessels. NAIS, the Ballast Water Management Act and pending or to be introduced



vessels. NAIS, the Ballast Water Management Act and pending or to be
introduced | WO 2006/086073 PCT/US2005/045738 legislation regulate
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injection of the ozone into the water and adjusting the rate of water loading into the
vessel to provide a target biokill of species within the water.

[008] Robinson ozonation achieves disinfection by a sequential and combined two
mechanism effect — ozonation and bromination. Ozone directly Kills species by
oxidation. Additionally, a reaction between ozone and naturally occurring seawater
bromides results in a disinfecting bromination through the formation of hypobromous -
ion and hypobromous acid. The effect of the ozonation and bromination disinfecting
processes has been found to be synergistic in that the combined effect is an
improvement over the effects of the separate disinfectant processes.

[009] While in-line ozonation of seawater during pumping intake or discharge is
more effective and more economical than in-tank treatment, in some instances there

are serous cost restrictions on direct ozonation. For example, ballast water



improvement over the effects of the separate disinfectant processes.
[0091 While in-line ozonation of seawater during pumping intake or
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rEEE BRSssd ifkystipeg a portion o the water prior to charging into the ballast tank;
determining an ozone generating capacity sufficient to inject ozone into the portion to

attain a target ozone concentration when the portion is recombined into the water for
charging into the ballast tank; regulating the diverted portion and adjusting a rate of
injection of ozone into the portion with a generator having the determine ozone
generating capacity to attain the target biokill when the portion is recombined into the
water for charging to the ballast tank; and recombining the portion with the water for
charging into the ballast tank.

[0014] A fourth aspect of the invention is 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



water for charging to the ballast tank; and recombining the portion with the

water for charging into the ballast tank. [00141 A fourth aspect of the
WOrRAEnMIBeN TS a ballast-water treatment system comprising: a SREITAISA)S/045738

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
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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 charging to the ballast tank.

[0018] An eighth aspect of the invention is a method of ozone treatment, comprising:
diverting a portion of water from a flow of water in a conduit; injecting an
ozone-containing gas into the portion to provide an ozonated portion; recombining the
ozonated portion with the flow of water in the conduit; and regulating 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.

[0019] A ninth aspect of the invention is a water treatment system comprising: a
water conduit that transports water from a first intake location to a discharge location;

a bypass line from a first point of the water conduit to a second, return point wherein



recombined into the uploading water for charging to the ballast tank.
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injecting an ozone-containing gas into the portion to provide an ozonated

portion; recombining the ozonated portion with the flow of water in the
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[0023] A thirteenth aspect of the invention is a ballast-water treatment system
comprising: a vessel including at least one ballast tank; an ozone generator that
generates ozone; a ballast water conduit that transports water from a first intake
location to a discharge location of a vessel; a bypass line from a first point of the
water conduit to a second, return point to divert a portion of the water from the
conduit for circulation in the bypass line and back to the water conduit at the return
point; and an injector to inject ozone into the diverted portion of water and interposed
in the bypass line at a location to provide a determined retention time period between
a point of ozone injection and a point of recombining the injected portion with the
water charging to the ballast tank.

[0024] A fourteenth aspect of the invention is a ballast-water treatment system

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



the water charging into the tank is controlled below a specified time limit.

[0023] A thirteenth aspect of the invention is a ballast-water treatment
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generator that generates ozone; a ballast water conduit that transports

water from a first intake location to a discharge location of a vessel; a
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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 an injection rate of the ozone into
the portion to attain the target biokill while avoiding a release of detrimental gas into
the atmosphere without an off-gas destruction device.

[0028] A eighteenth aspect of the invention is a method of ozone treatment,
comprising: determining a target biokill of species for water charging into a ballast
tank of a sea faring vessel; determining an injection of ozone into the water to attain
the target biokill without releasing an environmentally toxic off-gas into the

atmosphere; regulating a diverted portion of the water prior to charging the water into



diverted portion flow rate according to flow in the conduit and proportion of
ozone in the injected gas. [00271 A seventeenth aspect of the invention is

W 208dasedimter treatment system without an off-gas destructiBGldes26e5/045738
comprising: a salt water or fresh water sea faring vessel including at least
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ifae3t &FIfe Quinted idivatie thpoitienfthattessethed aiggen o Kiisternen the
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without releasing an environmentally toxic off-gas into the atmosphere.
[B938) TiteSiiverng A Prfetelis BloliescaaipRa dBSEbP BTE 1) HERISY

water g@nasrjecasaunetbodrplsgsttisinfecting treatment of ballast water
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FIG. 1 is'a schematic perspective view of a double hulled vessel
apiihed and artesy e Rt RSO ¥ RieEREOS 18i5CECAEmatic top view of the vessel
JOOBFERI &k Sysiemat{06id2 M o3 abgpashemaiic sidenview of the vessel

?ﬁ&gf?f@eptchs?@ws [Qggl%] lFéﬁ;o%viﬁg:‘e gts4 @f%ﬁ%@ggﬂn@&e exposure on
representations of an embodiment of a ballast water ozone injection
rFEMHS a?ﬂ?@ygtéh‘?;wing time value testing results; and Table 3 showing LCS50
values for Americamysis bahia;
[0037] FIG. 8 shows LT50 (median-lethal times) values derived for three species;
[0038] FIG. 9 is a graph of mortality at ozone loading rates; and
[0039] FIG. 10 is a graph showing toxicity of residual oxidants over time.
DETAILED DESCRIPTION OF THE INVENTION
[0040] Ozone is generated at a pressure of about 10-12 psi above atmospheric.
Deviations from this pressure may adversely affect ozone output. Ballast water is
pumped aboard at variable pressure, which may be high as tanks 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,



[0034] FIGS. 5A, 5B and 5C are flow diagrams of alternative embodiments
of a method and system for ballast water ozone injection; [0035] FIG. 6 is

W 200h@BeaTRc side view of a bypass conduit system; [0036] FIGCT/US2005/045738
comprises: Table | showing effects of short-term ozone exposure on
survival; Table 2 showing time value testing results; and Table 3 showin
Lo8Bstaleter fir Ameacarias pakierfodIPpEIGo el drinT. dit, draught,
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suspended matter) used to maintain the trim and s ab|I ity of a vessel."
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such water; and any water p aced in a ballast tank urlngl{): eanin
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interposed emporarly lower pressure of flowing ballast water by
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an embodiment, the invention relates to a ballast water treatment
uthen falagt watse copdrrisyBancEsh elhiprisad i iRt caterad o tisrharge
Wwallastcomeahit withndstpdatet ipjadtadmaiethiaftecemt the:weated, watdnjBetgrior

I
T T
preferred embodiment of the invention wherein ozone is injected into a portion of

ballast water in a line that bypasses a part of the main water conduit.

[0044] A further preferred embodiment of bypass line ozone injection is based on
consideration of the physical and chemical nature of ozone in ballast water including
the solubility of ozone in seawater and the relationship of the chemical reactions of
the ozone to solubility.

[0045] Ozone (Os) is an allotropic form of oxygen. It is an unstable blue gas with a
pungent odor, a molecular weight of 48 g/mol and a density as a gas of 2.154 g/liter at
0° and 1 atm. It is approximately 13 times more soluble in water than is oxygen.
Ozone is highly unstable and is a powerful oxidizing agent. It is non-persistent and

has a very short half-life.



that charge water to or discharge water from a ballast tank are large,

typically on the order of about 18 inches in diameter. The cost of an
Worgeai®Be\I8h as a venturi for a conduit of this size is substanB@l/Ba2608/045738

installing such an injector into a main conduit will impact operational

parameters of the vessel. An interposed injector will increase flow

Emﬁ@rﬁﬁﬁuaﬂﬁnlskmuisrq)damasaeaﬁe@aai@sw@ae,r pURreapacityitration,
icants' calculations indicate tha interposed ve | Wil 1 se
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balastwatscandliteriseharge sballagtiviaten ARuntaipaseddniedtiyemay a

interfere wit eversed water now, for example ischar I
AR {r?'ﬁ'ﬁ%g%éeé %?ﬁt%%ngéttlgg% © 18%%&%5’ ny@z%?g?(salrrgg‘ Ralfthe oo
betwertintbat efnthstiorse ArptTionsereRyBisime idissnstaeenintBeasporfonasially
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urther preferred.embodiment o ass. line ozone injection is
FRLERD G5 R AR U 1S SR ) M S RAS of ozome i
ballast water including 3He:sobdtifity of d&bne in Bawater and the
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zone (03).is an allotropic form of ox gen.Jt is ) unstable blue gas wgh.
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agent. It is non-persistent and has g very shart half:life. 8 WO
29@8768&0%%@?7%286?/8&%‘?%&[854%%%%,%%B%r\g‘{?ss of b czgne
lagneagsing oxygen, in some concentration, through a highly charged

Ge028PIAl. B feTRRIGHR KR Rt CoRONRBiSEhGIER wEhen SRIAR SN
be produced by afgg)lylng a very high electric poten{%ﬁ%g to 20 kV.
n

St felie BntGCIBREhHEEr @ S r SRR L hg%f%b&ﬁ% Pat.
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sociation energy to partially dissociate. A certain, fraction of the fr

e e
SHafefetTAuRARS RAMT Adaperhia (BRFMGEY S ST RILBRIAEE DR 62, outlet port
ageprding érpHiatequilibriuniciasdotiofeeuation g8r02rippidkeas HAOBAYEnges
(OR4L) -ORAURHRR QL QPRI AP O ldd Apendent
equilibrium reaction. The reaction is endothermic to Rroduce 3, requirin
SPRAIY, &Muths other hand, ozone is an oxidizing gas that has different and at least
double disinfecting mechanisms. These mechanisms include rapid conversion of
naturally occurring ballast water chemical constituents into products that are toxic to
organisms as well as direct ozone destructive oxidation of organisms.

[0049] The following four equations (Von Gunten & Hoigné, 1994) describe the
utilization of ozone in seawater assuming the only ozone demand is between ozone

and dissolved bromide.

() 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



exothermic to produce 02, giving up energy. Because of its equilibrium
nature, actual conversion to ozone is relatively low, in the range of
wQ2a888e5pending on the oxygen content of feed gas, the te REEEEH2NEO45738
the reaction and properties of the ozone generator. [00481 Other
considerations in providing an effective ozone treatment method and
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Spian Bhthe SNPRERE0Z6he is an oxidizing gas that has different
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into products that are toxic to organisms as well as direc&} Zone .
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(sostBuofeD) &s idoigied by ab4) efedgridddiretelniiicatibono2d 2o apphaximately 2

%&%@%@&mw{@mi&mo%n%%@@& gemand dsnRshRERr eFORG-aRd.
dissolved bromide. (1) + Br'4 OBr + 02 160 M™ s%%% OBr + Q3 4.202

10832 b 3Beaboxe reag iBBAle ¥ QBB 6 B R X BIGEIS Yk T
BIB3 310fs Yelbw [HO502. Hypoizoomonesdonad@ Bp-hig predieel more itons(the
M&%%Ofemguﬁﬁda&-_&wni.(l)reaendﬁsth(«zsl %%V\%;e@vm hYRERIOPRURACIS).  The
HOBYr) by addition of a hydrogen jon, 9 WO 21)116/0861)73 PCT/US2005
fovpebromst i (PP ETRENBoLIBIRBIS BRCANFAYHIBrBTGIs Sttt an
farcasdodrerbinddvn 8y patalyresidudDoxiglantf{ PR@)dOisInvadailonn bideatis.
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;
remo é%oth ozone and bromine products from the disinfectant process.

Aevisls Gotgr oreednadiersdrinton st imding Rt dnigading blladumire
tHdWORF,0f B}fpass h_eeefﬁrle_pmxtmizésgwmimn M)\w@ avidimizingsponding
f@%%%%&ﬁ aé@omlhé%'ﬁaﬁs G BL- QAR G L GREHRARSIIPWR 826n@Tand
second order. The given reaction rate constants indicate the speed at
WREK W rEaR et b A @ function of the ozone

[0053) The available amount of bromide in bypass seawater needs to be taken into
consideration when determining a flow rate or retention time for bypass ozonation.
Retention time is a period for transport of ozone and water from a point of injection of
the ozone to reinjection of bypass water and ozone into a main conduit. In an
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 BrOs; formation and oxygen reversion per

reactions (2) to (4). “Retention time” is minimized.
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concentration. To determine a relative rate between reactions (1) and (2),
the rate constant of (2) is divided by that of (1). The rate of reaction (2) is

W ppessatasely 2 times faster than reaction (1) - that is for eq®&IT/US2005/045738
concentrations of the reactants. [0052] The above reaction rates are such
that if the molar concentration ratio of Br- to OBr- drops below about 2.7,

{04 1RZANG B0aRNGR, DNt REGRY QMR (AR TaBIN G B7abRptable 4.3%
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Inates when ozone is in rosauced
prtovidad exteesm o tontioridémd yipicailyolbbat enikgn Sfsseonsieielpsirably less

Nailghle ID-SRAVAE" profbisuly Uidas.ANOIDRAREAINAS MEARSHITMININIZE)
ozone losses at typical ozonation levels (1 to 5 mg/L of ozone) into a

& Huit of loading or unloading ballast water. However, a bypass line will
pressnFatesseofatheumvedtivateyilinbeacom reppaaelinfiotester diiyings ogind

PEAONSE ARl RDIQILRURE oS &eh R Bgf%? geminapea e REAREANdOR

dissipation reactions (2) to.(4). 10053] The available amount of bromide in
ByasedmbpdiBeA S BETARBN into consideration when determining
a0ll66] FIGSON reténtibartiateatty thypassssddifativindiRewemol2 tihgeviddand a

RSUd faN FANRROELBI Q79PRANE WalG oM 1RO QL nieRtiepr&fedhtive of

ozone to reinjection of bypass water and ozone into a main conduit.tl.n an
SR bBBRh It VAT R APRP Sy SR iPe PBro TR h SRhy afs SIPLITRE O1atY
pzemstdned B bleacliod o Ararkinitaided vahile thesytaegistividisi rif@gtidiﬁll
g& %8&‘9&&‘%&@&&5&'@05:&{% SMARNGAAGS IR IR s e Rbesknant

the invention, a method and_system are provided to minimize retention
thatebataghitenle eribHge 1V astentiBh VERR ikOaL‘Sp&%‘E%?{inés%rﬁ‘ﬁﬁjE%ﬁ%%?”
PhAEOREiMiprafmied by R4OYIE SR t0lsINjectitiar tinlle lofuldetaduatsssiicieas seed
seawater into the seawater of a main conduit or tank. An embodiment of
e invention provides for reinjecting an ozone treated bypass water.

dBRABh Qraeke eneerarsratds HstrarealiocRdon Yesailatafh dggtid02 with main
Hbstantial RONsn 3ReWABE GaRSHIMIE 0Rdn: Brifd2i@nsy Be@ofotimativention.

d ox reversion per_reactions 4), Retention time"is . ozon
SRS LS D0 B i S AR fiown osone
@ertsoutimsentueh 0221 desetiber rdénBofdEm 8 slRSH affdocbihaBleaSsoN
@ma@z@ﬁ@aé\om@#ﬂqﬁﬁ.amﬁmhmwmf thednyention) 8. niethad7ane77;

stem are ided.wherejn r tign, tims, js,een eps,t :
R Gl e De S S EAE B SR B o
amudUS nﬂilﬁrﬁiihﬁrbﬁétﬁm'éh(@)“l@g(ég(); and Pean et al. U.S. 6,231,769. The

disclosures of these patent documents are incorporated herein by reference in their
entirety. PCI-WEDECO (PCI-WEDECO Environmental Technologies, 1 Fairfield
Crescent, West Caldwell, NJ 07006) type SMO/SMA series generators and WEDECO
Effizon® technology high concentration ozone production generators are further
examples of suitable ozone generators.

[0058] Ozone gas is pumped through generator 30 and subsequently through line 130
for injection into water in respective ballast water intake/discharge conduits 116, 118
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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[00551 Features of the invention will become apparent from the drawings

and following detailed discussion, which by way of example without
WaOieatdssNdescribe preferred embodiments of the invention. POOBESR005/045738

FIGS. 1 to 3 schematically show vessel 10 including stem 12, bow 14 and

a double hull formed from outer hull 16 and inner hull 18. Vessel 10 is

epreéeRAbes of sthatyy fearopar sseks endersgradnst Mfiinatheririadanohe8

g caR¢entionally proportioned double hulled oil tanker having cargo

tments withj hull 18. H h b
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refingd crssidial RetTokeMm proosnulk: iouidiREagk eseienh A8 598eks is
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by Redden U.S. Pats and, Tabata U.S. DN 20 402238
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disclosures of these patent documents are incorporated herein
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concentration ozone production generators are further examples of
&ifse ozone generators. 100581 Ozone gas is pumped through
gersaater30. and sarasegLisndblitiRro ugbdnlinedad wiaeinjectibrbaltasvatkoia
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ective corinector lines 110, 1 114 in accordance with the
rb &5t faplr A GrPariahiiions effanke 1&%1 bOTERISH thEonshaRtRsqtive sea chests
Imalﬁatd Isthai@ e sancwinlldhagayays waldr dfaimstahe inteielduitetespds

CHSRL B3 dndamerel haeny, 124 alibelant Ol SIRF IR Bianced c

onveys ‘Water rom Starboar /outlét sea chest 1
st Bargnrads srieaSinHiiky, frakenistnblge. Awapd 4B, water

?emarmeﬁﬁgmemzma@qs 104 wdaR B womnehisibel a0l ieorvdeyia ader 1o
RRELIRRKRIOLTELS SR RNGR B2 R BA L RATEN 1ROl PANES Pk Rce the
vessel 10.
[0061] While the figures describe treating ballast water from sea chests 134 and 136,
the invention applies to water either charging to a ballast tank or treatment of water
being discharged from a ballast tank and to a fresh or salt water body such as a sea.
An amount of ozone (in terms of a dosed proportion to the loading or discharging
ballast water) is important to the proper operation of the ballast water treatment
system. Typically, ozone is generated at a concentration of about 10-12%
ozone/oxygen. This means that about 9 lbs. of oxygen are dosed for every pound of
ozone. If 3.5 mg ozone is dosed per liter of water then about 32 mg/L of
accompanying oxygen is dosed. It has been found that if properly controlled
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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[0059] Ballast water is loaded into the vessel 10 via the sea chests 132,
134, 136 and is then pumped to load respective ballast tank batteries
wQ 2ep6136)07828 through the system of conduits 116, 118 and PRI RNS095/045738
At a destination location, the process is reversed and water is pumped
from tank batteries 124, 126, 128 through the respective conduits 116,
106621 Xlde d@ﬁ@&gynﬂ&oagﬁ&é&r@@%@%@@%@& delsteripys. afragsgheric
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battery 124 until each tank is filled to balance the vgﬁsel 10. [0061] While

ik ?@EFe§r8‘é‘sé?‘HE(fPe§’ﬁ?ﬁ6 supssarentecRedel dRBSIEPS 5Fr‘d 138nce,
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that about 9 Ibs. of oxygen are dosed for every% und of” ozone. If

spalseciagiG4et P& MEFrSEivEerth&: SBHERE> g2 dfcaeear%‘*arﬁﬁwgvomt
anygiest B2 dosRe: SLBaszbee pefrunor thEd, ipprepeubpohit) ednaccariding 3o,

e pLaation ihesholhiibeRza3s Ad e w8 oS Br is
?1 ?U| E) Tast water mtake or Ischarge stream Wlth ut release to the
Mpqaf@rgl_elszstem 502 via air intake 512. The air is compressed 514, dried and

refrigerated 516, filtered 518 and temporarily stored in 520. Then according to
generator demand, air is withdrawn to enricher 524, where oxygen content of the gas
is differentially increased by adsorption of nitrogen. Oxygen enriched gas is
delivered to receiver 524, monitored 526 and filtered 528 until injected into ozone
generator 530 operated via power supply 532. Off-gas from generator 530 is
monitored 534, and destroyed 536 to prevent environment discharge. Generated
ozone is stored at chiller 538 until demanded by bypass injection systems 550, 552,
554 as hereinafter described.

[0066] Each of FIGS. 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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WO 21)1)61086073 PCT/US2005 /04 5 7 3 8 [0062] While the following is
not binding, avoidance of deleterious atmospheric release may be
wepleted’as follows: Henry's law constant for oxygen indicat@STHR24b& 045738
solubility of pure oxygen will be 49 mg/L at | atmosphere pressure in pure
water at 15 C. The solubility of oxygen in seawater is about 40 mg/L. The

s8R OfipetBonZ RIS Solirnatars kighuad iisaliofl oxygeinjfa63]nto port

Pressure jn ballast tanks typicall Ies,betw | and 3 atmospheres as
13K RABM ot .bdé%t{gfﬁ%ﬁlﬁévsngégé rgésez’t?n%lgg%hi%gher at 3 atmospheres

#0611 InatilfospheraicTiipicarstese AAaticlydeataratsdi WRHBBYBRA 2P GoBoY
;le"gllgat!s}em BriSie tRjaiRs sy, the agrwalabalieadyniastpingsabaiminline
mg/L of oxygen.. Controlling injection according 1o the inventi

BRI orf BB 2 OB SRgor e 2o A b rep 570,
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Qﬁd%fe_@ﬁémﬁ?&% fari firRRVNERGHL Oy gemPRsLORAe e OS] FRarthene
dissolving all the ox esgbalo% w.ltp thce ozone ﬁ}/éerts an equilibrium
é‘i‘ﬂﬁ%‘ﬂbﬁ.‘t’:BWgﬁﬂ?ﬁ%g'o ong. %’%Wé?rﬁcg feactions in the seawater averts
10068]|¢aEEGHT TR end Ffarnsoliniaysiehe A duntludercrnppesgylaer R dhvhich

AUMESRNGISp S RGRaRVACUNG: SRUBIREUR RErmiktherN@RrlyjtotRngestarssd
ozone to water or seawater. .[0065 gé?% A, 5B
a

j i tanlgéﬁf 1rn%'{a|1(r)lw injection
slshzere isSiRrattS B Tkt TEYLESIR' fOr banast water”

ogaeae fif2dtidndisatgalatbesdscokimegotectidA, WirFo it xen STE AN oiaieedor
LA FLG S st S A thAARNR AR $96 S22 B RRG B sttie0fer

%eneration systemn 502 includes air compressor 514, refrigerated air dryer
36 andysigiseing Hiker 518, air receiver 520, 02 enricher 522, 02 receiver
B0wk9glevs phdvin nioHiGIS526, filtdr T28injwtioe gesienstar’836,pawerss4 are

%%%Rbﬁ?dg?es_%&%l U Rdrs B7ONA HERININS, LOBRARnE 10N IEr &% 14
with circulation pump 540. In operation, air is %%awggggé? thet%/?.tem 20
e

0 HE IERRRS 9T, PP YRS BURRRISSESA'S I
fitenedHiBcandiée depatbedy stored in 520. Then according to generator

3&696@%@@&% ram) IRSIVIGhST 524, paREIE-LHYP 80 SRALEMPS HiGerted
as |

ifferentially incréased by adsaorption of nitrogen. Qxygen enriched

Fastien €iveirsdossting éver wigadignitorea BIBsiHA e dif S3BAGhipection
iRjRGS thingoAZ A ectey) pratate Pibppenatig wial solsitizatiplp 582 oBfiaeas
from . generator 530 is itor : :

SRR TR Rh Rl B ABRRANAS (rihla RERISH i the

desirelteted By Shawnie iibh Sy RIFTRPYSD, Boloadise b fro PURREHA ot O"
dosieribesh. [00fR6]yseshsaD A BdeS A bypBsanond@tsitubathibergep fxatemain

b%%%&i? 1’1’8 %paor? usp}/s%ltga%spoint 622 and reconverges with the main conduit 116 at a
downstream point 624. Bypass conduit 620 includes pump 560, venturi 564, mixer
566 and main conduit reinjector 568.

[0071] Taking system 550 of FIG. 5A as an exemplary system, operation is described
as follows: Seawater from sea chest 132 (FIGS. 2-3) is fed in conduit 116 via main
ballast water pump 592 to injection system 550. A portion of the seawater is diverted
by circulation pump 560 from conduit 116 into by-pass line 594. Flow of the diverted
water portion is controlled by flow regulator 562. 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



550, 552, 554, which can correspond respectively to injection into aft

intake conduit 13 WO 2006/086073 PCT/US2005/045738 116 via 110,
Worjewtioednio starboard intake conduit 118 via 112 and injecti®&TAtS3905t045738

intake conduit 120 via 114 as shown in FIGS. 2, 3 and 4A. [0067] In FIG.

5A, injection system 550 includes ozone injector pump 560, flow regulator

562 oz byepredicporssb{oprtatispurse) (Yrtstatic sninkinedoBagk dvitiaithineain

gg%%g%ﬁgf,?d§mmgqﬁnjgé%¢gp&§%ggm@?2 i5rlc!1udes ozone inje(;tgr .
puUm , flow regulator , 0zone injector , predisperser an
TS EehSL ISP S Ot BT e Saik ERRRAE oS
pustymSBA, flelpoetrdadoit 582¢tor syreermpdtof BBA., hedispart8pB86gatators

Wginkne cRAARIPLRAG HOERL mg'@%-t@%&ﬂ@é&é@i@%méﬁ%ﬁm,

includes ozone regulator 560, which can be a pump to regulate flow in the

byfasS58# SenHRALT (e TriReaibI SRtaPE8tLiftaddd oZdieCBetis 610

_5621,asthéiMrcﬁné:eBﬁ@mpdwethWsﬁirnﬁarMil'mjection system 552
g'(?ﬁib'ﬂeﬁ ISQUIYRK RS SeoRs f*&J‘BQFBEﬁMeﬁ&?Jéﬁ &P Frak P08 FRIRERQE

8, and injection system 554 includes regulator 580, ozone injector 584,
SRR BEE Gl r@infRIE3! 88 RY0EITHCEH W Hiseheree garigigtion
S8uingacimniey steamplb3Q, Htaand bSaMA IOntrikedagshaotivelypinyzone

COnURlErR 840 R o 28H 8 Ll ARl ellGEs Q%Qri;l ﬁ%&@%@éﬁnm B piricall

processors, computers, microprocessors or the like for controlling injecte
G2ErHEREd NS SrRiRsicabaibRN B Relom il ding iR haeans shBhearelier
ehb)ipeaddnjestion ofsanoneninto adplistetiiedegdatiap of whatdivieradi ngytidoarof

unigading rt{enaﬁaeé@éﬁ @ DSRYRASRINIREHON (SN TRE Q298 biokill.

injection, provides proper mixing and solubilization of the ozone gas into
theestivertsdnarionrfapbsgesratrhant Gf i of sratedurstine aapditiehiveied
theoramig watektlofiShowiars fkieft it akeroptgrnafiineadigischatgile the
. Injection s m 550, The system. 550 in DASS duit
A L e T B el

0083 Ergere AN HO I RATHIRd GRMreBest & i saMetle dinvpoiprudatar 562 to
Byaas cardfibh3n doctdnRsRLRih SatheviaRistioD 64 infdaer SRGaeEtNaky

%%Q%g{i:t %mﬁ(:tcr)lro?%; 'JQ%H%JP kiri]rgt S%%}%@ %S%SOfﬂQO %ﬁ“e%ﬁva? achieve
exemplary system, operation IS 8&50” ed as Or] ows: Seawater rgm sea
¢hedilimporRIG gschagingephiastoratenit fram Willasainballadt alles prampFor
2R2nig1NiacioRSGY BaMOEMRIRANIHSH heseavesisk diTipeti@ythat are
%{}C}:glél{aégcligm g)l/'l '91% %&g)tigx%m n%ggll\'llclit %%QC{Q;[ OAbd._paﬁ?ugnt%eS%ghgéﬂ\é\{‘ Og l%lecan
coordinate flow regulator 562 with injector 564 to provide a concentration of 2.5 mg/l
of ozone in the sea water to effectively provide a target biokill.

[0075] The injector 564 can be any gas into fluid injector such as a jet injector, but
preferably is a venturi to address the requirements of mixing gas into a high volume
of liquid to achieve a high degree of solubility. Further, a venturi is desirable because
of its very low power consumption, few moving parts, and minimal system
backpressure. A venturi works by forcing a fluid through a conic constriction that
initiates a pressure differential in the venturi tube between an inlet and an outlet port.
The pressure differential inside the venturi tube imitates suction of another fluid
(ozone containing gas in the present case) through a port of an intersecting side line.
A venturi injector can include a venturi tube that comprises a short straight pipe

section or throat between two tapered sections. The tapered sections form the
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water portion is controlled by flow regulator 562. Injector 564 injects ozone
from generator 530 into the diverted seawater portion. The ozone injector
WGgeasetis a venturi injector or the like. The injected ozone B@IGHRAHSH45738
further into the seawater 14 WO 21)1)61086073 PCT/US2005/0457 3 8
portion by predisperser (or static mixer) 566 and combined back with the

A& %WﬁLQdehQéEWQ%PJplﬁaaér@@m"&@ RGN SHEUDO TR pipeacithe
of the aft conduit injector system 550, s 2%rboard Conduléeruector system
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re erence to the NAIS or like legislation. An oz%ne concentration in the
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qﬁg/ctlsllg 118 hleve biokill prior to water loading into ballast tanks 124 to

getivery sehieve biokill prior to discharging ballast water from ballast
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[0078] According to an aspect of the invention, a minimum bypass flow rate is
required to provide sufficient ozonation of ballast water when the bypass is reinjected
back into a main conduit. In an embodiment, 2 minimum bypass flow rate must be
maintained of at least 0.25% of the main conduit flow for every mg/L of ozone
injected into the bypass. Desirably the bypass flow rate is maintained at more than
0.30% of the main conduit flow and preferably, the flow rate is maintained at 0.35%
of the main conduit flow. For example as described hereinafter for 0.33%, a flow
ratio between a bypass flow and that in the main conduit flow is about 66 gal/min
010,000 gal/min. In operation for example, controller 610 controls pump 560 to
regulate water flow in coordination 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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backpressure. A venturi works by forcing a fluid through a conic

constriction that initiates a pressure differential in the venturi tube
Whe086058 inlet and an outlet port. The pressure differentialPiGEit82006/045738

venturi tube imitates suction of another fluid (ozone containing gas in the

present case) through a port of an intersecting side line. A venturi injector

BEbe R YRR fgéHé}QtéB%CﬂmnHﬁ%&@ shortralgiaht emoaeptm Q!an

throat between two tapered sections. 'j[g ere$ sections form t

RS a8 BER PRI AIAr 36° 8 REd A VR L RATISD Ao fat
pres.26% s fuikitovrs dhitoligh fitre pipemEAeofreusuiniedrespi thathe lzmaﬁe

iRy erilonediRm;itae dRIGISREIGHRIR INRISIARICRL THE QROMIFSNAET as

mixture can be processed through ;%redls erser 566 after exiting the
Vismitationsokibe @?&%}5’@!@&%@%‘1& grl} 1515 A1 %atic mixer that provides
JoeaiabEX AbBbHization of ozone into the water and ensures that entrained

g&ﬁ%ﬁ 975 URLIES ARy @%f%ﬁwﬁ'@)%%@r&&h%@xpeéé&gewﬁmgat@rthe

redisperser 566 can be any suitable mixer but a static mix .
6?8@?% Fushcairest éPSﬁE%RfQEP‘c‘éﬁ?Eﬂ'i’é@Ee% B %zfafmﬁe 2 99% biokill
obsirgationseaniagahaetsemeamendt oarfixedfitie arpipsagsarwadnleifeitof the

Ip& fé@%bgmucmé QL NA0NEIS I S AESIIRBAEE RIRIROLE frtss, Pixlad

he ozone gas and ballast water |IClUId A static mixer may use some
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&%ﬁgﬁt'%z & g%ﬁt%qtmsp%mava@m e digtansecovereiny of
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es an aks the bubbles into still smaller bubbles thereby

iPRaPRaLsInis msta@mtwwns?@r 89YntngehPigkdlgamikd @mr\%ow&%fhe

’EH@mﬁxe b Dt eesysteM sidiatpraridiatake pudifioacd1bsehMe solahiizatiting to
077] ll'ga static mixer 566 is selected by considering the material to be
process and the rate at which it must be processed. A static mixer with

at least 12 elements or &Quivaferit (Qjmp&até mi&er can be used to fit a

nipsfwhersana diampeatay asdhat taxiingdine ﬁhﬁpmﬂﬁﬂtlemoﬁddlﬁlﬁfhcr of
aH%%’ab'e s 1 fins dOAMBPEPS 2 CoSE el QrAPL mrﬁkﬁeceJﬂ?p“aIQ?e‘m
o yB sircufa |ng pump has How caBamty anoP press

sapahgiityl 33;miavierrioipls PN gt mameag@aﬂtfe Asesrl 3418ad mgtwa@érz fBRP

rﬁtﬁo?h@éﬂctﬁ’&@l?h engysib EX@IMFEEa (oYY @Eﬁﬁégh&@ﬁﬁﬂﬁbﬂmﬁ&:ltles are
1ze pzone l|losses to wa u sin se ater 0

DR S T SRS (P S e RCE T S5E URKGI A4 800 gom.
r@q&ﬁbdrt@mmms‘mmeﬁp G2 & mlasvwapéf Wﬂ@hqmwsﬁssem

isfebtieeath/liter (T ) for a required 99% biokill is:

I Q= QTrCi GG
[0084] where C; is a pounds to kilogram conversion constant; C, is a gallons to liters
conversion constant and Cs is a minutes to daily conversion constant.
[0085] The conversion constants convert the ozone production rate capacity to an
Imperial unit of measure for comparison to standard rating capacities of pump
manufacturers and suppliers. In formula (II) above, Q, is Q. Tr (2.206 lbs/kg/lO6
mg/Kg) (3.79 liters/gallon) (60 x 24) 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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back into a main conduit. In an embodiment, a minimum bypass flow rate

must be maintained of at least 0.25% of the main conduit flow for every
WOorgle/6860Zdne injected into the bypass. Desirably the bypas®€dii$21e5/845738

maintained at more than 0.30% of the main conduit flow and preferably,

the flow rate is maintained at 0.35% of the main conduit flow. For

REMP &S ﬁﬂpeeﬂ?@r@dﬂﬁﬁr@rdgrl@tﬁ@%ﬂ&ﬂl@WCJﬁéW@W%@pounds
bypass tflow anéi Mwe majn conﬁutlttflow Is a out 66tg;jad/rr‘11 n toSICa) po
Qﬁr/flﬁ?hc‘fﬁvﬁbtg o q‘g SEASIBTEIng IR e BT b ARSI B RO LR 147
regotatenaatmefiaw im cois ilyaMEh Withe (I infEtion by injector 562 to

FotRSY VElYn RECNiHReRARIRINYED fiustng ROHIOR oW HatR Resanding todimed
In the conduit and 16 WO 2006/086073 PCT/US2005/045738 proportion

B BYLPRORREHEPAHOH In the injected gas. Thus the controller 610 can
coordinate flow by pump56QiitQ.irfet@f @4L%o provide diverted portion

ovNs1 Y- sasion-457 9ira 3&9&%@% ek BYRYAN 94 PF, 06816, 6000)
nected into the bé‘%ass [0079] The foIIowm% examples serve as

eighte 48 SteENGt MYaHHRNE BecRrAR SRD B B LIS SPSRUSH Ron Qe
dediQeddquiharckains s8I pXANM iMjdetor§00 81T ke aeqrired bivkibtor 530

i(‘(ﬁ %h?ﬁ?&&@é‘&%}ﬁ?@ﬁmﬁﬁﬁ%‘éme@ B['aec‘.%l% WY{BRdrissting A gal

cies b|0k||| is established. In this example, a 99% Dbiokill is targeted;
ﬁ%@aﬂﬁh‘ﬂ‘iﬁ@‘t’fé‘éﬂ?@m&tﬁfé@twmé process is to kill 99 % of the
WEEX@N@MEQ in the sea water intake loaded into the ballast tanks.

Ghio @;@Rmmamﬁgt CRETOL %ﬂmxmmmﬁamet%ndw

aving Tlmlcrobe per cubic meter of treated water or less, Empirical TRO

REdHEoR St Eiabaa R oL e B de 20,000 DWT
eaeenTatiovnef hefydean 1 Q00Wditar fovd 310, Mipditenwitgemmates &) mg/L
r%uweg to obtain the 99% target biokill. Qr is a summation of the

cap acities of the vessel 10 ballast water intake pumps at all sea chests (2)

Jwa?rhm GysasHaeAR (7f Yater-is=diyertedyfpom theyintaleidisgharge eoniwig at a
@a@ﬁ&h&yﬂ@&ahmﬁtb%wsmn@pum&mamaumaiohmrmnﬁoeomnmpkes fed

hi
RHGRP i i r%s'g%gﬂ%%% él taks” g%é&?ﬁ%osfoﬂsw% ﬁmpsamess

stem sea Star ump at starboard sea chest 1
amlmmmglfawevsmwrp injegsort b8 eHRustis Feqisdris A 9ZoRRdn Oxyge"

IRERREINVE n%ppa@yﬂsapﬂfétm@rﬁ PefRlDOfgativasnpattion yteheommurb0th
pro%%qé ec o andrgwt rg‘u?éfﬁ%gﬁ?l%gp rtargeg g%ﬁeg t?ggék?gmmately
90 psi. This flow rate is 0.3% of the main flow for every mg/L of ozone to be dosed
(2.0 mg/L in this EXAMPLE). Flow and pressure are maintained by a positive
displacement pump.

[0093] The selected flow rate and pressure are confirmed as follows: The flow ratio
between the main flow and that in the bypass is about 10,000 gal/min to 66 gal/min.
The specific 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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rate of 3.0 mg/liter (TR) for a required 99% biokill is: (11) Q, = Q, TR C,
C2C3 [0084] where C, is a pounds to kilogram conversion constant; C2 is
WQ 29880818 liters conversion constant and C3 is a minutes t@d&ily52005/045738
conversion constant. [0085] The conversion constants convert the ozone
production rate capacity to an Imperial unit of measure for comparison to
e rating gapacities of pump manufacturers and suppllers In

orm | (||) b Q, TR (2.206 Ibs/kg/106 mg/K
RS IEN RN s e ORI IBER AL i e and a
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géﬁmrmzn@%sﬁe geePMBRARLR éraengiw}b&m@ﬂattam%rﬁ?@%?‘bBkﬂrh for
[&Q% 1 EAMRIER 1009k In this EXAMP treltiahagmeate s/ &iddrom anat
% /dls% e conduit between a sea chest and a battery of ballast
00 to 150,000 DWT tanker. The water is fed at a 10,000
dPeAN K revel Othé seawater contains 70 mg/L of bromide. [0092] A

byoaRA SﬁﬁénERKW@tEEl%@iyﬁﬁtﬁéhfr@éﬁcﬁmmtﬁke@%hﬂw et@oadmme dan
consta%?29 flow |nto a b ass cond? m |IIustra%aS(|n FthO 9z
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ipishtedrasfd nte AQAORE BaVAYGEQASW) in short-term (i.e, < 5 h) batch

exposures.

oﬁ’-gas.

[00101] Adult mysid shrimp, larval topsmelt, juvenile sheepshead minnows, and
adult amphipods were tested. Adult Americamysis bahia, larval Atherinops affinis,
juvenile C. variegatus, and adult L. plumulosus were obtained from Aquatic
Biosystems (ABS, Fort Collins, CO, USA), while adult R. abronius were collected in
the field near Anacortes, WA, and shipped overnight to the testing laboratory.
Juvenile Americamysis bahia (10 d) were also received from ABS for tests concerning
post ozonation exposure and the persistence of ozone byproducts. All organisms were
in good condition before beginning testing.

[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

19



admixture. A bypass flow rate is set to permit effective injection by the
venturi. In this EXAMPLE, a bypass flow rate is set at 66 gom and

W roes 086063 approximately 90 psi. This flow rate is 0.3% of thROHAIs2EP45738
for every mg/L of ozone to be dosed (2.0 mg/L in this EXAMPLE). Flow
and pressure are maintained by a positive displacement pump. [0093]

Plagcaelesivgianin ajeaad e sstsadace oeilismets agtollop/srillwediand R
I‘%’[IO between the main flow and that in the bypass is about 10,000
apronius. . . ps .

galf’mln to 66 gal/min. The specific ozone dosage in the bypass to

. . y
13k Ozens/ et thisnsTaRd Stringn? Windel Be-30 AL LBEBCTRLY IAYHEEHO3
TR MmadLefrprenydediaithews eaviaiethOBswaulds @soeetlBniy fBlyvwatoric
the undesirable refe W Eﬁ%&ﬁa?fﬁﬂﬂw%&@ﬁ%vi&f%d[gﬁgggffeﬁfwwumm
onty ominate once the ypass stream is remixed with the main stream.

HehemenigpBaringienttin iRrons arnmardstbuedia B¢ farbesshingdsynar
abhiReasieAplernegithe @quaasagesieauispment of 2.0 mg/L.

Agitll;%)bypass injection venturi minimizes back-pressure,and;. )
Ear@\?/? S -95%’e%%‘lrlﬁzg}ﬁgqgtionwgfeozo%%aérgfs% in gég\%?ategrﬁ 18]\\/%/%ijjlethyl L4

2006/686H73 PO TYEoBeTION 5 TBEIF0 0 KAM Pdicaon0det 13 thigcket
lé&g%ﬁt’ﬁé ,dtha@%s)papina, leogtitiRrptoecayrRasss 294diialbmited/8PBAMethod
igher than typical pumping rate i intained uce retention i
ddtoe 6 eRtes S SR O eRd AR S go
gpmetypitiatty(reglir ancasptepigessiverdreainy et Aub EEDTassi affe cpenlnt
%@%&ﬁﬁgigﬁ%@ glgbiﬁsﬁggge%[hhgrﬂ@lmygm@m.&ngez%ack pressure on the
venturi is also g limitatian, the selected pi ize is de db ly, .
) TR e e AR P AR T pgmed with
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! %I ué"r%’t%‘ﬂ&n ein
trasteidgl? Sritrataib@sts /el $@ ladul[0DOplEXaIP Werd performed in 10-L
aquaria. All experiments used a total of five 108 chambers each containing ten
organisms, with one chamber tested per treatment. Chambers containing all
organisms except R. abronius (15 + 2 degree C) were maintained at 23 +2° C.

[00107] Total gas flow rates for 20-L chambers were 97.5, 63.2, 38.6, and 20.0
mL/min. These flow rates corresponded to nominal ozone supply rates of 0.43, 0.28,
0.17, and 0.09 mg O3/L/min. Controls received compressed, ambient air at 97.5
mL/min (i.e., maximum flow rate). Total gas flow rates for 10-L chambers were 38.6,
28.3, 20.0, and 13.1 mL/min (0.34, 0.25, 0.17, 114 and 0.11 mg O3/L/min; control air .
flow = 38.6 mL/min). Experiments were run for a maximum of five h. TRO
measurements were recorded with biological observations (mortality and motility of
survivors) at 0.5-, 1-, 2-, 3-, 4-, and 5-h following test initiation. Experiments 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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[001001 This EXAMPLE determined concentrations of ozone to eliminate

an acceptable percentage of organisms from ballast water tanks and to
WRoA/e0Fas. The toxicity of ozone gas was determined to fif€Bbe2i0s/ &i5738

marine organisms by ozone sparging into artificial seawater (ASW) in

short-term (i.e., < 5 h) batch exposures. [00101] Adult mysid shrimp,
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flow meter with a glass float (Gilmont Instruments, Barrington, | .
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ntro PR 2 mi Artemia Sfranciscana at test initiation. The shrimp were

rep}‘ca
examined at 24 h for mortality, and dead organisms were removed. Surviving
organisms were again fed A. franciscana, and examined again for mortality at 48 h
after the beginning of the test.

[00110] Toxicity endpoints were expressed either as median-lethal concentrations
(LC50) at specific exposure times ranging from 1 — 48 h, or as median-lethal times
(LT50) as a function of ozone gas loading rates. In addition, 95%-lethal
concentrations (LC95) were calculated to estimate time-specific TRO concentrations
associated with nearly complete mortality. All endpoints were calculated using the
Trimmed Spearman-Karber method (e.g. Hamilton et al. 1977), or by linear
interpolation if acceptable trim values were exceeded. All endpoint calculations were
conducted using ‘the Comprehensive Environmental Toxicity Information System

(CETIS V1.0, Tidepool Scientific Software, McKinleyville, CA). LC50 and LC95
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received compressed air at the same flow rate. Similarly to methods used

on the Tonsina by Cooper et at. (2002). TRO measurements were
W@Rae8d0fidm all chambers at 0.5 h intervals from 0 to 6 h. [®@IDB$2005/045738

Ozone toxicity experiments for larval Atherinops affinis, juvenile C.

variegatus, and adult R. abronius were conducted in 20-L aquaria, while
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AdartioRRtive species sensitivity was also evident at 2 h (i.e., the longest exposure
period with less than 100 % mortality for all species) with the two juvenile fish
having the lowest LC50s (0.31 and 0.44 mg TRO/L), and the invertebrates
Americamysis bahia and R. abronius exhibiting significantly higher LC50s (1.37 and
1.72 mg TRO/L, respectively; Table 1 of FIG. 6). 95 %-lethal effect concentrations
(LC95) were approximately two to three-fold higher than LC50 values for all species
and time values testing (Table 2 of FIG. 6). No significant mortality was observed in
the amphipod L. plumulosus at any TRO concentrations tested up to 5.63 mg TRO/L
after 5 h of batch ozonation (Tables 1 and 2 of FIG. 6).

[00113] To indicate the time needed to induce significant mortality via batch
ozonation, LT50 values were derived for the three most sensitive species (FIG. 7).

Similarly to the LC50 resuits, juvenile topsmelt (Atherinops affinis) were the most
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the treated water (2.5 L) was obtained for immediate use, while the

remainder was transferred from the aquarium to 20-L low-density
Wpaensplside Cubitainers (Hedwin Corporation, Laporte, IN) 0d/Si828/045738

darkness without container headspace at 12 C. Toxicity experiments

were initiated with the ozone-treated water at 0, 24, and 48 h following
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slightly with increasing storage time, but these differences were not statistically
significant (i.e., 95 % confidence limits all overlapped). 95 % effect concentrations
exhibited similar trends with 24-h LC95s ranging from 1.06 — 0.75 mg TRO/L, and
48-h LC95s ranging from 1.03 — 0.74 mg TRO/L (Table 3, FIG. 6).

[00117] Juvenile topsmelt and sheepshead minnows (Atherinops affinis and
Cyprinodon variegatus) were the most sensitive to oxidant exposure, with the mysid
shrimp Americamysis bahia being the most sensitive invertebrate. In contrast, benthic
amphipods (Rhepoxinius abronius, and Leptochirus 6 plumulosus) were the least
sensitive of all species tested. Mortality from ozone exposure occurred quickly with
median lethal times ranging from 1 — 3 h for the most sensitive species, 8 although

additional mortality can occur 1 — 2 d following ozonation. As shown supra, ozone

23



03/L/min), TRO concentrations reached 1.9 - 3.6 mg/L, whereas
concentrations reached 4.6 - 5.6 mg TRO/L at higher flow rates. Thus, at

W@ esogissn7axposure period, increasing ozone gas delivery raR§s1/US2005/045738
generated increasing instantaneous TRO concentrations in ASW. [00112]
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[001141 Effects of short-term ozone exposure on longer-term survival:

When juvenile mysids (Americamysis Bahia) were removed from

ozonated ASW after 1.5 h, only 30 - 60 % mortality had occurred at th@ LLP

two highest ozone loading rates (FIG. 8). However, mortality continue ?os
i\g\%/en after organisms were transferred to clean ASW. Mortality

rangedfrom 20 - 100 % in organisms previously exposed to the highest

three ozone loading rates after 24 h, and from 60 - 100 % in organisms

L?IX\{L%%%}? 8%(8%3& &Q@l}lg%rcgéﬂg}%cggding rates after 48 h. [00115j
a

111¢. .
oxicity of residual oxidants overtime: After 1.5 h of ozonation at 0.43 mg

03/L/ndieteMRON® adkhegebdakiHgrt snbidts, Witlkin airies ¢ hoikiegeintospgiwllast tank
¢ealed.a %%L%Ql;series ranging down to 0.59 mg TRO/L at 25 %

Oozonateagu,& W (FIG. 9). Relatively little TRO loss occurred after ASW
storage guiltiiagradivutedcpeisismredithe WRErLBring PrOSHDIe vaHer into the
bhiPRipg.RO/L at 48 h. As a result, dilution series generated an

acceptable range of TRO concentrations for deriving median lethal effects

levels adingtiegicherpsial ringeofierdiverded Rartianied tifeTottdst fateatfoliection
c_{ﬂ%n%)ir&%géﬂ%ﬁ&m AR SHOLARsicRMYgisibahia in waters tested
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immediately following ozone treatment were 0.70 and 0.47 mg TRO/L at |
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storage time, but these differences were not statistically significant (i.e.,

tbe sl lesiaknce limits all overlapped). 95 % effect concentrations

exhibited similar trends with 24-h LC95s ranging from 1.06 - 0.75 mg

TROI/L, and 48-h LC95s ranging from 1.03 - 0.74 mg TRO/L (Table 3,
Fi&resmetbod phicipiredilerfisiinalia Aeramiips bArE M RS PRIBHFIRL water
iafpis,ang Sypripodon variegatus) were the most sensitive to oxidant

exposure, with the mysid shrimp Americamysis bahia being the most

sensitive invertebrate. In contrast, benthic amphipods (Rhepoxinius

AbfRRigR RN denterDirus Ririvmulosym i thealeast dRnsitive afjatied water

species tested. Mortality from ozone exposure occurred quickly with
intediahratitalofhaldeshiagikey from | - 3 h for the most sensitive species, 8
although additional mortality can occur | - 2 d following ozonation. As

shown supra, ozone 23 WO 2006/086073 PCT/US2005/045738 doges not
Ap&aﬁsmﬁtg%%ﬁé%haewhﬁé% HitlaresidrighitiseneaigreRs P tHbic meter of
wyentiongdience, toxicity most likely resulted from oxidation of bromide to
bromine species 10 (HOBr, OBr-) which persist and continue to induce
mortality even after |

5. 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 1.0 to 4.5 mg/! in the water charging into the ballast tank.
6. 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 1.5 to 4.0 mg/l in the water charging into the ballast tank.
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2 d storage. Therefore, ozonating seawater in short-term batch exposures
to generate TRO concentrations ranging from 12 0.3 - 1.7 mg/L as BrZMCSLLP
may effectively remove significant portions of marine NIS populations.
1001181 The results indicate that marine invertebrate and fish species
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of marine NIS populations. Analysis of this range indicates that all oxygen
is dissolved with the ozone to avert an equilibrium situation. Consumin
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equilibrium to permit a nearly total transfer of ozone to water or seawater
qbe phoplivhité frfapkémbodiments of the invention have been
described, the present invention is capable of variation and modification
and therefore should not be limited to the precise details of the

BX A primdrofec] ﬁ\?édt:l@ﬁmmlkﬁd’ésf@ﬁ&ﬁ@%% télﬁdh&%‘?ﬁtR%E‘{Hé’tff%[H‘ter prior to
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ozone treatment, comprlsmg etermlnln a target biokill of
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regulating a diverted portion of the water prior to charging the water into

the ballast tank; adjusting the regulating of the diverted portion of water
Hndhmeiho Pk REers s BB 6IRBF HEZ ortion to attain the target biokill;

and injgGling0Zone G delgraingsiraiemiata thergaylakesgduerietks of a sea
gort on to attain the target biokill when the portion is recombined into the

r“l‘%ﬁS%]harglng to the ballast tank.
determining an ozone generating capacity Q sufficient to inject ozone into the

portions to attain a target ozone concentration when the portions are recombined into
water for charging into the plurality of ballast tanks;

injecting ozone into the portions by at least one generator having the determined

ozone generating capacity; and

recombining the portions with water for charging into the ballast tanks.

12. The method of claim 11, comprising determining the target ozone concentration
according to a target biokill of species for the water charging into the plurality of

ballast tanks.

13. The method of claim 11, comprising regulating the diverted portions of water prior

to injecting ozone into the portions and dispersing the injected ozone in the portions
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2. The method of claim 1, additionally comprising charging the ozone

injected water into the ballast tank. 3. The method of claim 1, additionam/CSLLp
comprising charging the ozone injected water into a plurality of ballast

tanks. 4. The method of claim 1, wherein the target biokill is one microbe

per cubic meter, of water or less. 5, The method of claim 1, comprisin
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tipestion 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. 6.

The method of claim 1, comprising adjusting the regulating of the diverted
IpoTionméthwdtef dnthalrtaddftinjedtjocpofpthergzone into the portion of

water rovide a_concentration of ozone. of 1.5 10 4.0 i
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sodfivprisingpadjidtingatze tregliftinglef teed iventgdporiopl oblitatdrtalidsatanks;
rate of injectjon of the ozone into the nortion of r 1o provide a
conceﬁ?r%\f%{r%n ?gl%:r? a(g?t;bot%%?%errﬁ&g% #gﬁ':ﬁ% ‘\%ﬁg’r C darging into the
ballasttieiing. atHeashetiiogboérlainaoodimptisthg injecting uzonajierbogmae into
tgieve&,?ldrportion at a single point prior to charging the water into the

alast 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

stream inte a k cti plurality of ballast tanks.
l%g.(ﬁlﬁégl %%(r)})d? 8%&%5??’1%%%#1(%1@%8%3%%@ the diverted portion of
water Beiorioninieetingzororgsiatating pRIIGHY At UIbpering tFratmjeredate Tto
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charging Into the ballast ta 1. A method of ozone treatment,

WokiPrisithg: waverther pogionis dwatiesictaakging into a plurality of ballast

tanks of 3 86 DGR LR IRHBINIBO AR 20N OgRerating capacity Q
sufficient to inject ozone into the™ portions to attain a target ozone '
concentlatidrewhe reenerpiottiepeottimgeicothpirstnthtci veater gpeharghsginto the

I}laga(gge plurality of ballast tanks; injecting ozone into the portions by at
east one generator having the determined ozone generating capacity;
and recombining the portions with water for charging into the ballast tanks.

16. The method of claim 11, additionally comprising:
determining a treatment rate T required to treat the ballast water to provide a
target biokill;
determining the ozone generator capacity Q according to the treatment rate T;
selecting the ozone generator according to the determined capacity Q; and

injecting ozone into the portion by the generator.
17. The method of claim 16, comprising determining a treatment rate T required to treat
the ballast water to provide the target biokill; and determining an ozone generator
capacity Q, according to a summation of a capacity according to a treatment rate T

required to treat ballast water of conduits to a plurality of ballast tanks.

18. A method of ozone treatment, comprising:
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12. The method of claim 11, comprising determining the target ozone
concentration according to a target biokill of species for the water
charging into the plurality of ballast tanks. 13. The method of claim 11,
comprising regulating the diverted portions of water prior to injecting

ozone jnto the.portions and dispersing the injected ozone in the porti
o ML R B T o BT T R S RS R BTt tank
dftostaeplupalitysef;ballast tanks. 14. The method of claim 11, additionally
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ozone into the portio The method of claim 11, additionally
teoknpniding: determining a treatment rate T required to treat the ballast

water o prowif tﬁ@r,g&h%mwhﬂlﬁéwé}i@&%@%&@ﬁq&ﬁaﬁ@mmﬁﬁity

Q according to the treatment rate T; selecting the 0zone generator
according to the determined capacity Q; and injecting ozone into the

]?.”FH@ P%tﬂb% %?’b‘i‘éﬁ%?ﬁé?w@?&ﬂﬁ@‘@@é}{éd Bk ich &Ofegﬁiﬁi@s and the rate of

etermining a treatment rate T required to treat the ballast water to o
qrenide) chidoratg et ik aaeer dagintisiig Binvrerioyeirepsside iraigtget biokill
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required to treat ballast water of conduits to a plurality of ballast tanks. 18.
A method of ozone treatment, comprising: 27

20. The method of claim 18, wherein the diverted portion is regulated and the rate of
ozone injection is adjusted according to a set of instructions resident in a computer
memory to provide the target biokill at a lowest threshold ozone concentration in the

recombined water.

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 a

target biokill of species in the water when the portion is recombined with the water.
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MCSLLP determining a. target biokill of species within water charging into

a ballast tank of a sea faring vessel; diverting a portion of the water prior

to charging into the ballast tank; determining an ozone generating MCSLLP

capacity sufficient to inject ozone into the portion to attain a target ozone
enfration when the portjon is recombined jntp t for chargi
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zane generating capacity to attain the target biokill when the portion is

recombined into the water for charging to the ballast tank; and

recombining the portion with the water for charging into the ballast tank.

25, THE AP AL AR SRR MRS AHALE SRR 20f orone

the rate of ozone injection Is adjusted according to a set of instructions to

gorovider tleeptargée bioi tathkelougstithreshold ozone concentration in the

recombined water. 20. The method of claim 18, wherein the diverted

portion is regulated and the rate of ozone injection is adjusted according
6 aldet billastroieaiondreasierstit sistebmbGlainmEmEW RS prROVIdEIHHg an ozone
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water. 21. A ballast-water treatment system comprising: a sea faring

toeseenapilleinglatTEase 6ns RIS tankarideat feerimsihe B dus injected ozone
GRNMRYIRGAtES tRahfroman akeliehtadia ballastHapkiBoiegtatambined

to divert a portion of the water from the conduit; an injector to provide an
intote Wipsetitn ehesgine imfe Brbatest Walter; 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 a target

Folheobalfstivater tiealaaat SYREMRAE PaionlisRIBBHBRTY Rl ik of diverter
MAteLBMERSLLRnRé: dhanbaliashwalenreaimentsystemeidiaim als prior to

further comprising a disperser to disperse injected ozone throngh the
doraiie sagh 1 saroRBIRFGRAINe R ARk anltsrlisy orhallpstagks.

water treatment system of claim 21, further comprising an ozone

generator to provide ozone to the injector. .
26. The ballast water treatment system of claim 21, further comprising an ozone

generator to provide ozone to the injector, wherein the generator is selected according
to an ozone generator capacity Q, determined according to a summation of a capacity
according to a treatment rate T required to treat ballast water of conduits to the plurality

of ballast tanks.

27. The ballast water treatment system of claim 21, further comprising a computer
usable medium comprising a set of 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.
28. 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 target level of biokill in the water.
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24. The ballast water treatment system of claim 21, further comprising an
ozone generator to provide ozone to the injector, wherein the generator i@FCSLLP
selected according to a capacity Q determined as sufficient to provide a
treatment rate T of injected ozone into the portion to attain a target ozone

entration n the portion is.recom 'rﬁ? g}tg Iﬂ,ﬁf vméﬁhﬁ%r ing
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treatment system of claim 21, further comprising an ozone generator to
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eatment system of claim 21, further comprising a computer usable
medium comprising a set of instructions to operate the controller to adjust
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portion to attain the target bi when the portion is recombined with the

afanstiuptiomhio pses dreraprolesdmprrRiigateltaplitas dispsied portion and
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coordinate flow of the diverted portion and injection of ozone to provide a
target level of biokill in the water. 29 MCSLLP 29. The system of claim

P RRPESIAG NELRMBUtR\sRblR Me UM AR REHNIAeainPtomprising a set
instructions to operate the controllers to coordinate flow of the diverted
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computer usable medium comprising a set of instructions to operate the
controllers to coordinate flow of the diverted portion and injection of

g%%ghg@gﬂﬁ&nggggj%@lggﬁgge of 1.5 to 4.0 mg/I in the water.

31. The system of claim 27, comprising the computer usable medium

compriisgraiaiee 6 inget biokidl efomerate fae kallasbnastdalsdineftom a sea

fiewofdheidiyaited portion and injection of ozone to provide a
concentration of ozone of 2.0 to 3.0 mg/l in the water. 32. The system of

claim 292datngsiyanedenrinel bl aetiiieh RO IS8 of
instrucfigos i apeRigulheOoBIAleas e 1c@Yslinateofiavuief Wirl diveréest injection
portion and injection of ozone to provide a 95% or greater species biokill
O PReNG ik the portion to attain the 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 water for unloading the

ozone injected water to the sea.

34. A ballast-water treatment system comprising:

a sea faring vessel including at least one ballast tank; an ozone generator that
generates ozone,

a ballast water conduit that discharges water from the ballast tank and conducts
the water to an unloading port of the sea faring vessel;

a regulator to divert a portion of the water from the conduit;
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33. A method of ozone treatment, comprising: determining a target biokill
of species for ballast water unloading from a sea faring vessel to the seaM
regulating a diverted portion of the ballast water prior to unloading; CSLLP
adjusting the regulating of the diverted portion of water and a rate of

injection .of ozone into :gi\e ortion to .attain the target biokill: and injectin
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the targetiickiinvviperathelpartioreiseretotidingdlitto tnd Waterjéotor to adjust the
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reatment system comprising: a sea faring vessel including at least one
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conduit that discharges water from the ballast tank and conducts the

water to an unloading port of the sea faring vessel; a regulator to divert a

Forionetiat e inamreftoratthencondyitisiB@:MCSLLP an injector to provide

an OZCU\;;??'QAﬁ% 198k, r@?é%e'ln{ﬁ éh?al@%&t@ﬁkoéﬂast&{ ?féﬁf?gav‘é%ﬁ“% ﬁlating a diverted

operatively corninected to the regulator and the injector to adjust the
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the conduit. 35. A method of ozone treatment, comprising: uploading sea
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of the HR&%EHQ“%%EE%PE@ E{%&Hﬂfﬂéﬁgrﬁﬁs }‘I\{%i{h@%énﬁgﬁlIaﬁte@é{cﬂf;portion to

adjusting the Tegulating of the diverted portion of water and a rate of =~
dtipantibn tefasz drekithe pepintivithindhainacardensiskprsiepiciesopingd into
tﬁ}%}%ﬁ%&%ﬁh@%ﬂ%ﬂ?&I'&Qa%%ﬁg?oqhg‘&ﬂ%ﬂéﬂwed rate into the regulated
diverted portion to attain the target biokill of species within the water

when the portion is recombined into the uploading water for charging to
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the diverted portion and injection of ozone to provide a 95% or greater
igjnstien ¢fiormin therovagsra §9% or greater species biokill in the water.
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