BALLAST WATER TREATMENT SYSTEM Techni cal Field The present
invention relates to ballast water treatnent systens, and
particularly to a ballast water treatnent systemfor renoving aquatic
organi sns fromthe ballast water of a ship. Background Art 10Shi ps
whi ch transport ores, crude oil and the like are provided with a
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15  tank as the loading of cargoes progresses, it will be discharged in a region different from
the location of water intake. Therefore, aquatic organisms may be moved with the
ballast water and settle in a new environment, and in such a case, there arises a concern
that ecosystems are destroyed and the business activities such as fisheries are affected.
Moreover, there is also a fear that pathogenic bacteria which are moved with the ballast
20  water directly affect human health.
Accordingly, in the International Convention for the Management of Ships'
Ballast Water, "The International Convention for the Control and Management of Ships'
Ballast Water & Sediments," was adopted in February, 2004, making it obligatory for
ships to install a ballast water treatment apparatus. The ballast water management
25  standards stipulated by the International Maritime Organization (IMO) are as follows.
* Less than 10 viable organisms per cubic meter for organisms greater than or equal to
50 micrometers in minimum dimension.
* Less than 10 viable organisms per milliliter for organisms less than 50 micrometers in
minimum dimension and greater than or equal to 10 micrometers in minimum dimension.
30 * Toxicogenic Vibrio cholerae (O-1 and O-139) is less than 1 colony forming unit (cfu)
per 100 milliliters.

* Escherichia coli is less than 250 cfu per 100 milliliters.



per 100 mlliliters. Escherichia cob is I ess than 250 cfu per 100
milliliters. 2 ntesfinal Enterococci is |less than 100 cfu per 100
mlliliters. In order to satisfy such standards, various ball ast

wat er treatnent technol ogies for purifying bal | ast water are
proposed. For exanple, conventionally,“sterilization schenmes have
been the main stream in winch a. coarse filtering is perforned by a
filter (physical treatnent) and thereafter disinfectants are added;
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scheme is proposed as well. For exanple, In Paten tation-4,
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use of magnets and filters thereby separating/removing the target aquatic organisms.

[5  Patent Citation 1 Japanese Patent Application Laid-Open No. 04-322788.
Patent Citation 2 Japanese Patent Application Laid-Open No. 05-910.
Patent Citation 3 Japanese Patent Application Laid-Open No. 2006-212494,
Patent Citation 4 Japanese Patent Application Laid-Open No. 2005-218887.

20  Disclosure of Invention
Technical Problem
Ballast water may be taken in at any port around the world and its water quality
would significantly vary depending on the place of water intake. For example, in a
water area where water pollution has become worse, the aquatic organisms existent in
25  water such as bacteria and planktons have increased due to eutrophication. Moreover,
even in the same water area, the volume of aquatic organisms may significantly vary
depending on the season, and a convection flow etc. may occur due to the temperature
difference between day and night resulting in a change in the volume of aquatic
organisms in a short period of time. For this reason, it is very difficult to constantly
30  achieve the ballast water management standards established by the IMO, and an attempt

to fulfill the standards in an unreasonable manner may cause a new, adverse effect.



woul d significantly vary depending on the place of water intake. For
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have increased due to eutrophication. lr¥br eover, even in the sane

wat er area, the volune of aquatic organisns may significantly vary
dependi ng on the season, and a convection flow etc. may occur due to
the tenperature difference between day and night resulting in a
change in the voIFmampleaquPatemCiMigml ®©185 toi sactael g hdn¢ve perstadard$, itis e,
For this re ver I f i

bal | ast wat %r%gsgarxlto mhet it g esg I’ sH%e&sl?lkﬁftlgrgﬁg%Q%/Je%/%é&%?’%&%dl Bn
attenpt to ebqgts{smtnburtthécmwuhqtd@s tharedna sl Bagbrdbiasy thermoé renmeys cause
a new, adve I t to
3, "t0 securore S Baly sfreting e chng B A o LRBhe S LAL bG8k
eXCess a?mumtthaﬁﬂvactrsnemﬁvé@tfanbalhlﬁdvmrladls@sllgbd of the injection of an
excess amount of FﬁHﬁJP 1ﬁ%td “oq;%l{i]éy a# %be' sPan rﬁé ﬁlba%@ﬂ?@lt&tl@ﬁ' 4e1ft§sI cacy
t hereof renmins thereby a dverse ecting the coating of the

bal | ast t ankecessary ke #ddi angxepguzmount @frtgamegm;i 5 far foraing mg@qm:ﬂ%%m whiran
the bal | ast puat&te 4 §sidhah@ld8injection of suﬁ%x%&@ﬁmoﬁrﬁ oPElelicdomgecurel y
achi eve the standards 1 n Patent bta tion 4, it is necessary to add an
excess anpufftougt of eenetiefince & ke eenvercd pedigsliiigiatessc 1 oes, which may

cause ajfi sk thatrpdyesdi@idvBRionHa&6deh @O SUEDE BXDRSS daeBst of
chem cals, the anmbunt of magnetic flocs to be recovered needl essly-

i ncreases. YFFASRpTELEA DAY 1%#&‘4 BPevads et HRE PG SWIFR MR8 cabove

described Cidnedii RGOS the BAthstASed thenaSitheR€ ftardardp e QiiIdBedebyRd TNt
wat er treatnent system which can constantly achi eve the ballast water

managenent standards established by the I MO Technical Solution 15In
order to achidvraltdeeutdbove descri bed object, a first aspect of the
pr esent Il%nventi o] m_ i ncl udi ng

al | ast r trea e
wat er treat nent 2 559?5&0 l?’Wf’i Bﬁal’roéﬁg?fég L?B%ef aﬁ%gg astp(%ct zttheé)ﬁ%v'étd from
bal | ast wat aw;:mamqhw:d&ahlbal%t Wad«rmhn@hsﬁtemle@udlhgwbtaf trashennape@ratus

treated by t 1c{1‘9@‘n%<{evres El{bgt%‘}lc%? o ove%tfr % tga gét%x!a e?danﬁ gé)gllassp falk WE‘liQE

bal | ast wat er trea em char act eri
nmoni t ori ng appatlatbaﬂaswwat@htrmdl uyohtswaemmaewlenqumlarany lmallmhen bahlb,etbft

water; and ?alﬁ\ﬁﬂ%t&l treRRAL tgﬁl cWa&Qn{égrBB 'irQ:L a%ﬁft@ﬁﬂ Od??ératus which

condition o wat er treatnent appar at on a ori ng
result @ tMeniiwnp toict epliappiahabaligst water; and aspmsé apifeatys wich epnigelsian of

the present of)é?%ﬁﬂ&l' ®@RditiSn 6RE { {;vglléf st BpfaPals alle dﬁaltrﬁénlﬁi’iﬁé ekt &F
the ballast water 1s nonitored and based on that result, th

oper at i onal t@%@#ﬂﬂ@& GWYAGP- t he water treatment apparatus ar e
control led, it issiRQsed Bls€ash&tbf @8brekdi@invention is configured such that the water

quality of the ballast water is monitored and based on that result, the operational

25 conditions of the water treatment apparatus are controlled, it is possible to treat the
ballast water enabling it to have a constant water quality even when the water quality of
the ballast water significantly varies depending on water intake conditions.

Moreover, according to the first aspect, since water treatment is performed in

accordance with the water quality of the ballast water, it is possible to prevent an

30 excessive or insufficient injection of the chemical liquid which is used for water
treatment. For example, when a sterilization scheme is adopted for the water treatment

apparatus, it is possible to prevent an excessive or insufficient injection of disinfectant,



bal | ast water enabling it to have a constant water quality even when
the water quality of the ballast water significantly varies dependi ng
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20  coagulant from being remained due to an excess injection of the coagulant, and to
minimize the burden on the environment when the ballast water is discharged.

A fourth aspect of the present invention is characterized in that in the second or
third aspect, the separation/removal apparatus is configured as a combination of a
magnetic separation and a filter separation.

25 According to the fourth aspect, since a magnetic separation and a filter
separation are combined, it is possible to perform the separation/recovery of aggregates
at a high speed and a high accuracy. It is noted that in the fourth aspect, it is preferable
to admix magnetic powder into the ballast water before coagulation. Moreover,
magnetic separation is preferably performed by using a magnet such as a permanent

30  magnet, a superconducting magnet, etc., and filter separation is preferably performed by

using a filter of 10 to 15 pm made of metal or resin.



A fourth aspect of the present invention is characterized in that in
t he second or third aspect, the separation/renoval apparatus is
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25 treatment apparatus based on a coagulation/separation scheme is used, it is possible to
control the dwell time in the coagulation apparatus by controlling the treatment amount
per unit time. Therefore, even when there is an inflow of a high concentration of
organisms due to a red tide etc., it is possible to securely perform the coagulation
treatment of aquatic organisms.

30 An eighth aspect of the present invention is characterized in that in any of the

first to the seventh aspects, the monitoring apparatus monitors the water quality of the
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25 Advantageous Effects
According to the present invention, since the water quality of the ballast water is
monitored and based on the result, the operational conditions of the water treatment
apparatus are controlled, it is possible to treat the ballast water which significantly varies
depending on water intake conditions so that it has a desired water quality. Therefore,
30 itis possible to securely satisfy the standards for the discharge of the ballast water and

thereby preventing the destruction of ecosystem due to the discharge of the ballast water.



nmoni t ored and based on the result, the operational conditions of the
wat er treatnent apparatus are controlled, it is possible to treat the
bal | ast water which significantly varies depending on water intake
conditions so that it has a desired water quality. Therefore, 30it is
possi ble to securely satisfy the standards for the discharge of the
bal | ast water and thereby preventing the destruction of ecosystem due
to the discharge of die ballast water. Bfief Description of Draw ngs
[Figure 1] Figure 1 shows a first enbodi nent of the ballast water

treat ment sysempeelakibA9r beiilg Present invention. [Figure 2] Figure
2 shows a ballast water treatnent systemwhich is different fromthat

of Figure 1. [Frrguldiaye Eishurea Brssembasdiment of g tetlasiarater tgpisehasigeent n

the bal |l ast welhghp olBALREM im¥stsem of Figure 1. [Figure 4] Figure 4
shows a second erﬁ)odi nment of the ballast water treatnment system

reiating to tlRigusriddésire 2 shev a blastvorie trpaieens pysEing whish s dilfvest from that of
bal | ast wat ergijreat ment systemwhich is different fromthat of Figure
4. [Figure 6] Figure 6 shows the flow of water discharge in the

bal | ast wat erlFigpat] Fagtre 3 yhquesthe flowof veter gischarpgyinrtae tyllagt waipretrqatingnty
tabl e to showyiihg o elgatd pnshi p between the concentrations of
15aquatic orﬂa_ni snms _of ballast water and the concentrations of

chemi cal | i qufigare 4 Eigjue & shqwss gpgendd @nhodiment ghthe bebass Wgigr frpeiment system

rel ationship relR@{g\@eRe pagent Bt y of ballast water and the adding
anounts of coagulaats. Explanation of Reference L
10 [Figure 5] Figure 5 shows a ballast water treatment system which is different from that of

Figure 4.

[Figure 6] Figure 6 shows the flow of water discharge in the ballast water treatment

system of Figure 4.

[Figure 7] Figure 7 is a table to show the relationship between the concentrations of
15 aquatic organisms of ballast water and the concentrations of chemical liquids.

[Figure 8] Figure 8 is a table to show the relationship between the turbidity of ballast

water and the adding amounts of coagulants.

Explanation of Reference

20  10...Ballast water treatment system, 12...Ship, 14... Water treatment apparatus,
16...Ballast tank, 18...Monitoring apparatus, 20...Control apparatus,
22...Physical removal apparatus, 24...Sterilizing apparatus, 26.. .Raw-water piping,
28...Pump, 30...Valve, 32...Treated water piping, 34 to 38...Sampling Pipe,
40...Ballast water treatment system, 42...Circulation line, 44...Circulation line,

25  46...Bypass line, 50...Ballast water treatment system, 52... Water treatment apparatus,
54...Chemicals adding unit, 56...Coagulation unit, 58...Separation unit, 60...Magnetic
powder adding apparatus, 62...Inorganic coagulant adding apparatus, 64...Polymeric
coagulant adding apparatus, 66...High-speed agitation vessel, 68...Low-speed agitation
vessel, 70...Piping, 72...Magnetic separation apparatus, 74...Filter separation apparatus

30  80...Ballast water treatment system, 82...Circulation line

Best Mode for Carrying out the Invention



2010...Ball ast water treatnment system 12.,..Ship, 14...Water
treatment apparatus, 16...Ballast tank, 18., .Mbnitoring apparatus,
20...Control apparatus, 22...Physical renoval apparatus,
24..,Sterilizing apparatus, 26. .. Ravv-\gat er piping, 28...Punp,
30,..Valve, 32...Treated water piping, 34 to 38... Sanpling Pipe,
40...Bal | ast water treatnent system 42... Crculation |line,
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primarily made up of a water treatnent apparatus 14, a bal|ast tank
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and is fed tQ cBH’t?olEBlﬂ? ith%@:t)ntrol apparatus 20. It is noted that depending on the design of

20  the sterilizing apparatus 24 in the latter stage, an embodiment in which the physical

removal apparatus 22 is not installed may be possible. Further, instead of using the
pump 28, a difference in water level may be utilized to feed sea water or fresh water.
The physical removal apparatus 22 is connected to a ballast tank 16 via a treated
water piping 32, and the sterilizing apparatus 24 is provided at some point in the treated
25  water piping 32. The sterilizing apparatus 24 kills small aquatic organisms, for which
an apparatus utilizing, for example, sodium hypochlorite, ozone, chlorine dioxide,
peracetic acid, hydrogen peroxide, ultra-violet light and others are used singly or in
combination. A specific example of the sterilizing apparatus 24 is made up of a
chemicals storage vessel for storing a disinfectant (not shown) and an injection apparatus
30 (not shown) for injecting the disinfectant into the treated water piping. Moreover, an
embodiment which includes a generation apparatus (not shown) for generating a

disinfectant is also possible.



renmoval apparatus 22. The punp 28 and the valve 30 are connected to
the control apparatus 20, and the revolutional speed of the punp 28
and the opening of the valve 30 are controlled by the control
apparatus 20. It is noted that dependi g9 on t he design of 20 the
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25  revolutional speed of the pump 28, and the opening of the valve 30 are adjusted. This

allows for the control of the operational conditions of the water treatment apparatus 14
such as the treatment volume of aquatic organisms and the treatment flow rate per unit
time, etc.
Next, the operation of the ballast water treatment system 10 which is configured
30  as described above will be described.
In the present embodiment, the ballast waters of the raw-water piping 26, the

treated water piping 32, and the ballast tank 16 are sampled. That is, the water qualities
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t he val ve 30, the physical renoval app% ratus 22, and the sterilizing
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treatment capacity of the water treatment apparatus 14 is increased such as by increasing
the amount of the disinfectants to be inputted to the sterilizing apparatus 24 and
decreasing the treatment flow rate by the pump 28 and the valve 30. On the contrary,
when the concentration of aquatic organisms decreases, the treatment capacity of the

30  water treatment apparatus 14 is decreased such as by decreasing the amount of the
disinfectants to be inputted to the sterilizing apparatus 24 and increasing the treatment

flow rate by the pump 28 and the valve 30. This will make it possible to perform a



Simlarly, it is possible. to cope with a case in which the water
quality of the ballast water of the treated water piping 32 (that is,
the ballast water imedi ately after 25treatnent) varies. That is,
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concent nat i eithQfisidedtalt iCshows aNihd 1eATFigure 7. In the present embodiment, it is

possible to inject an appropriate amount of a chemical liquid based on such relationship,
thereby allowing for the prevention of excessive or insufficient injection of the chemical
liquid. Therefore, it is possible to prevent the residual chemical liquid from imposing a
burden on the coating of the ballast tank 16 and the ecosystem in the area of water
30  discharge.
1t is noted that in the table of Figure 7, the standard for aquatic organism A 1is

"less than 10 viable organisms per cubic meter for organisms greater than or equal to 50



25each disinfectant is shown in the table of Figure 7. In the present
enbodinment, it is possible to inject an appropriate anmount of a

chem cal liquid based on such relationship, thereby allowing for the
prevention of excessive or insufficient injection of the chem cal
liquid. Therefore, it is possible to prevent the residual chem cal
liquid frominposing a burden on the coating of the ballast tank 16
and the ecosystemin the area of water 30ai scharge, It is

noted that in the table of Figure 7, the standard for aquatic
organismA is "|e 0 viabl e .or r fy .0
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the pump 28 so that the pump 28 and the valve 30 are used for both water intake and

circulation.
In the ballast water treatment system 40 configured as described above, the
20  water quality of the ballast water in the ballast tank 16 is monitored and based on the
monitoring result, the operational conditions of the water treatment apparatus 14 are
controlled. For example, when the water quality of the ballast water in the ballast tank
16 degrades, the ballast water in the ballast tank 16 is circulated to the water treatment
apparatus 14 through the circulation line 42 and retreatment of the ballast water is carried
25 out. Then, in accordance the water quality of the ballast water in the ballast tank 16, the
operational conditions of the water treatment apparatus 14 are controlled to carry out
retreatment of the ballast water until the concentration of aquatic organisms becomes less
than or equal to a permissible value. This makes it possible to improve the water
quality of the ballast water in the ballast tank 16 and keep it less than or equal to the
30 permissible value.
Thus, in the present embodiment, it is possible to circulate and purify the ballast
water in the ballast tank 16 and, for example, the purification of the ballast water can be

performed while the ship navigates.



20water quality of the ballast water in the ballast tank 16 is

noni tored and based on the nonitoring result, the operational
conditions of the water treatnent apparatus 14 are controlled. For
exanpl e, when the water quality of the ballast water in the ball ast
tank 16 degrades, the ballast water in the ballast tank 16 is
circulated to the water treatnment apparatus 14 through the
circulation line 42 and retreatnment of thelballast water is carried
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In the figure shous: Al BB fe Unedt bRl il vater discharge by use

The ballast water treatment system 10 shown in Figure 3 is configured such that

with the valve 30 being opened and the pump 28 being driven, the ballast water in the
ballast tank 16 is discharged to the outside through the water treatment apparatus 14.

25  The control apparatus 20 controls the water treatment apparatus 14 in accordance with
the monitoring result of the water quality of the ballast water in the ballast tank 16. For
example, when the water quality (the concentration of aquatic organisms) of the ballast
water in the ballast tank 16 exceeds a permissible value, the water treatment apparatus 14
is driven to start retreatment of the ballast water, and the operational conditions (a

30 treatment volume such as the injection amount of disinfectant, and a treatment flow rate
per unit time) of the water treatment apparatus 14 are controlled in accordance with the

water quality of the ballast water. This will improves the water quality of the ballast



of the water treatnment apparatus 14, the punp 28, and the valve 30 of
Figure 1, the nethod of water discharge is not Iimted to this

nmet hod, and wat er di scharge may be 20perfornmed by providing a water
treat ment apparatus, a punp, and a valve which are different from
those for the tinme of water intake. 14 The bal | ast water
treatnment system 10 shown in Figure 3 is configured such that with
the val ve 30 being opened and the punp 28 being driven, the ball ast
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bypass |ine 46 of A{&@wn in Figure 4, compared with the ballast water treatment system 10 of
the first embodiment shown in Figure 1, the ballast water treatment system 50 of the

20 second embodiment is different in that a water treatment apparatus 52 based on a
coagulation/separation scheme is used. The water treatment apparatus 52 based on a
coagulation/separation scheme, which coagulates the substances to be removed (aquatic
organisms) in the ballast water to be separated and removed, is made up of a chemicals
adding unit 54, a coagulation unit 56, and a separation unit 58 as shown in Figure 4.

25 The chemicals adding unit 54, which adds chemicals necessary for coagulating
the substances to be removed (aquatic organisms) in the ballast water, includes a
magnetic powder adding apparatus 60, an inorganic coagulant adding apparatus 62, and a
polymeric coagulant adding apparatus 64 in the present embodiment. The magnetic
powder adding apparatus 60 is configured to add magnetic powder to the ballast water to

30 be fed to a high-speed agitation vessel 66 of the coagulation unit 56, and as the magnetic
powder, for example, triiron tetraoxide (Fe3Oy) is preferably used. The inorganic

coagulant adding apparatus 62 is configured to add inorganic coagulants to the ballast



physi cal renoval apparatus 22 is provided so that. water is

di scharged w t hout passing through the physical renoval apparatus 22
as shown in Figure 3. Figure 4 schematically shows the configuration
of the ballast water treatnent 15system of a second enbodinent. it is
noted that the nmenbers which have the same functions as those of the
bal | ast water treatnment system 10 shown in Figure | are given the
sane reference nunbers thereby omtting the description thereof. As
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micrometers are formed, in which magnetic powder, solid floating particles in the ballast

20  water, bacteria, planktons, etc. are taken in. The ballast water containing magnetic flocs

is fed to the low-speed agitation vessel 68 via the piping 70.

The low-speed agitation vessel 68 is configured to slowly agitate the ballast
water containing magnetic flocs and a polymeric coagulant by rotating the agitator blade
which is not shown at a low speed. The agitator blade of the low-speed agitation vessel

25 68 is controlled to have a lower rotational peripheral speed than that of the agitator blade
of the high-speed agitation vessel 66. By using such low-speed agitation vessel 68, it is
possible to grow magnetic flocs, and large magnetic flocs having a size of several
hundred micrometers to several millimeters are formed. The ballast water containing
grown magnetic flocs is fed to the separation unit 58. It is noted that although in the

30 present embodiment, the coagulation unit 56 is made up of the high-speed agitation
vessel 66 and the low-speed agitation vessel 68, the configuration of the coagulation unit

56 is not limited to this configuration, and various embodiments, for example, one in



coagul ant, anionic and nonioni c coagul ants, etc. nmay be preferably
used. It is noted that the kind of chemcals to be added is not
limted to the above descri bed enbodi nent and, for exanple, an
enbodi ment whi ch does not include the 1rgflgneti c powder addi ng
apparatus 60 is possible as well, whenthe nagnetic separation
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The separatlon Unf paffast ikt fEimeh SRANLSO 6r RERRKEULLALQNRANA! US 72

embodiment is configured such that as with the first embodiment, sampling pipes 34, 36,
and 38 are respectively connected to the raw-water piping 26, the treated water piping 32,
and the ballast tank 16, and each of the sampling pipes 34, 36, and 38 is connected to the
25 monitoring apparatus 18. The monitoring apparatus 18 automatically samples the
ballast water withdrawn via the sampling pipes 34, 36, and 38 to investigate the water
quality thereof. The method of investigating water quality is not specifically limited,
and for example, there is a method of directly measuring the concentration of aquatic
organisms by acquiring image data of the ballast water by photographing and performing
30 an image analysis of the image data. Further, water quality may also be determined
indirectly by using a turbidity meter for measuring a turbidity in water and a calorimeter

for measuring a chromaticity in water.



separation apparatus 74. The magneti c separati on apparatus 72 adsorbs
and separates magnetic flocks in the ballast water by nmagnetic force,
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operational conditions of the water treatment apparatus 52 in accordance with the water

quality of the raw water of ballast water, it is made possible to prevent the chemicals of
30 the chemicals adding unit 54 being excessively added thus preventing adverse effects on

the local ecosystem when the ballast water is discharged.



According to the second enbodi nent configured as descri bed above,
since the 10water quality of the ballast water is nonitored and,
based on the result thereof, the operational conditions of the water
treatment apparatus 52 are controlled, it is possible to always

mai ntain a constant water quality of tHe ballast water even when the
water quality of the ballast water significantly differs depending on
wat er intake conditions. For exanple, when the water quality of the
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ecosyst em whAnRst Wigeatdcasiaswahens.i Sit Bind@haia@@den thd »Bter quality in the ballast
tank 16 degrades, as described later, it can be coped with by a method in which the
ballast water in the ballast tank 16 is circulated into the water treatment apparatus 52 and
is retreated, or a method in which when the ballast water in the ballast tank 16 is
20 discharged, it is fed to the water treatment apparatus 52 and is retreated to be discharged,
or the like.

As described above, in the second embodiment, since the operational conditions
of the water treatment apparatus 52 are controlled in accordance with the water quality of
the ballast water, it is possible to add an appropriate amount of coagulant in accordance

25  with the concentration of aquatic organisms. Here, the relationship between the
turbidity of the ballast water and the adding amount of coagulant is shown in the table of
Figure 8. According to the present embodiment, it is possible to add an appropriate
amount of coagulant based on such relationship.

It is noted that the table of Figure 8 shows a case in which polyaluminum

30 chloride is used as an example of the inorganic coagulant.

Further, in the second embodiment, since the water treatment apparatus 52 based

on a coagulation/separation scheme is used, it is possible to prevent adverse effects on



Simlarly, it is possible to cope with a case in which the water
quality of the ballast water of the treated water piping 32 (that is,
the ballast water imedi ately after treatnent) varies. That is, when
the concentration of aquatic organisns_jncreases, the treatnent
capacity of the water treatnent appara’cgus 52 is increased in the sane
fashi on as descri bed above, and when the concentration of aquatic
organi sns decreases, the treatnent capacity of the water treatnent
appar at us 5fc e@s@eet 8asadase ThivRicdlsinfarake ard uspds Siubher, tioceparcholiem a
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bal  ast water 'in the ballast tank 16 is circulated into the water
treat ment appar atfigrs2 isgrrghgneatic eiaveeftasysters in yhigh g AEGHPHOMPT@HISWHEN

the bal | ast pyat@Efacdin IRSRAL baste fs%ﬂknd%@nl $e BOdissE e @8 Hnent Lyslet §red
to the water treatnent apparatus 52 and is retreated to be
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adverse eff %ﬁor@& result, the operational conditions of the water treatment apparatus 52 are
controlled. For example, when the water quality of the ballast water in the ballast tank

25 16 degrades, the ballast water in the ballast tank 16 is circulated to the water treatment

apparatus 52 through the circulation line 82 and retreatment of the ballast water is started.
Then, in accordance with the water quality of the ballast water in the ballast tank 16, the
operational conditions of the water treatment apparatus 52 are controlled to carry out
retreatment of the ballast water until the water quality becomes less than or equal to a

30 permissible value. As a result of this, the water quality of the ballast water in the ballast

tank 16 is improved and controlled to be less than or equal to a permissible value.



19 fire ecosystemas in a case in which disinfectants are used.
Further, since when the water treatnent apparatus 52 based on a
coagul ati on/ separation schene is used, nud (dirt, dead bodi es of
organi sns, etc.) will nor be accumulated in the ballast tank 16, it
is possible to prevent an increase of gﬁuatic organi snms i n nud.
Therefore, it is possible to inhibit the water quality of the ball ast
water in the ballast tank 16 from bei ng degraded. It is noted
that al t hough i nThhe uﬁlh@)jn%séi&éxﬁlﬁddhﬁdmt eﬁb@sﬁsmb cirtiige wad [@kif gthalbhllast of
t he ballast water is, non
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nonitoring result, the operational conditions of the water treatnent

appar at Us 5¥2%F @S%%&er%ﬂré@urcrsmvv%m@e QPTG Wask dischpugn byt ype of
the bal | ast st tﬂeﬂnkﬂt&apbﬂhﬁ@Sl thefikn 231 SnddegUAtER) oftFeir DA th@Fter
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bal | ast wat 8y piosidsigar b ek rekti@ns apparade copuag) el awdlve differemeioat thseator t y
of the ballgst. water in the ballast tank 16, the operational

condi tions t%e fv‘%ﬁtcél’ t?l? eat nent apparatus 52 are controlled to
carry oup tetr eatmmalmi whihetrdah¢msystanab@showntin Fighives i\svadnﬂigunpdahdhttyat
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this, the water ast
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val ue. The control apparatus 20 controls the water treatment apparatus 52 in accordance with

the monitoring result of the water quality of the ballast water in the ballast tank 16. For
25 example, when the water quality (the concentration of aquatic organisms) of the ballast
water in the ballast tank 16 exceeds a permissible value, it starts retreatment of the
ballast water by driving the water treatment apparatus 52 and controls the operational
conditions (a treatment volume such as the injection amount of coagulant, and a
treatment flow rate per unit time of ballast water, etc.) of the water treatment apparatus
30 52 in accordance with the water quality of the ballast water.  Since this will improve the
water quality of the ballast water to be discharged, it is possible to discharge ballast

water which is controlled to be less than or equal to the permissible value.



"7.0 Thus, in the present enbodinent, it is possible to
circulate and purify the ballast water in the ballast tank 16 and,
for exanple, the purification of the ballast water can be perforned
while the ship navigates. Further, although in the above descri bed
enbodi ment, the water quality of the 5Ballast water in the ball ast
tank 16 is nmonitored and in accordance with the result thereof,
retreatnent of the ballast water is controlled, configuration may be

such that the watrais, Gua dckord@b & e pRAdnk asbodVakRl cohfigi-Ronbahh@sduch ank
16 is conmpared with the water qualit bal | ast

y of th ter
i ni medi at el YR BpCr FRURTLARAFEME iR PR SR g ballas
conpari son fg&eilttis pdsﬁBﬁe@D%d’rﬁ%hQ&ﬁUatn@f@Ua&%ﬂ&at?ﬁ attiterithd GRdiRharge )
retreatnment are control | ed. For exanple configuration suc
[ hat “ahon {HECRUTBROUORE PO s DAFERSt YU At deBT ot er
t he treat nepllah@eesirgsthe GuliaviathGNio degratidyaiuviag edvightiah,iit iy podsiblene shxalfy st
water in thg al | ast tgpkbﬁgf retreat nent %f Hre baIIa§% matgr (S
st opped. 1scharge giapdard fog ballasowater by taqapng fhg RAlasH Wg i f4me Bw i n
per form ng disdhergedi scharge in the ballast water treatnent system 50
of Figure 4, it is noted that although the flow of 15 water discharge
in the figure shows an exanple of perform ng water discharge by use
of the water treatnent apparatus 52, the punp 28, and the valve 30 of
Figure 4, the water discharge nethod is not limted to this nethod,
and water discharge may be performed by providing a water treatnent
apparatus, a punp, and a valve different fromthose for the tinme of
wat er intake. 20The ballast water treatnent system 50 shown in Figure
6 is configured such that wth the valve 30 being opened and the
punp 28 being driven, the ballast water in the ballast tank 16 is
di scharged to the outside through the water treatnent apparatus 52.
The control apparatus 20 controls the water treatnment apparatus 52 in
accordance with the nonitoring result of the water quality of the
bal | ast water in the ballast tank 16. For 25exanple, when the water
quality (the concentration of aquatic organisns) of the ballast water
in the ballast tank 16 exceeds a perm ssible value, it starts
retreatnent of the ballast water by driving the water treatnent
apparatus 52 and controls the operational conditions (a treatnent
vol ume such as the injection amunt of coagul ant, and a treatnent
flowrate per unit tine of ballast water, etc.) of the water
treatment apparatus 40 52 in accordance with the water quality of the
bal | ast water. Since this will inprove the water quality of the
bal | ast water to be discharged, it is possible to discharge ball ast
wat er which is controlled to be |l ess than or equal to the perm ssible
val ue.



21 Thus"si nce according io the present enbodi nent,
configuration is made such tha.t the water treatnent apparatus 52 is
i ncorporated on the discharge line of ballast water, it is possible
to performretreatnment of ballast water_at the tinme of discharge

t hereby inproving the water quality. TRerefore, even when the wat er
quality of the ballast water in the ballast tank 16 degrades during
navigation, it is possible to satisfy the discharge standard for
bal | ast water by retreating the ball asphiMater at the tinme of

di scharge. CLAl 1. A ball ast ter treatnment system.inc]uding a
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subst ance t 8 be ridwbelkast Wgten trjatrednt pigiea asoerdink anelaiont, ovharsth agi t at i ng
the bal hgst wat erge R treatment afhaSBRR6APLQE removal apparat us whi ch
separates and renpves aggregates which occurs in the coagul ation
apparatus. 155. THeopgHl3t98 apRigitey whickeqagelates 8 setsipneccie be dimryed 8y cl ai m

2, wherein jpjecting a bQ@uANhbAhd ARRBHAIESERIN/ 4O 8nd he coagul ation
apparatus based on the nonitoring result of the nonitoring apparatus

to adj ust an i nj ScEPBHIAfEUMTA! BrPFHE WHRGPHAMES 2l rerppies BRaTeEREs Whither
treat nent sy&um@mﬁgjmgntappa@gtag_m 2 or 3, wherein the
separat i gn/rem)va,t g}pﬁ)arat us Is configured as a conbination of a

d XA s

magnet i ¢°208epar Bhy2E Frpey s 550798 10 ClI8IM TR | ast  wat er
treat nent system@ecardi apPatatis atiyirol@e efagtlh@dnBphratu®bsked Wi Gle@hdhitoring

t he nonitori g appar at us. nmoni t ors E)aﬁﬁ‘f'ba!il ast wat er g)( Jreasyr [ ng at
[ east one, of 5 PLPBPRT I rEAGPU Y P oHiiet B Rosp nat sl e SRttt or
4. The ballast water treatment system according to claim 2 or 3, wherein
the separation/removal apparatus is configured as a combination of a magnetic
20  separation and a filter separation.
5. The ballast water treatment system according to any one of claims 1 to 4,
wherein
the monitoring apparatus monitors the ballast water by measuring at least one of
a turbidity and a chromaticity of the ballast water.
25 6. The ballast water treatment system according to any one of claims 1 to 4,
wherein
the monitoring apparatus monitors the ballast water by performing an image
analysis of the ballast water.
7. The ballast water treatment system according to any one of claims 1 to 6,
30  wherein
the control apparatus controls a treatment volume that is treated by the water

treatment apparatus per unit time.



6. The ballast water treatnment system according to any one of clains
1 to 4, wherein the nonitoring apparatus nonitors the ballast
wat er by perform ng an i mage anal ysis of the ballast water. 7.
The bal l ast water treatnment systemaccording to any one of clains 1
to 6, 30 wherein the control apfraratus controls a treatnent
volune that is treated by the water treatnent apparatus per unit
time. 8, The. ballast water treatnent system according to any one of
clainms 1 to8.7, wiae kilhsttveeerneminteor sysigmapadiag snyomi dfewanet tqual i ty
of the ballast water at an inlet part of the water treatnent

wherein
apparatus, at an outlet part of the water treatnent apparatus, and/or
in the baI | ast tahdqnorﬁtoﬁi@apipaﬂahmmonmdrewme&auﬂwmf thvbztlbmwmcxmtdﬁ ng
to any one k) t
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bal | ast $ ankpperatushmdivaln tasbaliastttark. t o be d| schar ged fromthe ball ast

tank to theyl0
bal l ast vt & s P PP AR GhE AR by RRAPLR Mafie 387
wherein

the ballast water treatment system comprises a line for returning the ballast
water in the ballast tank or the ballast water to be discharged from the ballast tank to the
10  outside to the water treatment apparatus, and the ballast water is retreated by the water

treatment apparatus.



