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ABSTRACT

A method and system of oZone treatment diverts a portion of
Water from a How of Water in a conduit; injects an oZone

containing gas into the portion to provide an oZonated
portion; recombines the oZonated portion With the How of
Water in the conduit; and regulates the diverted portion to
provide a minimum diverted portion ?oW rate according to
How in the conduit and proportion of oZone in the injected
gas.
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BYPASS FLOW AND OZONE PROPORTION
METHOD AND SYSTEM

[0001] This application in a continuation-in-part applica
tion ofcopending US. application Ser. No. 11/039,819, ?led
J an. 24, 2005, Which in turn is a continuation-in-part of US.

application Ser. No. 10/402,298, ?led Mar. 31, 2003, now
US. Pat. No. 6,869,540, Which claims the bene?t of US.

Provisional Application Ser. No. 60/372,806, ?led Apr. 17,
2002, all the disclosures of Which are incorporated herein by
reference in their entirety.

[0002]

stituents. The complexity and variation of the Water makes
disinfectant treatment unpredictable. Various knoWn meth
ods and systems for treating Water may not Work for treating
ballast Water because of a resistant life form or unexpected
chemical constituency or a proposed treatment itself may

degrade a local ecosystem upon discharge.
[0007] OZonation has been found to be a safe and effective
disinfectant method and system to treat ballast Water for
discharge into destination Water environments. Rodden US.
Pat. No. 6,125,778 ?rst suggested an oZone ballast Water
treatment that included sparging into ballast Water tanks.

BACKGROUND OF THE INVENTION

[0008]

The invention relates to a ballast Water oZone

disinfection expensive and ineffective as not all spaces in
ballast tanks may be reached. Robinson et al. US. Pat. No.

injection method and system. More particularly, the inven
tion relates to a system for injecting oZone to treat Water

during loading or discharge to or from the ballast tanks of a
vessel or ship.

[0003] Ballast Water Weight is used by sea vessels to
compensate for a lack of cargo Weight to maintain stability
When the ship cargo hold is empty or partially empty. For
example in a typical transport operation, a vessel docks at a
?rst port Where it is loaded With a cargo that is transports to
a second port Where the cargo is unloaded. The vessel then
returns to the ?rst port Where it is loaded With another cargo.

Typically, the vessel travels empty from the second port

HoWever direct tank sparging may make oZonation

6,869,540 (Robinson) has suggested an in-line treatment of
loading and/or unloading ballast Water. The Robinson
method can comprise injecting oZone into a line of Water

loading into a sea faring vessel prior to charging the Water
into a ballast tank; charging the oZone injected Water into the
ballast tank; and adjusting a rate of 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.

[0009] Robinson oZonation achieves disinfection by a
sequential and combined tWo mechanism e?fectiozonation

and bromination. OZone directly kills species by oxidation.

back to the ?rst port to pick up another cargo. The vessel is
equipped With ballast tanks that can be ?lled With Water to
maintain the balance of the vessel When it travels empty and
that is discharged as cargo is loaded.

Additionally, a reaction betWeen oZone and naturally occur

[0004] Ballast Water contains species that are indigenous
to the ballast tank ?lling location. These species are loaded
into the ballast tanks along With the Water. The vessel then

that the combined effect is an improvement over the effects
of the separate disinfectant processes. While in-line oZona
tion of seaWater during pumping intake or discharge is more
effective and more economical than in-tank treatment, in

transports ballast Water to a cargo loading port Where the

species are discharged into the Water environment along
With the ballast Water. The discharged species may be
nonindigenous and deleterious to the discharge Water envi
ronment. 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.

[0005] In 1996, Congress passed the National 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 organ
isms and their introduction into US. Waters via ballast Water

of commercial vessels. The National Aquatic Invasive Spe
cies Act and the Ballast Water Management Act and pending
or to be introduced legislation regulate the treatment of salt
or fresh ballast Water prior to its discharge and Would require
that all ballast Water discharged Within the territorial Waters
of the United States (i.e. Within 200 miles of the Coast or in
the Great Lakes) be treated so as to kill or remove all aquatic

nuisance species (i.e. bacteria, viruses, larvae, phytoplank
ton and Zooplankton).
[0006]

The Water loaded into ballast tanks is a complex

composition of physical, chemical and biological entities.
Further, the composition of the Water varies considerably
from port to port, particularly in terms of biological con

ring seaWater bromides results in a disinfecting bromination

through the formation of hypobromous ion and hypobro
mous acid. The effect of the oZonation and bromination

disinfecting processes has been found to be synergistic in

some instances there are serious cost restrictions on direct

oZonation. For example, ballast Water intake/discharge lines
on vessels in the 100,000 to 150,000 DWT range are 18" in

diameter. The cost of equipment for direct injection into this
siZe line is prohibitive. There is a need for an uncomplicated
and cost effective system and method for direct oZonation of
intake/ discharge ballast Water.
BRIEF DESCRIPTION OF THE INVENTION

[0010] A ?rst aspect of the invention is a method of oZone
treatment, comprising: diverting a portion of Water from a
How of Water in a conduit; injecting an oZone-containing gas

into the portion to provide an oZonated portion; recombining
the oZonated portion With the How of Water in the conduit;
and regulating the diverted portion to provide a minimum
diverted portion ?oW rate according to How in the conduit
and proportion of oZone in the injected gas.
[0011] In an embodiment, the invention is a Water treat
ment system comprising: a Water conduit that transports
Water from a ?rst intake location to a discharge location; a
bypass line from a ?rst point of the Water conduit to a

second, return point Wherein the bypass line diverts a portion
of the Water from the conduit for circulation in the bypass
line and back to the Water conduit at a return point; an

injector included in the bypass line to inject oZone into the
diverted portion of Water; an oZone generator that generates

oZone for injection by the injector; and a regulator that
regulates the diverted portion to provide a minimum
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diverted portion ?oW rate according to How in the conduit
and proportion of ozone in the injected gas.
[0012] And in another embodiment, the invention is 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 inj ection of oZone into

the portion to provide a minimum diverted portion ?oW rate
according to How in the conduit and proportion of oZone in

the injected gas.
BRIEF DESCRIPTION OF THE DRAWING

[0013] FIG. 1 is a schematic perspective vieW of a double
hulled vessel and treatment system;

or discharge Water from a ballast tank are large, typically on
the order of about 18 inches in diameter. The cost of an
injector such as a venturi for a conduit of this siZe is

substantial. Further, installing such an injector into a main

conduit Will impact operational parameters of the vessel. An
interposed injector Will increase ?oW backpressure and
require an increased ballast Water pump capacity. Appli
cants’ calculations indicate that an interposed venturi Will
increase a pumping time required to ?ll ballast tanks of some

vessels by one or tWo hours (about 10%). Further, ballast
Water conduits may serve both to load ballast Water and to

discharge ballast Water. An interposed injector may interfere
With a reversed Water ?oW, for example to discharge ballast
Water. These disadvantages can be overcome by a 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.

[0014] FIG. 2 is a schematic side vieW of the vessel and
treatment system;

[0022] A further preferred embodiment of bypass line

[0015] FIG. 3 is a schematic top vieW of the vessel and
treatment system;

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.

[0016] FIG. 4 is a How diagram of a method and system
for ballast Water oZone injection; and
[0017]

FIG. 5 is a schematic side vieW of a bypass conduit

system.
DETAILED DESCRIPTION OF THE
INVENTION

[0023] OZone (O3) 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 00 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.

[0018] 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

[0024] Typically, oZone is produced by passing oxygen, in

aboard at variable pressure, Which may be high as tanks are

a technique knoWn as “corona discharge”. The corona may

?lled. Relatively loW-pressure oZone/oxygen or oZone/air

be produced by applying a very high electric potential (up to

mixtures can be compressed to a higher pressure by very

20 kV) betWeen tWo conductors that are separated by an
insulating dielectric layer and a small air gap. Under these

special and expensive equipment (due to the corrosivity of

some concentration, through a highly charged corona ?eld,

oZone and more importantly, the fact that oZone Will decom

conditions, molecular oxygen (O2) passing through the gap

pose under the heat of compression).

betWeen the conductors experiences suf?cient dissociation
energy to partially dissociate. A certain fraction of the free

[0019] In an embodiment, the invention relates to oZone
ballast Water treatment. Proposed NAIS amendments de?ne

“ballast Water” as “any Water (With its suspended matter)
used to maintain the trim and stability of a vessel.” In
another de?nition, “ballast Water” is A) Water taken on board
a vessel to control trim, list, draught, stability or stresses of

a vessel including matter suspended in such Water; and B)
any Water placed in a ballast tank during cleaning, mainte
nance or other operations.” These de?nitions are incorpo

rated into this speci?cation as embodiments of treatable
Water.

[0020] In an embodiment of the invention, an inline gas
injector such as a venturi is interposed to temporarily loWer

pressure of ?oWing ballast Water by increasing the velocity
of the Water How in a conduit. An interposed inline injector
can create a loWer pressure by increasing liquid velocity. A
venturi is a preferred injector in an inline injection ballast
Water treatment.

[0021]

In an embodiment, the invention relates to a ballast

Water treatment system for a vessel. The system can com

oxygen radicals Will associate With oxygen molecules to

form O3, according to the equilibrium reaction equation:
[0025] The generation of oZone as represented by equation
(I), is an equilibrium reaction. The reaction is endothermic
to produce O3, requiring energy, and is exothermic to

produce O2, giving up energy. Because of its equilibrium
nature, actual conversion to oZone is relatively loW, in the
range of 2-14%, depending on the oxygen content of feed
gas, the temperature of the reaction and properties of the
oZone generator.

[0026]

Other considerations in providing an effective

oZone treatment method and system relate to the mechanism
of gas treatment of ballast Water. McNulty, U.S. Pat. No.
6,840,983 discloses a ballast Water treatment system that

comprises an injector interposed in a main Water conduit
With an inlet port adapted to receive the Water, an injector
port adapted to receive an oxygen stripping gas and an outlet

port adapted to expel the Water. McNulty injects an oxygen

prise an injector interposed in a Water conduit With an inlet

stripping gas that scavenges oxygen from the ballast Water

port adapted to receive the Water, an injector port adapted to
receive a treating gas and an outlet port adapted to expel the

purported to cause suffocation of oxygen-dependent species.

Water. HoWever, ballast Water conduits that charge Water to

On the other hand, oZone is an oxidiZing gas that has
different and at least double disinfecting mechanisms. These
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mechanisms include rapid conversion of naturally occurring

embodiment of the invention provides for reinjecting an

ballast Water chemical constituents into products that are

ozone treated bypass Water portion back into a “bromide

toxic to organisms as Well as direct ozone destructive

rich” main conduit seaWater to avoid substantial ozone and

oxidation of organisms.

OBr‘ consumption in BrO; and BrO; formation and

[0027] The folloWing four equations (Von Gunten &

oxygen reversion per reactions (2) to (4). “Retention time”
is minimized.

Hoigné, 1994) describe the utilization of ozone in seaWater
assuming the only ozone demand is betWeen ozone and
dissolved bromide.

[0032] In an embodiment, a 0.21 second retention time
results in an acceptable 4.3% ozone loss. According to an
embodiment of the invention, a method and system are

provided Wherein retention time is controlled at less than 5

seconds, desirably less than 0.25 seconds and preferably less
than 0.21 seconds to minimize reactions (2) to (4).

[0033] Features of the invention Will become apparent
from the draWings and folloWing detailed discussion, Which

by Way of example Without limitation, describe preferred
[0028] Hypobromous ion (OBri) is created in reaction
(1). Most of the reaction (1) ion is then converted to

hypobromous acid (HOBr) by addition of a hydrogen ion
from Water. The hypobromous ion and hypobromous acid
formed are knoWn as total residual oxidant (TRO). Only
reaction (1) leads to the formation of TRO. The further
reactions (2) to (4) undesirably remove both ozone and
bromine products from the disinfectant process. A ?rst goal

embodiments of the invention.

[0034] FIGS. 1 to 3 schematically shoW vessel 10 includ
ing stern 12, how 14 and a double hull formed from outer
hull 16 and inner hull 18. Vessel 10 is representative of the
types of vessels encompassed Within the invention and is a

conventionally proportioned double-hulled oil tanker having
cargo compartments Within inner hull 18. HoWever, the
present invention can be applied to any sea faring ship or

of seaWater ozonation is to convert as much ozone as

vessel that has ballast tanks or bilge Water. The vessel 10 is

possible to HOBr or OBr'. Therefore, maximizing reaction

typical of vessels that transport partly or fully re?ned or
residual petroleum or other bulk liquid products such as seed
oil.

(1) and minimizing reactions (2)-(4) Will maximize OBr'.
[0029]

The reactions shoWn are of second order. The given

reaction rate constants indicate the speed at Which the

[0035]

reaction occurs as a function of the ozone concentration. To

10 aft deck 102 With main ozone feed line 130 shoWn as part

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 approximately 2 times faster than reaction
(1)ithat is for equal concentrations of the reactants.

of the ozone injection system of the invention. Generator 30

[0030] The above reaction rates are such that if the molar
concentration ratio of Bri to OBri drops beloW about 2.7,
further ozone dosages do not produce more OBri as the

ozone consumption in reactions (2) and (3) Will exceed
reaction (1). The hypobromous ion forming reaction domi
nates When ozone is introduced into an excess of bromide.

Typically about 70 mg/L of bromide is available in seaWater.
This provides enough bromide excess to minimize ozone

losses at typical ozonation levels (1 to 5 mg/L of ozone) into
a conduit of loading or unloading ballast Water. HoWever, a
bypass line Will present a lesser amount of Water and a
corresponding lesser amount of bromide available to be used
up before dominance of the ozone and OBr‘ dissipation

reactions (2) to (4).

Ozone generator 30 is illustrated located on vessel

can be structured and can generate ozone according to

knoWn ozone generators such as described by Rodden U.S.

Pat. Nos. 6,125,778; 6,139,809; and PCI-WEDECO (PCI
WEDECO Environmental Technologies, 1 Fair?eld Cres

cent, West CaldWell, N]. 07006) type SMO/SMA series
generators and WEDECO Ef?zon® technology high con
centration ozone production generators as examples. The
disclosures of these patents are incorporated herein by
reference in their entirety.

[0036] Ozonated 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 con
duit 118 conveys Water from starboard intake/outlet sea

[0031] The available amount of bromide in bypass sea
Water needs to be taken into consideration When determining

chest 134 to a starboard battery 126 of ballast tanks. Intake/

a How rate or retention time for bypass ozonation. Retention
time is a period for transport of ozone and Water from a point

sea chest 136 to a port battery 128 of ballast tanks.

discharge conduit 120 conveys Water from port intake/outlet

of injection of the ozone to reinjection of bypass Water and

[0037]

ozone into a main conduit. In an embodiment, a method and

chests 132, 134, 136 and is then pumped to load respective
ballast tank batteries 124, 126, 128 through the system of

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 speci?cation,
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

Ballast Water is loaded into the vessel 10 via the sea

conduits 116, 118 and 120 shoWn. At a destination location,
the process is reversed and Water is pumped from tank

batteries 124, 126, 128 through the respective conduits 116,
118, 120 for discharge through respective sea chests 132,
134, 136 to the sea. Or, discharge can be effected through

another, separate conduit and sea chest system (not shoWn)
from tank batteries 124, 126, 128. After injection With
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ozone, the Water is conveyed by one of the main conduits

116, 118, 120 to respective tank batteries 124, 126, 128. As
each main conduit 116, 118, 120 passes through each ballast
tank 124, 126 or 128, a smaller footer pipe (not shoWn) can
be taken off to provide a suction/discharge conduit. Valving
for the footer pipe can be contained in a tunnel or co?‘erdam

area, or actually placed in the tank itself, if space is an issue.
[0038] In FIGS. 2 and 3, conduit 118 delivers oZone
treated Water to each ballast tank of a starboard battery of

remixing of the oZonated diverted portion With the main
Water ?oW. ShoWn in FIG. 5 is exemplary aft load/discharge
bypass injection system 550. The system 550 includes a
bypass conduit 594 that diverges from main conduit 116 at
an upstream point 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.
[0042]

Taking system 550 as an exemplary system, opera

tanks 126 and conduit 120 delivers oZone treated Water to

tion is described as folloWs: SeaWater from sea chest 132

each ballast tank of a port battery of tanks 128. Water enters
through respective sea chests 134 and 136 and is treated and
charged into a tank of either the starboard battery 126 or the

592 (FIG. 4) to injection system 550. A portion of the

port battery 128 until each respective tank is su?iciently
?lled and balanced to compensate for off-loaded cargo.
Similarly, as shoWn in FIGS. 4A and 4B, Water enters
through stern sea chest 132, is treated With oZone delivered
via line 110 and charged into a tank of forWard battery 124
until each tank is ?lled to balance the vessel 10.
[0039] FIG. 4 is a ?oW diagram of an embodiment of a
method and system for ballast Water oZone injection that can

be used in conjunction With the system of vessel 10 shoWn
in FIGS. 1 to 3. In FIG. 4, oZone generation system 502

includes air compressor 514, refrigerated air dryer 516,
coalescing ?lter 518, air receiver 520, O2 enricher 522, O2
receiver 524, deW point monitor 526, ?lter 528, oZone
generator 530, poWer supply 532, oZone monitor 534, oZone
destruct unit 536 and chiller 538 With circulation pump 540.
In operation, air is draWn into the system 502 via air intake
512. The air is compressed 514, dried and refrigerated 516,
?ltered 518 and temporarily stored in 520. Then according
to generator demand, air is WithdraWn to enricher 524,
Where oxygen content of the gas is increased by adsorption
of nitrogen. Oxygen enriched gas is delivered to receiver
524, monitored 526 and ?ltered 528 until injected into oZone
generator 530 operated via poWer supply 532. Off-gas from
generator 530 is monitored 534, and destroyed 536 to

(FIG. 4) is fed in conduit 116 via main ballast Water pump
seaWater is diverted by circulation pump 560 from conduit
116 into by-pass line 594. FloW of the diverted Water portion

is controlled by regulating the pump 560. 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 portion by static mixer 566 and combined back
With the main seaWater in conduit 116 at mainline contactor
568.

[0043]

The injector 564 can be any gas into ?uid 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 ?uid through a conic constriction that
initiates a pres sure differential in the venturi tube betWeen an

inlet and an outlet port. The pressure differential inside the
venturi tube imitates suction of another ?uid (oZone con

taining gas in the present case) through a port of an inter

secting side line.
[0044] 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 constriction

prevent environment discharge. Generated oZone is stored at

that causes a drop in pressure as ?uid ?oWs through the pipe.
The pressure drop draWs oZone into the ?oW from the

chiller 538 until demanded by bypass injection systems 550,

intersecting side line.

552, 554 as hereinafter described.

[0040] FIG. 4 shoWs three separate injection systems 550,
552, 554, Which can correspond respectively to injection
into aft intake conduit 116 via 110, injection into starboard
intake conduit 118 via 112 and injection into port intake
conduit 120 via 114 as shoWn in FIG. 4A. Injection system

[0045] The oZone gas/Water mixture can be processed
through a static mixer 566 after exiting the venturi injector.
Mixer 566 is a static mixer that provides additional solubi
liZation of oZone into the Water and ensures that entrained

oZone gas bubbles are uniformly dispersed in the bypass
conduit Water. Mixer 566 can be any suitable mixer but a

550 includes oZone regulator 560, Which can be a pump to

static mixer is preferred. Typically, a static mixer comprises

regulate ?oW in the bypass 594. Further, the injection system

a series of ?ns, obstructions, or channels mounted or ?xed

550 includes oZone injector 564, static mixer 566 and

reinjector 568. Similarly injection system 552 includes

into a piping arrangement. The ?ns, obstructions or channels
are designed to promote further mixing of the oZone gas and

regulator 570, oZone injector 574, static mixer 576 and

ballast Water liquid. A static mixer may use some method of

reinjector 578 and injection system 554 includes regulator

?rst dividing the ?oW, then rotating, channeling, or diverting

580, oZone injector 584, static mixer 586 and reinjector 588.
Injection systems 550, 552 and 554 are controlled respec
tively by controllers 610, 612 and 614. Controller 610, 612

it. The static mixer intensi?es the physical and chemical
processes of oZone solubiliZation. The intensi?ed mixing
lengthens the distance covered by gas bubbles and breaks
the bubbles into still smaller bubbles thereby increasing the

and 614 can be a processor, computer or microprocessor or

the like for regulating bypass ?oW and controlling injected
oZone as hereinafter described.

[0041] FIG. 5 schematically shoWs detail of bypass injec

ability to transfer oZone from the gas mixture to the Water.
The mixer of the system can provide an additional 5-l0%

solubiliZation.

tion of oZone into a diverted portion of Water loading to or

[0046] The static mixer 566 is selected by considering the

unloading from a ballast tank. The bypass injection alloWs
for oZone injection, provides proper mixing and solubiliZa

material to be processed and the rate at Which it must be
processed. A static mixer With at least 12 elements or
equivalent composite mixer can be used to ?t a pipe of the

tion of the oZone gas into the ballast Water and proper
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same diameter as that exiting from the injector. In addition,
allowable pressure drop must be assessed, in order to make
certain that the bypass circulating pump has both ?oW

capacity and pressure capability to provide proper mixing in
the static mixer. Also, the Water ?oW rate should be high
enough to ensure a loW enough contact time to minimiZe
oZone losses to Wasteful by reactions in seaWater.

[0047] According to an aspect of the invention, a mini
mum bypass ?oW rate is required to provide suf?cient
oZonation of ballast Water When the bypass is reinjected
back into a main conduit. In an embodiment, a minimum

bypass ?oW rate must be maintained of at least 0.25% of the
main conduit ?oW for every mg/L of oZone injected into the
bypass. Desirably the bypass ?oW rate is maintained at more
than 0.30% of the main conduit How and preferably, the How
rate is maintained at 0.35% of the main conduit ?oW. For
example as described hereinafter for 0.33%, a How ratio
betWeen a bypass How and that in the main conduit How is

about 66 gal/min to 10,000 gal/min. In operation for
example, controller 610 controls pump 560 to regulate Water
How in coordination With oZone injection by injector 562 to
effectively provide a minimum diverted portion ?oW rate
according to How in the conduit and proportion of oZone
generated in the injected gas. Thus the controller 610 can
coordinate ?oW by pump 560 With injector 564 to provide
diverted portion How of at least 0.25% of a main conduit
?oW for every mg/L of oZone injected into the bypass.

[0048]

The folloWing examples serve as illustrations and

are not intended as limitations of the present invention as

EXAMPLE II

[0053] In this EXAMPLE, bypass piping length for the
bypass 594 is limited and a higher than typical pumping rate
is maintained to reduce retention time doWn to almost 0.2
seconds as folloWs:

[0054] A bypass ?oW rate of 66 gpm typically requires a
2" pipe siZe. In this EXAMPLE, a smaller pipe siZe is
selected to improve the How velocity. Since back pressure on
the venturi is also a limitation, the selected pipe siZe is
decreased by only one siZe increment, i.e. to 11/2". The
cross-sectional area of a 11/2" Schedule 80 pipe is 0.01227

square feet. The How rate is (66/(7.48><60))=0.1471 ft3/sec,
so that the velocity in the pipe is increased to 0.1471/
0.01227=12 ft/sec.

[0055] The bypass system is designed to provide a mini
mum length (retention length) from venturi to main conduit
reinjection point as folloWs. The retention length is limited
to a ?rst 15 nominal diameters length to accommodate a
static mixer and an additional 30 inches to accommodate an

angled reinjector. The retention length for these require
ments is 2.5 feet. The resulting retention time in traveling 2.5
ft at 12 ft/sec=0.21 s.

[0056] While preferred embodiments of the invention
have been described, the present invention is capable of
variation and modi?cation and therefore should not be
limited to the precise details of the EXAMPLES. The

invention includes changes and alterations that fall Within

the purvieW of the folloWing claims.

de?ned in the claims.
EXAMPLE I

[0049] In this EXAMPLE, ballast Water is fed from an
intake/discharge conduit betWeen a sea chest and a battery of
ballast tanks of a 100,000 to 150,000 DWT tanker. The Water
is fed at a 10,000 gpm ?oW rate. The seaWater contains 70

mg/L of bromide.
[0050]

A bypass stream of Water is diverted from the

intake/discharge conduit at a constant ?oW into a bypass
conduit system illustrated in FIG. 5. OZone gas is fed under

slight pressure (12-15 psi) from its generating source
through 316L stainless steel piping to a venturi injector. The
oZone is injected as a 10-12% oZone in oxygen admixture.

A bypass ?oW rate is set to permit effective injection by the
venturi. In this EXAMPLE, a bypass ?oW rate is set at 66

gpm and pressure of approximately 90 psi. This How rate is
0.3% of the main ?oW 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.
[0051] The selected ?oW rate and pressure are con?rmed
as folloWs: The How ratio betWeen the main How and that in

the bypass is about 10,000 gal/min to 66 gal/min. The
speci?c oZone dosage in the bypass to achieve 2 mg/L in the

What is claimed is:
1. A method of oZone treatment, comprising:
diverting a portion of Water from a How of Water in a

conduit;
injecting an oZone-containing gas into the portion to
provide an oZonated portion;

recombining the oZonated portion With the How of Water
in the conduit; and

regulating the diverted portion to provide a minimum
diverted portion ?oW rate according to How in the
conduit and proportion of oZone in the injected gas.
2. The method of claim 1, Wherein the diverted portion is
regulated to at least 0.25% of the main conduit ?oW for

every mg/L of oZone injected into the bypass.
3. The method of claim 1, Wherein the diverted portion is
regulated to at least 0.3% of the main conduit ?oW for every

mg/L of oZone injected into the bypass.
4. The method of claim 1, Wherein the diverted portion is
regulated to at least 0.35% of the main conduit ?oW for

every mg/L of oZone injected into the bypass.
5. The method of claim 1, further comprising limiting a
retention period of oZone injected Water from a time of

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 bene?cial reactions
producing OBr' Will only dominate once the bypass stream
is remixed With the main stream. Hence, bypass retention

oZone injection into the portion to recombining the oZonated
portion With the How of Water in the conduit.
6. The method of claim 1, comprising limiting a retention
period of oZone injected Water from a time of oZone injec

time is minimiZed to avoid as much oZone loss as possible

With the How of Water to less than 5 seconds.

and to meet the main dosage requirement of 2.0 mg/L.

tion into the portion to recombining the oZonated portion
7. The method of claim 1, comprising limiting a retention

[0052] The bypass injection venturi minimiZes back-pres

period of oZone injected Water from a time of oZone injec

sure and provides 90-95% solubiliZation of oZone gas in

tion into the portion to recombining the oZonated portion

seaWater.

With the How of Water to less than 0.25 second.
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8. The method of claim 1, comprising limiting a retention
period of oZone injected Water from a time of oZone injec

tion into the portion to recombining the oZonated portion
With the How of Water to less than 0.21 second.

9. The method of claim 1, additionally comprising charg
ing the oZone injected Water from the conduit into a ballast
tank of a vessel.

10. The method of claim 1, 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.
11. A Water treatment system comprising:
a Water conduit that transports Water from a ?rst intake

location to a discharge location;
a bypass line from a ?rst point of the Water conduit to a

second, return point Wherein the bypass line diverts a
portion of the Water from the conduit for circulation in
the bypass line and back to the Water conduit at a return

point;
an injector included in the bypass line to inject oZone into

the diverted portion of Water;
an oZone generator that generates oZone for injection by

the injector; and

17. The system of claim 11, 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.
18. 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 of oZone into the portion to
provide a minimum diverted portion ?oW rate accord
ing to How in the conduit and proportion of oZone in the

injected gas.
19. The method of claim 18, Wherein the diverted portion
is regulated to at least 0.25% of the main conduit ?oW for
every mg/L of oZone injected into the bypass.
20. The method of claim 18, Wherein the diverted portion
is regulated to at least 0.3% of the main conduit ?oW for
every mg/L of oZone injected into the bypass.
21. The method of claim 18, Wherein the diverted portion
is regulated to at least 0.35% of the main conduit ?oW for
every mg/L of oZone injected into the bypass.
22. The method of claim 18, further comprising limiting
a retention period of oZone injected Water from a time of

a regulator that regulates the diverted portion to provide
a minimum diverted portion ?oW rate according to How
in the conduit and proportion of oZone in the injected
gas.

12. The system of claim 11, Wherein the regulator regu
lates the diverted portion is regulated to at least 0.25% of the
main conduit ?oW for every mg/L of oZone injected into the

bypass.
13. The system of claim 11, Wherein the regulator regu
lates the diverted portion is regulated to at least 0.3% of the
main conduit ?oW for every mg/L of oZone injected into the

bypass.
14. The system of claim 11, Wherein the regulator regu
lates the diverted portion is regulated to at least 0.35% of the
main conduit ?oW for every mg/L of oZone injected into the

bypass.
15. The system of claim 11, further comprising a static
mixer located Within the bypass conduit doWnstream to the

injector.
16. The system of claim 11, comprising a mixer located
Within the bypass conduit doWnstream to the injector; and
a reinjector to reinject the diverted portion With oZone
back to the Water conduit at the return point.

oZone injection into the portion to recombining the oZonated
portion With the How of Water in the conduit.
23. The method of claim 18, comprising limiting a reten
tion period of oZone injected Water from a time of oZone

injection into the portion to recombining the oZonated
portion With the How of Water to less than 5 seconds.
24. The method of claim 18, comprising limiting a reten
tion period of oZone injected Water from a time of oZone

injection into the portion to recombining the oZonated
portion With the How of Water to less than 0.25 second.
25. The method of claim 18, comprising limiting a reten
tion period of oZone injected Water from a time of oZone

injection into the portion to recombining the oZonated
portion With the How of Water to less than 0.21 second.

26. The method of claim 18, additionally comprising
charging the oZone injected Water from the conduit into a
ballast tank of a vessel.

27. The method of claim 18, 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.

