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(57) Abstract _
' A method and apparatus fon_' removing mame f&uiing from underwater subsuﬁes such as ships’ lmils {10). The method is characterized

by the steps of first subjecting marine organisms such as barnacles to an electrical ficld of sufficent intensity to degrade the adhesive properties
: of the organisms to the substrate, and thereafter physically removing said organisims with the help of rotating brushes (16) or similar abrasive

Temoval means. The apparamus is characterized in that it includes a remotely operated submarine (12) or other suitable transport means, such

"1 | @8 a vehicle with a magnetized caterpillar track, having a forwardly mounted electrode (14) for imparting an electric field to the organisms

together with abrasive removal means (16) mounted behind the electrode for removal of the organisms. A power source (18) is provided,

: _ha_ving one pole (20) connected to substrate (10) and a second pole connected to electrode (14).




spe&d with which this work is performed is critical. O the various
types of orgaghadiEseionat conprise marine 25 fouling, one ofrCENOMWDGL46
troubl esone is the barnacle. This organi sm which outwardly resenbl es
a mol lusk, is actually a ‘crustaceanty of the class cirripedia. Inits
| arval stage, the barnacl e attaches itself headfirst to a substrate

such as a shi hul | . _and thereafter_constr osed of
six 30 cal mm %P@?MME aﬁ?W?Y%%ﬁ@%gg‘g gﬁgﬁ R
substrate with one of the nost pgusuERGERMNESEMESTEKNOWN i N nat ur e,
whi ch makes renoval of the shell extrenely difficult.

2 Barnacl es are particularly troubl esone because these shells remain
att acheds evegadi &1 tFiani mal i s dead. Various nethods have been
devel oped for killing marine growh, 5 however these nethods do not
address the problen1of renovi ng the organisns after they have been

ki lled. US n{g(&v ntich %%ﬁa%% te: €., PZﬁavﬂleé m¥3nk3Eolil3alg0 Feokhe use
of heat ?lng zebra nussels. These patents disclose that the use
structures exposed to a marine environment, and in particular

ships’ hulls.
10
Background Art

The fouling of underwater structures by marine organisms is a
~well-known problem. Both static structures such as oil
- . 15 platforms, and mobile structures such as ships are affected.
In the case of ships, the accumulation of marine growth can
drastically reduce a vessel’s speed and increase fuel |
consumption. As a result,ﬂships“must be regularly serviced to
remove thiSJgrowth;'The-sérviding*of ships, however, is very
.20, expensive, not only in terms of direct:costs but also in lost
| revenues while the ship is:idle. Consequently, increasing-the

'speed with which this work is performed is critical.

Of the various types of organisms that comprise marine
25 fouling, one of the most troublesome is the barnacle. This
| organism, which outwardly resembles a mollusk, is actually a
' crustacean, of the class cirripedia. In its larval stage,  the
_barnacle attaches itself headfirst to a substrate such as a
shipfs hull, - and thereafﬁer'constructs a shell composed of six

_ﬁso calciferous plates. The animal attaches these plates to the

' substrate with one of the most powerful adhesives known in

:'Ehagﬁié;‘whiCE'mﬁkes removal of the shell extremely difficult.



of tenmperatures in the order of 35 - 45 degrees Centigrade is 10

sufficient towaQbkfye adequate nortality. US patent 5, 804, 0GT/NOOKW®HINEE| 0ses
the use of a lowlevel electric field to kill marine grow h. This
patent teaches that subjecting zebra nusszls to a field having a power
density bet peeRasbesitare Frticuldrd@0troublesomavtidcauseithesenshedier for a

ti.me interval of about .24 to 15 2 _hours_is fflcl to achi eve adequate
nortality. rm?ﬂe%%tﬂ%teé’eﬂo#&r ?EEI%’%’@,&#O évde‘a'fa}:Lany effect on the

adhesi ve properties of barnacle shells to a substrate, nor provi de a
nmeans for the renoval .of, sych shells. In.partigul arg,.q. Al i rval s
di scl osed bY2E&OYS gepthrss ﬁemgaeﬁat 85"??1&?3‘%0{%3‘%’&‘1%}% Eﬁ“[}glgﬁeg?%%g'
therein §s ﬁbg@_ﬁlegttﬁéwmmddseldo note_addﬂeﬁbl ]Icﬂfe epnbh mﬁnpagfatiemmlvdhgp he f
organi snms, and is consgque nsui f a i,cient cleaning o
hull's or  thgtAEgaR raafietgasr %‘%’5 2¥5j E?ge’é’rrﬁ{%‘%\/gﬁeé’gaets?n%s It is
therefore asg,gbigetspfs,idwn,eng;erind BY6DB| 686 tdigrinsalcthe usen cdpheatt us

and nmet hod for reppving rine foyling from substrate, .l rticular
mari ne or gafPEnKliting Zehrs S ,S'BSheﬁﬁiB%t%th%c 995 Qﬁ%‘s%?’& 835 th

the hel p of o# Rakpéhtures adhadie/ordelr bs 35furdShedeqgeciCaritiigradentisnt i on
Lo PrOVE sueel s aRE e e Tt AR L T e B e
discloses the use of a low-level electric field to kill marine
growth. This patent teaches that subjeéting zebra mussels to a
field having a power density between about 3,500 to 50,000
microwatts/cubic centimeter for a time interval of about 24 to
15 .72-hours is sufficient to achieve adequate mortality.
These patents do not disclose, however, any effect on the
adhesive properties of barnacle shells to a substrate, nor
pfoﬁide a means for the removal 6f suéh shells. In particular,
the, time intervals disclosed by US 5,804,065 demonstrates that
20 .the_technique disclosed therein is aimed at stopping the
reproduction and propagation of the organisms, and is
consequently unsuitable for the efficient cleaning of hulls or
dther substrates. |

25 Objects and advantages

It is therefore an object of the current invention to provide
an apparatus and'method for removing marine fouling from a
subsﬁrate, in particular marine organisms such as barnacles,
30 which attach to the substrate with the help of a natural
adhesive. It-is a further object of the invention to provide.
an%épparatusgand-method;thatfimproves the speed and efficiency

with which marine fouling can be removed. Still further



3 = iobj ects and advantages w || “becone. ap_parent froma

consi derati onwook%oensui ng descri ption and-dréaw ngs. PCENDGb/OR g € Of
t he i nvention The present invention is directed to an inproved
met hod and apparatus that takes.a noyel approach for renoving marine

fouling fromuynderwater structures .styeh as. ships' hull h method is
characteri zé’a’JEfchéngt @éga Fages é"cﬁgﬁgje&?ﬂenagpfﬁeﬂ%mﬁ:%&e[ %r gani sms such
as barnacl exohgiderateehrofathd iatlsting descriptfibni end dréawimgsy to degrade
t he adhesive properties of the organisns to a substrate, and
thereafter physically renoving said organisns with the help of

rotati-ng brpslaelosbrél 8Fl the inwvditdonve renoval neans. The apparatus is
characterized in that 15 it includes a renotely operated submarine or

ot her suftable transport neans, such as a vehicle wth a nmagneti zed

caterpillar fifeagkesBati Dvant Donarsllad reeededochacinpdovéd@rmethodi amarti ng
an electric field to the organi sns together w Sive_renpva

th b
means nount APPISALHE thatctakes AQovel appropchyFar EF%?%gn rBaht B%s.

fouling from underwater structures such as ships’ hulls. The
method is characterized by the steps of first subjecting
10" marine organisms such as barnacles to an electrical field of
sufficient intensity to degrade the adhesive properties of the
organisms to a substrate, and thereafter physically removing
said organisms with the help of rotating brushes or similar
. ‘abrasive removal means. The apparatus is characterized in that
- 15 it includes a remotely operated submarine or other suitable
transport means, such as a vehicle with a mégnetized
"+ caterpillar track, having a-forwardly mounted electrode for
imparting'an*electric:fieldftOJtheiorganisms tbgéther with
~abrasive removal means mounted behind the electrode for

- 20 'remqval of"the"organiSmsl'ff”'
Brief description of the drawings

Details of the invention are described in connection with the

25 accompanying figures, wherein:

'Fig. 1 is a side elevational view of a remotely operated
submarine with a forwardly mounted electrode and brush
. . arrangement'in operation with a ship.
5? 3d'ﬁf§r3,; :
o Fig. 2 is an enlarged perspectiVe view of the remotely

‘operated submarine from fig. 1.



Bri ef description of the draw ngs Details of the invention are
described in ﬁg’%ﬁf& 90N wWith the 25 acconpanying figures, pgiaicoo146
Fig. 1is a si evational view of a renotely operated subnmari ne
with a formardly mount ed el,ectrode and brysh arrangenment in operation
with a shipg %E én qéa me%lalt%asﬂ Pféﬁp&f?tﬁﬁée alidwrolet he
renotely Qoer at e fromf 08
4 Fig. Bousted on|bhe¢ctrmotala coREr led, spbmapinge shyddy 1ings,pted
on the renot n h es of current

CRlkefE aiﬁgﬂx;q%@{ 1p8nBebag Lhges of

| Mpi ngi ng upon Imari ne or gan escription of the preferred
enbodi ment

5 Detailed description of the preferred embodiment

Referring to the figures there is shown an apparatus for
removal of marine fouling from a ship with a hull 10. The
apparatus comprises a remotely controlled submarine 12 to

10 which is connected a forwardly mounted electrode 14. Rotating
brushes 16 are mounted on submarine.lz immediately behind
electrode 14. The apparatus is connected to a power source 18,
with a first pole-20 terminating at hull 10 and a second pole

_ terminating at electrode 14. As depicted in fig. 3, an
15 electric current is caused to flow through a marine organism

22 when electrode 14 is brought within proximity to hull 10.

Empi}ical results have demonstrated that an electrical current
of sufficient intensity will significantly reduce the adhesion
20 of marine organisms such as bérnacles to a substrate, such as
hull 10. As a result, brushes 16 are capable of removing the
orgénisms much more easily_than-is the case with known

methods.

25 The mechanism that affects the adhesion of the barnacles is

not precisely known. One possible explanation is that

" electrical resistance at the contact point between the
barnacle and the substrate causes a.lbcalized heating, which
in turn degrades the holding properties of the natural

30 adhesive with which the barnacle attaches itself. Test results

according tofthe following tables have demonstrated that the
application of heat produces results similar to those observed

with electrical currents. The test involved measuring the



Referrl ng to the figures there is shown an apparatus for removal of
marine foulin r ship with a hull 10. The appar at us a
repotely cont 8I0P/§€97€ubnarl ne 12 to 10 which is connected ap‘?glﬁg/gdr,&aﬁﬁ
nount ed el ectrode 14. Rot ati ng brusheg 16 are nounted on subrrarl ne 12
i rmedi at el y_behi nd ct I r to a power
squrce 18, LOTCE ’f?\qlé“ﬁ %Iq’%]%%lt]'?%eﬁg??négﬂamhf* 10 and a second
pol e t ebarnatles ﬂomlaamtetadd:.ﬂsuhstdepeet ed in fig. 3, an 15
electric current is caused to flow through a marine organi sm 22 when
el ectrode 14 is brought within proximty to hull 10. Enpi ri cal
results have denonstrated that an electrical current of sufficient

i nt ensi t% wi Il significantly reduce the adhesion 20 of marine organi sns
such as Darnacles to a substrate, such as hul | 10. As a result, brushes
16 are capabl e of reab¥eny the Nor deats applied nore easily than is the

case wth known —aa%—hﬁds.—-—%—#re—nm%m—&m—(—h-&t—&ffects t he adhesion
of the barnacles isTeSt RBrRaclei 28RS TOBTE possibl e expl anation is

t hat el ectrical 1resi stance at tih® g@ntact point between the
barnacl e and the substrate causes %t I oc;al i zed heating, which in turn
degrades the hol di n& properties of tural 30 adhesive with which the

barnacl e attaches itself. Test res@lts kg according to the follow ng
t abl es have denonstrated that the }gﬂ ication of heat produces results
simlar to those obder ved ‘wWth 2’e’lse ical currents. The test invol ved

measuring the 5 - . . . :1.0 kg
6 - 1.5 kg
average ot 1.66 ké
; Table'2 ~ .- 250°C
Test barnacle Time sec- .. force
1 3 0.1 kg
2 3 0.0 kg
3 - 3 0.5 kg
4 3 0.5 kg
5 3 0.1 kg
6. 3 0.0 kg
average o 0.2 kg
Table 3 100°C
- Test barnacle -Time sec force
T 2 1.5 kg
2 - 10 0.1 kg
3 . 10 0.5 kg

10



5 , férce required to physically renove randonmly selected ~ barnacles

froma metal lywe ogresont r at e. Table 1 NeCinausoo/agips | ed
Test barnacle Measured force 1 1.0 kg

1.5 kg 3 ; 2.5 kg 6 4 2.5 kg

1.0 kg Another Gossible explanitPokOfor the obserfid pHenomenon,l. 66 kg
Tabl e 2 250[err] C

10

15

20

30

which may in fact work together with heat to produce the
observed results, is that high velocity ions or bubbles
produced by electrolysis attack the integrity of the adhesive.

In the preferred embodiment of the invention, an AC power
source is employed in which opposite poles are attached to
hull 10 and electrode 14 respectively. It is understood,
however, that a DC power source could be employed. In another
embodiment, electrode 14 could be replaced by one or more
pairs of oppositely charged electrodes spaced relative to one
another so as to create an electric field of desired

intensity, which electric field could be placed in proximity

~to the organisms to achieve the-reqnired effect. It is further

understood that while the preferred embodiment envisions

utilizing a remotely controlled submarine to transport

_electrode 14 and brushes 16 along hull 10, other transport

means: could equally be employed.

5

2



Test barnacle Tine sec

corof I RN ; 0.1 kg
2 WO 00/68070 0.0 kg 3 PCT/NO00/00146). 5
kg 4 3 0 5 kg 5 3
0.1 kg 6 } 3 2 0.0 kg - aver age
0.2 kg Table 3 100[ ecih®us Test barnacle Tine
sec force 1 2 1.5 kg 2
10 : 0.1 kg 3 10 0.5 kg 10
6 Another Posﬁe%%de&m:avaﬁ&' penbeil tde hstle At gaReEEReBn a Whi ch nay
in fact mork together with heat to produce the observed results, is that
hi gh vel ocity i orsbmergggdhsubstrate, comprising the steps of first

S . subjecting said organisms to an electric current of

sufficient intensity to degrade the adhesive properties of
said organisms and thereafter physically removing said

organisms with an abrasive removal means.

10 2. - Method of claim 1, wherein said organisms are subjected to
said electric current by the steps of connecting a first
pole of a power source to said substrate, connecting a
second pole of said power source to an electrode, and
thereafter bringing said electrode within sufficient

_15 proximity of said substrate so as to create an electrical:

" current flowing through said organisms.

3. 'Method of claim 2, wherein said electrode is mounted on an
- underwater transport means; and wherein said abrasive
20 . removal means is_mounted on said underwater transport

means behind said electrode.

4.'_ Method of claims 3, wherein said underwater transport
- means is a remotely controlled submarine and wherein said

25 .}:-abrasive removal means are rotating brushes.

5. Apparatus for removing marine organisms from a submerged

.. substrate, comprising:

*u330' :f a) An underwater transport means
- " 'b) an electrode mounted on said underwater transport means
L e) abrasive removal means mounted to said underwater

transport means behind said electfode



produced by el ectrol y5| SHIIIIIMII"I"“HIII““IIQ” ty of the adhesive. 5. In the

preferred enbed osssd7oof t*heci nventi on, *an AC power sour cepCENOIRbRcd i N
‘whi ch opposite poles are attached to huII 10 and el ectrode 14
respectively. It is understood, howeverg that a DC power source could be

enpl oyed. In anoidea ﬂaeweenb&dté@mltlﬂaecﬂl&@iepMeCQBhdeEEeHeﬁbasSﬂdby one
or. nor.e pairs of égg osi telé%char ed e] ectrodes spaced rel ative to one

another so as to cr trate| rd (3 S99 RolegSorpegted Fat 8addty, which

electric field coul d1betpbaspdsdid Bewdridotrce belhaeoer S88ESEBehP achi eve
the required effect. It is further 15 understood that while the preferred

enbodi ment envi si on§trength| £9grpate arpiediortadst cyrreat stbavingetheough
transports el ectr @éidlér?mj.iﬁél,s h@i%nl@ﬁ.'d)@g.e@ﬁ!rbdlols ObP&hght APER

means coul d equally be e
lose prox1m1ty to said substrate, of sufficient
intensity to degrade the adhesive properties of said

organisms.
10 6. - Apparatus according to claim 5, wherein said underwater

transport means is a remotely contrblled submarine and

wherein said abrasive removal means are rotating brushes.

15
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CLAI M5 o oddebfod for the renoval of marine organi sns fpcaNGD0/00146.
subnerged substrate, conprising the steps of first 5 subj ecting said
organi sms to an electric cyrrent of 1/3 sufficient intensity to degrade
t he adhesive properties of said organi sns and thereafter physically
renovi ng said organi sms Wi th an abrasive renoval neans. 10 2.
Met hod of claim 1, wherein said organisns are subjected to "said

el ectric current by the steps of connecting a first pol e of a power
source to saj .Zé)str connecting a second pol e of said power
source - to anfell ? ode and thereafter bringing said el ectrode
within sufficient 15 proximty of said substrate so as to create an

el ectrical

"SUBSTITUTE SHEET (RULE 26)



current’ fl owi ng through said organi sns. 3. Method of claim 2

wher ei n sai dywd @eé70de i s nounted on an under wat er pefROPHSGI4¢TEANS,
and wherein said abrasive 20 renoval neans is nounted on said
underwat er transport i -means behiné ai d el ectrode. 4. Method
of clains 3, wherein said underwater. tra é%ort nmeans is a renotely
caontrol l ed submarine and wherein said 25 abrasive renoval neans are
rotating brushes. 5. Apparatus for renoving narine organisnms froma
subner ged . substrate, conprising: 30 a) An underwat er
transport rreanﬂg. é b) an el ectrode nounted on said underwater-
transport neans c) abrasive renoval neans nounted to said

under wat er transport neans behind E&d el ectrode

10
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substrate andwd paRsApd pol e connected to said
power source being of sufficient

current flowing through 5

brought- w t hin

10 6.
transport

abr asi ve rgﬁ33jr'§§

20

d) a power.source with a first pole connected to said _
el eptradoonaas d

strength to create an electric

ans are rotating brushes. 15

._g§\
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said 34isns, when said electrode is
close proximty to said substrate,
intensity to degrade the adhesive properties of said

Appar atus according to claimb5, wherein said underwater
a renotely controlled submarine and

of sufficient
or gani sns.

wherein said

22

14



