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ACTI VE ANTI - FOULI NG SYSTEMS AND PROCESSES FOR MARI NE
VESSELS PRI ORRELATED APPLI CATI ONS Thi s appl i cation
wa@b@ose3pyiority to U S. Application Serial NOPCT/US2006/062260

11/311,955 filed Decenber 19, 2005. FEDERALLY
SPONSORED RESEARCH STATEMENT Not appl i cabl e. REFERENCE
TO M CROFI CHE APPENDDC Not applicable. TECHNI CALFI ELD
This disclosure relates to systens and processes for
control and prevention of fouling of marine vessel

ACTHVE! ANTIHROUBING SY'SSTEMSIANIIPRO CESSES| FOR MPARINEGMESSELS
as floating storage vessels (FSOs) and fl oating
production vessels (FPSGs), as well as fixed
structures. SpecPRIGRRELATER ARPITEATIAGNS processes
descri bed herein relate to preventing fouling of

"B GrYERS, U B0 B LS Pt SEASCOhY s s

Decentbes per29iosn t ubi ng adj acent to the vessel hull or
structure. BACKGROUND ART Foul i ng of marine vessel
hul | s and other structures in a nmarine environnment has
al ways been_a_serious &r obl em _The formation of

i ncr ust at ¥ BRERGLINGPRANSORED RESEARLH SIATHNENT

fouling organisns, will increase the vessel's weight,
tKef #hYicager easi ng the avail abl e storage space, slow a
vesseél underway, increase its fuel consunption, and
make it difficult to handle, thus reducing the
vessel 's performance and efficiency. On fixed

structures, fREFERENGICTQMERQBICGHHE APRENDIXUs

structural |oading. Fouling al so damages the vessel

hibi ap@sgoipai nt, thereby exposing the hull to
corrosion. Vessel hull fouling can be renoved while the

vessel is in place or in dry-dock using nmechani cal

and/ or chem cal nmeans. However, these alternatives are

frequently unavai | abl §ECHNICAL FIELD

This disclosure relates to systems and processes for control and prevention of fouling
of marine vessel hulls, including anchored and/or moored vessels such as floating storage
vessels (FSOS) and floating production vessels (FPSOs), as well as fixed structures.
Specifically, the systems and processes described herein relate to preventing fouling of

marine vessel hulls and structures by the controlled release of an anti-fouling composition

through disperSion tubing adjacent to the vessel hull or structure.

BACKGROUND ART

Fouling of marine vessel hulls and other structures in a marine environment has
always been a serious problem. The formation of incrustations of barnacles, tunicates, and
like fouling organisms, will increase the vessel's weight, thereby decreasing the available
storage space, slow a vessel underway, increase its fuel consumption, and make it difficult to
handle, thus reducing the vessel's performance and efficiency. On fixed structures, fouling
increases weight, and thus structural loading. Fouling also damages the vessel hull base

paint, thereby exposing the hull to corrosion.



10

15

20

25

or are available only after a long wait. Wen a vesse
hul | or structure is cleaned in place, it is comon
w@e@chiees t o use divers, however there are i nhRCEOB2006/062260

dangers whenever a diver enters the water.

Addi tional ly, damage may occur whenever a diver cleans

a hull or structure. Wen a vessel hull is cleaned in

dry-dock, the vessel nust be taken out of service to

t Viessaekhulb&iuliay @bh db removed-wibitk thewrbseh isumugbdeyor idsdildeck using

in substaq{ial adverse_financjal consequences due to
mechapical arlorscheygal gpgaps bfovteyer, tagsgiakieatisicre figauentlygmavailable,

0 | r . . . p, .

or are oAb Vol A7 o WIEE. W W YELIRRE: pf RARNL if¥loened  place it
commoipsaztise gnude disers, hegieatiery agridherant dangere vlgnever a diver enters

concerns, It is inpractical to renove fixed structures

the watery mAdditionally, i Mgy oRgevhesvehadives degss & hell or structure.

When 266% L1 s a&énléﬂ‘%n%ﬁ{{-ﬁgg{ﬁ Gt Qze%gft Bt & ?’%{eﬁlo‘ﬁw& service to the
rel ease such marine gro Inhibrtors such as copper

nearesOr atdilabkaldrg-dock, uwdiicly sdualigonsubasid qubdbtahisal \Wdivebe financial
are ultra-snmooth, making it difficult for fouling

conseqiieyest Aigdo dhe erptremat Py drethe wequited verrks b alsostop theefifhire time.
e [ . ) . e. .
Furth PG LR A0 B 6l O LA Bl it
regulafory bnd gnitisnatenpil ackceagailnis itopepeticalitg rethyvalficdd sigchifres from site
the vessel to renove the fouling material and to
for cleagiggi nt the hull. Also, these anti-fouling agents
remain in the marine environnent for a long period of
time. Therefore, the nost toxic of the antifouling

cBamedigs that avseregouskinbess tiest inglude asing goxie paiptsithe slowly release
repl a Vo toxic, but alsp |ess effecti.ye .
such oo RS B8, 4 s o0 oS of pERL e based patos,
whichQR€ hiRtLsnhdbti}, MEihg € ERWultBMERling Vrgmid® fBete0d (B surface of
time, such as FSOs or FPSOs, fouling is an even R
the vegpebbiplér Thess prathaeds Arpelieative ppiildhe inhilkitors aretleasbed fgmaihg paint, or
reventing manide.fouling invol.ves using,a .
the paffse o, IR Bk Wit P Ferit e B g oging pf figeressel to
remove QB¢ fIuPRE thAdHi BRI fePaint BRIAI AIBS th@elanBffodintes®els remain in
and a neans for supplying an electrical current to the

the malfing enaramentTife &l palofsofstine. sEherefaree theymedutesis of the anti- |

foutin Sk AR08 845025 SNb A 15130 H 200 AT LIPGF LIAE ot atso
] t

less effective coatings. For structures and vessels expected to operate in a marine
environment for a long period of time, such as FSOs or FPSOs, fouling is an even greater

problem.

Another approach for controlling and preventing marine fouling involves using an
anti-fouling system that includes a pair of electrodes positioned on opposite sides of the keel
of a vessel, and a means for supplying an electrical current to the electrodes. The electrolysis
of sea water produces toxic agents such as chlorine and sodium hypochlorite adjacent the-

vessel hull that remove barnacles, algae, fungi and other marine growths,

However, such systems do not provide predictable control of the concentration of anti-

fouling composition delivered to the hull. In addition, the electrodes require regular
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vessel hull that renove barnacl es, algae, fungi and
ot her mari ne growths. However, such systens do not
w@e@viods29r edi ct abl e control of the concent r at PONUSH006/062260
antifouling conposition delivered to the hull. In
addition, the el ectrodes require regul armai nt enance,
which may be difficult since the electrodes are
positioned on the outside of the vessel hull adjacent
maintbihck 8%hich %M@Elt%nc'e ng{%;@ﬁe@éﬁet jed on the outside of the
rocesses fof the prevention o oul1ng of mari
vesselladbadjadent the kaeld structures, including vessels used
for floating storage (FSGs) and production (FPSGCs) 3
wi t hout the need to take the vessels or structures out
of the water, are di |nvolves t he
controll ed reIeasé8g§ﬁ22§§ﬂpﬁi$gﬂﬁﬁﬁg%§ osition
rel eased bel ow the water line in a manner that
cﬁm’stannssaml pwfcésses dort thpopievertiodf of Heulbigr bR ek erosdl hulls and
or ructure that is bel ow the water

StruCtWe?’h 11“tc %tvesqe ubsedgfas oHpame: plerree o SQsy ndi Elioéh‘lftlon (FPSOs),
o | |
S T —

involess thrccantielled adledss oDat ai- fdithnglabmpoémmﬂdlé‘as&mﬁbw BSwater line in
hergilanafter referred tg as "surface of the vessel hull
a marger e sfficigat pariion of fresuefacs awge of thevesspberwucture that is

. ld b
belowhfﬂ e\yglt%% O%}E %ﬁ%@nﬂtﬁﬁ)‘ﬁﬁﬁg fxﬁgsciﬁo he@%ﬁsﬁ%’%@%ﬁg ogng pf time to

prevemh&)ulmgs EBbr fimplicity, thé portion lof tHdairfabs afeelof\thd Vséhaiul ror structure
n aspect, enbodi nents of the invention provid
that lsabeﬁ?%é

wafes ing iy foprstimeg hereivatter ety asoivpdiatetalhe Vessel hull
or strifftfe®iol ua%hﬁe pgl.ﬁ’ﬁl@é §1ré:¢1rb‘}4 tﬂ%i %§ssgﬂlﬁly oF ks | f}?ctgrn "ul}(}v%evgr these phrases -

antl-fo i ng conp under wat er

* shoulg ae tunderds@ot yto ameanrthle pmmrof&hé tageQreoNV @8 SRbseUhll or structure

e an effectjve, anti-fouling dosage to at |east 60%
tha“sﬁ?el‘i’vﬁ@es‘ﬁ‘i‘tﬁ%@ area of the underwater surface for a

period of at |east two m nutes, wherein the

anti-fouling conposition is delivered to the

u e @peat csmbadimense of Hhe dajrentiop |pneie 1ayprof:ese penideliecring an anti-

east one, t.ubi menber ‘
Tl R R et e BN oo BT U BB S amfichult i orpppsiton to
an undeRite gaefbdTRiakSouldriCard hAC@H atcl YWHIFRRY of AGLMERRUIL at 20 effective,
generating the anti-fouling conposition on-board t
anti-feylingdogage, torpd dasc@(%arof yhe surface area of the underwater surface for a period
of at least two minutes, wherein the anti-fouling composition is delivered to the underwater
surface through a pluralify of openings disposed along at least one tubing member having a
longitudinal dimension and a transverse dimension. In some embodiments, the process
further includes generating the anti-fouling composition on-board the structure, particularly

where the structure is a ship or other marine vessel. Some embodiments of the processes

described herein may be suitably carried out with the structures described herein.

Thus, in another aspect, embodiments of the invention provide a structure that
includes an underwater surface; at least one tubing member having a longitudinal axis and a
plurality of openings disposed along the longitudinal axis of the tubing member, the tubing

member being positioned adjacent to the underwater surface; and a means for supplying an



10

15

20

25

where the structure is a ship or other marine vessel.
Sone enbodi nents of the processes descri bed herein may
wheoogidsabl y carried out with the structures deCDUS166062260

herei n. Thus, in another aspect, enbodi ments of the

i nvention provide a structure that includes an

underwat er surface; at |east one tubing nenber having

a longitudinal axis and a plurality of openings
anti-foﬂlﬁ%%ﬂﬁbo@itﬁﬁg td hige| ourGick Uthrévgdh aé Stubingt heentbiehi ndgn particular

menber, the tubing nenber being positioned adjacent to
embodiments; e vndereptessifoge i 2t lasgt aportiemyndgwaisy pafase gga vessel hull,

ananti-fouling conposition to the surface through the

tubi ng nenber. In particular enbodi nents, the _

Undertaia embediminise thesunderwaerssurfacp of tthe Atregiaier e pertion of the

surface of .a vessel . h ..ln.certajn enmbodi nent s he
undervI Ree PF SHePaalr  THEMEt FEctpbty £ 8 VRS Pb Aot suoture
havingldhQidBReMahefhce 46kha eRbodinfenkeBfiBlr dddigrise Wigdahe Fortph®iucing the-

_ structure is a vessel or another structure having an

anti-foulgecampesitigur f ace, sone enbodi nents further conprise

a means for producing the anti-fouling conposition.

Sone enbodi nents of the invention include a plurality

dSomel binbgdimentyesfsthh anventom imdudsi mphirdloy gif tutdng alembers having a

.di mensj op from about 0.Q06 of ,underwat er surface
combid Ryl SLRPRBOT b IORHAODS MUY R B PELET Siats e to 0.06
m/m?® S RAGLVERE Surthlte alel Pl 1GotHE! '%iﬁﬁ@diﬁ@ﬂt@, oMb RROMEMBed Hhoe from

openings per square neter of surface area to about
about 0.0299 opaeingnps soearesyetar ef steface acde toabbuic@® 197 ependfigs per square

underwater syrface to be treate

meter @fiSURIFeFES Oh Ty 2 SHIRGRHI%h %Patgﬁéﬁ%aﬁgéu% embodiments having
1f i .at.i . 4 it . ; .
T s e D

di mensi on, ‘sone enbodi nents of -the invention include a '
¥ f h.0g.; ei | & it . .
b b LB TRASE LR, ML Bl Lt B i
includé apainaityodf WBlnigBEmbes twierem the platilitngf opumpsiare conffured such
an effective dosage to at |east 60% of the surface, “ ,
that the sgsiemfs paRableefioEEnS B epEdeuling composiot gn cifgctive dosage to
I t ' : ot ' S j . :
at leasﬁé%eolfstﬁ\gsx{%a%g e of lﬂ% %dgﬁ%%?ﬂ%?ﬂh%@tas%egé& I%\i; ét”l %sggxaoe minutes.

are configured iver an ef

o

" In othef ethbediaRhis; fRUbiAg EENRIS bid Qhfigaredtto] RESEr ADSMfEctiv @dkage of

of the surface area of the underwater for a period of
the antitfonlingseongmsitionde asleastypiacial N0y of the sydrceartapfdheundeqgater for a

peﬂods ¢ I\tal%zexstaé’(')e%irim%esq elf%igglw?%e percentage of the surface area is determined
using a compuiational fluid dynamics model, but any other suitable method can be used.
Some tubing members have a "hole density" (the number of holes per square meter of the
surface é:fea of the underwater surface) ranging from about 0.0915 opening per square meter

to about 0.197 opening per square meter.

Any anti-fouling composition may be used. One suitable anti-fouling composition
comprises sodium hypochlorite or reaction products of sodium hypochlorite with water.
Some such anti-fouling compositions include a solution of sodium hypochlorite capable of

providing at least 0.2 ppm available chlorine to the underwater surface.
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using a conputational fluid dynam cs nodel, but any

ot her suitable nethod can be used. Sone tubing nenbers
whaone/02632hol e density” (the nunber of hol es pePCHUSENE062260

nmeter of the surface area of the underwater surface)

rangi ng from about 0.0915 openi ng per square neter to

about 0.197 openi ng per square neter. Any anti-fouling

conmposition may be used One suitable anti-fouling

C .

Rt Aibece RSO R R IMYAROH PELNE VyelhORY Bllvering an
anti- famhmg Camppasitipnc oEmbedltnentssoﬁ such yolteras Smdlude a)meaﬁs ﬁ@dielimring an

ochlorite capabl e of oviding at Jeast Q.2 m
anti-5 15 SRR P e e B B s oS S g a4ent 1o an underwater
a0y S5 Rbr SPPRITISH S, AL LY LSRN o
pluraliylddipamingsofduitable size)ent etsuitablyl locttions swdinthaif the at least one tubing

del.i ver n.anti-fouling conposition to_at |east one
menmbers ¢apa t’i@rﬂg thFé’éﬁgtaP&ﬁ@(ﬂméFd}O&é&erﬂ f theantiriquling compesition to at least
0 e | |
60% %E ea&ﬁllefégegc% %ﬁ%w?u%é#ﬁ{g te#{t))%dﬁﬁeél\r@pelﬁlﬁﬁlgsmgﬁg rg% +r1¥1§ a combined
longitullimap divergonofiora uibbaibd 006 inz/e’ af dindérvaitkrt sabface h&@adi 0@BSm/m?® of

such that the at |east one tubing nenber is capable of
un ela@it?fv%arﬁaaﬁ@ g geratswaly sutale, &ﬁpwﬂllmwbmf ey japRyconfigured to
d t
provifi ik MypkPhuBle Eiiond Sl b BrollREOR Rier st B avaitabe
chloﬂmﬂgthmﬁdﬁ@atﬁlsnﬁ‘a&on from about 0.006 n1m of
underwat er surface area to 0.06 m m of underwater
surface area are particularly suitable, especially
WA st bh@iertdsPe Odthbatimests b tHerifverion dr&aak 8 Method of determining .
hypochl orite sol ution capable of providing. at |east ‘
an amr%rwmﬁrawt 04 @n@nﬁffp@hngw@mnmtm tgrhﬁedalm@d agumﬁartwter surface

BRI R -
repre€éiigitive oifa afradt ﬂlov'@ Qlifetiiéh 6P ﬂm’PWaidr an whickehé %és\éﬂseﬁosmoned

an underwater surface of. a vessel hull. In particular

| -genergii dispeomdsignah sepresehigtive ioh @Iqm@ntgﬂm rsawdngf thefwatert in which the

naL represent.ativ rrent rectio
tﬁlég

vesse?h AL opPd; §EngHAHRR 2 glgyiemegerﬁ%tévct c}liloangaglperature 09 the water in

whicly @RE v ekélng pdsHRaed) tandll 1%?14 tHeeﬁfs€§i%ﬁ£1atthé/ SecBhd Rigadl, 8B tthe third
fl ow speed of the water in which the vessel is

signatpsgeniersired| fougidraignal repyesantative of e gobime @fpﬁne@énfoahng/ eomposition
to be WieRfeMperature of the water in

“In some émbodiments, the method determines the volume of the anti-fouling
composition to be released from a delivery system provides an anti-fouling composition at an
effective dosage to at least 60% of the surface area of the underwater surface of the vessel
hull. In some embodiments, the method determines the volume of a sodium hypochlorite

solution capable of providing at least 0.2 ppm available chlorine that should be dispersed.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is view of a section of dispersion tubing in accordance with an embodiment

of the systems described herein.
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whi ch the vessel is positioned; and using the first
signal, the second signal, and the third signal to
w@emanaized a fourth signal representative of thePCT/OB200€062260
of an anti-fouling conposition to be released. In sone
enbodi nents, the nmethod determ nes the volune of the
anti-fouling conposition to be released froma
delivery system provides an anti-fouling conposition
Figare Bi @oid-scetioles alhv bPa abotlmast digi¥eied tlude: ftdidaiBnce with
area of the underwater surface of the vessel hull. In
an embggdigentraf dlg sysisns desEbedierséd det er ni nes the vol une of
a sodi um hypochl orite sol ution capabl e of providing at
| east 0.2 ppm avail able chlorine that should be
drigpeersied. sc&m&i% dbsaRriof Th EMbORIMEHE o DRAHESs Besgribed Herein.
is view of a section of dispersion tubing in
accordance with an enbodi nent of the systens descri bed
hidgeien4 s gudepi@idns of ao ssutwdimentnal awv iati-fohlig seaposiion release
of dispersion tubing in accordance with an enbodi nent
SYsteyt t he systems described herein. Figure 3 is a
schemati ¢ di agram of an enbodi nent of the systens
described herein. Figure 4 is a depiction of an .
N8BT emte Sepiehpmapt An feshadirgentovdp e iantidauling eemposition release
Symﬁnﬁysten1 Figure 5 is a depiction of an enbodi nent of an
anti-fouling conposition rel ease system Figure 6 is a
depiction of an enbodi nent of an anti-fouling

sit..on.rel eas stem,. BEST : CARRYI NG. OUT
TRERRNR R SRR B B e B o e GpH YIS BUBROY RN release
systendr eventing and/or controlling fouling of marine vessel
hul Il s and fixed structures, including vessels used for
floating storage (FSGs) and production (FPSOs) w t hout
the need to take the vessels or structures out of the
wat er. ThEESYMERE BB (HRRENEOVE TR INYENFEON -

controll ed rel ease .of an anti-fouling
Systems and processes are disclosed for preventing and/or controlling fouling of

marine vessel hulls and fixed structures, including vessels used for floating storage (FSOs)

. and production (FPSOs) without the need to take the vessels or structures out of the water.

The systems and processes relate to the controlled release of an anti-fouling
composition about the surface of the vessel hull or structure. It has been discovered that, by
carefully controlling the release of the anti-fouling composition about the vessel hull, it is
possible to iarevcnt or control the growth of marine organisms 'on the surface Withouf taking
the vessel or structure out of service. The systems and processes described herein can be used
to prevent or control fouling of a vessel hull while the vessel is anchored or moored, or while
the vessel is underway. The systems and processes described herein do not require the use of
divers and/or placement of auxiliary equipment in the water (other than a dispersing means

for the anti-fouling solution), as is necessary for removal of fouling once it occurs.

As discussed above, the systems and processes described herein disperse an anti-
fouling composition about the surface of a vessel hull or fixed structure. The systems can

include a production and/or storage means for producing and/or storing the anti-fouling

6
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conposition about the surface of the vessel hull or
structure. It has been discovered that, by carefully
w@oenwriond3ke ng the rel ease of the anti-fouling PCT/US2006/062260
conposition about the vessel hull, it is possible to
prevent or control the growth of marine organi sns on
the. surface without taking the vessel or structure
out of service. The systens and processes descri bed
solutidtg raelirzlihsﬁalm nen $edirdmspertiay ehd selitiéd RofothefRoduction @hd/@r storage
vessel hull while the vessel is anchored or noored, or
meansi9i § disppisingamsass, prd g ﬁeﬁ@pmyg TR, SYat ¥nts digpersion tubing member

v RG5O SRAEEA D U PRI B e o

the vewsl Bill boéthrturt.han a di spersi ng neans for the
anti-fouling solution), as is necessary for renoval of
foul ing once it occurs. As discussed above, the

A gpatiheulingSoptiersses described herein disperse an
antifouling conposition about the surface of a vessel
hthé a8fi-thitRAc S d4RIONT I8 -any REILBYR ttﬁaﬂ’f‘caﬁ gﬁ‘e\}eﬂg hAt6: @ontrol fouling
producti on and/ or storage neans duci ng and/ or

on thessusfacegf theeressehhull bostiictigs.o lALHOId[lm,l hypdchkmﬂcp solutioremrse example

for .transpor.ting the, ut| from roduct.i on
of an ayfifoyling Shihlign &g ftie g Hespal g.Sﬂé‘uWe@w cHiGil SBiution s due t
"avaﬂ%l@ PEISHAY" B RAsurs Ugh tRS oRidiling ed’a?hﬁﬁf b b(h@ gso'ffﬁﬁﬁ’ Hypochlorite

having a plurality of openings, I'spersing t
expressad iin fieralsi ofgchdonpo s I' Availableoctlbiines urah dwecadéulstbé byemsigiplying the

b Sl i
molecBla8 V\ﬁ&%hta Bf/sBdiukO 'Eﬁfﬁcﬁhlcyfrf@éJ 1@?)&13% %fh@cﬁugf 70.994.5). _For

vessel "hull or strlcture. orite
examge] thei @vmlableoddomxeal(rﬁlze @fncemraanmeﬁ 2000 gprsw| sohition. of sodium

—

‘ ul i ffec a sodi um hypochl orite
hypocgg &g‘?p(\t: Eeq? ‘i?ﬁ ®Schl orine," a nmeasure of

t he oxi di zing capacity of the sodi um hypochlorite

expressed i Ibdoeﬂp‘i@NQf)Cf?E'(% mt"ggﬁl Sanbiecine”

can be cal cul ated by rrultlp y|n

o %B+&5ﬁ5§or? ﬁfgo%#ﬁhﬁ mg&rlé%F eaftb %o {ﬁgnne fouhﬁlg is low.

ECU ar wel ECU ar weli

Any db‘s1rslﬂdldd>ﬁb¢mmﬁ61|i1lr@dy be u(sdsd e Whild ldvpdrydorgentyatioR® nict b® used, an
70.9/74.5). . For exaog]g the available chlorine (C
effectyvecf&ﬁé@mﬂanuqfrﬁnowaf 08 coBIPOSHPY i Hah @8 agdhafnincludes sodium

hypocﬁ%?f?&,h*ygfcahﬁ &Bﬁ@% )at Gt gﬁoﬁabﬁ%&%egvaﬁiblgoéhlgﬂvfe in the water

surrounding the vessel hull or structure surface to prevent or control fouling. Of course lower
concentrations may not. be as effective. In certain embodiments,. a sodium hypochlérite
solution which provides at least about 0.4 ppm available chlorine concentration in the water
surrounding the vessel hull or structure surface can be used, and in still other embodiments, a
sodium hypochlorite solution which provides at least about 0.6 ppm available chlorine
concentration in the water surrounding the vessel hull or structure surface can be used.
Higher concentration of sodium hypochlorite may be used, it may not be necessary and may

raise envirommental concerns.



10

15

20

25

2000 ppm NaOCOl x (70.9/74.5) = 1903 ppm available O 2
The concentration of sodi um hypochlorite required to
wa@eobaresamri ne fouling is |ow. Any desirable PCT/US2006/062260

concentration nmay be used. Wile | ower concentrations

may be used, an effective concentration of an

anti-fouling conpositions, such as one that includes

sodi um hypochlorite, typically provides at |east about

0. ' i Iit ' t : ' ;

{KORR BB AR nE QBT ihe ek DNl S 4P Mborite may be
used watht tholsystembk iang . prafessssuteseribedvisareinp imebriimg forosxanmpds; compounds

ot. be as effective., l.n certain enbodi ments, .a

capabi%%ﬁﬂf WW@‘%PP@%% BSPEH%hi ch provi des at | east

about 0.4 ppm avail able chlorine concentration in the

ter surrounding the vessel h-l%llél or structure surface

cdh spe sthedimens,; the dpyenfion pRdroWiRgoRATARASIION eanshriggrFrated on-
. | o V .- .
st PRSP L AL UL TR, pbnbSaely Ehflpe o
hypodhisriteueldétradytid eomesssal ofisbdiuoy clibride inseavsdierd eqvebe porformed to
be used.. Hi gher concentration of  sodium hypochlorite

generﬁtgyt.hg sogivgy hypachiggyse.n Jon-pige ﬁg@ggg%pf of g%%g)ypogh@gte reduces or
ctini 14 ERATEAL Sk IR6ES B SRR S ORFR Rorgs of parions

chemivalsus Bdalys réduiche o8 \ebihdnaenhahPingcelS Bk cbemsivieb@aterials, since the
herein, including for exanpl cqonmpounds capabl e of

sodiugy Bpechiggte Ay kel led an g€ qsgd PHIE pystem. Retsgprel on the vessel or
seso SR VET By L LA SR s
systemS.i NFuatheraniti rddacds g eclonipates t ewironaiEntal Séoi@eme dbetause sodium

: hypochlorite, electrolytic conversion of sqdium
hyp,oca%

1He igdfecHve incpanlet e doulpgripdeweaneirgionss Hiraverigdo salt and
. i. | j . . P _ H . H . HE .
vt OSHTMNPREN, 51§ B £ QAU 8001, 9K Ylronment
I ssues associated with transportation and storage of
B. h&tarage/Prodieioncef the Alrti-Bbsling $eluties or el i m nates
handl i ng of bulk corrosive materials, since the sodium
hypochl or.i

S oTheR thif R 50 a8 appigpels yeran iy S Raigi] pribesition for

 useid @ sPREnd ShPRBERES RRBEHTRIHRER, Bad Beusad 'Mh'ill%f, the storage vessel will

_hypochlorite generating systenms. Further, it reduces
resist gorrebiomiwlenexsntated rwithnéhet adti-oohivg solstion.bdbasesef skolflinithe art can

readily select an appropriate storage vessel taking the nature of the anti-fouling composition

into consideration.

In embodiments where the anti-fouling composition includes sodium hypochlorite, the
storage vessel may also include the appropriate electrolytic equipment, for example, copper or
other suitable electrodes and a means for supplying an electric cutrent to the electrodes. The
hypochlorite concentration can be measured using techniques well known to those of skill in
the art.

C. Transport and Pumping Means

Any type of transport means, such as piping, and any type of pump which are not

corroded by the anti-fouling composition can be used to transport the anti-fouling
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hypochlorite is effective to conbat marine fouling in
| ow concentrations, it reverts to salt and water
wowaohiom329 short tinme, and it does not | eave reBCTIUS2086/062260

detrimental to the environment. B. Storage/Production
of the Anti-Fouling Solution Any vessel that can store
an appropriate quantity of the anti-fouling
conposition for use in the systens and processes

compdsitioh | PG 16 HRbdUCEBA dPestihagd uﬂt%ahl%ydl spetéin trﬁ’éaﬁs Et%at ultimately
vessel will resist corrosion en contacte

deliverst thef euti-foidingocompesitionTHos theo burdidel bf |thetheir hula:acrr structure.

readi.l y _sel.ect. an apptopriate storag essel in
Repf Rl GRETGR o R BIEeR g ey T metoets Btk fberetiss, PVC and
other@P4isit dRkcHalDBrd 4 Parkdtp @ﬂbﬂﬁsmcﬁro%%&@s1§t&% éﬁﬁhg w4819

conposi tion includes sodi um hypochlorit e storage

vessel may also include the appropriate electrolytic
D. eddispersing Meams exanpl e, copper or other suitable

el ectrodes and a nmeans for supplying an electric

c T o)

copec - Kb GoReBEHER LR e Al 8 il e o s pessel il or

structlurtounng any bbs eanidty Idhdpetsihghhéanar tThe(dispbi € BRAAs A be able to
Means Any type of transport neans, such as
prOVIB? BW& l-faﬁlangawnwapndp aptiblanPilenaganeradly at inapicdbent GY%, of the
[ [ans
st 85U e SRS WP i Bt SRR
storage unit to the di spersi ng neans that uItlnater

S o SRR ek B o e
havingai glutatitysof fenihgs, Wikerdk b @R itiefollifs 8o {)&%llon through the

titanium fiberglass, PV an other plastic materi als,
openiggagdelivss the sglulgen totthe surfase 06 dicoressed Bk brstrucpirpi ng
‘ materials. 'D. D spersing Means The anti-fouling
conposition can be dispersed ta the surface of t he

v édweiibing| herobers can be umagle fginmg \anigtyodf matesinise tBxendplary materials o

o R B TR s

_ matelﬁ’aﬁét 'Iﬁ@ ’thlgﬁ{é% at tﬁé @htelifRH 1AM Qﬂe/fhh ?H??n%@ rﬁc‘d’?x? @bout 0.05

of the vessel hull or structure s o
mm tpraboeintzoman@he dlanmhetrrafltheedlbmg member can be up to 200 mm. In certain

embodiments, the diameter of the tubing member is from about 25 mm to about 50 mm. In
other embodiments, the diameter of the tubing member is from about 50 mm to about 100
mm. In still other embodiments, the diameter of the tut>ing member is from about 100 mm to
about 150 mm. The cross section of ‘the tubing members can be a variety of shapes. In
certain embodiments, the cross section is circular. In other embodiments, the cross section is
a half circle. In certain of these embodiments, when the cross section is a half circle, the flat
side of the tubing member can be disposed towards the surface of the vessel hull. In other

embodiments, the cross section of the tubing member is elliptical.

In certain embodiments, the anti-fouling composition is released through a plurality of
openings in at least one tubing member positioned adjacent to the surface area of the vessel
hull or structure, and is released at a pressure of from about 1.5 kPa to about 280 kPa above

the hydrostatic pressure existing at the plurality of openings. Of course, it is understood that
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In one enbodi nent, the dispersing nmeans conprises at
| east one tubing nmenber having a plurality of
woep@niongs9 where the passage of the anti-foul i PGI/US2006/062260

conposition through the openings delivers the solution

to the surface of the vessel hull or structure. The

t ubi ng nmenbers can be made froma variety of

materials. Exenplary materials are fiberglass, PVC

. el [
the 13RS E IRo R o AR Glcinls KL Ak ot Bk BB of pater at 2
partld;lﬂa' (mmargl. alnsother d%mlmdlmbmm,gthﬂ&ﬂﬁ&bﬁluﬁ@ﬁomm&nf 1sadleased through
ﬂw]ﬁ r 05 mmto about 12 The diameter of t
B g

Oﬂﬁ%é?gsc%a Becstigety Do ahent Pnkisera gt 180 Pa sbove the
iR g 0 MUY of BB o TSR g, e

anti-finHing tcempotitibh s trelbased thenighrthe sphirmm eboepenidd MNheat least one
about . 100 mm In stlll ot her enbodi nents, the di aneter

tubingr member ghp mge%ﬁtfér 78 3hoghSdgsuto st i kRe alwyetthe Suydrostatic
ﬂ%ﬁ; e tubing nenbers can be a
resé\i}gﬁr?xg%l@ o%? a{pe (ﬁ?}) glgelr %gl n enbodi ments, the cross
section is circular. In other enbodi nents, the cross

segll [ tain. of these
S8R e SuPrlhdy b b G581 B! ol o f et ot nd
fixed difuciured. Thid deidik th@ aseU1? 118 Bp et €liat SR syRCenel GROFRA herein can be
towards the surface of the vessel hull.” I n other

provides dai priariety, oft qenfi gvr@fg,@nsSf@cqnsm dsfivenyeoftantsiffegtive Atsage of the anti-
fouhﬁ%léomt aI T}le S s? salurl] dﬁ]gb %néts gﬁa%{] gfl? ? \ L]&fgoynemb%r having a

ron Is ease

longioyatid] ng&s iad af tﬂaﬁs’i/@fseoﬁ@s t ateh NGicHBPRE ReSbérl BAGAS a plurality of

adj acent to the surface area of the vessel hull or
openigs fispepe alang theslonémechgdm o%thgrtubmg rl”eemberf rhieagicaiportion of

each Jsugh llﬁgﬂl trﬁerﬁg?r 1 8085? on%eﬁi e c:?vgl) 11:e| \%v? erlh to’ %e surface of the

pressur exl s

VeSSEQ QuullSeR striubtukes WAEl SR irn@0 glzé @ﬂtﬁﬁ?@ﬁﬂﬂﬁﬁp@ﬁﬂngs 5 &é%lﬁg member
at the plurality of openings will vary with the depth

may gerydependiag oa ﬂpﬁawrfaé@llama o e vesgel huil @tsmncture to be covered and the

t t he ant lin osi t,ion rel ease
votu BB TR Bt bR SRR B b8 ShE RS er
from about 2 KPa to about 100 kPa above t he
oo 3, 5 L RRY i -SiB bl Bh b hi Yei osgings 3
spac&PABRS tHel lﬁﬂgl'tlﬁhl'ia@laﬁﬁstﬁQhé gﬁ’x'rggﬁlefrmgr p*rl;ﬂ}%glrbﬁﬁg’mgﬁlber 1 is disposed

openings in the at |east o ubi n
below theswatedinefand adjacath tuthe SukRa dfa \&bmh hull br #tRetab Sy FIGhEprovides

hydr ast ati.c Lo .
a crosy-sec%gnael vicw of the view of the same embodiment depicted in FIG. 1. The tubing

member 1, when positioned below the waterline and adjacent to the surface of the structure or
vessel hull, can be in contact with the vessel hull or structure surface or can be positioned up
to 12 mm from the surface of the structure or vessel hull. Generally, it is desirable to position
the tubing member so that the anti-fouling composition is released into the boundary layer in
the water that exists along the surface of a vessel hull or structure, if either the hull is moving
or the water surrounding the hull is moving relative to the hull, as for instance a moored ship
in a current. The boundary layer is the region of turbulent flow adjacent to the vessel hull or
structure created as water flows past the surface of the hull or structure. Releasing the anti-

fouling composition into the boundary layer reduces the tendency of the anti-fouling
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pressure existing at the plurality of openings. As
W Il be appreciated, there are many different sizes
ware7shapes of vessel hulls and fixed struct urST/UIINE062260
being the case, it is apparent that the systens descri
bed herein can be provided in a variety of
configurations to ensure delivery of an effective
dosage of the antifouling solution. The systens
compb$§i88h lty peNGlstiCaily O8RS theORBsdl YRIING FRIRLE H@HRE 1Bep the anti-
| ongi tudi nal axis 'and a transverse axis, each such
fouling dompgsitionie cortiznt iwith the pirfircaloif the websedbpelhi ngs di sposed
al ong the | ongitudinal axis of the tubing nmenber. At
| east a portion of each such tubing nmenber is
pdsithe emballiehodegitted waFEG) 1 aad 300. 2dihacpehing 3tde positioned so
of the vessel hull or structure. The spacing,

surfac [ aci ng
that 1 1y OF flp a0Hi=A0ulied COTRROHSEY 68 terPReRtaes 35 pgalielin e surface of
I di . J Y/ A
e RS P SRBROUTS 5051 SACL 1 B Sl 5Bl momv
may baipositionéd ay vedogsosnglenrelatbei toethet surfiee rofl thasedsd M, although
..FIG 1 depicts a section of an

g<3nt=:1rt )Zﬁzbggiﬁglgq %%ggﬂgﬁ%&e 35 LG evlcaspdivin(ppening} go that the anti-
o A5 Y i U o, .,

that thweentir fourting eordpa@sitiacie deliteped hiasige of deevat aeayessel hul |
or structure 5. FIG 2 provides a cross-sectional view
of the view of the same enbodi nent depicted in FIG 1.

The ohe Rnibgdimddemhe peitng aROgdnetAedrciRl WVshfR, with diameters of
wat erl i ne and adjacent to the surface of the structure

aboutey mipetobpuhl Tm, @ad ableast $0%oei the ceniprs lof theeopeainge retspaded about

0ol S U 45 SRR ekl o
‘mm t&eiet a0 inym ahd af Badd 8997 dlthe cdnberd 85 tHeloPBnihBPark YPARE about 25 cm to

- menber so that the anti-fouling compositron is
about 4 emswarti dnothereemmdimenty, theppenings have diemeters ¢idabout 4 mm to

| St n face of vessel ‘hull or, . :
about Bl P08y S0%% Gidbe Bflertor oo ¥R fF wpSid dbapn pm to about
40 c1B WipaRUNBoN Cotipatdiidhhl FRidD¥nBgidse"erDYe Iﬁd@leﬁllTi% pikokes herein, a
.as for instance a .noored ship.in a current. e
contirygus apgyng ayept wes used toanddsh thef reteaschfor Examples\¥ and 2, whereas, in

scua) BE, P s BRRT L £ R PR of HBRS Sl Bty e
utilizddg hewas RGdé1be iPPkdrhyled 339 conposi tion into the
boundary | ayer reduces the tendency of the

anti-foul'i ngconposition to be carried away fromthe
E.  yvaysays of PispysingtYeantur e and hel ps keep the
antifouling :

Because of the complex geometry of vessel hulls and fixed structures, it is typically
necessary to provide an array (or plurality) of dispersing means, such as tubing members, to
achieve delivery of an effective dosage of the anti-fouling composition to the surface of the
vessel hull or structure. FIG. 3 provides a schematic representation of a system in accordance
with this disclosure in which an array of tubing members is provided. The system depicted in
FIG. 3 includes equipment for producing an anti-fouling solution. Specifically, a sea chest 7
is used as a source of seawater that is pumped to a sodium hypochlorite generator 9. Sodium
hypochlorite solution is then pumped through the array of tubing members 11, from which the

sodium hypochlorite solution is released through a series of openings (not shown) as
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conposition in contact with the surface of the vesse
hull. I'n the enbodi nent depicted in FIG 1 and FIG 2,
w0 b@7opsee ngs 3 are positioned so that the fl olnCDUS100€062260

anti-fouling conposition out of the openings 3 is

parallel to the surface of the vessel hull or

structure. However, it is understood that the openings

in the tubing nenber nay be positioned at various
previéuyy) @&cﬁl@éd&tSWﬁFé k8 tha§ e Bt ofllob@r MRSEEhmBltibn of the sodium

al though generally it is desirable to position the
hypocierite oo theé the| gemsmtdioran bpepani sigp estahtiratthend dosing may be

.antif.oulin onpositi.on is not delivered in the wake
admné‘%\‘iﬁ&t*@%ﬁ%&f%??@?%ﬂ?'ng nmember, i.e., so that the
anti-fouling conposition is delivered outside of the
m.one enbodi nent, the open

ke ar.ea. : [ . .
o AR ErHRR, FRIGTTPS, 1A SYRERS angiNFeceHtes Asbaitsd drereip gt capable of

delivéfiigt 9iaahe Hfspééin%eﬁg,darﬁ&gl-%ﬁ%% %groﬁnte%ti& &t &F%&@?}? Qbsage to at

t he openi ngs are spaced about about
least alaut 60% df taersurfeee asrabafdhereessel Hulleorapeacturyg sinhlvwe embodiments, the
di aneters of .abaut mto aboyt 1Q mm and at | east 80%
systerg 2 aracgsses AscHPed ﬁ%fegb@ﬁi%@éthapg deleing aglretivs desage of the
anti-thifP Sthp AidM AR Idast 'aﬁ‘mgt'hi% dof "@9 LB Sreat HEthe vessel hull or
openi ngs have. di aneters of about mmto about nmm
structared Iatstilledistr eBOUdfentd) ehecwstearsandpradesses destiribgd hevein are capable
aced ahout 30 cmtgo about 40 cm apart. For
of de taate?fg%‘fe 98-18%&600%9% AHf-tuling epmposttioniia 3t Agpspitop 65 the surface
area JT8hEVdse]l Aufl QP briliids opening or slot was used to nodel
the release for Exanples 1 and 2, whereas, in
actuality, because of strength considerations, a
seri f t - b ke tiliz e
§h! &stafl %Pé@ﬁ}e%{s&gg ﬁ%fg\sl:\ﬁ%é_ gg?a%% % Iﬁle ymtg-fmﬁmg corsgdsulon is

I
as was no np rays

- delivdped fierr i legst MeRncorBiaoeuss pertdd bhet kasm! exingReBtar ¥4 abur period to

vessel hulls and fixed structures, .it is typicall

Provige aris&utlips resulis oI éhes eafrodimpents rhe effeetivet dpsagss of the anti-fouling

' compg%eifllgx\?/ gfc%ﬁg?fg&'%lsﬁt fliagf BéS ttlHQd)u%%ggg{{ﬁg Eﬁz lﬁ?ﬁtt 39%{‘}” ﬁ%é th a 24-hour

‘ _ an et i ve dosage T
period nprosideiaati-foalitgiesslty. flacadilonilinboasaelts, thé bffedtive dosage of the

. Structure. FIG 3 provides a schematic representation ‘
anti-foguling copaositionns delissreshbior at Igpstione kpriintioys bersad f 4t feast 60 minutes
inangygpg%&gxg&[@%é@%%nﬁﬁ%hﬂgg%ﬁﬁs?rS is provided. The

. The configuration of the array of tubing members necessary to deliver the desired
concentration of the a.nti-foﬁling composition to the surface of the vessel hull or structure is,
of course, dependent on fhe size and geometry of the vessel hull or structuré on which the
array is installed. The configuration of the array is also dependent on the structure or vessel's
service. For installations on most vessels, it is necessary to include at least one tubing
member in which the longitudinal axis of the tubing member is oriented along the length of
the vessel hull, ie., along an axis extending from the bow to the stern of the vessel.
Additionally, for most vessels, it is generally desirable to include at least one tubing member
in which the longitudinal axis of the tubing member is oriented along the width of the vessel
hull, i.e., along the transverse axis extending from the starboard side to the port side of the
vessel. In many embodiments, a plurality of tubing members oriented along both axes is

desirable. Although the orientation of the longitudinal axis of the tubing menibers is
12
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FIG 3 includes equi pnment for producing an
anti-fouling solution. Specifically, a sea chest 7 is
wais@doas2a source of seawater that is punped tBCHUS2006/062260

sodi um hypochl orite generator 9. Sodi um hypochlorite

solution is then punped through the array of tubing

menbers 11, from which the sodi um hypochlorite

solution is released through a series of openings (not
describbDuwgxtaripigealong sither dieskengthes thSkvitth g thearkse] hal, ibR understood

used to allow for the accumul ation of the sodium . .
that theytubiagnesmbes BRY e ositinacdainslasdp thesp apes. rGpneaallya it is intended

it QSR B OB L5 BE B8 Bcping om e
bow t6)thd stem afthepiesset hial andes deasbetk bl member eagallaomf at least a
. delivering, via the dispersing neans, an anti-foulin

portiop nfig p¥ip Sxteading fram e ptaxpeargoiodhe pew side ¢ldhs vesssbhell. Tubing
membg%%aﬁfalgoht?e ?o%ftgot%hg ra?(z%_‘g\gl Tpr?éﬁr}? éilo%gstﬁé Iegg{hgontgcﬁ% XEOSSGI'S hull and/or

ructure. e he” sy
may berpositissebaldes thei vegitbahetie bNihaneseihallie., alongeln ey dxiéhding from
an effective dosage of the anti-fouling conposition to
the wajer line4s theitem o yessehiilsur f ace area of the vessel
hull or structure. In still other enbodi nents, the
sg‘stems_and processes described herein are capabl e of
ddhe wpading) betweet tlae: tibing tegdges withinhibe sinay -of gubing gnembers may

0 sitiagn fo.at | east .90% t he.surface ar.ea of .the
vary GRERATE b, A® debird porfRactont the polE AR M B oRERBL & oy ctace of
the veSidl BEH b€ othesASRrOfuch RS caiért TloQkArbRs SHOMRAAS i berhBodiment, the
delivered for at |east one continuous period of at

longitp¢ingh axes af thettelsing memters #ro spagsd frovalabat Srro¥e deout 150 m apart. In
anti-fouling results.. |ln other. enbodi nents, the. _. - - e

enoth i et e 7o s O S B A aEEB S 55 PPGH fram about S m

to abokel O/ RN Rrtf Y 2 Bird &ABSAINEE:, BRNbAAHAMR] BEs FmOhubAly members are
lleast 30 mnutes in a 24-hour period to provide

spaced v gbout 1m toaboitt39) mijapathddi t i onal enbodi ments, the
ef fective dosage of the anti-fouling conposition is

e R i e MO PGP ARL 23, 91

anti-fouling results. . The .configuration of the array

. ofTht dispagingenteksforegaspll yubie tiembes! cdriee gieghéd®ddjacent to the
coqcentratfl on of the anti-fouling conEosi_ti on tg the
vesselsipplk Be anyot! & rasisfieelmetheds.| The mepns for giaching theftulipg meabers can

' d_ georet.r
be ap g&gwgfg{% rﬁ%p%llr%ﬁ\%hsl:r%ﬁms?%ewgﬁ. §in éﬁca&fplet, t}ﬁe \ﬁﬂﬁﬁf Iméilrﬂleks, can be
attached directly to the hull surface or by attaching welded studs to the hull and strapping the
tubing members to the studs. Alternatively, pipe hangers may be welded to the hull and the
tubing members then attached by securing the tubing members in the hangers. Other

common methods for securing tubing can also be used.

As discussed, the spacing of the tubing members may vary. One way to provide
efficient coverage of the vessel hull with the anti-fouling composition can be achieved by an
array of 2 combination of longitudinal and transverse tubing members. The most efficient
array for a particular hull or structure under specific service and water conditions may be
determined using CFD mathematical modeling techniques. By positioning the tubing -

members in such an array, it is generally found that there is an optimal or preferred
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array is installed. The configuration of the array is
al so dependent on the structure or vessel's service.
wao-on07iomseal | ati ons on nost vessels, it IS neceBCHUF20€062260

i nclude at | east one tubing nmenber in which the

| ongi tudi nal axis of the tubing nenber is oriented

along the length of the vessel hull, i.e., along an

axis extending fromthe bowto the stern of the
relatiotRBpChetwhelichBhRU| Mheaf Q[hnéﬂ%gnsvﬁ'?%ﬁle? +wirlls b8tween the combined

genéral |y desirable to include at |east one tubing
longltnrémbbdunensmns ofithe W@mgm@mhm indhe axaysansk the erfaoghsireagof the vessel

hull. rﬁerrgee aj r I entn‘fsr, éﬁ 8?2%%(%1@&]9\,“%{1 &{%t cg%qtl h%l essec{lwgnsmﬂs of the

tubmgsfn%ﬁﬂ@ﬁsrtg ti5d HRfakOaleR8f BRVegsti Hﬁ’ll 8f sthddur¥ 8S8&th abbit 0IBOWm/m? of

nbodi nents, a plurality of tubing nenbers oriented
undmnmnmgmﬁumhnaxEd)O@ndmépfamkwwaw¢B¢Mm®hmﬁmdn@ﬂmennépmmnmm the

relati bty Bp S e TR G SiPE G, P CHERE PIFATieE gt he gprface area of
the vésgéi ]:Wlld&hstﬁfctlﬁé‘?s H@lﬁsﬁ)'ouhé' hbs m/hn?iot SHARES ﬁEQRﬁaﬁdﬁ@b 08 m/m? of

he tubing menbers nmay be positioned at angles to
surfadeimsaa bixaklitidiehembodipeniss thie selatiomshipeof the abmhbinet] diasar dimensions

tubln t ends st a port.ian of
of the JiBints e REREdh b T AT eret B Fesis! PIL o sEpigie fifat Hbout 0.01
m/m%@@mcefm& to Wi’ bR e dboeiIETDET ext ends

along at least a portion the axis extending from
the starboard to the port side of the vessel hull.

lﬂf ﬁﬂ%@ﬁ%&ﬁ? ﬂ?érefs% eﬁ% %}g@tﬁ'b;ﬁ Jo% %r&%zﬁé’ﬁeﬂtf&%m? between the

pol nt s al ong eng vessel

total naybdreflapshino Iftedll af chmg:ubimg meanbdrs af taxdysteni aridhthe surface area of

vessel hull, i ong an axi s extending from'the
the V%a@lé%r bflndn certiin @rr@@fhnaﬁ%fthet PR 9E otalppepingy er square meter of

surfa %%5 qg}%@ﬁ‘&? rﬁbbgte(\)/ gg? gg n%?@xr §%u\%€{ E'leﬂeaes u?%{:éa}fregfto about

ers nm

0.197capeaipt pehisgmdre dhetéhel sanfice ﬁnaml i gt}mﬁ epbsdinients, de fligber of total
- surface of the vessel hull and other factors, such as
openipgy Peéﬁ‘ﬂum S¥FteQd sRERcerEeaTanges fram ahat SboRnerdgper sanare meter of

surfa# A §49s g%m{lg' %fg Bﬁ*ahﬁ% IR fS s SRREeIm still other

roma mito m apar n anot her

embo@inhans, rﬂiﬂtnurrfdaﬁ of astgl bMﬂg%|paa>SQﬁarefmétb1eof winifatg area ranges from
nenber s are spaced fromabout 5 mto about 100 m
abouta{b@%i OpeMNgPEE ISvaTe anfies oif yarfece arerto 2beyt 9.88oReing RElssqyare meter
bi ng menbers are spaced from about 10 mto about
Of'smg%%r%&%part F. Attachnent of the Dispersing Means to
t he Vessel Hull

G. ‘Selection of Effective Dosage of the Anti-Fouling Solution

As discussed above, there are many variables that come into play in providing a
release of an effective dosage of the anti-fouling composition from the tubing members. In
addition to the size and geometry of the structure or vessel hull, flow conditions such as the
speed and direction of the water movement about the surface of the structure or vessel hull
are factors to be considered in achieving delivery of an effective dosage of the anti-fouling
solution. The speed and direction of the water flow is the cumulative effect of currents, wind,

tides, and vessel movement. Additionally, conditions such as temperature and vessel hull

draft are also factérs.
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The di spersing neans, for exanple, tubing nmenbers, can
be attached adjacent to the vessel hull by any of a
wao a0070t6329f met hods. The nmeans for attachi ng tPET/USIH061052260
menbers can be applied to other dispersing neans as
wel | . For exanple, the tubing nenbers, can be attached
directly to the hull surface or by attaching wel ded
studs to the hull and strapping the tubing nenbers to
t FBbngd UElSll Y HREOIhHNA Yondii Si -
.to the hull and the tubi nﬁﬁﬁb@?ggﬁeﬁ@ﬁac g?l(t%?ﬁimumg the
deliverycofr 4m gnti-felimgiompositieb dp sthe sutfhiee framgétlse vashichull or structure.

cO n,net hods f.or securi t ubi nhg can al so be ysed. .
Proocis G SIS ca i RO i tekmi A5y e o al e conditions
descritdly abdgee Wale tRotds®Vidiroff hbhb&NlinQRYE RYR oF édérl}@rggng signals

vessel hull with the anti-fouling conposition c
repregaitativg of oby onmoze pargmefersasuch ab cwadrit dlovodirdoting, dunaintredlocity, and
nd transverse t.ubi nbers. The .nost. efficient .
tempgrraﬁgeil O?ot?‘eawfitgf tlpcﬁ'ﬂgp | Yosg }é‘gf dR (Rpsiiopfliefo generate a signal
repreS@@Aive | o theWolife 3P IheVahiE ot tio ] -
P .determ ned using CFD nat hgorrlgt ?cgﬁﬁﬁg [ ﬁg&fléeé%aﬁ?%lﬁrg? an anfl
foulingy cqrapisitiomndeligetyaystembinydersotdeligerithe desifed zongentration of the anti-
.1s general | ound.t hat. fhere ] n_qgptimal or
foutin? oSG, o R HE R S bierioL BWb A0 PR and processes can be
ontr8iléE ¥et @REmple! uShB el siREY %Bh I i
© I ongj t udi na? diums%si gns o?n??gm?%%g&% er s(aglr? ]toﬁlg controller
("PLGY)r dpe XL mhybe usdddo maniten sdéctedparsastses ankdub hitivhdrely send signals
to ertaitn errbﬁ)di‘msnts the rel ationship of the_ conbined
Vajvies; JGIOR; MRS SEHESpFIC IRdeTHHE Hy ThicaAtseridhe antt-fraliag selytien.
area of the vessel hull or structure is from about
0. 006, m n2 of .underwater surface area to 0.06 ninR of
urft SRdRYETets of RuEPARRSiery May bp dpeddpisoniTabiie systeme and processes
descrifel atdr QRS N f Ly J AL ensi ons. of. t he
S angof BE R it DR o LRI A B iifed sbove
Additonas parantetore thet chn b cinsidered. ifElGdevkvater Glirbidityl ateradaliaity, direct
t to aboﬁ% 0. 9-8 mMnR of surface area. I'n additional .
measureRisat Hefitistouling cpmpasition senognisationria the watar abioutj the aurface of the

‘struclg%mé.sgé'i%u f c%ﬁlh%P&Hmm% tgg 'mﬁ-rfguﬁx%r é%o%ﬁ%&?%%%& ed?recﬁgn and

t he vesse or s ture 1s
velociiyfesfiresnidaities.area to 0.1 mfm 2 of underwater
surface area. In certain enbodinents, there is al so an
optimal or preferred rel ationship between the total

nufrbertain brdPEMdAGS coftrallof réléast BEart bRi-RELEXBRHSsiAbn {s@ntrolled
system and the surface area of
by genérating a series of signals to provide a feedback control mechanism as follows:

(1) generating a first signal representative of a current flow direction of the water

~ in which the vessel is positioned;

(i)  generating a second signal representative of a current flow speed of the water

in which the vessel is positioned;

(iii)  generating a third signal representative of a temperature of the water in which

the vessel is positioned; and

(iv)  using the first signal, the second signal, and the third signal to generate a
’ fourth signal representative of the volume of anti-fouling composition

necessary to be released from the system to deliver the anti-fouling
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the vessel or hull. In certain enbodi nents, the nunber
of total openings per square neter of surface area

WO 2mge%632y om about 0. 0915 openi hg per square nMRCEUSING/062260
surface area to about 0.197 opening per square neter
of surface area. In other enbodi nents, the nunber of
total openings per square neter of surface area ranges
from about 0.05 opening per square neter of surface
ar ea t @onpositio) atéh ERRAive BoRhtr RUHAERIBISY sofurs WidARrite at a
area. In still other enbodi nents, the nunber of total
openi ngengsafraidequel Eommbent b2 ppurtp abeutroan.rfangidsast pugrminute to

about pEN; square neter.,of surface area

to abo%tt%.aé%/‘gg%tﬁlgﬁg&%)cgrﬁ%aq‘{ﬁreﬁsem?%r of surface

area. G Selection, ffective Dgsage of the )

RGN W@'ergmnumlgfqe E@““(ﬁ iwderstood vapbiAicrengsetodthg fellowing non-

limitiARBYan¥fikd @bl es that come into play in providing a

rel ease of an effective dosage of the anti-fouling

conmpositi-on fromthe tubing nenbers. | addition to the

size and geonetry of the structure or vessel hull,

flow condi ti ons EXPERIMENTApEYAIANATIONSCt i on of the

wat er nmovenent about the surface of the structure or

v : : fact or.s.. ' in.achieving. . .

o amottal oGRS o \arb: SRR BloREeekl i BHLoRyE with s
disclssateutverercondinged pe S$PANSwaiere a8 ain® CFDNgodelig. TheYolicwing are

the cupul ative effect of currents, wind, tides, and
exemplass gNbogimshs A sydems end pradesses dessiibed bersinsanchdetermined by CFD
- T sel . dr r | . ..
mode SRS ALY RR e A L PRl pposiion o
least 6@k @ thedupfaae aedoE vesseldant rlighémn@vefage,del. i cleelto Q00Btoverage of
anti-fou)ing conposition to the surface area of the ‘
the supfags areanis|obtaipedsin dixamples. 3-Br dbe surfacsrreatoveiage and theaglease rate
‘ ' Leh t Nt o ac t  or al |l th N
of BN S NG bAGER R BRTF: BB o .o
compositibw eisthic Raifageof3he pessell mgeinehéde oRempiagfambodiments is in each case
Tepresentative of one or nore paraneters such as
calculatpdusig Ghldmodeliv®t i on, current vel ocity, and
tenperature of the water in which the vessel hull is

positioned, to generate a signal representative of the
v i ahref 8re emhwdimerits flengtiberbalompCED mateling ivkrsed be avestel having

st 88 Al b 5B G 50 T o e o

the vea§dl hhNBeloROthe waterline at maximum draft is calculated to be about 22,800 m2.

All calculations shown in the embodiments described below are based on a modeled
release of an anti-fouling composition of sodium hypochlérite in seawater. The CFD
calculations assume that the sodium hypochlorite solution release is continuous for a period
of at least one minute. All conditions in the following embodiments are optimized and
deliver a sodium hypochlorite concentration of at least 2 ppm over at least 60% of the surface

of the vessel hull below the waterline.
Examples 1-2

In Examples 1 and 2, modeling was performed with the assumption that the vessel is

moored with a turret moor, allowing the vessel to rotate with current and wind so that the
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conposition to the surface of the vessel hull. The

systens and processes can be controlled, for exanple,
wa@200g7a2%5t and- al one or integrated programabl BCT/0§1006/062260

controller ("PLC'). The PLC may be used to nonitor

sel ected paraneters and to ultimately send signals to

val ves, notors, notor starters, etc. to regulate the

rel ease of the anti-fouling solution. . A wide variety

angle of the\flotw pafaEtierwamyalbie Wse derft@1iGO RS vELe]l SXB! SBther, in
and processes described herein. Many of the paraneters

Examplgsil gag %hemedeliigd @f.aee d)eafp@nen Q@ﬂsélm assyopsion Adel theo arfi-fouling

comnBIATENELR 18 BRAEARTRCI50E HELITGEIT p02013 s

hypochlokite/k@®sdaiwager COMposi t i on concentratl on in the wat er
about the surface of the structure or vessel hull,
concentration of the anti-fouling conposition, current

dEx86HlcaNdRBEhShOémaRESSEMH SSmphiy ahw‘&ﬁmgl Hstem for a water
certal n enbodi ments, control of release of an

éurrellé welocitoof 2.4 gn/e ong aditlideaft 081450t rlnl thevholigled eyseem,ta vegsed hull 20

oo LB L 05 3 ST A0 L. g mambers 24,

26, ant 288 AEPCRHILY FI@f4 aAnGhik eRithplk] AWCELESRE h%@&efn'ﬁ@r 22 is adjacent
water in which the vessel is positioned; (i11)

to the @ewamétcpn@n@s sbngribe edngarkine (copnes avithahe vexixf ofthe buli'ecdordinate

s e Shob 5 L R s
traverSRRACHENhALIIMERA (13 J-BHP S PiidfaBeLbf 2Rl 86mithe HEW ¢ = 20 m),

the vessel is positioned; and (iv) using the first
Transeﬁrgm@bmgtmenh@mversgm&ie hublrparailhlewtth ithedy-gxigaba distance of 110 m

si gnal ve of the volu
trom BT T10 R, ThsRstas st eebauah [ fessds dhe Srll Raraliel with the
y-axisidt @ WidtiiRe DY SDG W £OmIRE i bXFY( E%O@ﬁ*} 'Inftl‘ilkl %;kaﬁﬂﬁl@ nRe %ﬁﬂlﬁ@ﬂlembers
- -at an effective- concentratlon such or sodi um

are com;igmeﬂlt@ havcea aadias azﬁﬁleém rchﬁncmbyoﬁ }mrfmyhndmu {The.t2npyerse tubing
| ea

: for t te to a 2 :
membgt 76 5% 4G S8 PE 8 b5 B DDRZEH M &1 #Re obPGROALDY . The
centerlif¥ Gtﬁﬁlhg Mn¥hbér Qec&ﬁfglilﬁé'd Wﬁ%é%ﬂ%ea""bf 1. 159564 S € TR specific

the folTow ng nonlimting
dimensional locations and geometries of the tubing members are provided in FIG. 4. For all
modeling reported with respect to Examples 1 and 2, continuous holes (or slots) in the tubing
members were used to model the release of the anti-fouling solution. For embodiments to be
built, tubing members having a plurality of openings or holes, rather than a continuous hole or
slot .are considered to be the design of choice. The release velocity and volume release rates of

anti-fouling composition from each tubing member are also provided in Table I.

As discussed above, the tubing configuration and the anti-fouling composition volume
release rates indicated in FIG. 4 deliver a sodium hypochlorite concentration of at least 2 ppm
over at least 60% of the surface of the vessel hull that is below the waterline. In terms of the
0.00200 kg sodium hypochlorite/kg seawater solution required to be released, the results of
CFD modeling, based on the dispersion tubing configuration depicted in FIG. 4 and the
assump‘eions stated for Example 1, demonstrate that an anti-fouling composition volume

release rate of 2.8 m>/s is desirable.
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exanpl es. EXPERI MENTAL EVALUATI ONS Experi nment al
eval uations of various systens and processes in
wae@onagsece with this disclosure were conduct ePICDHYSE867¢62260
Sweden AB using CFD nodeling. The follow ng are
exenpl ary enbodi nents of systens and processes
descri bed herein and determ ned by CFD nodeling to be
capabl e of delivering an effective anount of the
anti-fouling conposition tp,ady | east 60% of the
surface area of vessel hull. H gher coverage, i.e.,
cl osie Tubin®Menmher s dgeRabéast Welowityf dce Hslnme Riease
obt ai ned in Exanpleg 3-5. iag surfgce areaggpverage
and ffthe release rate of the anti-féuling ﬁg@gpsition
r equrred—to_providetan—ef-fect—re—affpunt—or—tfe
antiffoul i ng2 conposilti on a2t he surlface of-8He vessd
hull| in thegge exenpliary enbadi mentg is inggagdh case
cal cul at ed y ing CFD nodeling. In gll of the
enbodi ment s %escribed bel oW? CFD ngdel i ngYP$1®ased dn
a velssel haggng a I ength o0f.,5258 m |a breadshpief 52 n
and @& XiTom draf t— of 1825 wm—Fhe——surface—area—of
t he hEBSIEMVRTTMCtS PERS 40 Rl T IMERERCHBRFOBY af t
Is calculated to be about 22,800 n2. Al cal cul ations
shown in the enbodi nents descri bed bel ow are based on

a Bratpled deglibas theqlerforin@itt iof b ekémflaf BB ULhO Bys@m for a water
sodi um hypochlorite in seawater. The CFD cal cul ati ons

curreniseslFaty 4T mwés anskn bl Apiicrdif- @ m- t b thisi mededed systeamaedepicted in

kS, i . far . i n i nut.e. AU

FI. 5% SRR RGP PR Ul 8 S0 i B 2

and 34rad thehow portian @ dha nlhye addifendl ®o®REiedH fuBingGReberdd6 was also
m over at | east 60% of the surface of the

least 2 pp _ ) . ) . o
PrOVI%%séﬁmq%ﬁ'b 2 BEIsyerse fhebing mesmbends rEvided- edn thiz ¢xample, all tubing

LOLILAZ

—

- membt IR ES ra]dil?%g 8t0ﬁrﬁ? d@elffnre] b&%ﬁ%ﬁgé}g@ﬁ% ?eﬁ(\%gt[ {ﬂu% Ei&ng member 32

assunption e vesse

coparaldelrwitiltho vériterlinb & UBe $6t Which VAt 8mididd Byl @#p. A centerline
wi nd-so that theangle of the flow of water is always

tubing mgePer e divédndeintq fbings members 3<id 30 thbingamerhlear 32 Where the z-
'd}'mel@mll t a-ﬁg'{x %%rﬁggg)ﬁ(?ﬁ;g? g\lﬁﬁ’rhcgﬁ' gv%reget e \é\ﬂdt;rtﬁertlsqgn is greater than

assunpti on
-5 m (area = 0.04155 m?). Tubing members 34 and 36 configured at the bow as depicted in

FIG. 5 have an area = 0.1818 m®. The transverse tubing member is divided into tubing

members 38, 40, and 40' as depicted in FIG. 5. Tubing member 38 is used where x =20 m

and y is less than 17 m (area=0.1333 m? and tubing members 40 and 40' are used where x =

20m andy is greater than 17 m (area = 0.1347 m?).

The release velocities and volume release rates of anti-fouling composition from each-

tubing member are provided in Table II.

The tubing configuration and hrelease rates indicated in FIG. 5 deliver a sodium
hypocﬁlqﬁte concentration of at least 2 ppm over at least 60% surface of the hull below the
waterline. In terms of the 0.00200 kg sodium hypochlorite/kg seawater solution required to
be released, the results of CFD modeling based on the tubing configuration depicted in FIG. 5

and the assumptions stated for Example 2, demonstrate that a solution volume release rate of
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conposition rel eased has a concentrati on of sodium
hypochl orite of 0.00200kg sodi um hypochl orite/kg
waeanaresee Exanple 1 describes the perfor manceP@f/us2w06/062260

exenplary anti-fouling systemfor a water current
velocity of 2.5 ms and a hull draft of 14.5 m In the
nodel ed system a vessel hull 20 is provided with one
centerline tubing nenber 22 and three transverse

0.1961 WhY/ N deBiIE.S Thérefcdb, forritk ddhamfond @BIEH R tHembiBngdindicates the
In this exanple, the centerline tubing nmenber 22 is

releasg djbing penfigyration dspistedna Hond iswmers effioiagt atlaehiceinger? ppme sodium

ol.inear with t x-axis.af the hull's coordLnate . .
hypocixéio&t% ﬁgncgptr tho& %Bﬁ? SI%rgacg 06 grren\fesg;_l guhﬁ')arno epﬂ%ﬁ%ﬁe@%deplcted in
FIG. £.2m . Transverse tubing nenber 24 traverses the hull

parallel with the y-axis at a distance of 20 neters
fromthe bow (x = 20 n). Transverse tubing nenber 26
traverses the hull parall deblgilkh the y-axis at a

Lo, L 4

Q T oo A
[Co— 11y - T artsSver Sie

di st armce yf’lia’n|f|uulthc DOW—{X—T
t ubi %gTH@ﬂBe@(e@é‘f’t# alv eRelease logity| | | pdfodumeiRejgase t|he
y-axils at a di stancel of 20w/ from ft he bowRatg = 200

M. In this exanple,| the tubi ng nenpers age’/gonfi gured
to have a radius of [0.05 m, définedl by a

cyli xder. T%g transvier se tu'tlgng nmenpers 9@43% and 28
have|a breadt#h of 0./007854 03 and an| ar ea 011653406599
n2. The centygrline tlubing rgesrber is| confi to have
an afea of 0.189304 |nR2. The specifif di ng%isyiogﬁal

| ocatli ons ar”d geonetlri es of0- he tubj ng mOASIBE are

proviided inggl G- 4. [For allgyodeling repgidgadzw th
1. Lo} H o—hnl {

PRGN l ~no al PP TP <
r espgct—totxanpres—t—anta—2; Ry ous—TereS—(of

sl ot $)Vhere mfe™ MmahThernterandraad me /s galiemeterapeTercaide

rel ease of the -anti-fouling solution. For enbodi nents

to -be built, tubing nenbers having a plurality of
Examglssdrhgs or holes, rather than a continuous hol e or

slot, are considered to be the design of choice. The

I QI ERERg B! BXhi 16@@5}’&%3“?@%%&1'6@ é\ﬁiﬁl 'ﬁg:,[ Qsimgrxéti n that the vessel is
k anti-fouling conposition fromeach tubing er are ,
moored withprspvéadatoonthdtariobibits theAgessti] Soms seatizbwith the bwrent flow and

. ,tuhi confiquration and the anti-fouling conposition
wind %ﬁﬁﬂﬂleﬁa@sgg ghermgt ﬁﬂmpea&temsaelﬁ vagio o ipgpnles 5-5, a more
oxn0S ) BYGOE By SPRESRAAL L il S tnglfins moccid
in Exdngtles § el @w thethent ar [BExamples n3-Oemedetihgt Wwes performed with the

assumption that the anti-fouling composition to be released has a concentration of sodium

hypochlorite of 0.02 kg‘so‘dilllm hypochlorite/kg seawater. The more extensive array of tubing
used in Examples 3-5 is designed to efficiently distribute the desired concentration of the
anti-fouling composition to all areas of the hull under conditions of current flow offset angle
ranging from -45 degrees to '+45V degrees. Depending on the offset angle of the current flow,

different release rates from different tubes in the array are required.

The dispersion tdbing configuration used in Examples 3-5 is depicted in FIG. 6. In
the system depicted in FIG. 6, a vessel hull 50 is provided with a vertical tubing member 52 at
the centerline of the bow. On the starboard and port sides of the centerline, vertical tubing
members 54S and 54P are provided. Five generally vertical tubing members 56S-64S are

provided along the starboard side of the vessel hull and five generally vertical tubing:
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0. 00200 kg sodi um hypochl orite/ kg seawater sol ution
required to be released, the results of CFD nodeling,
whawed7ae t he di spersion tubing configurati on PEpUs10e6062260
in FIG 4 and the assunptions stated for Exanple 1,
denonstrate that an anti-fouling conposition volune
release rate of 2.8 nVs is desirable. Table | Exanple 2
describes the performance of an exenplary anti-fouling
memBats 156 d4Pr ard maheéd alonpeht poRl 984 bY 1 vE&sdlndll S BRftvérse tubing
hul | draft of O m In this nodel ed system as
membfg fiécis emovldectal@lg the hovve $awlly thorizorgal fubingroemblerd 686 tand 68P are

bi nmb 32
provila0 B okl S B3% ST oL HE SRS hai 1 onal
b_ow section tubing rrenber 36 was al so provided.
9 i RSB BB A S ot
in FIG] 6 dghb aesadirs 31 g ﬁlbﬁlg'ﬂlaﬂﬁérs (R G8Retdrd16¢ #lm%%;ﬁ)@ﬁ’ig%s in the tubing

menber 32 coparallel wth the’centerline o
membgys,dhe mlrg bntl\lva&neﬂie lopemings, angtheThial nemnbeardfiapeningdinngich tubing

A R TG SR
clrclem’l(lﬁ'ir%amemgexg 388%48%ha380- éﬁ% aré"fb%é ﬁ%?@ Sei%g 'ﬁ]ﬁﬁ%ngf&af. S

greater than -5 m(area = 04155 I ng nmenbers
34 and 36 configured at the bow as depicted in FIG 5

o R e Sl EDE TR cop 8 FIARE A IR A TR Rl rae

1s useadegp irahecbrsertubihGmember 66i N@rtmh’m@ing&ﬁemberﬁ 58l beResE bt o release
is less than 17 m (area=0 1333 n2 and

from BGFaRGRL B TR b O Bl e oy See 30 antpOwlinagomposiion
releade t%%@ﬁ@éaﬁ%ﬂ?@muﬂd ot(';B (I?E]rngﬁcﬂ %eﬁg%ffsa Eles other than zero' "

ease velocities an une rel ease ra
degreas;thotl'f gatbomgl amd moaisvelriiea tibigmeadbrstwillibagiss® MHewWe Ak only one of

$ %zged in Table H The tubing conf| gurati on and
horizpriplmbmE HEwReTs (3P 1ta8S WL Fy teds [§éhg gusrens isseamingfrom the port

side, Pﬂélg%t%ﬁ%grg A)Lﬂts ‘LSLP S‘Hl%érihﬁt’oﬁlu %eﬂ%%{ %@vﬂ%{ngn\}\g& ‘?/ ﬁ.gun% member 66

will Hearsed Hbﬁzdmamulﬁﬁgﬁ&nmr 688livilimébnreasbd.or i t e/ kg

seawat er solution required to be released, the results
of CFD nodel i ng based on the tubing configuration

demiaadp®s 3i Beschbes fhe performance of an exemplary anti-fouling system for a
current offset angle of 0 degrees and a current velocity of 0.53 m/s. The release velocities and

volume release rates of anti-fouling composition from each tubing member are provided in
Table III.

Under the conditions of Example 3, CFD modeling demonstrates that in terms of the
volume of the 0.02 kg sodium hypochiorite/kg seawater solution required to be released to
provide at least a 2 ppm sodium hypochlorite concentration over the surface of the hull below

the waterline, a solution release rate of 0.0776 m>/s is desirable.

Example 4 describes the performance of an exemplary anti-fouling system for a

current offset angle of 22.5 degrees and‘a current velocity of 0.53 m/s. The release velocities
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and t he

assunptions stated for Ex

anpl e 2, denonstrate

that a solution volune release rate of0.1961 nB/s is

waoledioadsbe. Therefore,

for the con

di ti ons assuP€dUS1006062260

nodel i ng indicates the rel ease tubing configuration
depicted in FIG 5 is nore efficient at achieving a 2
ppm sodi um hypochl orite concentration at the surface

of the vessel

and vbluGae #leadabite® dff ahtibiotilin
. Vol une Rel ease (m's) Rate
in the(able11d5
where nis
per second Exanples 3-5
perforned with the assunption

hull than the confi

(sl s)
36 0.5 0.09090 38 0.5 0:0
neters per second and

g5k 9

MeorsysittonedR 266h WO

guration depicted in
inkMber are
32 0.6 0.02493 34 0.
6735 40 0.1 0.00133
n% = cubic neters'

for Exanples 3-5 was
t the vessel is

TRBHRd

MEHBBr30
t he ang

varies
Va5

ha
M o spr Mooy o @t
I at P’r?g Wi tjﬁa’t;)he cufrée}%t(ngl

e of the current flow pas
ln-Ex s 3-5_ a nore g

ohi i dsskhe vessglpme
?Wt %’%ﬂo\/ﬁét \é\ﬁe In d r{fﬁ?eft}sg%ates
s /s)

xten array m(m

52 ubi ng

meddfdr s i sOPovi dedihg6con

par €l108@ h t he

5&§>nf| gu

N Exam
R—E=xan

14056 Ml ng $300d

elina wn'i per

0.0118
ST FUrTh

for r@ﬁgg\(ft h the 8'r0006

56S sunpt
rel ease
0. 02 kg

bowthend ofiartamg i - f DLI7BNg
Onfeatben cancenlig ati on of 9
sadhrdeHaMpeehl orite/ kg se

conpbB050 on to be.0006
odi um hypochl orite of
awater. The nore

temnst
SES

signe

Ve aray of tubing—used—it

050%¢ ficiently di $i+Pbut

EAaub;I €es—3=5+s
e t HBUORQ i req  0.0006

6@oncent

rato.op of the anti-{pyBing

conpeesd i on to globos

eds O

4
_tT 01

s—of—current—frow ‘
' 0006

2 et A I S 10.0050 0.
1648 200.00 - . 1173 - 10.0050 . 0.0006
66 Upstream of forward  58.30 £ 0.0900 . 10.0585
shoulder . : ,
68P Downstream of 239.20 0.0000 0.0000
' forward shoulder C '
where flat of side
B begins ' '
54p 7.9 15.50 10.16 0.0060 ‘0.0006
56P Lower end of tubing  11.73 *0.0050 0.0006
member at  the
forward shoulder
58P 65.00 - 11.73 0.0050 0.0006
60P 110.00 - 11.73 .0.0050 0.0006
62P 155.00 - 11.73 0.0050 0.0006
64Pp 200.00 - 11.73 0.0050 0.0006
68S Downstream of 239.20 0.0000 0.0000
forward shoulder
where flat of side
begins

= port

where m/s = meters per second, m*/s = cubic meters per second, S = starboard and P
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rangi ng from-45 degrees to +45 degrees. Dependi ng on
the offset angle of the current flow, different

w0 edogas@s29 ates fromdi fferent tubes in the arrPQI/ERM06/062260
required. The dispersion tubing configuration used in
Exanples 3-5 is depicted in FIG 6. In the system
depicted in FIG 6, a vessel hull 50 is provided with
a vertical tubing nenber 52 at the centerline of the
bow. On the starboard and port sides of the
centerline, vertical tubing nmenbers 54S and 54P are
provided. Five generally vertical tubing nmenmbers
56S-64S are provided al ongabMéVst arboard side of the

vessel o f | y vertd L. tgbrmgnenberns
56P- ME”% ¥ cf'eed rza(ﬁé@aﬁ’o” Ve WBFleGWeR‘Vé%< el
hul | | Transverse tubing r 66 i s provi F’tﬁf al ong

_ the Bhow. F| @gl I y hori zontoad3obub| ng rrerrberoso(ﬁgs and 68P

r +
are- ovidet—at ung the—starboard—and potft aF+—st+des of

the hull re¥pectivel y. - TRLM™Peci fic di | esi09al .
| ocatji ons agyk geomet ri esj)qj%bhe tub| ng nms are

1 a2 ol Bl
dep| ¢reta—+1—T1 o . IIIU t-ahieters UI II‘IC I.uur l|3

nmenbers, t K8y ameters of0-068 openi ngs i M-809_t ubi ng
menbers, thgygpaci ng bet W&Ot he openi ng%q&ﬁd t he
t ot al nun*oe" of—eperthRgs—rA—each—tubi-ng—rerber—are
provilded i f2fabl e | X Thd-QR6Amet er s of  t H0Q0bi ng
menber are Gifsf' ned by a RaldgoCl rcle. Tubigghgyenmers

568_ ACS A d LoD CAD Avr A vt ot nd 290 Aanranc 'Frnm
o ahttt—sbr—o4r—afret—+otatea—=o g o111

vertijcal . F6P a current #4068t angl e of zerQ39degr eeq
relatlveto e centerli high rel eaggyfsate 1's
used tra?‘.%{]cr“ wb:-..'@)e(.)F)56 'g \'miy'e(')‘ﬂ YV,
: rrenbers wi | $4be used, but0.M80r el ease frorﬁ(mﬁﬁl zont al|
t ubi ng menmbgss 68P. and 6§ | be used, Jage an
anti -+ - - o
woul d not b¥eneficial . 0F00current of f $e8038ngl es
ot herf t han 0" degrees, (l{fs%%bh starboar d FhgePor t

vert ileal—tu bi-ng mepbers- \M bhe 11sed I—h\/\n\lnr, onl \-

oGOt

one qf hori62htal t ubi ng Oc3®Bers 68P or EB®3Gi | | be
used.| TT thggurrent is from t he 65T 0€,

onl y i & P: i Bl 069 i R)ro(ﬁdgr'nl t ubi ng
menbers andédubi ng nmenber0.@®0wi | | be used. OGGOrl zont 4l

t ubi _6 ed.

descfifes I ;qo%r ha e3nge Tf Sbis APERE soPOi|ng
syst el T P09 set _angle of Q dearees and 3
current veI ocity of O 53 nis. The rel ease vel ocities
and

Under the conditions of Example 4, CFD modeling demonstrates that, in terms of the

p

)
L

0.02 kg sodium hypochlorite/kg seawater solution required to be released to provide at least 2

2 ppm sodium hypochlorite concentration over the surface of the hull below the waterline, a

solution release rate of 0.0471 m*/s is desirable.

Example 5 describes the performance of an exemplary anti-fouling system for a
current offset angle of 45 degree and a current velocity of 0.53 m/s. The release velocities

and volume release rates of anti-fouling composition from each tubing member are provided
in Table V. |
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vol unme rel ease rates of anti-fouling conposition from

each tubing nenber are provided in Table H . Under the
we@oendiorézens of Exanpl e 3, CFD nodel i ng denonst PEr/@S2006/062260

that in terns of the volunme of the 0.02 kg sodi um

hypochl orite/ kg seawater solution required to be

rel eased to provide at |least a 2 ppm sodi um

hypochl orite concentration over the surface of the

hul | bel ow the waterline, Tgys®t ution rel ease rate of

0.0776 nB/s is desirable FExanple 4 describes the

per f dTuBINGMBHBER # Releqse Irejocipt | -Vdumenlgelegsgtlbmsr on a

current offset angl e of(w2§.5 degrees af@’/4) curr ent

vel odity ofs0.53 nis. (les4 el ease vel ogjopigesand voliune

rel egse raigg of antli- - H@uké NG conposi T p@pokrom each

t ubi ng—mem are prov T rne Tatt Tapte m
Tubi n S b%ﬁg%ny Retease gﬁ%YTc Metrbetr] #

Vel ocli (nﬂlc\ 0-00-11.76
0. 1000 b 05058 oas 7. 90PE9%0 10.16 0 a@él@lhjnna 5ds
Lower| end @RSt ubi ng 11070870. 0050 0. 0006.008Bber at tjhe
forward sh@gkder 58S 65,008011. 73 0. 0050.0010006 60S
110. Q0 IT. 7g 0. 0050 0. 9962 62S 155. 00 043 ; 0. 0040
0. 000 o4a6§?u 00 1T lé.Q,QGQ 0050 0. 0@Qf53 © 56

Upst r "ﬁ“]u.STPo{waru aoD:b%U 0966—06-06 503 houtder

56P 0.0300 0.0036
58P 0.0300 0.0036
60P 0.0300 0.0036
62P 0.0300 0.0036
64P ©0.0300 0.0036,
688 0.0000 ‘ -0.0000

where m/s = meters per second, m’/s = cubic meters per second, S =]
starboard and P = port ) o

Under the conditions of Example 5, CFD modeling demonstrates that, in terms of the
0.02 kg ‘é'odium hypochlorite/kg seawater solution required to be released to provide at least a
2 ppm sodium hypochlorite concentration over the surface of the hull below the waterline, a

solution volume release rate of 0.0490 m®/s is desirable.

For Examples 3-5, the ratio of the surface area covered with an at least 2 ppm sodium
hypochlorite solution, the total sblufioﬁ 'Volume release rate required to achieve the cc;verage,
and the solution volume release rate from each pipe are shown in Table VI. In connection
with the tubing member lengths in Table I, the flow rate per unit pipe length are calculated

and shown in brackets.

Tables VI-IX demonstrate that as the current offset angle deviates from the centerline
of the bow, the release of the anti-fouling composition from the various tubing members may
be adjusted to provide the desired coverage of anti-fouling composition. The Tables also
demonstrate that the diameters of the tubing members may be varied, while maintaining an

effective volume release rate of the anti-fouling composition.
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68P Downstream of 239.20 0.0000 0.0000 forward

shoul der where flat of side begins 54P 7.9 15.50 10. 16
w0 20000322 0006 56P Lower end of tubing 11.73 OrODBER2006/062260

0. 0006 nenber

0. 0050 0.0006 6CP 110.00 11.73 0.0050 0.0006 62P

155.00 11.73 0.0050 0.0006 64P 200.00 11.73 0.0050

0. 0006 68S Downstream of 239.20 0.0000 0. 0000 forward

at the forward shoul der

58P 65.00 11.73

shoul der where flat of siggdbepi ns where m's = neters
per second, nB/s = cubic peters secon S =
st ar bopar d GumcbnPDiregiomt Tab| e 0% Thbi B2FBnber #5Rel dase
Vel ocity Vol une Rel ease Rates (nfs) (nB/s) 52 0.0300
0. 0035 Sekp. &t BP4R ke @24 H6S 0. 0Pp60 0. 0007 58S 0. Q060
0. 0007 gvered with 2 ppm Sodium 0.9879 0.9961 0.9942
Hypochlorite
| Total Volume Release Rate ,
. .0f0.02 kg sodium 0.0776 0.0471 0.0490
hypochlorite/kg seawater

solution (m’/s)

‘Solution volume release rates for tubing member (1000¥*m>/s)
[Solution volume release rate/per tubing member length

(1000*m>/s/m)]
1\/'Ire ;1::]1)2% " 0 degrees 22.5 degrees 45 dggrees
52 11.800 [1.003] [3.540 [0.301][0.991 [0.084]
- 545 10.642° ' [0.063] [0.428. [0.042]10.492 - [0.048]
| .56S 10.605 [0.052] [0.726 [0.062](1.513 [0.129]
- -58S  |0.605 J0.052] 10.726 [0.062]11.137 [0.097]
60S [0.605 [0.052] [0.726 [0.062]11.210 " [0.103] .
© 628 [0.605 [0.0521 [0.726 [0.062](0.968 [0.083]
64S 10.605 [0.052] [0.726 [0.062] {0.968 [0.083]
66  [52.000 [0.892] [3.900 [0.067] 14.680- [0.080]
68P 10.000 [0.000] [13.190 [0.055]15.828 [0.066]
54P  0.642 [0.063] 4.280 [0.421]113.210 [0.316]
56P 10.605 {0.052] {3.630 [0.309]3.630 [0.309]
58P [0.605 [0.052] [3.630 [0.309][3.630 [0.309]
60P [0.605 [0.052] [3.630 [0.309] 3.630 [0.309]
62P [0.605 [0.052] [3.630 [0.309]3.630 [0.309]
64P [0.605 [0.052] [3.630 [0.309]13.630  [0.309]
1 -68S  ]0.000 © ]0.000] (0.000 [0.000] [0.000 [0.000]
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60S 0. 0060 0.0007 62S 0. 0060 0.0007 64S 0.0060 0.0007
66 0.0060 0.0039 68P 0.0.050 0.0132 54P ' 0.0400
W@ 20043326P 0. 0300 0.0036 58P 0. 0300 0.0036 60RCTDUSBNP062260
0. 0036 62P 0.0300 0.0036 64P 0.0300 0.0036 68S 0.0000
0. 0000 where m's = neters per second, nB/s = cubic
neters per second, S = starboard and P = port Under
the conditions of Exanple 4 CFD nodeling denonstrates
t 0]
t el i i80S Bl f;dgﬁﬂa??sgsgmg SadOsfi MM RAC ﬂ{grﬁlgﬁlgas based on
Tablalll dreldBdbl@aVE ppm sodi um hypochl orite concentrati on
over the surface of the hull below the waterline, a
solution rel ease rate of g.q4;&hnws i s desirable.
Exanpl e 5 describes the p #leMBnce of an exenpl ary

anti-f T i 3 f—45
degr ee%ﬁiﬁ%?%f?fg FlopPedE T ob g PR R oo
vel oci t d vol une rel ¢ rates. of ntl-foullng
conposi* BWSF[M’% R D a’gfle pingy | A QNegEgsi n
Tabl e \_T#bl el V Under the |conditions oi% Exanple 5. CFD
nodel i hg_#&rmohst r 868t hat], i r0.2@00s of t he59. 02 kg
sodi um hygsch| ori 00k seawat ey,05xd utijon reguired fto
be rel easgd th prowids at | €asg ofse 59 |
58S 0.0103 0.0193 59
60S 0.0103 0.0205 59
628 0.0103 0.0164 59
64S 0,0103 0.0164 59
- 66 | 0.0161 - - 0.1787 291
68P 0.0111 =~ 0.0132 1196
54P 0.0126 - 0.0839 | 51 -
56P. - 0.0102 0.0615 | 59
58P . 0.0102 | 0.0615 59
60P 0.0102 _0.0615 59
62P - 0.0102-- - 0.0615 59 -
64P 0.0102 0.0615 59
68S 0.0000 0.0000 146
where m’/s = cubic meters per second; S = starboard; P = port;
Min g/opening = minimum solution volume release rate pey
opening in m’/s; and Max g/opening = maximum solution
volume release rate per opening in m’/s.

Assuming 20 cm spacing between openings, 5 openings per meter are required, ' Bach
opening in the tubing members should be capable of releasing anti-fouling composition at
rates approximately as shown in Table VII, but because the current can approach from either

starboard or port, the above table can be condensed to the results provided in Table VIIL
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15

2 ppm sodi um hypochl orite concentration over the
surface of the hull below the waterline, a solution

waQ odoames3eel ease rate of 0.049 0 nB/s is desirabCBUSH06/062260
Exanpl es 3-5, the ratio of the surface area covered
with an at |east 2 ppm sodi um hypochlorite sol ution,
the total solution volune release rate required to
achi eve the coverage, and the sol ution volunme rel ease
rate fromeach pipe are spgwwjp Table VI. In
connection with the tubing menber |engths in_Table in,
the fl gvioluaieaelpese rates fropi gaeh bpeaihh(1H00*mab/optrihg)d | and
shown iin pasaket|s.. Tables VI -1 X denpngtrate that as
the cur rpmibef § SR AMPeBngsViag aioperingm t HeOp@iegs | i ne

of the UUW,Szi e '6'66'1’6'38 of Tth 5o —fput |11959 N
CO OS|t| O yn I LII """" JO t ] LILJ ||uer3 n‘a' WA »
adjrrﬁst ed - Sqr']})_ 59“\@1 esir & 30 ge ofdl

anti-f ul-‘?ﬁ(@»P&o pos@@i%. The OéHiSes £| so_dhonstrate
that the $H(&Ft grs @blehe {ubiM@slsenbéers nebp- be
vari ed, MU(S@)rral nt@poonNg an g.d@sti ve vol e rel gase
rate of mszpjtl -Tog{bi(gygic DTPQPh41150N- [abl eVg |aD| e| Vil
e 2 SR i IR I i SR M Y
Assum ng 7&6pn1cpnr- kghpt erd- nings_ 5 gkpnlnjs
per netler6¥BP)r equi 08811 Fach dhek2ng in t hEL%ubi ng
nmenber swhéremi’ds % eultiamadiére pef secehd &5+ sgriaatd; Ff-opbithg
comoosi li10 1§/ cpeningt -€ Snidfiaia XdolRioal yolame SBRWE tdfe B?il e

Vi, peBBGAHS e’ ndUMa8NE/opdHin@ PP 1RAGHwh! SSTu@dd her
star bo cﬂuﬁér&l@is@a;at&ﬁ@rﬂﬁﬁfﬁl plys‘ ~can be-condensed to

AN el |

t he resuttsprovrded rn tabte H-Tabte—VEt

Tubi ng. menbers 66, 68S5 and 68P have their

T e iR SR ABE Y ihe'g,r?@;{;{“gaéﬁ“gg O et Salets.in the

: middfeeéﬁﬁéfén L thé b EER&Abers {J rﬁ% %Qérpﬁiz sd DA,
%ﬁbl ng rreg}%er g

shorter engt er t'ubi ng nmenber
dianeter i ncrease the necessary punp head but the

con an]%lel G3ihd Al [E%ttﬂ? s 6E]It&gg‘%?'\%een op §nd smaller tubing

creasli ng ance I ngs

membECAiaABES iNQesShyndteadry buﬁlptﬂ'b@d VBhtuiR v@hﬁaaneldan ate at the
at the openi ngs becones | ess constant.
openings becomes moré constant. Decreasmg the distance between opemngs decreases

necessary head, but the volume release rate at the openings becomes less constant.

Exemplary tubing member diameters, opening diameters, and spacing‘ between
openings were selected using the above conclusions, with the following goals in' mind: (i)
smaller tubing member diameter, (ii) lower head pressure, (iii) shorter distance between
openings, and (iv) volume release rate at the openings as constant as possible. A summary of

the results is shown in the following Table IX.

The horizontal tubing members differ from the remaining tubing members, as they
require the inlet from the pump at the middle of the tubing member to decrease the flow rate
in the tubing member. Therefore, the number of openings accounts for half the corresponding

tubing member.
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Exenpl ary tubi ng nenber dianeters,

openi ng di aneters,

and spaci ng between openi ngs were sel ected using the

wabwve7aencl| us

pressure,

i ons,

(i) |

ower h

(iii) shorter distance between openi ngs,

with the follow ng goal s | PCPURZING/062260
(i) smaller tubing nmenber dianeter,

ead
and

(iv) volune release rate at the openings as constant
A summary of the results is shown in the

as possi bl e.

followi ng Table I X. The hori zont al

differ fromthe remaining tubing nmenbers,
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and a third axis extending

| st?ﬁ?f) d

C)\l CIIU

|||g_

fromthe waterline to the bottomof the vessel
an underwat er surface;

Erre?ébtef&thﬁgva@bﬁﬁ gardes b&to®ithchepsit ar@nu er lingit kdciisd may be
| east one tubin

combinsdsvitamolowienhmeffor seh@t

. conpri si.ng:
axi s an

a .

at

menber exten
nengeRi s or al ong at
portion of the third axis of the vessel
t ubi ng- nenbers havi ng a. | ongitudi nal

axi s

h

ing al

hul |,
and .a

uII,

| east - one tubing

ong at
| east
t he

plAitlatuigh yhe§ysteperandggoctissgs alssatibatl dexgin havel heay idesedibediin detail, it

.t ubi

*shoulheoeratd A0 AEBA Um0 G SR ElRPeE cog

%8 rllfgade W1th§ut
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What is claimed

is:
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tubi ng nmenbers. 2. The marine vessel of claim1l,
further conprising a production neans for producing

wo b@7an3es f oul i ng conposition. .3. The nmari ne REFEL10060662260
claim1 wherein the anti-fouling conposition conprises
sodi um hypochl orite or reaction products of sodium
hypochlorite with water. 4. The marine vessel of claim
1 conprising a plurality of tubing nmenmbers having a

A SR8l Ban L B R oy R AP B o A i essel ull

and Wl §a’¢6ﬁd axie aaxte;iadm'glh@omﬂhé; sarboasisel thefpor saﬂlermﬂthe vessel hull and a
conprising a urality_ of tubing nenbers

thisd amﬁle?cte?gl@g ifswé Hervgaierting poike éogmaﬁé ﬂ%%‘é?S?ﬁ‘i Sré‘@ﬁ»t Gogikising:

Kgﬁeﬁ&a‘c&ﬁ) itayéal ng nmenbers,, wherein the plurality of
ers’and the plurality of openings are
£ Qi G t@Biing Utdmberaktchding alunganldast aqaptitd ef the first axis and at least
delivering the_anti-fouli ng conposnfttinon at .an
st

one tybing:aiemper GuisagRS pipgtat leaske PeTRIAL th second raxiseorAleng at Teast'a.
portlo%.oftﬂ{?e thwag%&\ﬁt(tﬁé vgééélfeﬁ@lg tsﬁseotfxblﬁg %Eﬁ‘&gs @JVII%]a O?L%%GJEMXIS and

a plurBefycFdhagagddispdred alonp decloagiariina aﬂﬁtoé’ ithid tobthgusémigers the tubing
conput ational fluid dynamics nodel. 7. The marine

membgesaeng B‘fSl@mfﬁﬁﬂB‘?Mé‘P thendervatgispcfacsi Py conpositi on
[ f
Ll S B T EORELREA 05 3P Su8 e pronen
tubmglﬂiéﬁfb‘eﬁter surface. 8. The marine vessel of claim1l
wherein the underwater surface is. the surface of a

2. Yﬁéﬁﬁhn@ YhdseDof citith MBMHAG dBSERINgS podattiinBmekiRI Bt Producing the
he anti-fouling conp05|t| on’is generat ed on board the

~ anti- fmdﬂ@iompm@moﬁhe mari ne vessel of claim8 wherein an

ef fective dosage of the anti-fouling composition is

3. el ineginedeisel af clarast whe¥rothetdné-foulifigcemposidoroborhpdses sodium

under wat er 'vessel hull surface for eri od.of at
hypoqbécggtf: op teaghignpreducts of sodium hypochlonte w1tﬁ we{ter. 2

4. The marine vessel of claim 1 compnsmg a plurahty of tuf)iﬂg members having a

- combined 10ng1tud1na1 dimension from about 0. 006 m/m? of underwater surface area to O 06 .

m/m? of underwater surface area.

5. The marine vessel of claim 1 comprising a plurality of tubing members having a
plurality of openings disposed along the longitudinal axis of the tubing members, wherein the
plurality of tubing membérs and the plurality of oi)énings are conﬁgtired such that the system
is capable of delivering the anti-fouling composition at an effective dosage to at least 60% of’

the surface area of the underwater surface for a period of at least two minutes.

6. The marine vessel of claim 5, wherein the percentage of the surface area is determined

using a computatidnal fluid dynamics model.

7. The marine vessel of claim 5 wherein the anti-fouling composition is a solution of
sodium hypochlorite capable of providing at least 0.2 ppm available chlorine to the

underwater surface.

8. The marine vessel of claim 1 wherein the underwater surface is the surface of a vessel
hull. ' '
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| plufaé%r ?f;—cg;%

11. The marine vessel of claim 10 wherein the total
nunber of the plurality of openings per square neter
wobtooandsenat er surface area of the vessel hul | PEBENISES6/062260

from about 0.0915 opening per square neter of surface

area to about 0.197 opening per square neter of

surface area. 12. A process for delivering an

anti-fouling conmposition to an underwater surface of a

i : - N0 .St i ' t )

o TRE¥ RIS of p% Rler ] o PR ARl Merated on
boardaké eggdéing from the starboard to the port side of the

vessel hull and a third axis extending fromthe
10. TR §haridee vb&el N BRIh O8N Wherbiie a¥ ee@&ivBUldsage of the anti-fouling

conprising: delivering an anti-fouling conposition to
compbsition i delwertrast tos atr keaste/ 554 oftheefiréase iapen ofthei dnglgtwater vessel hull

dosage to east. 60% of the surface area of the
.Surfa%ﬁfgégﬂm%ir&tsaﬁh‘?agﬁ:@ P peri od. of at least two

m nutes, wherein-the anti-fouling conpositiaon is i -

11. Hes mpapeyessel afirdainHbwiiereiy the tptalaantes ob thirplarality of openings per
[ inas, di t .

sovrp PG ol BSTREP o SPOSSH B R0 Rl 385120000 0915 opnin
per squage theteBbf Axfase ared talphuii0.aDT byerdhg pEraquag akrsyfesdste area.

along at |east one tubing member extending along at
12. hep@besd PP delif8n ah RELSBHBRcoipSsitin & @R dindbraR@Sdurface of a

~portion of the third axis of the vessel. 13. The
maringrvesess baihg el fastraxipexibrting frowehe baw th dhs stemmed thewessel hull and a

nenbher conpri.ses.a plurality of tubing., nenmber avi.ng.,, . .
sccon] g BIHRIE GG EOdTHaT i ondiechosh S G Bt qugloR  tind axis
exten o tHENHREMRE €5 iheWoliBRfAREFestd hRlll OforBrisgnf

underwat er surface area. 14. The process of claim 12

délercding antantiafouling compegjtien tptei widsrwaonprriase ot eo diffgative, -anti- -

o SR 4 5L B SOl BBt e oot

least WShiled he anti-fouling conposition is a sodium
. hypochlorite solution capable of providing at |east

@herepptheaandi-foalihg combositiore it deliviereduiodbe watlenwatay rshiefaes through a
B0t b L1 RSB SRR ong st o

- portidH 968 FrRlax ! Al pheratS @ 'h@@di@ﬁ%é'ﬁg Bl ianBast one tubing meniber

conposition is generated on-board
extending along at least a portion of the second axis or along at least a portion of the third

axis of the vessel.

13. The proéesé of claim 12 wherein ,sé.id at least one tubing member com;;ﬁseé a plurality
of tubing members having a combined longitudinal dimension from about 0.006 m/m* of

underwater surface area to 0.06 m/m?* of underwater surface area.

14. The process of claim 12 wherein the anti-fouling composition comprises sodium

hypochlorite or reaction products of sodium hypochlorite with water.

15. The process of claim 14 wherein the anti-fouling composition is a sodium hypochlorite

solution capable of providing at least 0.2 ppm available chlorine to the underwater surface.
16. The process of claim 12 wherein the underwater surface is the surface of a vessel huil.

17. The process of claim 16 wherein the anti-fouling composition is generated on-board the

vessel.
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vessel . 18. The process of claim 17 wherein the
ef fective dosage of the anti-fouling conposition is
waledorwesed to at | east 75% of the surface areaPOf/Us1966/062260

underwat er surface of the vessel hull for a period of
at least 60 mnutes. 19. A systemfor delivering an
anti-fouling conposition; conprising: 5 . nmeans for
delivering an anti-fouling conposition to at | east one

18, THP bR AR mPOS hieRHle @&hafv%qfos%g% At BRIL FARG composition is
su ace 0 mari ne vessel "havin first axis .

dehveﬁ'&d gl 18gst 75 %o ftthe sirtave tamat&fehéﬁlﬁienwa‘ér $ureacy ef tiel veaseti hull for a
a second axis extending fromthe starboard to the port
period pfjgt legst PR @igdesel hul | and a third- axis extending

fromthe waterline to the bottomof the vessel hull, 0
19. Mwysteinrfor fielivating em snti-fnding ghimpgsitiemirompsisingt i ses a

flrst ortion. that e al on heflrs axi s_ang:
o GPTBRE! s Es/p BtE SaPBHG PR oS BEdsARY b QB8 member
pos1t1@héH1 Sdjhdedt tdhd BndxivatePburkdeg of ﬁ%ﬁine%‘sée& nIRE @i fitstt 465 extending
first "and second portions include a plurality of

from thpebmiw trs thefstesu of sl wessell ard aseboad axisi extanding foermtthesierboard to the

o 8 b S S35k 0 B0 PR kR g orse

Vesse@ﬁ@pposul on to at least 60% of the underwater surface.
The systemof claim 19 conprising a plurality of
whbrerrgthmﬂb@ssomwbmg racrgbarisionpdiseson §ist pdital that extends along the

O R e R T B S
vesse} Bl e%%lrpﬂhéffﬁbtz&d%%rﬁi ﬁbﬁlaﬁs B tude fa0tlitanigy of openings of suitable
conposition 1s a sodium hypochlorite solution capable

size aoid g swivabl legaticns secisthapthe apbnstamaltmlang megtbenisioapatleof delivering

RSN A T EOR R T T S

vessel hul |-
20. The system -of claim 19 comprising a plurality of tubing members having a combined

" longitudinal dimension from about 0.006 ‘m/m® of underwater surface ‘area to 0.06 m/m? of

underwater surface area.

21. The system: of claim 20 wherein the anti-fouling composition is a sodium hypochlorite
solution capable of providing at least 0.2 ppm available chlorine to the underwater surface,

and the underwater surface is at least a portion of an underwater surface of a vessel hull.
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