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Executve Summary

Marine pests are known to be introdueeditranslocatedn a variety of ways including
natural vectors, ballast water from commercial shipping, biofouling, aquaculture operations,
aguarium imports, marine debris and ocean current movements.

Ballast water management Has some timebeen focus for marine pestsuesassociated
with commercial shipsBut the risks resulting fronbiofouling are notwell understoodWhile
it is well established that there exists a strong operational inceativegsel owners to
maintain smooth hulls free of foulinga@cdotal evidence suggests that¢hare areas of the
hull, 6 ni c lwkere areverdian of biofouling is difficult and not so critical to efficient
operation.

It was the purpose of this peat to address a gap in knowledge and, in a qualitative way,
assess the marine pesk associated witthese niche areas. Importantly, the project also
aimed to produce recommendations on how biofouling in these niche areas could be
prevented, and thearine pest risk reduced.

Niche areas include such things as sea chests, bow thrusters and bow thruster tunnels, bilge
keels, anodesiull penetrations such as seawat¢akes anddischarges and gratesdders
rudder stockand docking support blocks

Eight vessels werebservedn dry dock in Australia and Singapore. Potential niche areas
were inspected and samples of biofouling taken. Samples were then sorted émd sent
specialistdor identification.

Information was collected from vessel ownersutthe vessel routing, previous hull

treatment and the operation of the various hull appendages observed. Paint manufacturers
also provided information about various products and techniques available for niche area
biofouling prevention.

The project cofirmed that niche areas drkely to bemore vulnerablea biofouling than the
main hull for a combination of the following reasons:

i Reduced dry film thickness of antifouling paint on angular edges of grades
hull penetrations.

1 Hull protrusions can drupt the flowof waterover the hull causing eddies and
premature polishing of antifouling paint.

i High water turbulence and cavitation can prematurely polish antifopéng
and remove it from the hull surface.

1 Mechanical damage can remove antifoulpant and leave the hull surface
exposéd to fouling.

i Antifouling paint does not polish at the required rate in areasmt svater
such as sea chests and behind anodes rendering it inactive.

i Some sea chests are not fitted with marine gr@sdkection systems or they do
not work in accordance with the manufacturers recommendations.

To address the biofouling risk in eaghtheniche areas recommendations were made
including the use of different antifouling products with different polishatgs and
composition in different areas around the hull and careful hull preparatiqraand



application.lt was recommended that angular bars be replaced with round bars to maintain
antifouling paint dry film thickness and marine growth protectionesystbeoperated to an
effective level.

It was also found that is likely thatthere will always be a risk of paint system failui@ a
variety of reasons arttiat a controlled approach towater cleaning under permit be
investigated and in the firgistance, the ANZECC Guidelines forWater Cleaning be
reviewed.
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1 Introduction

Marine pests are known to be introdueeditranslocatedn a variety of wgs including
natural vectors, ballast water from commercial shipping, biofouling, aquaculture operations,
aguarium imports, marine debris and ocean current movements.

Voluntary codes of conduct and best practice management guidelines are being deweloped t
address biofouling risks from a range of sectors. These codes and guidelines will provide
management measuresprevent new marine pest introductions and control of established
populations.

Sectors thahavebeenaddresseth relation to biofouling isuesnclude domestic recreational
vessels, commercial vessels, fishing vessels, aquaculture, the petroleum and gas sector and
ports, marinas and slipways.

While significant resources have been invested into mitigation of the marine pest risks
believedto be associated with ballast water, very little focus has been given to determining
the marine pest risk associateih biofouling oncommercial vessels and less still to the
investigation of options available to the industry to mitigate any apparknt ris

Biofouling increases hull roughness ahdre is a strong incentive for vessel operators to

minimise hull roughess in order to maintain operational efficienggtifouling paint is

applied to the hulls of commercial vessels to prevent biofoulinghattant Technological

advances in antifouling paint are such that if the correct product is applied in accordance with
the manufacturerdéds recommendations, excell en
biofouling attachment on the main hull.

Thee e i s anecdot al evidence, however, that su
surface of the hull that are more vulnerable
sea chests, bow thrusters and tunmeldders, anodes bilge keels dthe relative occurrence

of biofouling in these areagasunknown, asvasthemarine pestisk arising from these

areas

Theproject in part addresses this gap in knowledge by systemattasiéyvingbiofouling
on eight commercial ships in dry dock

Theproject also enabled the development of a guideline (Ahnprovide options for
managing and treating biofouliregy commercialvesset thatincludes guidance on hulls,
internal seawater systems amdhe areas such as sea chests, sea intatesgbow tunnels,
anodes, transducers, docking supgtips propellersrudders and shafts.

The guideline aims to ensure the risk of translocating and introducing a marine pest is
minimised. It is critical that the marine pest issues associatedheiihdustry are clearly
understood and that practical and effective management solutions that build on existing
industry actions are implemented.



2 The Project

2.1  Project aims and outcomes

To qualify the level of niche area fouling on commercial vesssdsresearch potential
management options with a view to reducing the risk of marine pest introduction and
translocationthrough the development and implementation of a set of ljuedeo address
niche area biofouling on commercial vessels.

The projet will involve a targeted program of commercial vessel inspection ataltrly,
specimen collection and collaboration with appropriate research institutions in specimen
identification and research into available technology and potential management options.

2.2  Targeted dy-dock inspectios and specimen collection

Dry-dock inspections were chosen aboveavater inspections for ease of sample collection
and cost effectivenesshe following eght ships were inspectewl dry dock:

MV Spirit of Tasmania Ill, ForgcsCairncross Dockyard, Brisbane, 26 July 2005

MT North West Snipe, Sembawang Shipyard , Singapore, 26&27 September 2005
MV Endeavour River, Sembawa&dnipyard, Singapore, 11&12 November 2005

MT Petro Navigator, Tropical Reef Shipyard, Cairns, 23 J3m2@0D6

MV Fitzroy River, Sembawang Shipyard, Singapore, 17 June 2006

MT Petro Discoverer, Tropical Reef Shipyard, Cairns, 24 July 2006

MT Basker Spirit, Sembawang Shipyard, Singapore, 25&26 August 2006

MV Alltrans, Sembawang Shipyard, Singapdr&&12 September 2006

= =4 -8 -8 _9_9_5_2

Specimens of organisms collecteere sorted and delivered to appropriate participating
specialists for identification. Of particular inter@ssthe presence or absence of tubeworms,
barnacles, bivalve molluscs, and mobile crostens

3 Hull Antifouling Systems

3.1  Operational relevance

The hulls of commercial trading ships must be clean and free of fouling to maintain
operational efficiency. As the roughness of the hull increases, so does fuel consumption and
engine wear, and the a4 is less likely to be able to maintain speed and meet tight schedule
requirements. It follows therefore that hull maintenaanoe the prevention of biofouling
growthis an important consideration @@mmerciakhip operation

To prevent biofoulinggwthh i ps & hul | s ardifouling pamniBiodidald wi t h
antifouling paint prevents biofouling attachment by continuously releasing a biocaiz
commonly copper compoundsdm the coating surface, which either kills or deters the

settling sporesr larvag(Lewis, 2002) Fouling release antifouling coatings are based on
silicone compounds and create a surface that minimizes the strength of adhesion of attaching
organisms. Organisms are dislodged when vessel speedsrdb knots are reached area

easily removed when the hull surface is cleaned manually when speeds of 15 knots are not
achievable.



There are various differeantifouling painfproducts on the marketith different
characteristics relating to the meth@uatsl speedf biociderelease andhe effectivepaintlife
span As such, antifouling paint efficadg dependanvn matching the product to the
particular activity profile of the vessel and the required service time between dockings.

Further,paint efficacy is dependent on thedgtity of the coating. Dé&mination, flaking and
peding of the antifouling painwvill occuras a result ofindercoatlefects(anticorrosive, tie
coat) orwhen theantifouling coathas not been applied in direct accordance with the
manuf act uragonstostheyberfade has ot been prepacedrectly.

Even snall coating defects provide opportunity for barnacles to settle, further compromising
the integrity of the paint coating and encouraging the settlement of other organisms.

3.2 General Obserations

Areas on the main hull that showed evidence of incidental mechanical damage to the paint
coating also showed evidence of fouling growth. Mechanical damage can occur as a result of
fender and berth impact, dropping and retraction of anchors, megdeluring loading

operations and collisions witrebriswhile at sea.

There where also clear examples of lzolhesthat are routinely affected by operational
impactscausing antifouling coating damage. Such coating damage can occur when vessels
hull makes contact with silty sea floor causing abrasion and eventual removal of the paint
coating. The abrasive or impact affect, while damaging the paint coating, also makes it
difficult for fouling organisms to settle.

Patchy paint defects occurred hightba hull on the water line evidenced by sporadic
barnacle settlement. Thigas most likely duéo the varying conditions of these areas that
causalrying and cracking@f the antifouling paint as it is periodically both dry and
underwater while the vessslfully loaded or in ballast.

Barnaclesoverall were found to be most efficient at settling on the smallest paint defect,
spreading and lifting paint coatings.

While sporadic andaichy paint defects on the hull surface dumazhanicalamage adh
varying conditions were common, extensigéure of the antifouling paint system allowing
extensive biofouling coverage over the main hull was rare.

3.3 Recommendation

Hulls should be painted witintifoulingsystems able to prevent biofouling between

dodkings. The system applied should take into account the planned docking period and the
shipbébs speed and activity (nautical mil es pe
specification to meet the requirement should be developed in consultatiohevithint

manufacturer or their technical representative.

Where antifouling paint is damaged as a result of grounding or mechanical impaaten
repair of the paint system should be considered if the area of damage is relatively minor. If
damage is @ensive the ship should be ditgcked for repair at the earliest opportunity.



4 Internal Seawater Systems

4.1  Operational relevance

Internal seawater systems on commercial trading vessels take in water from the ocean for the
purpose of engine cooling, emengg fire fighting and ballast uptake and dischaRjping

for internal ®awater systems can be extensive and their unrestricted operation, particularly

for engine cooling igital to the ongoing and efficient operation of a vessel.

Biofouling growth @n be a particular operational problem when severe fouling occurs in
internal sea water systems as it can restrict the water flovtital engine cooling systems.
The internal surfaces of sea water systems provide refuge settling habitat for biofouling
species that have a pelagic larval life stage.

4.2 General observations

For reasons of practicality, internal seawateresystwere not included in thesiil
observations for this project. However, anecdotal evidence sugjgastsere isvidespread
use ofmarine growth protection systemihese systendose seawater with chemical
compoundsdhlorine or coppenyvhich destrog larvae at uptake. Were significant fouling
occurs within internal seawater systedo® to defective marine growth protection systems
engineoverheatingand premature wearirganoccur.

4.3 Recommendations

Internal seawater systems prone to biofouling should be fitted with effective marine growth
protection systems. Systems need to be regularly monitored to ensure effective giofoulin
control is maintained.

If seagater systems become fouled they should be treated with an approved prkitiuct to
fouling'.

5 Sea Qests

5.1  Operational relevance

Sea chests at®x like hull penetrations designed reduce hull frictiorfrom, and maximise

flow into seawater suction pip&s engine room cooling, ballast water operations and
emergency fire fighting. Water flow within the sea chest is significantly lower than across the
main hull surfacgecreating aelatively low flowrefuge aredTaylor et. & 2002)

As the water flow is much lower the antifouling paint used may have a biocide release rate
that is much too low for such a low flow area, making the antifouling paint ineffective and
sea chestparticularly vulnerable to colonisation by biofong species.

While the minimisation of sea chest biofouling is desirable from a ship maintenance point of
view, the existence of biofouling on the internal surfaces of sea chests may not have a
negative impact on ship operations as long as the flow @frwarough the sea chest is not
impeded.

! See guidelines for the prevention of biofouling in internal seawater systems

10.



The alges of hull penetrations such as sea chests are often angular. When painted with
antifouling paint, the high surface tension created from these angles reduces the dry film
thickness of the antifouling paiirt these areas, reducing the effective life of the paint.

Sea chesbpenings areoveredby grates as a primary means of filtering out large items of
debris. Sea chest grates can be flush with the hull surface, indented or protruding from the
s h i hplk Sea chest grates generally use angular bars, increasing surface tension when
painted, reducing the paint dry film thickness on the bar edges and reducing the effective life
of the antifouling paint.

Sea chest grates are highly susceptible to bigfgudolonisation as a result, and the
protruding and indented sea chest grate desimgmsase the potentially vulnerable areas by
creating more angular edges.

Biofouling around the edges of hull penetrations such as sea chests and sea cheangrates
interfere with the water flow over the hull, causing friction and may result in reduced
operational efficiency and increased fuel consumption.

Sea chest grates that are blocked with biofouling growth can cause operational problems by
restricting theflow of water for the purpose of engine room cooling. This can markedly
reduce operational efficiency and may cause marine engines to prematurely wear.

5.2 General observations

There was significant variatian the extent and diversity of fouling growthwvasage in all
sea chests observed. Variation existed betwdrentseachests on the same ship as well
as between ships.

Sea chests devoid of asignificantfouling were observed and it was noted that these sea
chests had functioning marine grovgitotection systemsinning at asettinghigher than the
manufacturero6é recommendati on

More common however were sea chests with medium to high level coverage of fouling
organisms. Anecdotal evidence collected from vessel managers indictiede casethat
where there were marine growth protection systems present they were malfunaiarohg
performingto a satisfactory levabhile being run in accordance with the manufacturers
recommendations.

Only on one ship wergea chestobservedhatwerefitted with steam blow out tubes. Steam

blow out tubes allow the sea chest cavity to be cleared of debris if a blockage occurs affecting
the operation of the ship (Taylet. al. 2002). Tésea chestsbserved that wergted with

steam blow out tubessa hal very little biofoulingpresentlt is possible thasteam blow out
operations may reduce biofouling colonisation.

Sea chest grates waybserved to be consistently fouled with dense masses of biofouling, at
times up to 90% coverag| most caseghe fouling had attached to defective paint systems,
where paint had delaminated on the angular edges of the sea grate bars.

2 Marine growth protection systems work in one of two ways. Either by the release of copper ions via an
impressed current into a copper anode locatd¢de sea strainer or the sea chest or by the electrochemical
generation of chlorine from seawater with the dosed seawater released into the sea chest.

11.



It is important to note that ofteregsel managergported operational difficulties resulting
from the extensie fouling of seahest grates. Any area where biofouling is creating
challenge teefficientvesseloperation, it is likely that there will be high uptake of
management recommendations.

Figure 1: Sea chests and sea chest grates.

B

Figure 4:Sea water intakes inside
sea chest.

Figure 1:Steam injection pipe Figuf i | surfa i:igure 3:Bamnacle fouling inside
inside sea chest. of sea chest. sea chest .

Figure 5:Barnicle fouling on sea | Figure 6:Fouling coverage Figure 7:Fouling coverage on sea Figure 8:Sea chest free of fouling
chest grate. significartly blocking grate. chest grate. - functioning MGPS.

53 Recommendation

The internal surfaces of sea chests should be painted with antifouling paints suitable for the
flow conditionsof seawater through the chest. Care should be taken in application of both
anticorrosive and antifouling paint to ensure adequate film build and adhesion to corners
and edges.

Where possible, marine growth protection systems should be designed se diead water
into the sea chest. Care should be taken to ensure that marine growth protection systems are
operating at a level that is effective in preventing build up of marine organisms.

If steam blowout pipes are fitted within sea chests, regulse may minimise growth in the
sea chest. External surfaces of the pipes, and holding brackets must be effectively antifouled
as they are prone to fouling colonisation.

Sea chest angles and corners should be beveled or radiused to improve antifouling paint
adhesion and durability. Sea chest grates should be constructed of round instead of angular
bars to similarly improve paint adhesion and durability. Grates should be hinged to enable
diver access for Hwater inspection and maintenance.

6 SeaWater Inlet Pipes and Overboard Discharges

6.1 Operational relevance

Many vessels have sea water inktsl dischargethat connect directly with the ships hull
(Taylor et. al. 2002). While there is no sea chest in this case, direct sea water inlets are
vulnerable to biaduling colonisation for many similar reasons as sea chests.

12.



The openings of sea water inlets are covered by grates with angular bars and often protrude
from the hull slightly with an angular raised rim. &&h sea chestdesigned in this way,

angular edes increase surface tension during antifoytiamt applicatiorand the dry film

paint thickness is reduced along these edges, reducing antifouling life and increasing the
potential for settlement of marine organisms.

Maintaining dear inlet piges and overboard discharges that are free of fouling and that allow

the free flow of wateis critical to ship operatior Bl ocked i nl et pipes that
sufficient flow of seawater camaveseriousmplications forengine coolingreducing the life

of the engineandprevening the ship from optimising efficiency.

6.2 General Observations

High velocitysea wateimtakes(see cooling scoops 8.8hd heated water overboard
discharges, were observed to be free of fouling.

Higher temperatures created agsutt of heated water overboard dischaayesikely to

create conditions where organisms arahle tosettle.Where high velocity seawater intakes
were present, the vesgahd the hull penetratiQnvaspainted withantifouling paint designed

for fasterships. In this case, the antifouling paint used on this type of seawater intake has a
biocide release rate appropriate tlois particular niche area.

Small discharges often had shell growth just inside or around the rim of the discharge pipe.
They are gnerally round in shape, often with ridged hull penetrations and squayrarzhrs
like sea chest grates aasceptible to biofouling.

Figure10: Heated water dischrge Figure 11:Ridged hull penetration| Figure 12:significant fouling on
pointi free of Ifguling. intake grate.

Figure 9:Fouling on around ridgeq
hull penetrations.

Figure 14:Fouling organisms . Figure 15heated water discharge| Figure 16:Ridged hull penetration
present inside intake. pointi minimal fouling. and internal fouling.

Figure 13:F0u|ing cdverage of
95% on intake grate.

6.3 Recommendation

All sea inlet pipes and discharge penetrations should be radiused and grates on sea intakes
should be constructed of round bars to improve antifoulingtggistem adhesion and

durability. The paint system should also be applied inside the pipe and accessible internals
and the anticorrosive or primer coating selected should be appropriate to the specific pipe
material if this material is different to the hplate.

13.



7 Hull appendagesi Unpainted

Unpainted hull appendages areas that ameot painted with antifouling pairfibr
operational purpose¥hese includewgehthings asanodes, velocity probes and echo
sounders.

7.1 Cathodic protection (CP) modes

7.1.1 Operaional Relevance

Anodes arditted to thehull to prevent electrolytic corrosion of the hullhere are two basic
types of anodesacrificial anodes andnpresgdcurrent anodes (Taylor et. al., 2003).

Sacrificial anodes, generally made of zinc, cornatien electrical currents are generated
between the dissimilar metals of the anode and the underwater hull of a vessel. The anodes
corrode first and thereby protect the hull (Taylor, 2003). Depending on the degree of
corrosion, sacrificial anodes are usyaéplaced at every docking.

Sacrificial anodes are generally attached to a bracket that is bolted to the hull, leaving a space
between the hull surface and the bracket to which the anode is attached.

Sacrificial anodes protrude from the hull sedaand, depending on their location along the

hull, can create eddies and areas low water flow. Eddies can prematurely deplete the biocide
contained within the paint and low flow conditions limits biofouling release rendering the
antifouling paint inactivallowing biofouling settlement.

Impressed current anodes are permanenfiktikes Theycontinuallyemit a specific
current densityor the prevention offiull corrosion and paint dexmination (Taylor et. al.,
2002).

If the impressed current anodeset at a current density that is too high|ateination of the
hull paint coatings may occur (Taylor et. al., 2002).

Impress current anodes slightly protrude from the hull surface and can create eddies at either
end of the anode, prematurely deplgtantifouling biocide.

Severe biofouling growth on the surface of anodes can interfere with the water flow over the
hull, causing friction and may result in reduced operational efficiency and increased fuel
consumption.

7.1.2 General Observations

Very smallamounts of biofoulingvereobserved othe erodingsurfaces of sacrificial
anodes. Howevethere were buling organismbserved under and around anodes aisd it
possible thathe mechanisnfor attaching theacrificial anodes to the hull creates an amea
the hull that is susceptible to biofouling.

The aeas of the hullinderlying theanode(gap between the hull and the anodeyeoften
foundbe covered in fouling organisms.

14.



There were a number ohpresgdcurrent anodes observed. Biofouling ativae impress
current anodes waginimal and usually confined &ither end of the anode, and in areas of

paint delamination.

Where impressd current sacrificial anodes were inactive, biofouling growth fwasd to be
severe.

Figure 17:Impressed current
anode paint coating damage.

Figure 18:Faulty impress current
anode significantly fouled.

Figure 19:Functioning sacrificial
anode forming zinc salts.

Figure 20:Functioning sacrificial
anode. Fouling on bracket.

Figure 21:Non functioning
sacrificial anodé fouled.

Figure 22:Minimal fouling on hull
around impress current anode.

Figure 23:Fouling on trailing edge|
of impressed current anode.

Figure 24:Close up of fouling on
sacrificial anode bracket.

7.1.3

Recommendation

Secrificial CP and Impressed CP anodes should be inspectadiar and any growth
should be removed, ensurititat fouling debris is captured and disposed of to shore

facilities.

Anodes should be fludtited to the hull. If not flusffitted, the hull suiace under the anode
should be stripe coated with a static antifouling to prevent foulialpnization

If anodes are attached by bolt recessed into the surface the recess should be caulked to
remove a potential niche.

7.2 Echo Soundersand Velocity Probes

7.2.1

Opeational relevance

Echo sounders and velocity prolmegitot tubegprovide informatiorto the bridge onvater
depth and vessel speadd are usually attached to the vessel batddaasurement
instruments themselves cannot be painted with antifoulimgnaey interfere with the

performance.

As these
biofouling growth.

71.2.2

areas

ar e

General observations

unpainted

an

d protrude

There was one @0 sounder that was clearly observed during the ship ingpecivhile
there were no whole organisms observbhdrd vereremnants of barnackettlement.

15.




