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Abstract : The International Maritime Organization (IMO) has recognized the risk of hull fouling and announced ‘2011 Guidelines for the control and
management of ship’s biofouling to minimize the transfer of invasive aquatic species’and is planning international regulations to enforce them in the
future. In this study, to effectively respond to future international regulation, we introduce the case of leading countries related to management of hull
fouling and also investigate environmental risk assessment techniques for in-water cleaning. Australia and New Zealand, the leading countries in hull
fouling management, have established hull fouling regulations through biological and chemical risk assessment based on in-water cleaning scenarios. Most
European countries without their government regulation have been found to perform in-water cleaning in accordance with the IMO’s hull fouling
regulations. In the Republic of Korea, there is no domestic law for hull fouling organisms, and only approximately 17 species of marine ecological
disturbance organisms, are designated and managed under the Marine Ecosystem Law. Since in-water cleaning is accompanied by diffusion of alien
species and release of chemical substances into aquatic environments, results from biological as well as chemical risk assessment are performed
separately, and then evaluation of in-water cleaning permission is judged by combining these two results. Biological risk assessment created 40 codes of
in-water cleaning scenarios, and calculated Risk Priority Number (RPN) scores based on key factors that affect intrusion of alien species during in-water
cleaning. Chemical risk assessment was performed using the MAMPEC (Marine Antifoulant Model to Predict Environmental Concentrations), to determine
PEC and PNEC values based on copper concentration released during in-water cleaning. Finally, if the PEC/PNEC ratio is >1, it means that chemical
risk is high. Based on the assumption that the R/V EARDO ship performs in-water cleaning at Busan’s Gamcheon Port, biological risk was estimated to
be low due to the RPN value was <10,000, but the PEC/PNEC ratio was higher than 1, it was evaluated as impossible for in-water cleaning. Therefore,
it will be necessary for the Republic of Korea to develop the in-water cleaning technology by referring to the case of leading countries and to establish
domestic law of ship’s hull fouling management, suitable for domestic harbors.
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Table 1. Summaries of in-water cleaning methods (referred as study by Morrisey and Woods (2015))

Manual g Surface . .
removal Mechanical removal treatment Shrouding technologies
Treatment |Hand-removal ~ Rotary Rotary ) ) Shrouding
method | with brushes, brush/pad: brush/pad: Contactless  High pressure High "PIESSUC Cavitational Hot . Encapsulation with manual
. mechanical water jet: water jet: . Encapsulation " .0 * 0. -
scrapers and ~ hand-held  diver-operated jet water/heat/steam with biocide or mechanical
. system hand tools cart/ROV N
pads devices brush carts cleaning
S“‘i‘ilseel forl app s M M RL M M M RL RL RL
Hull sections,
Isolated Continuous Continuous All hull Continuous sea chests if All hull All hull All hull
Target atches of  sections of  sections of surfaces  Hull sections,  Continuous sections of gratings surfaces surfaces surfaces
application p foulin hull hull including sea chests  sections of hull bl removed, including including including
e niche areas isolated patches niche areas  niche areas  niche areas
of fouling
Effect on Dtelieri((i)sdgn
anti-fouling | Potential ~ High potential High potential None Potential Potential None None None None used b
coating di 4
vers
Ability to ROV: Yes, ‘
Captire Generally no. Generally no. Generally no. Generally no. Generally no. Cart: generally Generally no. Not required Yes Yes Yes
no
* RL (Recreational and light commercial vessels), S (Small commercial vessels), M (Merchant shipping vessels)
Table 2. Examples of hull fouling management in Europe (referred as study by Moller and Stuer-Lauridsen (2016))
Hull . o R
abnitive e i Required facilities Methods employed Frequency Guidelines
Mainly shipyards. Dry-docks Sandblasting and water jet streams in Parallel with repairs or servicing, Promotes the IMO
Denmark In-water cleaning in robot/ dir\>/,ers in-;)vater ship yards. Under-water ROVs apply i.e. variations between 0.5-5 year guidelines. Harbour
ports and anchorage. ’ brushes or jet streams. intervals. permissions given locally.
Divers for in-water One Finnish company offers in-water
Finland - cleanin cleaning by divers using brushes and When needed. No national guidelines
e residue collection.
Germany Large Dockyards Dry-docks. Sand blasting - International guidelines.
Dockyards. However, an Dry-docks with Removed fouling material is sampled for
Netherland: initiative involving high-pressure iet toxic levels of inorganics, then discarded No information availabl Promotes the IMO
CEriands | i water ROVs in one g -slir:asiirlllse Je as waste and thus not returned into the © intormation avatiable. guidelines.
port is mentioned. water.
Promotes the IMO
Norway Shipyards. Dry-dock - Parallel with repairs or servicing. guidelines. Harbour

permissions given locally.

The mechanical methods like

A sandblasting, washing under high pressure . . . . -
Poland Repair shipyards Dry-dock by means of hydro monitors are used in Parallel with repairs or servicing. No national guidelines
the shipyards.
Power wash with dock hoses to remove . .
. . . . Pollution Prevention and
Dry-docks in e.g. fouling and the current paint, then Generally every 1-3 year. Ferries . N
. . . . . Control Regulations. MEPC’s
Scotland | Aberdeen, Edinburgh and Dry-docks. re-coating with new antifoulant. In some typically have yearly turnarounds. . ) I
e . - : 4 biofouling guidelines are
Garval Clyde. cases a couple of layers can be applied, Oil and gas vessels every 2-3 year.
. b . recommended.
with a primer being used as a base.
. When ships are to be repainted
desi} _d;‘;lés’ E; [;of,tr altn In general, divers use brushes and hull  every 3-5 years they dry-dock but
2 quay cleaning robots use water jet technique.  in-water hull cleaning takes place
designated areas. Hull Dry-docks, . . . . -
Sweden = : . One company uses cleaning robots, and in between those intervals. No national guidelines.
cleaning is performed (at robots/divers in-water. h . brush d Depend h de of fouli
least) in Helsing-borg another compa.ny uses | rushes an epen eqt on the grade of fouling,
. 4 residue collection. some ship-operators performs hull
Goteborg, and Stockholm !
cleaning every 6th month.
Australia/ ) Dry-docks, In general, divers use brushes and hull 6-12 month interval Australia and New Zealand
New Zealand robot/divers in-water ~ cleaning robots use water jet technique. rule (joint policy document).
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T AAFHABE FA wet F5 A7 7 Az
TAE o]&sA FAAYES AAE e AR AN
TH(Table 2). 12

Fao Az =3

d

b
g
Hl
)
2
>
)
BN
1>
k
il
o,

2 So s AR B 7ol
e F7F 3T A A FFAA AARIYES AASHE
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L QA THANZECC, 1996; Woods et al., 2007). A A -2 A& A
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>

S R USRS W) RAYES AASE 5= ) we,
sEEREE e 27, 290 AAl) A TG
of wep o7k B HesE AL FAT F A/
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AAAE AW 2 2 G AT YRR A 9
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Ay dd A FJofol AF HHH Mdubd s
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agk s BUHE FdsEta, olE EdE s Ik ¥
Aol g AAFFFAEA SUHS AR & Havt
At
3.4 BN XY SFHAH &F diy MY HIt
3.41 MEsE Qaid HIt

A AAE O AETH A AW E37HE e
A8l 5 AA A aeE oo & M4 e . 4xF A3
Aok AAE Qs AAF-2 @g 719, ers Y
A, FAAE FH, FEAA B, FEAA A= 23
@% o] ¥ So|t(Fig. 1, Table 3). A #He] 245 7|te
2 Z 40709 7 AYgE Qo thalA IMEA B & 8%
FRPNZ TEA 2zl Ao f9 JEE 9e1Ek
Ch(Table 4 and 5). IMEA &4 Al WA H9YF FHdeldt Azt
S FE F Ade oY AAFARE A, E

1

ol

9 BN 1HA DA 108
S 93 7]1FS A5 tTable 5). ©]
FANE= AT Al E ZFarsk th(Morrisey

T/ Ak el e
(3191%)°] RPNZk A+
23 A 7]Ee
and Woods, 2015).

Table 4. In-water cleaning scenario of ship’s hull fouling

AR - P72

Fig. 1. Examples of biofouled hull (a), propeller (b), bottom of hull (c).

Table 3. Core factors for creating an in-water cleaning scenario

(D Biofouling origin
- International
- Domestic
@ Anti-fouling coating type
- Biocide
- Biocide-free
(@ Biofouling type
- Microfouling

- Macrofouling

@ Cleaning method
- None
- Soft tool
- Brushes
- Water-jet

(® Debris capture?
- Not applicable
- No
- Yes

Code Biofouling origin Anti-fouling coating type Biofouling type Cleaning method Debris capture
1 None Not applicable
2 Soft tool No
3 Microfouling Brushes No
4 Soft tool Yes
5 o Brushes Yes
6 Biocide None Not applicable
7 Brushes No
8 Macrofouling Water-jet No
9 Brushes Yes
10 International Water-jet Yes
11 None Not applicable
12 Soft tool No
13 Microfouling Brushes No
14 Soft tool Yes
15 Biocide-fice Brushes Yes
16 None Not applicable
17 Brushes No
18 Macrofouling Water-jet No
19 Brushes Yes
20 Water-jet Yes
21 None Not applicable
22 Soft tool No
23 Microfouling Brushes No
24 Soft tool Yes
25 . Brushes Yes
26 Biocide None Not applicable
27 Brushes No
28 Macrofouling Water-jet No
29 Brushes Yes
30 Domestic Water-jet Yes
31 None Not applicable
32 Soft tool No
33 Microfouling Brushes No
34 Soft tool Yes
» Biocide-free Brushes Yes
36 None Not applicable
37 Brushes No
38 Macrofouling Water-jet No
39 Brushes Yes
40 Water-jet Yes
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Table 5. IMEA component and scoring criteria for RPN value estimation

s e 7

A A7 =

Score

Component 1

Component 2

Component 3

Component 4

Component 5

Component 6

1 (Lowest risk)
2

0 N N W kW

9
10 (Highest risk)

Highly unlikely 0-10%
Unlikely 10-20%
Slight chance 20-30%
Small chance 30-40%
Occasional 40-50%
Moderate chance 50-60%
Frequent 60-70%
Highly likely 70-80%
Very likely 80-90%
Certain 90-100%

0-10% Highly unlikely Highly unlikely Highly unlikely
10-20% Unlikely Unlikely Unlikely
20-30% Slight chance Slight chance Slight chance
30-40% Small chance Small chance Small chance
40-50% Occasional Occasional Occasional
50-60% Moderate chance Moderate chance Moderate chance
60-70% Frequent Frequent Frequent
70-80% Highly likely Highly likely Highly likely
80-90% Very likely Very likely Very likely
90-100% Certain Certain Certain

Component 1 (Likelihood of arrival): The likelihood that a non-indigenous species novel to the port of arrival is present on the incoming vessel
under this scenario relative to other scenarios.
Component 2: The percentage of material originally present on the hull that remains after cleaning under this scenario relative to other scenarios ,
Score “no action” option as 10.
Component 3: The percentage of material removed during cleaning that is NOT captured under this scenario relative to other scenarios, Score ‘“no
action” option as 1 and the “no capture” option as 10.
Component 4: The likelihood that material not captured is viable and capable of establishing in the receiving environment under this scenario
relative to other scenarios, Score “no action” option as 1.
Component 5: The likelihood that cleaning will enhance the release of propagules from the hull under this scenario relative to other scenarios,

Score “no action” option as 1. Score same for "capture" and "no-capture"

passed, and will then not be captured.
Component 6: the likelihood of infection from residual material on the hull after cleaning (or from an uncleaned hull) under this scenario relative
to other scenarios, Score "capture" and "no-capture”" options the same, since this sheet relates to material left on the hull.

since this material may be released after cleaning tool has

Table 59] AH4 715 7]l &) /NE ?L*JOJZMI gk A
S TS E MEA A AR Fael w0l
code®] FT A7 Alvte] Qe gk RPNS 4 gkl 2hg
A, A Aol FEAA JAAA FAsE FAdEs X
Table 6. RPN values and biological risk assessment results for

individual In-water cleaning scenario
Code RPN  Risk 1WA looge RPN Risk ovater
cleaning ? cleaning ?

17 78,400 20 3,024

7 39,200 39 2,940

12 36,000 High 29 1,568

13 33,600 4 1,500

18 30,240 34 1,350

37 29,400 10 1,350

27 15,680 No 35 1,260

2 15,000 40 1,134

32 13,500 5 1,050

8 12,600 Medium 24 600 Low Yes

33 12,600 16 560

38 11,340 30 504

3 10,500 25 420

28 8,400 11 400

19 7,840 6 350

22 6,000 1 250

23 4,200 Low Yes 36 210

9 3,920 31 150

14 3,600 26 140

15 3,360 21 100
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Table 7. MAMPEC configuration and key determination factors

MAMPEC component Main Factors

dimensions of the harbour, hydrodynamics,

1. Environment abd properties of the environment

2. Compound property data determining the chemical fate

3. Emission

length class, Surface area, ships at berth,

3.1 Service life ships moving, application factor, leaching rate

painting period, painting frequency per year,
number of ships treated per period, concentration
of active ingredient(a.i) in the paint, average
hull surface of ship, theoretical coverage of
the paint, number of coats applied on the
hull, fraction to surface water

3.2 Maintenance &
Repair

removal period, number of days for the
treatment of one boat, number of ships
treated per period, fraction of a.i. of the paint
that is to be removed from hull by HPW and
abrasion, average hull surface of ship,
theoretical coverage of the paint, number of
coats applied on the hull, ratio reblasting/
spot blasting, fraction to surface water

3.3 Removal

4. Run model PEC estimation

*HPW: High Preassure Water

RS e g A 4 £ 54,

3}"“’4— o}vE Maintenance &

Repairel] A

frequency per year)oll gt @17} “I“ZH—O—}’Oq 0431 7t 7

o] & <1¥3le] PEC 2 PEC/PNECS W3S Ay 1 oft}

(Fig. 2) A7) 7S ¢ 93 & MAMPEC 22139
s38te]l PEC #k& 7A4HE A3}, PEC 9 PEC/PNECHS 14

S ARG Y H= duke] Frof o5 FFS
= Ao glHAT F, A 1 de] 25 o] o] A
ulo] #H Q¥ =W PEC/PNECHL®] 1 o] o= 3}8h4 a4
o] ol Aow FAHAT

20 20
== PECmax
—@— PEC/PNEC
15 e 15
Y o
w
2 //o/ 2
~ 10— —— e —+—|——10 &
5 e e
bt o
& o5 L o5
0.0 T T T T 0.0
20 25 30 40

Painting frequency per year

Fig. 2. Variation of PEC and PEC/PNEC values by the number

of vessels painted in Busan’s Gamcheon Port per year.
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Table 8. Risk assessment of in-water cleaning of R/V EARDO ship

Overall

Biosecurity decision .
decision

Chemistry decision

Yes
(RPN: 8,400, Low risk)

No

(PEC/PNEC: >1) No
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