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applicable. TECHNI CAL FI ELD 10 This disclosure relates to systens and
processes for control and prevention of fouling of marine vessel hulls,

i ncl udi ng anchored and/ or noored vessels such as floating storage vessels
(FSGCs) and floating production vessels (FPSGs), as well as fixed
structures. Specifically, the systens and processes described herein

rel ate to AEMLANKI-FOULING SOfSTEMBIAND PROGESSES FORIMARINAICESSELS by t he
controlled rel ease of an anti-fouling conposition 15 through di spersion
tubi ng adjacent to the vessel hull_ or structure. BACKGROUND ART Foul i ng of
mari ne vessel hulls and ot hePREM BELGTER ARPLACAGIONE envi ronment has
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tuni cates, andhisl ipRichl tRBNOpHASIY SITBY.SWAdplicRinessal e Mesgelss shivei ght ,
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damagés the vessel huFEDBRIEI YBHONSORMR RESEARCIOSTATEMEN DUl | to
corrosion. 1 Vessel hull fouling can be renmoved while the vessel is in
place or in diy; %%ﬂﬁging mechani cal and/or chem cal neans. However,
these alternativ are frequently unavailable, or are available only after
a long wait. When a vessel hull or structure is cleaned in place, it is
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a diver enters 5 the wat REFIXHNEE SRNIGROGEHEHAPREWDS cur whenever a di ver
cleans a hull or structure. Wen a vessel hull is cleaned in dry-dock, the
vessel nust b#ot alpsBateit of service to the

. TECHNICAL FIELD

10 ‘ 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 vesselé (FPSOs), as well as fixed structures.
Specifically, the systems and processes described herein relate to preventing fouling of
marine vessel hulls and structures by tﬁe controlled release of an anti-fouling composition

15 through disparéion 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

20 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.



near est avail abl e dry-dock, which usually results in substantial adverse
financial consequences due to the costs, not only for the required work,
but also for the off-hire time. Furthernore, renoval of incrustations of
marine organi snms while at dock can raise significant 10 regul atory and
environmental concerns. It is inpractical to renove fixed structures from
site for cleaning. Renedies that have previously been tried include using
toxic paints that slowy release such marine growh inhibitors such as
copper or tin salts, or using silicone based paints, which are
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of the water, are dis
the pamt is damaged, and fouling. takes place agam requiring dry-docking of the vessel to

remove the fouling material and to repaint the hull. Also, these antl-fouhng agents remain in '
‘the marine environment for a long period of time. Therefore, the most toxic of the anti_—‘ ‘
fouling coatings are being banned worldwide and are being replaced by less toxic, but also
20 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

25  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 sodinm 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




i nvolves the controlled rel ease of an anti-fouling conposition rel eased
below the water line in a manner that contacts a sufficient portion of the
surface area of the vessel or structure that is belowthe water line with
the anti-fouling conposition for a sufficient amount of time to 10 prevent
fouling. For sinplicity, the portion of the surface area of the vessel hul
or structure that is belowthe water line is sonetinmes hereinafter
referred to as "surface of the vessel hull or structure" or as the
"surface area of the vessel hull or structure;"” however these phrases
shoul d be 0Q4l; - ' SUr .t he .vessel
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of the i nvserlisH agieesnt the kaelpr ocess for delivering an anti fouling

conposi tion, wherein the process includes delivering an anti-fouling
conposition to an underwater surface, particularly an underwater surface

of a vessel hull, at an effecthygeroseid of oyl ERgGQsage to at |east 60% of
the surface area of the underwater surface for a period of at |east two
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provi de tur hat . .includes an underwater surface; at |east one
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under wat ehowdbramdersiood remser thetherteon of the pofack ereacit theesssalhdi onatrestus ur f ace
of a vesgg&iyyﬁ$wiﬁw§£QQ§mphe~structure is a vessel -or another structure 5
havi ng an underwat er surface, sonme enbodi nents further conprise a neans for
produci ng the- anti-fouling conposition. Sone enbodi nents of the invention

include a pl unglabsest, Aokl Wﬁpem%nﬂ@ﬂipp&i@e ‘a process for delivering an anti-
fouling composition, wherein the process includes delivering an anti-fouling compositionto

- an underwater surface, particularly an underwater surface of a vessel hull, at an effective,
anti-fouling dosage to at least 60% of the surface area of the underwater surface for a period

of at least two minutes, wherein the anti-fouling composition is delivered to the underwater

20 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.

25 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



conbi ned | ongi tudi nal dinension from about 0.006 nfn2 of underwater surface
area to 0.06 nmn2 of underwater surface area. In other enbodi nents, the

t ubi ng nmenbers have from 10 about 0.0915 openi ngs per square neter of
surface area to about 0.197 openings per square neter of surface area of
underwat er surface to be treated. Particul ar enbodi nents having such
tubi ng or opening configurations are used on the underwater portion of a
vessel hull. Independently of the |ongitudinal dinmension, some enbodi nents
of the invention include a plurality of tubing nmenbers wherein the
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at least 60% of the surface area of the underwater surface for a period of at least two minutes.”
In other efnbodiments, the tubing members are configured to deliver an effective dosage of
the anti-fouling composition to at least 75% to 90% of the surface area of the underwater for a
period of at least 60 minutes. Typically, the percentage of the surface area is determined
20  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 area 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
25  comprises sodium hypochlorite or reaction products of sodium hypochlorite with watet.
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.



10 provide a sodi um hypochlorite solution capable of providing at |east 0.2
ppin available chlorine to the underwater surface. In still another
aspect, enbodi nents of the invention provide a nethod of determ ning an
appropriate anmount of an anti-fouling conposition to be delivered an
underwat er surface of a vessel hull. In particular enbodi nents, the

nmet hods i nclude generating a first 'signal 15 representative of a current
flow direction of the water in which the vessel is positioned; generating
a second signal representative of a current flow speed of the water in
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depi ction of an enbodi ment of an anti-fouling conposition rel ease system
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of a vessel ull. Tn partioularﬁemb'ddimenfé, the methods include generating a first ‘signal "
15 repfesentative of a currénf flow direction bf the Wafer in Which the- vessel is positioned; |

' .generating a second éigllal representativé of a current flow speed of the water in which the

vessel is positioned; generating a third signal representative of a temperature of the water in

which ‘the Vessell is positioned; and usmg the first signél, the second signal, and the third

signal to generate a fourth si gnal representative of the volume of an anti-fouling composition

20  to be released.

"In some embodiments, 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

25  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.

o



marine vessel hulls and fixed structures, including vessels used for
floating storage (FSOs) and production (FPSOs) wi thout the need to take
the vessels or structures out of the water. The systens and processes
relate to the controlled release of an anti-fouling 15 conposition about
the surface of the vessel hull or structure. It has been discovered that,
by <carefully controlling the release of the anti-fouling conposition about
the vessel hull, it is possible to prevent or control the growmh of marine
organi snms on the.surface without taking the vessel or structure out of
service. The systems, a0d-RLRGABHEY HASEIIRAT HGLRIM GBRLIE alidhined Qinfr event
or control fouling of a vessel hull while the vessel 1s anchored or noored,
or whi | e a2gmpbpdimpaikefdhe systens dessiibgd heie systens and processes descri bed
herein do not require the use of divers and/or placenent of auxiliary

equi prent in the water (other than a dispersing neans for the anti-fouling
sol ution), astI&EEasehignate giagraaheha cmbpdimsnt ohile irstaasideswibedihascinAs

di scussed above, the systens and processes descri bed herein disperse. an
anti- fouling_conposition, about the surface of a vessel hull or fixed
structure. Th@g&% g v CRIFon 50f; 4 PrIBRSUIBE r fgdit BREFP AR/ PPt dtatdeaiR ans
for' progugdmg and/or storing the anti-fouling 6 solution, a transport
means for transporting the solution fromthe production and/or storage
nmeans to a dispersing neans, and a di spersing neans, such as a dispersion

t ubi ng menber Fignay b g aadephaionl ditaq ehboResi"gSan mf-fcﬂmiﬁg%ﬁl:p&gﬁ&m&xease
antl-foullng?conp05|t|on to the surface of the vessel hull or structure. 5
A Anti - ‘ng Sol utions The anti-fouling conposition is any solution that
can prevent and/or control fouling on the surface of the vessel hull or
structure. A sodium.hypochlorite solutjon is one exanple of an

anti-foul i ng §&'it fEndﬁ & %R&Uaﬁﬁf-%?}?‘? B AN BH-LOUNBY i CORPPIICIISHS t e

sol uti onsysgenglue to "available chlorine," a neasure of the oxidizing
capacity of the sodium hypochlorite 10 expressed in ternms of chlorine.
"Avail abl e chlorine" can be calculated by multiplying the sodium

hypoghl orite concent ratid.o i ‘ vei ght  of
chloﬁ?ne to the, nDH%%%fggﬁ%%%§§ﬁ£§$k§g§§6%?ﬁ§ﬁ§§#ﬁ§#hﬁéh¥?.e. mul ti plying
by the ratio 70.9/74.5). , For -exanple, the avail able chlorine (Cl2)
concent r at i onSystenzs 2BDOropgasess aleudisdosed fos pivemtinghgpidehdanirb liag (NA®E! $f can be
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. 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

15  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 ijrevent or control the growth of marine organisms lon 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

20 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

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

6



The concentration of sodium hypochlorite required to conbat marine fouling
is low. Any desirable concentration may be used. Wile | ower
concentrations may be used, an effective concentration of an anti-fouling
conposi tions, such as one that includes sodium hypochlorite, typically
provi des at | east about 0.2 ppm avail able chlorine in the water 20
surroundi ng the vessel hull or structure surface to prevent or control
fouling. O course |ower concentrations nay not. be as effective. In

certain enbodi nents, . a sodium hypochlorite solution which provides at
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sodi um hypeakopdibe S 8skhak iPochiyRl ¢E. mﬁﬂf,fyhfgr by ltfke Ea@i@usf@@n@s) elg,m nat es
envi ronmental conceérns. because sodium hypochlorite 1S effective to conbat

narine f G&MPplg the &W@erﬁmﬁdﬂz@r@ncwﬁraﬁ@vef tas26Q9 spihtsohtidn efasodiunivi t hi n
a short t uals detrinmental to the
kﬁ&h@ﬁ%@a age Echéx & foﬁ% g

envi ronme |on the Anti - Foul i ng Sol uti on Any
vessel that can store an appropriate quantlty of the anti-fouling

conpdSition for use i R00hepsPeOsis (AhY7Hbbe é8¢epmdestnbloéth herei n can be

used. ldeally, the storage vessel will
The concentration of sodlu:m hypochlonte requlred to combat marme fouling is low.

Any desirable concentration may be used. Whlle lower concentratlons may be used, an
effective concentration of an anti-fouling compositions, such as one that includes sodium
hypochlorite, typically provides at least about 0.2 ppm available chlorine in the water
20 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 hypochleﬁfe
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
25  concentration in the water swrrounding 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 environmental concerns.



resi st corrosion when contacted with the anti-fouling solution. Those of
skill in the art can readily select an appropriate storage vessel taking
the nature of the anti-fouling conposition 20 into consideration. In
enbodi ments where the anti-fouling conposition includes sodi um
hypochlorite, the storage vessel may al so include the appropriate

el ectrolytic equipnent, for exanple, copper or other suitable el ectrodes
and a neans for supplying an electric current to the el ectrodes. The
hypochl orite concentrati on can be neasured using techniques well known to
t hose of skill ] e of
transport means etk S iling e RARROLL RS AU, MERRL QR
corroded hsedtwgh drmst siysibmslandlg)rmsspmgemnm basinpectisieg foo ekaranis p@nipoithds

anti - foulln%@.8 00H§05|t|0 fron%ghe Froductlon or storage unit to the

di sper si ngfPRREREPPASTRE PP IRIPw A5 ioRf9Ps t he anti-foul i ng conposition to
the surface of the vessel hull or structure. Representative materials for
use in pipes ifnc tainl ess, steel m | ass, PVC ot her
plastic naterf@ﬁ%gl (§ va?rz m%%an é%gg%‘caﬁym?l F%%BeﬁmﬁFglna“

mat er i &l ssite5 Eor &aﬁxp&; $i E@bbﬂaﬂﬁﬁts'ﬂﬁmg&m M1fibuhmg1gorﬁlﬁummﬁlcbn@ﬁ51ﬁgl’so@x&rn

di spersed, t he s fa e.of the vessel hul | structure u5|n%, of a

vari ety o?W@F pRles PIRGT 5h§mv?ﬁ@nd?§ﬁgwgiﬁ@oﬂ@%ﬁésﬁﬂ@FT6@1§BK@ edpﬁ"owde '

the anti - bl theCRBRAS hiRAHR. a0auitt PRIBRAY bi Muiurd ¢MBsRldrite ?édube,%aért
about 60% _ of the surface of the vessel hull or structure such that

foul i ng | Yipngoeaedd anthafer issenst asendiased with anseometiensadisiorase  of thaeardous
di sper si ng,AEamS ?ctoiﬂﬁcfe L SR8edbr L !aﬁ?ﬁ& O ME i B%hu T RIRESve 9%1@19 QH&J el it y

of openings, where passage O e anti-fouling conposition through t
openi HYs @éiunw éymohlestesobubé bandiad inhelossad hadey syfstetrh ePargsgell onhihié fressel or

structure ubi n nber can b ter| | s.
Exenpl ar yStrrruﬁ éer %ﬂa Ig %asngf ?al% § Oé) §4° %&n alg{ gmgltel@éf)& (R4 §ﬁl?eiﬁ%1’ngand a
variety ofysetrher KeheQsi oRdidesi at al‘iﬁnuﬁtepl a@uoﬂ;&em ebh@hs. bddaaset Rodikmess of

the materjals in the_tubing nenbers c range from about 0.05 nmto about
12 mm Thféwatﬂ&%tﬁésreféeﬁt%@ @%ﬁ%%%@fng@a YhEORFEBODD & TRYRS (st dai n

enbodi Menkger #An disBsreties, @l itdes g RRIkE Geh%xeﬁfa@f@tﬁ@%ﬁrm%ﬁeﬁm to about
50 nm In- other enbodinents, the di aneter of the tub ing menber is from

about 50 mm t o about 100
R. Storage/Production of the Anti-Fouling Solution

Any vessel that can store an appropriate quantity of the anti-fouling compdsition for

| .use in the systems and prooes‘ée.s. desc_riﬁed herein can be used. Ideally, the storage vessel will
resist corrosion when contacted with the anti-fouling solution. Those of skill in the art can
readily select an appropriate storage vessel taking the nature of the anti-fouling composition

20  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 current to the electrodes. The
hypochlorite concentration can be measured using techniques well known to those of skill in

25  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

8



mm In still other enbodinents, the diameter of the tubing nmenber is from
about 100 mmto 20 about 150 mm The cross section of the tubing nenbers
can be a variety of shapes. In certain enbodinents, the cross section is
circular. In other enbodi nents, the cross sectionis a half circle. In
certain of these enbodi nents, when the cross section is a half circle, the
flat side of the tubing nenber can be di sposed towards the surface of the
vessel hull. In other enbodinments, the cross section of the tubing nenber
is elliptical. 25 In certain enbodi ments, the anti-fouling conposition is
rel eased tht | i o . I . er,
posi tioned a%%%%gﬁ?&?gm?ﬁgkgﬁ@%éggQggggg%?!@h@gJ%§§%§m£ﬂﬁfﬁwggpg%gﬁgﬁﬁre,
and is refeéased the aatigowding upaapsbitionoin dipowtrfike5ok Fee tvessebdwitl @8Gtrkdarcabove

t he hydro i ’ € i.Ski t. t.h l.ural ity.of .o i NQgs. cour se,
i s undnrBreadyRIpkigs AR bR b Soilelisieel afiortE WeE e B
openi ngs wihkt plestiicymakértals, thvien dejptyhvfofhenadressioatredstar aiptngotbtatial@peni ng. 1 n

ot her enbodi nents, the anti-fouling conposition is released through the

pIuraI%tyIpf oB%nin s at a pressure of fromabout 2 kPa to about 100 kPa

above the 'hydrog ek %Pgssure existing at the plurality of openings. In

addi tional enbodinments, the 5 anti-fouling conposition is released through
the plurality 6fe epefivligs compdasitdnatan| teadispased totthdismdpcrenfiibe vedselahtr @ssur e

of froma d ut . 75. kPa above the hydrostatic ressur
exi sting gtg}& f&ﬁg H%Fg P %F?I?{/)Q% tyo%feér(%lspr?ﬁsér.’g REj Frlhe PSS BE BT ,Stslfanaé’?eetoar e
nmany di f f progit tisd angisfoalitg cohdpsisionfo vasaiek pbibh Sgeaqdlly filRtatotf 4004, Wreg Thi s
bei ng t he case %t islggﬁarent t hat _ t he %%stens descri bed herein can be 10
provi ded THR™5° OEPP 2espel Gl ebsirichis sheh oie fudng iguevenigd rpd/er spnbplledn ef f ect i ve
dosage of the anti fouling solution. The systens ideally include at |east
one tybi ng nqueg hav&&gﬁ&u h@qgitudinal axis and a Eransver e axis, each

> plu i

o SHTYNE BYens, FURRTHGS 2hio Sy MRsngeTher

such tubi ng nenbéF %aV|ng & | (
| ongi t udi navdingaaplaralify dfto@citdy] RYerdRRDRIssaghlof the Asti-feulRe chinpHsi®in thﬁﬁ%lh gRuch
t ubi ng nenber |§1E95|£|oned bel ow the waterline and adjacent to the surface
of the 15°RFBEERFCING hoiolEiop i thgsrfecephihesisese] gl orsirg@ureand shape of .t he
openings in the tubing nenber may vary dependi-ng on the surface area of
t he vessel hull, or,structure to be covered and the volunme of the S
anti-fouling c%"r*?‘pt&g]in? ot Sgsﬁa}lg’ﬂ rf‘ac?%bfg’ni‘ élvéﬁg%@fma&?ﬂafsh@’ieﬂ@il%m?ﬁ%]ér:
FIG 1 deqi Gbsrghiss @010, 0fintdss aBelS¥RARKAGY b YR o BB IorrbsibA rdbfat-ah 1991?”' ngs
3 are _ spaced al ong the lon%ﬁtudlnal,aX|s of the tubing menber. T%e ubi ng
menbel® 1. rpgtexa?lg.pggggnckness of the materials in the tubing members can range from about 0.05

mm to about 12 mum. The diameter of the tubing 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 tubing member is from about 100 mm to

20 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.

25 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

9



20 bel ow the waterline and adjacent to the surface of a vessel hull or
structure 5. FIG 2 provides a cross-sectional view of the view of the sane
enbodi ment depicted in FIG 1. The tubing nenber 1, when positioned bel ow
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 mmfromthe surface of the structure or vessel hull
Generally, it is desirable to position 25 the tubing nenber so that the
anti-fouling conposition is released into the boundary layer in the water

that exi Sl ﬁy@é@aﬁcqﬁegﬁ%f&% e @r frag%&‘.sﬁpeeln r%‘s” 111Q;a1'y5\;/{t19%eu epth Bf W, ée} hF [ the
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tenden anti-faquling .10 conposition to be carried away fromthe

vessel huF‘Ftl %?“%‘s"ﬁ QEPOFEOS A TeRgpsst thy Plugplity -of ropenipgryine Bgpidpast ere i n

contact widtind henst fiac | 3 d |n
G T anahed > the gﬁegiufér]ggﬁggi??uﬁgglﬁﬁ tc?neﬁtnh’?5 %gﬁﬁe&gﬁq’%&% &

anti-foul Pff‘ﬁs%‘%)%ﬁ@lgtaf%lﬁpbmhtbf)fftmém@@em ngs 3 is parallel to the surface
of 5 the vessel hull or structure. However, it is understood that the

openings in thgétubl ng nmenber nmay be positi oned at various angles relative
to the surface’ 8"l k& pprsgaled.ihep areammodigisrenyersranr shapes of vesdddiuflapice t o

position thel axictr&f ’Flﬁ@b&ﬁé 8238:cNli€ o RO ey stgrnga%sh E\%&ém cgrp rgol ng

corrp05| tion is not delivered in the wa ownstre ng ne
180 provided tihe vanety of omﬁmgatlemsmﬁmlwesy déhn viectide doﬁtage déthefantihe

“ﬁ“p o Tl (08, CTROUGRIL ighdiy RRRMETHPRE R RS WhriPsl & 8ot of
t he cént etogigivddinah eaxop ami agsanasre&sesqnas;eacﬁmﬁbﬁ tutﬁﬁ.g afehiber Aot aSﬁlufamya@ﬁrt
I n anot her_ enbodi the.o have qrﬂ ters of about 3 nmmto. about

10 mm ando%e[mqgggléspo§8 B tlhﬁg gﬁ‘ﬁ’éarlsaxb“fo Wﬁ’&?erar“ét B BcRprHpbEE 25

cmto abeith sdh WHNAR&iber is@o@ﬂlb@éd IV i R Bine 4t %Q@rﬁ't@gl% aye diggmeters
of abﬁ%t 4 mm.tg 15 about mm and at | east 80% of the centers of the - .

openi yyseel oyl ce g aiEEt T:]?e SRafinEo Siap o shaw afiihapienings Fothe Gdripgimambenal
Fluid Dynggj ¢ (d'élgzn@'lr)g cfﬁot‘ﬂg Eﬁr%e Bfé%%?%ﬁesvéggerl Fﬂﬂn migtrucgﬂgH %go%re%%ﬁ g or
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FIG. 1 depicts a section of an exemplary tubing member 1 in which openings 3 are

spaced along the longitudinal axis of the tubing member. The tubing member 1 is disposed

20 below the waterline and adjacent to the surface of a vessel hull or structure 5. FIG. 2 provides
a cross-sectional view 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 positionsd up

to 12 mm from the surface of the structure or vessel hull. Generally, it is desirable to position

25 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-

30  fouling composition into the boundary layer reduces the tendency of the anti-fouling
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utilized, as was nodeled in Exanples 3-5. 20 E. Arrays of Di spersing Means
Because of the conplex geonetry of vessel hulls and fixed structures, it is
typically necessary to provide an array (or plurality) of dispersing
means, such as tubing nenbers, to achieve delivery of an effective dosage
of the anti-fouling conposition to the surface of the vessel hull or
structure. FIG 3 provides a schematic representation of a systemin
accordance 25 with this disclosure in which an array of tubing nenbers is
provi ded. The systemdepicted in FIG 3 includes equipnment for producing

an anti - f gatdoBlion 9% BEi@Ried MRS drk Ad Yessd hﬁﬁac]rcslﬂ:ﬁé&lrgand' ﬁe{lﬁésl?eg Ape By OUr C€
of seawater that is punped to a sodi um FﬂypOCh orite generator 8. SocL um
hypochl or fopbngesimposigian inscomtrehwish thsstrfaderod tigtvessaehwdle r ay of t ubi ng menber s
11, fromwhich the sodium hypochlorite solution is released through a
series of openings (not shown) as it previously described. Storage tanks
may be used ténégq pbgdment spigteduimiiiat 1 ond §1G+ hehe ertinings 3harppotitioneiltse so

t hat the I o r i e
e L L L -
and proocetbsasssddul or Bagtihier Ebwear gt sapadibieodthat the dgdninge i+ the fubitgamérhieer

di sper si .an anti-fouling ¢ osj tj.on an.effective dosage, to at
| east abgg?ygg&%%l lo?ﬁﬁie&sﬂaﬂogﬁénggééag%et {?e{hﬁ are plifte ES?SS@thr”Hclaﬁ gh
ot her enbgdeminitsis delieibleSySicitnane apik OF ¢ES RIS EEE (BRI ek MLamiapabl e

of delivering an effective dosage of the anti-fouling conposition to at
| east abo%?ﬂ%%’wmflﬂ’élss’i}ﬁtfd&ﬁ‘éerﬁ@ tuthg frake doyyrskiean of the tubing megnpbgbtign s | n

sti | | ot hag iRBECLIRE SmpbiBof KA IEAodsiB SEES TS Hescr i bed herein are

capabl e 10 of delivering an effective dosage of the anti-fouling
conposition to at |east 90% of the surface area of the vessel hull or

strucoure. | ngent ambodmRaditeiiehingt e @ht@ny bidandasagsOtvihnNgaRdtk-Jdroul i ng
conposition is delivered for at |east one continuous period of at |east 2

m nut es 4708 2AHEEPOPP ingE #7 2t freghAltreoldht il thyyoreaingh e spaaqd ebdver
enbodi Menfosom 1@ o8f ForGH hyst. Ciﬁ%ﬁ&tﬁe%ﬁoﬁﬁn&ﬂhhé @Hing{gav%%mgrg&&g’éf Ido@hs! s
delivered for at |east one continuous period of at | east mnutes 1n a
24-hour “TR@Ere aleput &0 prowidoe leasit§0%% ofthé erptaresithe spenings addpided aladut fradd ment s,

| ast onc oari 8308 Tl b oMb bO SR IR 48Reld ot Farfoa o
provilde ahbtut-& ool andgit teestBOB&of the centers of the openings are spaced about 30 cm to about
40 cm apart. For Computational Fluid Dynamics ("CFD”) modeling purposes herein, a
continuous opening or slot was4usedA to mode] the release for E}iémples 1 and 2, whereas, in
actuality, because of sirength considerations, a series of holes or slots will most likely be

utilized, as was modeled in Examples 3-5.
20 E. Arrays of Dispersing Means

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

25 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

1



The configuration of the array of tubing nenbers necessary to deliver the
desired 20 concentration of the anti-fouling conposition to the surface of
the vessel hull or structure is, of course, dependent on the size and
geonetry of the vessel hull or structure on which the array is installed.
The configuration of the array is al so dependent on the structure or
vessel's service. For installations on nost vessels, it is necessary to

i nclude at | east one tubing nenber in which the |ongitudinal axis of the
tubi ng nmenber is oriented along the Iength of 25 the vessel hull, i.e.,

al ong an

Addi T onal Ly fr Shaa® SRR R RN ek NAIBH O AL LD S sy

| east onehmblillﬁlgtemrﬂ@t th¢ rgemdritoh ceimeéel nmgitt adionsthntaeies amfl ddsengt lay rig
menber is ng.the wd h of the vessel hull, i.e., along the
transverséﬂ%§§§§%pt§a %t f%%]t e starboard side to the port side of the
vessel . In many enbodlnents a plurality of tubing nmenbers oriented al ong
both axes is r u ri e. | on
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| east one tubing menber extends along at least a 5 portion of the axis -

ext endi nganFlr@Hlle-gnéo%RoéFHBathattléast'f Wéo‘ﬁoﬁ% $if dbe srrfacherepesie vassdl hulfusi ng
menmbers_Cafofks el RaRt EhBAEMAk, HELKIAG AR bSA QOLiIARAANL Bybio! he
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vessel0 hutfideliyering an sffeniiye dasags pSthe rutéfidiling ccﬁmmtmn e atdeasePO%iof thetsarfiche

bot t om of L spaci ng between the tubing nmenbers within
the arra mz?ﬁ%ﬂ%ﬁ%%ﬁ%@ﬁggwgagg§ 10 vary depending on the desired

concentration of the anti-fouling conposition at the surface of the vessel

hul I and otheqnfﬁﬁﬁﬂrénﬁggg r I :
enbodi nent, the longitu |néﬁ§a§%s&§?aw%d8 ?%ﬂg HESPQHEI §%§§@§I?rom
about 5 ideliverediforuat 1650 ohm calpimupus pmodamtbathleatst énﬂnnnttamnta, 24 heud pagittadi nal
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ek L R Bl B B2 ol o 3PS

anti-fouling composition is delivered for at least one continuous period of at least 60 minutes

in a 24-hour period to provide anti-fouling results.

. The configuration of the array of tubing members necessary to deliver the desired

20 concentratlon of the anti- fouhng composition to the surface of the vessel hull or structure is,
of course, dependent on the size and geometry of the vessel hull or structure 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

25  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

30  desirable. Although the orientation of the longitudinal axis of the tubing menibers is
12



vessel hull by any of a variety of nethods. The neans for attaching the
tubi ng nmenbers can be applied to other dispersing neans as well. For
exanpl e, the tubing nmenbers, can be 20 attached directly to the hul

surface or by attaching welded studs to the hull and strapping the tubing
menbers to the studs. Alternatively, pipe hangers may be wel ded to the hul
and the tubing nenbers then attached by securing the tubing nenbers in the
hangers. Qther comon nethods for securing tubing can al so be used. As

di scussed, the spacing of the tubing members may vary. One way to provide

25 ef fi ci @Rtriveaveeagalif albheeives 88l ledpyl br Mé tiith bethaRbisef M it ROuLRARRYI ti on
can be achieved by an array_of a .conbination of |ongitudi nal and
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about 0. G86water Rze BihTHIHOFLSMBS Rlsscguniace area to 0.06 m n2 of underwater
surface area. In other enbodinents, the relationship of the conbined

| i near di nensions of the tubing nenbers to the surface area of the vessel
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Mrn2 of surface are I n addi tional epbodi ments, the rel ationship of t he

conbilfed TheRFIEnGHEm e REredfonsmEatomiihe AEhiwHES ponpseion ¢ theshriagedd of
the vessahe Gashd] n@ll afd SMGHESrsisScH 4R Dol thd L ]ﬁ%n@gmﬁbjcﬁn%eth@r eato

0.1 m n2 of underwater surface area. In certai n enbodi nents ere’1s al so
an opti néPn@Wdﬁllﬂ]efP@P pleide fublieg nenbers preisetoge dont dbout § ot @labpwinise m @jarfoﬂenl ngs

in all of S urfac ar the
veseel or Rt oD gl dEe R DA T n oOR Y BB Gp o e per
squar e nebebowfl00 sLapfack athéd endndiesnf, ﬂm%@mﬂha&xﬁgdﬁh@nﬁmgngerﬂms gquare

met er; of surface e 0,abou 5 0. 197 opening per square neter of surface
ar ea. Insg?%g%g?ﬁg’ﬁﬁ%ﬂtt “1%1 OMAEr of total openings per square meter
of surface area ranges from about 0. 05 opening per square neter of surface
area to dbhout AGtadBmepenfithg Dpxpersty Miesnsveities Vadseldiii ace area. In still other

The dispersing meéﬁs, for éxample, mBing members, can be attached adjacent to the
vessel hull by any of a variety of methods. The means for attaching the tubing members can
be applied to other dispersing means as well. For example, the tubing members, can be

20  attached directly to the hull surface or by attaching welded studs to the hull and strapping the
tu‘bing members 1o the studs. Alternatively, pipe hangefs Amay be welded to the hull aﬁd 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

25 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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enbodi nents, the nunber of total openings per square neter of surface area
ranges from about 0.025 opening per square neter of surface area to about
0. 80 openi ng per square nmeter 20 of surface area. G Sel ection of

Ef fecti ve Dosage of the Anti-Fouling Solution As discussed above, there are
many variables that cone into play in providing a release of an effective
dosage of the anti-fouling conposition fromthe tubing nenbers. In

addition to the size and geonetry of the structure or vessel hull, flow
conditions such as the 25 speed and direction of the water novenent about

the surf %%ti@ﬁsh%ﬂ]ge%éﬁggxﬁﬁﬁe@ Nin¥ 8 SEflendMls! in Bfer RO SWEQ BE LABRiHer ed

in achieving delivery of an effective dosage of the anti-fouling solution.
The speedloagithdiial dimtensionodf thi tibingtresmifaroiv the airdyend iimduaface/aerdf toe vessdl
currents,, W n i.d nd vessel vement . Additional ly.. conditiops such
as terrper%d[{[\ft)rgi 3# %g% 2 H%Iﬁﬁs1 a1%<:frel§ 1Ctmsgllpeo afhgoco é’é egﬂ gea%{ﬁl g%gnso? arl of

t hese variubing nenitdisttb dirssusfhes drakemhd Wseel 61 otdttuciurt i€ Gt ohi MO fsn? of

delivery of. an anti-fouling conmpgsition to the surface area_ of, the vessel
hul | ot SEREeHR it aieded QOgRET i tayeteits SERe Be ity hae RHire™ ke i nt o

account  s@EohipPbi thetothbiges R HinRRASiondeSEE R RRANEs tol e sRIREass gont r ol
met hods i ncl ude steps of generating signals_ 5 representative of one or nore

par anet erte seieel bl oretmete istiagnealut 8ODB ovim” of préne aveltoebauy 0.-08mgm” of
tenperat Usru?faQJ arb .eln%tiﬁironhlrlenw&dﬁ&ntsh BhetEiag Smﬂgnlf It}%é &ﬁﬁ)%e'dtling%egﬁ’nﬁﬁs?ons
generate a signal "representative of the volume of the anti-foullng
conposi t i ditht ;bbb mehbes éd tHersonfa@rerenod the fvotskli Indl aawmpotsid is drond ebduy 10y
systempin_order t.o deliver, the desired concentration of the anti- fouling
como@ti’gﬁlﬁtogs?r aeceér’l{ﬁaft%@é%?ntog@id\?@g%‘érlsuﬁg‘felafwafhe systems and processes
can be 10 controlled, for exanple, using a stand-al one or integrated
programmabl e ;04qi.¢.: I " ! igﬁx . | L.Qr

sel ected par anlgtg %I?aéﬁglﬁg&?igeﬁc%’ttpéﬁgg% §/‘9 Lot %éa:fg%% S e{?gd%/{gﬁ\g}gé ge%%{rhg,

not or st aptabnembartof opérongsegullatfehd tabingehadses afthe b@teantuid the whifag asalaft | on.
A w de variety .of .input patanmeters nay be ysed.to control the systens and
proc essegtge 3%%% o 83@ ﬁ”e?%?‘ﬁ’. g@%ﬁﬁ{f“?ﬁs’ b?@uaﬁvfaﬂ%?é# SPEHES PRESIBE r%%‘ﬁgo:% der ed
are di scuashet @bovages FomAddiut 00DEd opali@NBéredSart RadterCaNsBRCS RS itdlebad

i ncl ude vva{?er turbidity, water salinity, direct nmeasurenent of anti-fouling
conpost t i b /cRTEBEPPREUBHF MAtet AlesuREeecabBuethefantodimenise thsrnunpher of tfal yct ur e

gr VetS_sel opl gés pck QGRNER} bORrAfe &G AR rohPMob oS HBRBRIdet QhareGHiE Rt
irection an o ; o ,
surface area to about 0.40 opening per square meter of surface area. In still other

embodiments, the number of total openings per srq.uare meter of surface area ranges from
about 0.025 opening per square meter of surface area to about 0.80 opening per square metér

20 of surface arca.
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 tﬁe size and geometry of the structure or vessel hull, flow conditions such as the

25 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 factors.
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velocity, pressures, and tides. in certain enbodinents, control of release
of an anti-fouling conposition is controlled 20, by generating a series of
signals to provide a feedback control nmechanismas follows: (i) generating
a first signal representative of a current flow direction of the water in
whi ch the vessel is positioned; (ii) generating a second signal
representative of a current flow speed of the water in which the vessel is
positioned; 25 (iii) generating.a third signal representative of a
tenmperature of the water in which the vessel is positioned; and (iv) using

the first signgbmetdpasscors: %rﬁﬂ@'con@ﬂ&lst A t&l@nrﬂtosh&eﬂﬁt H% OQE&?Lgttﬁe a

fourth signal representative of the volunme of anti-foul i nhg conposi
necessar y SEEvesE of gt enti-&nling semphREtiey & thm sudactedrey of theheesseh thixH foo stritetgre.

conposi ti e@h,at fs ch.as,for. sodi hlorite
at a concent rsactfl?}?tcrf?\I %qu%ér%%b;é out(ﬁ%1 vgﬁl&h 18%] SO SO 2 (#nt]i‘ %éggl‘lg%%sst one
m nut e t o desstibéeaboves0%led prévess mbﬁtaﬂenﬁmeas Qﬁcludﬁss%bs hefl beneldtiag psiga@nt

|nvent50n understood with reference, to the following non- 5

i1
T B et e ol b A P e NS BB it AT St o o

vari ous syam;&rmurartﬁ PEORSSS &5 WHICH GO KEaE CRyIMid E‘)oﬁﬁbl@ed % SEhAsr £ ke
conduct ed b\}{ﬁ?SSPA S en AB using CFD nodeling. | om ng are

exenpl ar y "BHESUTHE R e frolyns %ﬂr@eaaaa fﬁ?lt?@é‘é’msﬁé% é@ |bbé§161rﬁé¢1 diom amdnti-
det er mi nedoubits GhRdkioiNARY L 0G0 BRI B, @ IRLINELING A L BELL Y
anount of the anti-fouling conposition to east 6o the surface area
of vessel fHERE compesifian ©othersatfece ¢f e veisbbksldl t 3hd GPemower pgeessds cahhe

surfa 3-5.. The . surface ar a covera and

t he rg eag(gﬁl;og% (g ﬁp%ﬂﬂggaﬁ]’fﬁ |dhazon8 BRI ?n PLOEEHIMARE 0§ gﬁ@ an

ef fecti ve('RiEUnN tThﬁbeChﬁa}abﬁ used cmdnbmg)r s€leNRORIr A ks akd tohﬂtllﬁstemsﬂ @fnatshe
vessel hu]cova'lve se exte argrg/ enbog@gents is in_each case 15 calcul ated
usi ng CFD rmdeflnﬁo OIS TROT THI5TS He [OSHBIBRF Hsritleasa o€ HcitRRdOHBESNITED nodel i ng
is based on a vessel havi ng a length of 258 m a breadth of 52 m and a

mexi num draft gf,.18 % e surf ce ar ea of, . the. ssel huI |  bel ow the
v
wat erline at maxi rrun}%g1 Pﬂ(}f RS g Paaafr%:e ?Bsegéoﬁ Al processes
described herem Many of the parameters that may be cons1dered are d1scussed above.
15 Addmonal parameters that can be considered include water turb1d1ty, water salinity, direct
measurement of ant1-fouhng composmon concentratzon in the water about the surface of the

‘structure or vessel hull concentration of the anti- fouhng composmon current dlreotlon and

velocﬂy, pressures, and tldes

In certain embodiments, control of release of an anti-fouling composition is controlled

20 by generating a series of signals to provide a feedback control mechanism as follows:

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

~ in which the vessel is positioned;

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

in which the vessel is positioned;

25 (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
15



Al'l cal cul ations shown in the enbodi nents descri bed bel ow are based on a
nodel ed 20 rel ease of an anti-fouling conposition of sodium hypochlorite
in seawater. The CFD cal cul ations assune that the sodium hypochlorite
solution release is continuous for a period of at |east one mnute. A
conditions in the foll ow ng enbodi nents are optim zed and deliver a sodium
hypochl orite concentration of at |east 2 ppmover at |east 60% of the
surface of the vessel hull below the waterline. 25 Exanples 1-2 In
Exanples 1 and 2, nodeling was perfornmed with the assunption that the
vessel is noored Wk oﬁtlérﬂitraﬁtef@@%,coﬁ’ée ) oagsutcﬂgs Y?%é(ﬁhmthg?c;cﬂfo?ﬁeeat\ﬁ‘ th
current and wind so that the 16 angle o | ow of water “1s always al ong
the centerline of tchecepating|ofiyign abOFU@ElIJBm to labput Exvamp fest aginde Rinubmidel i ng
was performed with H%? +3DSUITH s%?fa%&ﬂ@éa%f%esse ulll fouling composition

1 um

rel eased has a concentration poc orite of 0.00200kg sodi um

hypochl ori te/ I desc e
exenpl ary antkﬂ¥§ggﬁﬁ%ﬁg$§ ﬁq£t§ﬁéh ggﬁ&ggrﬂhrF%V%§%g @C%Qﬁmﬁm%nﬂTs and
a hul |5 drlahttingfexddpl8s. m Irlthe nodel ed system a vessel hull 20 is

provided with one centerline tubing nenber 22 and three transverse tublng
menbers 24, 26, and 28 as deplcted in FIG 4. In this exanple, the -

centerline tubing menber 224 nd continues along the
centerline (colinear with the X- aX|s O#ﬂiﬁ@A&Hﬁ} S coordlnate 10 system of
the hull to a point 9.2 in fromthe bow (x = 9.2 m. Transverse tubing

menber 24 travepdwentilneyahgiionspefr etions syaents atnldepryceascs gn aecogdagtps withabisof 20
neters fromdshe »b&\é' c@ﬁduote%oayr@SPA-g H&V%S&n%uéﬁqgnﬁﬂpg oH ? ﬁ&lfo@ﬁ? %@S the

hul | parallel with the y-axi's at a |stance e bo X = 110
m . Tr anssxemgharst @rbbqﬁgnﬁéﬂbéwst%mtamd\pNGS%S tid¢veritud| Herqhapad Hebrminddiyt GED

y- axi g, at C £ 200..1n fron1 I n' thi anpl e,
t he t?bl nragdﬁg%éofgs]e %g%é? %p(gegn?nn&u lve 8£€(°f d‘?’%s%rfm%coé@oﬁforﬂgfqtned by
a hal f Cylbasnd@% ofﬂfb@utf&@%&&dﬁz@ssbhﬂmmg{lgﬂﬁmb%ﬁg#ﬂe @Abse tandoBBoviame oft

br eadt h EL ?07854 .m ea of g 3406599 nP. .The centerljne t ubi ng
menber i $¢3H %Caa%dSP awa & Bfminiess-f The 18580acRpovers agp disirplpgse rate

di mensi Orh@jthé aeafuing c@fﬁﬁoﬂ%%&lﬁlke%stoq;ro%ﬁ@aﬂ el dige riﬁfgﬁfftr@f @E %nh??d?l“ﬁhged in
FIG 4. For all "~nodeling orted with respect to Exanples 1 and 2,

cont i nuofSTIReTiEen gtghe gqr@@% yf ha vessel hulibin diepse oxarenite esbadimenigdeth aach eseel t he
rel egsge Qﬁmgﬂéd%ghg(ﬁngb&gmgolutlon For enbodi ments to be

‘In ail of the embodiments descﬁbedAbelow, CFD modeling is based on a vessel having
a length of 258 m, a breadth of 52 m, and a maximum draft of 18.25 m. The surface area of

the vessel hull below the waterline at maximum draft is calculated to be about 22,800 m>.

All calculations shown in the embodiments described below are based on a modeled

20  release of an anti-fouling composition of sodium hypochlc;rite 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.
25  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 1o rotate with current and wind so that the
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built, tubing nenbers having a plurality of openings or holes, rather than
a continuous hole or slot,, are considered to be the design of choice. The
rel ease velocity and volune rel ease rates of anti-fouling conposition from
each tubing nenber are also provided in Table |I. As discussed above, the
tubi ng configuration and the anti-fouling conposition volume 25 rel ease
rates indicated in FIG 4 deliver a sodium hypochlorite concentration of at
| east 2 ppm over at |east 60% of the surface of the vessel hull that is
bel ow the waterline. In terms of the 0.00200 kg sodi um hypochl orite/kg
seavat er Sl 08 ARAYE itk 10 abfyt AlARIRY corilifing B8 Uld Fosh b T FREEN NG,

based on the dispersion tubing configuration depicted 4 and 't he
assunpt i dhgmplest bdnfl of. EréglpEevas, py&ipnd twidt het hatlmatmoraﬂtat theo eiti-fayling

conpositi r a f o2, 17 Table |
Tub ng MEREBERRE e G ESRLABeR oW IR AP S P o R0 1y 2
2.5 0. 851@poddorlle/bg eaBhtef 26 1.5 0.5110 28 1.5 0.5110 where m's = neters
per second and nB8/s = cubic nmeters per second Exanple 2 describes the
performance of an exenplary anti-fouling systemfor a water current

vel ocidty of O FMmm%sl dasctitees thel derfdrmednee of arBex@miphery tumti-foblisg syedel foda syt em as

verts car BBmdefeRkoly el AR hERlet a2k B B SRR b R R A e

hul I . An m@ﬂwtde@ rvath mmeaemtneqnbmgx Ric®eNerbel tsé th‘\@ﬁve@ées‘c@bm@&&wb@ﬁsdm

Fi nal |y, sverse tubin er is pr vided, In this exa al

t ubi ng r?g 3 SgRictgd Flhﬁrfq(lg §- &5t s syem éP?Qﬁ‘éan%‘}lb’é‘g RPbeE iS ﬁ@é?ent except
the tubing tﬂm*ﬂ%d%anU&EQ aloal IelceMbitife gclaﬁn&@ QL@ thd NExiObsF trhgI BulPOW oMb gl was
simul ated by a strip. The centerline 10 tubing nmenber is divided into

tubi 1§ newBersofzhe hwbltosezpomit Ubrgomdithaw G2= dEank Trh@vzrse dbimgmesngier 24 | ess

a5 Tabesgtye L BOERS Elyens, S R 400 ol BN OR IR ol 1o
depl ct ed Tramsverse tqug member 26 traverses the hull parallel with the y-axis at a distance of 110 m
from the bow (x = 110 m). Transverse tubing member 28 traverses the hull parailel with the
y—exis at a distance of 200 m from the bow (x =200 m). In this example, the tubing members
15  are configured to havel a rediﬁs of 0.05 m, defined by a half cylinder. The transverse tﬁbing
| members 24, 26, and 28 have a breadth of 0.007854 m and an area of 0.3406599 m®. The
centerline tubing member is configured to have an area of 0.189304 m® The speciﬁe
dimensional Jocations and geemetries of the tubing members'are provided in FIG. 4. For all
modeh’ng.reported with respect to Exémples 1 and 2, continuous holes (or slots) in the tubing
20  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

25  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
assumpt'ions stated for Example 1, demonstrate that an anti-fouling composition volume

30  release rate of 2.8 m°/s is desirable.
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FIG 5 have an area = 0.1818 nR. The transverse tubing nenber is divided
into tubing nenbers 38, 40, and 40' as depicted in FIG 5. Tubing nenber
38 is used where x = 20 in 15 and y is less than 17 to (area-0.1333'm 2 and
tubi ng nmenbers 40 and 40' are used where x = 20 m and.y is greater than
1.7 in (area = 0.1347 n2). The release velocities and volune rel ease rates
of anti-fouling conposition fromeach- tubing nenber are provided in Table
| T. The tubing configuration and release rates indicated in FIG 5 deliver
a sodium 20 hypochlorite concentration of at |east 2 ppmover at |east 60%
surface of the hull below the waterlipg.yIn terms of the 0,00200 kg sodi um
hypochl orite/ kg seawater solution required to be released, the results of
CFD nodel i ng basedTabing Mentbeb#ng ﬂ@mfzseng.ﬁ%,or dqml@,;,@gte;egseFl G 5 and the
assunptions stated for Exanple P, dem@pgtrate that aggg ution jvol une

rel ease rate of |18 0.1961 m8/s|is desirabl e. Therefp,;%t) for tihe conditions
assuned, the nodering Tpdicatesthie Teleasetubing eum.gurml on depi cted
in FIG 5 is nore efficfent at pchievi‘ng a 2 ppm so hypochl orite
concentration at|the suB4ace of|the véssel hul/l tharh.8she confijguration
depicted in FIG 4. 5 Jable It| Tubin f;VEnber # Rel qﬁsslgova ociity Vol une

Rel ease (rn/s) Rate %1 315) B2 0. 6 02493 34 0 01165 | 36 0.5
0.09090 38 0.5 067352840 0.1/ 0. 001@3.‘S where ms 9-HdPers pgr second and
mB/s = cubi c net pwherepds = &M}S&r@6@66341@%3%‘—50&1&@@&&59@%@6@@anpl es 3-5 was
performed with the assunption that the—vesset—is—noored—wth a spread
noor that prohibits the vessel fromrotating with the current flow and 10

i nWEQg WIS) Fets th %ﬁa%l@@ Qb&rifds thdFer bR Bl QX%an"i‘% ahl S5z %}?sltem Wl WAL es.
current vélomty of O 41 m/s and a hull draft of 9.0 m. In this modeled system as depicted in

5 FIG. 5, a vessel hull 30 is provided with two generally vertical centerline tubing members 32
and 34 at the bow portion of the hull. An additional bow section tubing member 36 was also
provided. Finally, a transverse tubiﬁg member is provide'd.v In this eXample, a‘l.vl tub’ing'l

“members have a radius of O.OSIin - defined by a half cylindér, except the tubing member 32
coparallel with the centerline of the bow which was simulated by a strip. The centerline
10 tubmg member is d1v1ded into tubmg mermbers 32 and 32', tubing member 32 Where the z-
d1men51on is less than 5 m (area = 0.03886 m?) and 32' where the z- dlmenswn is greater than
—5 m (area = 0.04155 m ) Tubing members 34 and 36 configured at the bow as deplcted 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
15 and yis ]ess than 17 m (area=0. 1333 m? and tubing members 40 and 40' are used where x =

20 m, and v is greater than 17 m (area = O 1347 m?).

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

tubing member are provided in Table IL

_The tubing configuration and rrelease rates indicated in FIG. 5 deliver a sodium

20 hypochlorite 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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extensive array of tubing nenbers is provided as conpared with the

configurations nodel ed

nodel i ng was perf

0. 02 kg sodi um hypochl orite/ kg seawat er.

15 used in'
concentration of

orned with the

t he

in Exanples 1 and 2. Further,

i n Exanpl es 3-5,

assunption that the anti-fouling
conposition to be rel eased has a concentration of sodium hypochlorite of

under conditions of current flow offset angle

+45 degr e@3961DRPE MR8 ARkl 368t (ha Gl @iRE b8 WhE 8ldcfid
rel ease rates fromdifferent tubes in the arra

The nore extensive array of tubing
Exanples 3-5 is designed to efficiently distribute the desired

anti-fouling conposition to all areas of the hul

rangi ng from-45 degrees to

are reqw re

fOMdlcatgé Meer ent

di sper si offleetithige comfiaviicadepiped 5l A itsmarmpiiEges abathiovitepi Tomd spdiull G 6.

In 20 t
verti cal

heye¥Eb&R.

tublng me
and port Bidds of the centerllne,
provi ded. Five generally vertical

h&étgﬂ dt Bhe

slug’ace of the e%?eﬁ %ll

the center

I ne
verti cal
t ubi ng nmenbe
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rs 56S-64S are

th a
Boar d

provi ded

along 4 he starboard side of the vessel, % | . and five generally vertical
tubing, 19 nmenbers 56P-64P are prOV|§e al ong the port side of the vessel
hul | ~“Transver se [t 4hbag MaBSRS 6@(e¥e§sé3f/é??/ézgzec 2 9NGnd RARPW] Final |y

hori zontal tubing nenbers 68S and pro aLeng thel starboard and
port aft sides of the huII respectlve{y The peC|f4§‘§JnenS|onal | ocati ons
and geonetries of tuc—tuu.ng refrber-s—ar-e—depi-cted H-G The

di ameters of the |tubi ng3fenbers| the di-@neters of t%@”@éenings in the
tubing nenbers, |[the spaging between td® openijngs, @odiegshe total nunber of
openi ngs i n each tubi ng,.menber |are pggyided in Taqgﬁxt§ Thel di aneters of
t he tubi ng nenber| are de?lned by a halt” circlle. 3 menbers 56S-64S and
56P-64P are rotatjed 20 d8grees fromvekiical. [For a0.8@Bfent of fset angl e of
zero degrees rel ative t@othe cetterllnﬁ1 a high rel@aﬂggrate 10 i s used at
transverse tubin ' uue1>.kuu eused, but no
rel ease from hoti / fdysed, since an
anti-fouling conposition rel ease at these Iocatlons woul d not be
beneficigﬁ z.£urrent offset angles other than zero' degrees, both

st ar boar ang port vertical tubing nmenbers will be used. However, only one
of horizontal tubing nenbers 68P or 68S will be used. If the current is

coning from t RéoqsERE

vertical L URiDgiH8

t ubi ng nmenber 68S

10"

%q@mes Al Yashprforoed alitht theiapgymptin dhat i8Pyesstiais
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wind so that the angle of the current flow past the vessel hull varies. In Examples 3-5, a more

extensive array of tubing members is provided as compared with the configurations modeled

in Examples 1 and 2.

Further, in Examples 3-5, modeling was performed with the

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

hypochlorite of 0.02 kg ‘SO-dilem hypochlorite/kg seawater. The more extensive array of tubing

15

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 +45 degrees. Depending on the offset angle of the current flow,

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

The dispersion tttbing configuration used in Examples 3-5 is depicted in FIG. 6. In

20

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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Exanpl e 3 describes the performance of an exenplary anti-fouling systemfor
a current offset angle of O degrees and a current velocity of 0.53 nis.
The rel ease velocities and volune release rates of anti-fouling

conposi tion fromeach tubing nenber .are provided in 20 Table I'll. Under
the conditions of Exanple 3, CFD nodeling denonstrates that in terns of the
vol ume of the 0.02 kg sodi um hypochl orite/kg seawater solution required to
be rel eased to provide at |east a 2 ppm sodi um hypochlorite concentration
over the surface of the hull below the waterline, a solution rel ease rate

of 0. 0776883l %}d@ﬁﬂ 51@%&1(16215611&%?%' ;?orfl mﬁiéa §P¥ erb&%setl lﬂﬁ 1 pefr%&%g@gﬁ% e e S

exenplary anti-fouling system for current offset ang
and a cur pEmbey 6§ sairpyidet alonsde IJ?PW Fihadlyrietieasa Wfah@membels 683CGndvdP wal une

I er eac tublng menber are
:)rEO\e/?Zed gltO% eﬁ aloﬁgtmeéi%&#%}gil eggf)a%lsgléle FWS%B%T]('GS%E)CEV Unt) Length (m
Rel ease Vblune Menmber # Velocity Release Rates (nt/s) (m3/s) 52 0.00 g
of tubi ng 11 7510 TRG EnepRER fochiprs i edotnd s Mo B s then PR
11. 73 9. 0060LD 500H6 dlmraaﬂme@bmgmemeera tROEBOEeR006he E2GingS. tﬁ@tubnﬂgl 73

0. 0050 0.0 S.200.,90, 11,73 0. 0050 0,0006 66 Upstream of forward 58.30
0. 0900 Omggiggrs t%ﬁo%ﬁcﬁ‘& SPSPIRE% AR g‘eé%‘ W"(ﬁp NESHHRFD FbHEar d

shoul der member are provided in Table IX. The dlameters of the tubing member are defined by a half
circle. Tubing members 565-64S and 5 6P 64P are rotated 20 degrees from vertloal

For a current offset angle of zero degrees relative to the centerline, a high release rate

10 is used at transverse tubing member 66. Vertical tubing members will be used, but no release

from horizontal tubing members 68P and 68S will be used, since an anti- fouhng composition
release at these loca’uons would not be beneficial. For current offset angles other than zero' - ~

degrees, both starboard and port vertical tubing members will be used. However, only one of

horizontal tubing members 68P or 68S will be used. If the current is coming from the port

15  side, only horizontal tubing member 68P, the vertical tubing members and tubmg member 66

will be used. Horizontal tubmg member 688 will not be used.

Example 3 describes the performance of an exemplary ahti~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

20  Table Il

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.

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

current offset angle of 22.5 degrees and,va current velocity of 0.53 m/s. The release velocities

20



where flat of side begins 54P 7.9 15.50 10.16 0.0060 0.0006 56P Lower end
of tubing 11.73 0.0050 0.0006 nenber at the forward shoul der 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 64P 200.00 - 11.73 0.0050 0.0006 68S Downstream of 239.20
0. 0000 0.0000 forward shoulder where flat of side begins where nis =
neters per second, nB/s = cubic neters per second, S = starboard and P =
port 5 21 Table N Tubing Menber # Rel ease Vel ocity Vol une Rel ease Rates
(ms) (nmB/s) 52 0.0300 0.0035 54S 0.0040 0.0004 56S 0.0060 0.0007 58S

0. 0060 0. BQ07oluBO 18O LHR &aQ@Q(?ulmé%&nQosQ%Ofr&n QLB Aubifd BchiRPER PoRRR7 66
0.0060 0.0039  68P 0.0050 0.0132

in the Table TV,
Table TII
Tubing x (m) y(m) Length (m) Release Volume
Membey # Velocity Release Rates
o _ . ' (m/s) (m’/s)
52 0.00 0.00 11.76 0.1000 0.0118
548 7.9 15.50 10.16 0.0060 0.0006
568 Lower end of tubing 11.73 0.0050 0.0006
*| member at  the
forward shoulder
588 65.00 - 11.73 0.0050 0.0006
608 110.00 - 11.73 0.0050 0.0006
62S © 1'155.00 - ’ 11.73 £ 0.0050 7 0.0006 -
1648 - 1200.00 .- . 1173 - 10.0050 ! 0.0006 =|
66 . Upstream of forward 58.30 - 0.0900 . .0.0585
‘ shoulder o n
68P Downstream of  239.20 0.0000 0.0000
' | forward shoulder ] '
where flat of side
B begins A ‘
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
64p 200.00 - 11.73 0.0050 0.0006
688 Downstream of 23920 0.0000 0.0000
forward shoulder
where flat of side
begins
where m/s = meters per second, m®/s = cubic meters per second, S = starboard and P
= port
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54P 0. 0400 O Q043 56P 0.0300 0.0036 58P 0.0300 Q 0036 60P 0.0300 0.0036
62P 0.0300 0.0036 64P 0.0300 0.0036 68S 0.0000 0.0000 where nis = neters
per second, nB/s = cubic neters per second, S = starboard and P = port
Under the conditions of Exanple 4, CFD nodeling denonstrates that, in terns
of the 5 0.02 kg sodi um hypochl orite/ kg seawater solution required to be
rel eased to provide at least a 2 ppm sodi um hypochlorite concentration
over the surface of the hull below the waterline, a solution release rate
of 0.0471 nB/s is desirable. Exanple 5 describes the performance of an
exenplary anti-fouling systemfor a current offset angle of 45 degree and
a current velocity of 0.53 m's. The rel ease velocities 10 and vol une

rel ease rates of anti-fouling conposition fromeach tubing nenber are
provided in Table V. 22 Table V TUBITbIeNEMBER # Rel ease Vel ocity Vol une

0-0015° 585 0. 003478 EH TG 8%’98%;%@3%‘81595?%’%?%6%’69%? Joos 645

0.0080 0.0010 66-0.0072 0.0047__68P™M¥%hoe0 0 0158 (F7/8)
S : 52 0.0300 0.0035
548 ©0.0040 . 10.0004
568 0.0060 0.0007
58S 0.0060 0.0007
60S 0.0060 0.0007
62S 0.0060 0.0007
64S 0.0060 0.0007
66 0.0060 0.0039
68P ' . 0.0050 0.0132
54p _ £ 0.0400 0.0043

56P : 10.0300 - 0.0036
58P 0.0300 . 0.0036
60P ~0.0300 0.0036
62P 0.0300 0.0036
64p 0.0300 0.0036
68S 0.0000 0.0000

where m/s = meters per secorid, m*/s = cubic meters per second,
S = starboard and P = port

Under the conditions of Example 4, CFD modeling demonstrates that, in terms of the
5 0.02 kg sodium hypochlorite/kg seawater solution reciuired 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 0.0471 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
10 and volume release rates of anti-fouling composition from each tubing member are provided

in Table V.

22



54P 0. 0300 0.0032 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, 68S 0.0000 0.0000 here mis =
neters per second, m3/s = cubic neters per second, S starboard and P =
port Under the conditions of Exanple 5, CFD nodeling denonstrates that, in
terms of the 0.02 kg sodium hypochlorite/kg seawater solution required to
be released to provide at least a 5 2 ppm sodium hypochllorite
concentration over the surface of the hull below the waterline, a solution
vol une rel ease rate of 0.0490 nB/s is desirable. For Exanples 3-5, the
ratio of the surface area covered w th at least 2 ppm sodium

hypochl orite solution, the total'solution volune release rate required to
achieve the coverh@mmmﬂmmlﬁamlfdmzwol ureumelebaee Ratee flrom each pi pe
are shown in Table VI. In connecti ows10 with the fmbi)ng menber lengths in
Table 111, the flpw rat® per unit po03e | ength ared.oaiccul ated | and shown in
brackets. Tabl es -TXsdenonstrat e.gdagt as the cuppesd of fset] angl e

devi ates fromthe cent gggl ne  of tmzpow The rel @@@g of the anti-fouling
conposition from VEEL OUS o] gD : 5 ‘ to provide the
desi red coverage pf—an hefo foutng LdJ(LUégbl tion meo(bglﬂres dlb 15

W H . .
et hrng o o oot AR vorane (LZHS 200 Mo ITY, Ol o W €
conposition. 23 Tﬁblv \‘flﬂgoui.rmnt ﬁ'qogjtimlivl 22.5@ gT Percent of surface
area 0.9879 0.996 9 P-4 Sod?-U% Hypochldrite Total
Vol une Rel ease Rate _ 68P 0.0060 0.0158

54p 0.0300 0.0032
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
68S - 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 épdium hypochlorite/kg seawater solution required to be released to provide at least a
5 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
hypochl_orite solution, the tota]_"*éolutioh Avolume release rate required to achieve the cé&erage,
and the solution volume release rate from each pipe are shown in Table VL. In connection

10 with the tubing member lengths in Table III, 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

15  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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of 0.02 kg sodium 0,0776 0.0471 0.0490 hypochlorite/ kg seawater sol ution
(nB/s) Solution volune rel ease rates for tubing nmenber (1000*nB/Ss)
[ Sol uti on volunme rel ease rate/per tubing nmenber length (1000*nB/s/m]
Tubi ng O degrees 22.5 degrees 45 degrees Menber # 52 11.800 [1.003] 3.540
[0.301] 0.991 [0.084] 54S 0.642 [0.0631 0.428. [0.042] 0.492. [0.048]
.56S 0.605 [0.052] 0.726 [0.062] 1.513 [0,129] 58S 0.605 10.0521 0.726 .
[0.062] 1.137 [0.097] 60S 0.605 [0.052] 0,726 [0.062] 1.210 [0.103] 62S
0.605 [0.0521 0.726 [0.062] 0.968 [0.083] 64S 0.605 [0.052] 0.726 [0.062]
0. 968 [0.083] 66 52. 000 [0.892] 3. QQQﬂégAOGY] .680 [0.080] 68P 0.000
[0.000] 13.190 [0.055] 15.828 [0.066] L 0.642 [0.063] .280 [0.421] 3.210
[0.316] 56P 0.60% [O0.Mb2htBiredion[ 0. 309D° 3. p3024.6° 30p] 458P |0. 605 [ 0. 052]
3.630 [0.309] 3.630 [0.309] 60P 0.605 [O. 032] 3.630[[0.309]] 3.630 [0.309]
62P 0. 605 [0.052] 3j@ﬁ&ﬂief§@@&3§a£3(d%0.30 64P 0 Og‘%g.OSZ] 3. 630
[0.309] 3.630 [O. \;ch,]ered@a&@p&{a@mmmc 9878 pod-9"8Loop] O8°B0g [0.000] ere nB
I's = cubic neters per sgepdion® = 'starboard and P = port. 24 Tabl e VI
provi des the f|0m1ﬁ%h?§bi R&B g TP the tublng members, based on
Table 111 and Tablle V| -5}3 (§L£ Solqgﬁﬂ% rekﬁﬁﬁ§ rat§64&{on1each openi ng
* . . RYL
(1000 n8/ hypochlonte/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)]

Tubing

Member #

52 11.800 [1.003] 3.540 [0.301][0.991 [0.084] |
- 54S  10.642 " [0.063] (0.428. [0.042]]0.492  [0.048]

] .56S  10.605 [0.052] {0.726 [0.062]11.513  [0.129]
585 10,605 ]0.052] [0.726 [0.062]11.137  [0.097]
60S  0.605  [0.052] 10.726 {0.062] [1.210  [0.103] .

© 625 10.605  [0.0521 [0.726  [0.062]10.968 [0.083]
64S  |0.605 J0.052] 10.726 [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]115.828 [0.066]
54P  10.642  [0.063] 14.280 [0.421]113.210 [0.316] -
S6P 10.605  10.052] 3.630 [0.309]{3.630 [0.309]
58P 10.605 [0.052] 3.630 [0.309] 3.630 [0.309]
60P [0.605 [0.052] [3.630 [0.309] 3.630 [0.309]
62P 10.605 [0.052] 3.630 [0.309] 3.630 [0.309]
64P 10.605 [0.052] [3.630 [0.309] 13.630 [0.309]

1688 0.000 " 0.000] 10.000 [0.0007}0.000  [0.000]

here m*/s = cubic meters pet second, S = starboard and P = port.

0 degrees 22.5 degrees 45 degrees
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Tubi ng Menber M n g/ opening Max g/ opening # of openings 52 0.0168 0.2000
59 54S 0.0084 0.0126 51 56S 0.0103 0.0256 59 58S 0.0103 0.0193 59 60S
0.0103 0.0205 59 62S 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 5.1 .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 Here m/s = cubic neters per
second; S'- starboard; P =" port; Mn g/opening = m ninum solution vol une
rel ease rate per opening in nB8/s; and Max q/opening = naxinun1so|ution

vol une rel easeqr Le 5 Assum n bef ween

openi ngs, 5' opéﬂlnéplﬁgﬁ'%@FgP ar%gggﬁﬁmgbﬂxmﬁgéﬁ @H?H nﬁﬂst ‘{ﬂbing
menber s shabledlbhad Tapabiie of rel easing anti-fouling conp05|t|on at rates
approximately as shown in Table VII, but because the current can approach

fromeither starboard or port, the gb%ysf abl e can be condensed to the
results provided in Table VII[. 10 2 g VIC1L Vol une rel ease rates from

each openi ng (1000%3vldtEhQclefleReds from each opening (1000*m’/s/opening)
Tubing
Member| Min q/op'enmg Max g/opening | # of Openings
#
52 0.0168 0.2000 59
548 0.0084 0.0126 51
56S 0.0103 0.0256 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
S 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 00102 | 0.0615 59
60P 0.0102 . 0.0615 59
62P - -0.0102-- - 0.0615. 59 - -
64P 0.0102 0.0615 59
688 0.0000 0.0000 146
where m*/s = cubic meters per second; S = starboard; P = port;
Min q/opemng = minimum solution volume release rate per
opening in m®/s; and Max g/opening = maximum solution
volume release rate per opening in m’/s.

5 Assuming 20 cm spacmg between openings, 5 openmgs per meter are required. Edch
opemng in the tubing members should be capable of releasmg 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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Tubing M n g/ openi ng Max g/ opening #
59 54(S,P) 0.0084 0.0839 51 56(S,P) 0..0103 0.0615. 59
60(S, P) 0.0103 0.0615 59 62(S,P) 0.0103 0.0615 59 64(S,P)

0. 0615 59,

of Openi ngs

Menber # 52 0.0168 0.2000

58(S, P).

0. 0108

0.0161 0.0615 59 66 0.0161 0.1787 291 68 S,P 0.0111 0.0132 1196 here m'/s

cubic neters per

g/ openi ng

second; S =

starboard; P =
m ni mum sol ution volune rel ease rate pei
maxi mum sol uti on

po

opening in nB/s;
vol une rel ease rate per opening in'nB/s.

rt;

M n g/ opening =
and Max

Tubi ng. nenbers 66, 68S, and 68P have their anti-fouling conposition

inlets.in.the
even rel ease rate.
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WEer8BARES cubic meters per second; S = starboard; P = port;
Min q/opemng = minimum solution volume release rate per
opening in m’/s; and Max q/opening = maxunum solu’uon

t he

volume releasé rate per opening in'm’/s.

Tubing members 66, 68S, and 68P have their anti-fouling composition inlets. in.the

- middle of the length of the tubing members to provide a more even release rate,

In general, it can be concluded. that shorter tubing member length and smaller tubing

member diameter increase the necessary pump head, but the volume release rate at the

openings becomes more constant.

Decreasing the distance between -openings’ decreases

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

Exemplafy tubing member diameters, opening diameters, and spacing between

10

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

15

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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26 Table I X. Tubing Dtube [nm Dopening [m] Opening spacing # of Menber #
[mMm] Openings 5250 4 200 58 54(S,P) 50. 3 200 50 56-62(S,P) 50 3 200 58
64(S,P) 50 3 200 58 66 70 5 300 194 68(S,P) 70 2.5 500 478 here n8/s =
cubic nmeters per second; S = starboard; mm mllineters; P = port; Dtube =
tube dianeter in nm and Dopening opening dianmeter in mm Wth respect to
the various ranges set forth herein, any upper |imt recited may be 5
conbined with any lower limt for selected sub-ranges. Although the systens
and processes described herein have been described in detail, it 'should
be understood that various changes, substitutions, and alterations can be
made w thout departing fromthe spirit and scope of the invention as
defined by the following clains. What is clained is: 27 1. A marine vessel
having a first axis extending fromt{uag)[1 to the stern of the vessel hul
and a second axis extending fromth %4rboard to the port side of the
vessel hull and & "Ried [axi s_ext éndi ng fr aonhélh tiag| | peft o] t he bottom of
t he vessel hull, q@gg&f%iH&wegﬁm&ﬂaewwd@€P gﬁrﬁﬁ%?? SQanhgggt. one tubing
menber extending i ong atTeggl a porrjon af ThepdiTst| axig and at | east
one tubi ng nenbel HUIHg ang tpastTa ponp o Of tiE Second axis or
sEEBprarnyTahonyg | at ea hbh O F .
al ong at | east a (.é t+ohn %DLll.Llll ) () uzo he—vEeSS hul |, the
t ubi ng menbers ha )'ongi.udina! axt+s c.u .u.a i-ty—6ef{ openi ngs
di sposed al ong th (. }lﬁl tiudi ég_l__a s the t ||h§pu¢: ..... er §81 the tubing
nmenbers bei ng posid | oned adj d8ent |t o the urdPrwﬁp@r su f;lr%i and 10 a neans
for supplying an @%SP)fouI|n60c0n105|ﬁﬁon tlo_t hé0Qnder hvat®@8 slir f ace t hr ough
t he where m°/s = cubic meters per second; S = starboard; mm =
millimeters; P = port; Dype = tube diameter in mm; and Dopening =
opening diameter in mm,

With respect to the various fanges’ set forth herein, any upper limit recited may be

5 combined with any lower limit for selected sub-ranges.

‘Alth'dugh the systemé and prbceéées described herein have been'described in detail, it '
" ‘should be understood that various changes, substitutions, and alterations ¢an be made without

departing from the spirit and scope of the invention as defined by the following claims.

What is claimed is:
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tubi ng nenbers. 2. The marine vessel, of claim11l, further conprising a
production neans for producing the anti-fouling conposition. .3. The

mari ne vessel of claim1 wherein the anti-fouling conmposition conprises
sodi um 15 hypochlorite or reaction products of sodi um hypochlorite with
water. 4. The marine vessel of claim1 conprising a plurality of tubing
menbers having a conbined | ongitudi nal dinension from about 0.006 m n2 of
underwater surface area to 0.06 mn2 of underwater surface area. 5. The
mari ne vessel of claiml conprising a plurality of tubing menbers having a

R R e e e R

openi ngs ar end® lédogﬂl held egteading Iﬁ@tn thhetashymidet the poit aﬂabifeha){zesshé hillend ag t he
anti-foulinguconp05|t|on at @n effective dosa%g to at st '60% of the

surface ar e BUgrXpsHEtNAYE fREL 1BF WelsFiingde thedotigm F}i638338]fh CORAEE wo

mnutes. 6. JhgndeRriieuMessel of claimb5, wherein the percentage of the
surface area is determined 25 using a conputational fluid dynam cs nodel.
7. Thé nari net lowsserd tubiig aleaibay sxiemderalonatah éeag mportiostitgfieoipodidet basti s a

sol uti on gl v:5AdLUMY BAGKAY be: 6A0APLE ALY it 2lc Leasks & R

avai l abl e ch ne to ter e mari ne vessel
claim1 vm)emcm qsf thhénrdmdsroﬂ&hee&reswﬂhﬁlacﬂm tubing erdarfracieg eflongitudinsleixis @O hul | .

28 9. Th | of cl h f.oul i
generategf”g)'[ﬁra §§g¥§%$ﬁ§<5g§§e ao hgﬂﬂé%%gﬁé g G %§§$§%%H% bmﬁqgoé%ﬁ%anIZn

effecti vem&ﬁssagsexﬁgpdshmnamhdjad‘eﬁwoltllftgmdemmsmifacenantls deI ivered to at |east
75% of the surface_ area of the underwater vesseg E@l su fa e for a

peri o of at 2 Fsass B prrRiE Wentijipuling ronpgsifipntaag er%ﬁttercﬁu Rk @Pei n

t he tOtaHmﬁHgQﬁﬁﬂ@&_the plurality of openings per square neter of
underwat er surface area of the vessel hull ranges from about 0.0915 opening

per squarg meter.afe SUELREe1RE 82N OLRMM iR ko AREB RSaREr SAMALS: MRt er of
surface area. 12. A process for delivering an anti-fouling conposition to

an underw&@ébU@MHiwﬁﬁmbﬁna

3. The marine vessel _of claim 1 wherein the anti-fouling composition comprises sodium |

' 15 hypochlorite or reaction products of sodium hypochlorite with water. -

4. The marine vessel of claim 1 compﬁéing a pluraliff{' of mf)ing members having a
- combined longxtudmal 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
20 plurality of openings disposed along the longitudinal axis of the tubing members, wherein the
plurality of tubing membérs and the plurality of openings are configured 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 penod of at'least two minutes.

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

25 usinga computatlonal 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
30  hull. '

28



10 marine vessel having a first axis extending fromthe bow to the stem of
the vessel hull and a second axis extending fromthe starboard to the port
side of the vessel hull and a third axis extending fromthe waterline to
the bottom of the vessel hull, conprising: delivering an anti-fouling
conposition to the underwater surface at an effective, anti- fouling dosage
to at |l east 60% of the surface area of the underwater surface for a period
of at 15 least two mnutes, wherein the anti-fouling composition is
delivered t 8- t Heeunaaranwtses daiacd wisroudhe ant-flulipacPpgosonopetneigsd on-

di sposed algﬁgd?;\kg@§t one tubing member extending along at |east a
portion of t Irst axis and a pIurallty of openlngs dlsposed ‘al ong at

| east _one t ypi ng, MeaRer extending, al ang.al Leask.@PaLLhon ol s Resend

axis or along a ‘|l edst” a porti on g?a% axi s or vesse

13. The pr oe@ﬁposafonclh alenvé2d wher _hdd 75&d df gl duefast aremef tmbmnaigrwmeﬁsel hull
conprises a plurality  of tubing nenbers having a conbi ned | ongitudi nal

di mensi on f PERCABEGPCHODBB A inufgider wat er surface area to 0.06 nmin2 of
underwat er surface area. 14. The process of claim 12 wherein the

ant i - f oul i ng!-cImpOEIE yRsseorfsiaged whrinthe ol ylﬁb%széqu Rlérabw 9 é’ﬁ%ft”il%r?er

products of scﬁlgg' IH&EIW@RX%QII\/\%&értSSIfXEC apeaV@{tﬁcr ves;é hull h:ﬁ)g@§ QGx%Sa%o@[fO @dl@'

wherein the anti-fouling conposition is a sodi um hypochlorite solu

capabl e of peroyiadé mgtead! $uease ar@a @ gbpun I dpabing petdqore metdr of sm@cumder wat er
surface. 16. The process of claim 12 wherein the underwater surface is the
surface of &.vesgsicedsufor .delitetingTdve aygi- ﬁmésg cofmpaditonmidl 6n winderedater tshidace of a

procesalby BRI L HRGPer AERB A -G PUBTURE RGN b N T aa. Yoot PHGe « -

conposi ti onsecond Aed bmeddesh friomahe Et@ﬂ)’ﬁ)ﬁrd?@%@f)oﬁ; bige 90 tfcaeescAheid afd athifl axis
underwat er surface of the vessel hull for a period of at |east 60 m nutes.

19. A syst efsi§gieden tervaigliantodhe betiogush the vessehhgti ormwisingonpr i si ng: 5,

means for deliyatjeng, an a%ﬂtfbulfr%%dnﬂﬂ)m%m&%ﬂet bR Rer@duy 8RS arOf:cLiDIAG-
menber positioned adj acent to an underwater surface of a marine vessel

havi ng a flfoshn&dﬂssgeetmaémmr@% oT hmstuife how of ghet Indlestatansoffaceer apsivdlofand a

second f}x ?L: cjpn gefromthe starboard to the port side of the vessel

hul | axi's ext endi ng fromthe waterline to the bottom of the
wherein the anti-fouling composition is delivered to the underwater surface through a

plurality of openings disposed along at least one tubing member extending along at least a
portion of the first axis and a plurality of openings disposed along at least one tubing member
extending along at least a portion of the second axis or along at least a portion of the third

20  axis of'the vessel hull.

13. The process of claim 12 wherein said at least one tubing member comprises 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

25  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 hull.

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

30 wvessel.
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vessel hull, 10 wherein the at |east one tubing nenber conprises a first
portion that extends along the first axis and a second portion that
extends al ong the second axis or along the third axis of the vessel hull
wherein the first and second portions include a plurality of openings of
suitable size and at suitable |locations such that the at |east one tubing
menber'is capable of delivering an effective dosage of the.anti-fouling
conposition to at | east 60% of the underwater surface. 15 20. The system of
claim 19 conprising a plurality of tubing nmenbers having a conbi ned

| ongi t udi pal . di nensi o nder.wat.er sur e'grea to
0.06 . ni /ﬁg gge PIPHEEY [ qzdﬁ%é%%e egtgcuvfrlyosalgﬁé)f?lys gma%lfng ToaP ﬁ?ﬁ%“ Wher ei n
the anti - §Qwbicneo etqeawss%loemd srfaces@el afdyrpRekdtarsutfece dahdidsehhaapahl e of
provi ding at | east 2 ppm avail able chlorine to the underwater surface,

20 and th@ﬂﬁﬁééﬁﬂﬁﬁé?O§HFW§ce is at least a portion of an underwater

surface of a vessel hul]. . . . . .
19. A system for delivering an anti-fouling composition; comprising:

5. means for dehvermg an anti-fouling composmon to at least one tubing member
" posmoned adjacent to an underwater surface of a marine vessel havmg a ﬁrst axis extending
from the bow to the stern of the vessel and a second axis extending from the starboard to the
. port side of the vessel hull and a third axis extending from the waterline to the bottom of the .
Veseel hull,

10 wherein the at least one tubing member comprises a first portion that extends along the
first axis and a second portion that extends along the second axis or along the third axis of the
vessel hull,-wherein the first and s'eco'nd portions include a'plurality of openings of suitable
31ze and at suitable locations such that the at least one tubing member is capable of delivéring

.an effeotwe dosage of the antl-fouhng composxtlon to at least 60% of the underwater surfaoe

15 20. The system of clalm 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

uniderwater 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,

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