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Traditional paradigm of
reactive in-water cleaning

Organisms Biocides

Modified from: Scianni and Georgiades 2019
https://www.frontiersin.org/articles/10.3389


https://www.frontiersin.org/articles/10.3389/fmars.2019.00467/full

Newer Paradigm of
Reactive In-Water Cleaning and Capture

Modified from: Scianni and Georgiades 2019
fi iersin.org/articles/1 fmars.201 467 /full

Questions:

* How well do the systems clean?
* How well do the systems contain the removed debris at the point of cleaning?
* How well do the systems filter/treat the effluent before discharge?


https://www.frontiersin.org/articles/10.3389/fmars.2019.00467/full

A Proactive Cleaning




Proactive in-water cleaning

OFrganisms Biocides ??

Modified from: Scianni and Georgiades 2019

Questions:
* How well do the systems clean?
* Are biocides released? If so, at what concentration?



https://www.frontiersin.org/articles/10.3389/fmars.2019.00467/full

Environmental risks associated with in-
water cleaning

. ,
A I

Reactive IWCC:

* Cleaning effectiveness Proactive IWC:

* Debris capture efficiency « Cleaning effectiveness

* Filtration/treatment/removal e Biocide release?
efficiency

Modified from: Scianni and Georgiades2019

https://www.frontiersin.org/articles/10.3389/fmars.2019.00467 /full


https://www.frontiersin.org/articles/10.3389/fmars.2019.00467/full
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Environmental risks associated with
reactive in-water cleaning with capture

Reactive IWCC:
Cleaning effectiveness
Debris capture efficiency
Filtration/treatment/removal
efficiency

Modified from: Scianni and Georgiades2019
| -/} frontiersi farti 10.3389/f 2019.00467 /full


https://www.frontiersin.org/articles/10.3389/fmars.2019.00467/full

Environmental risks associated with
reactive in-water cleaning with capture
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Vessel 1: Vessel 2:

* Baltimore, MD « Alameda, CA

 Heavy biofouling: 60-100%  Moderate biofouling: 50-75%
* Low visibility: < 1m * Low visibility: < 1m
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Evaluation of efficacy and environmental impact
from reactive in-water cleaning with capture
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Reactive IWCC:
* Cleaning effectiveness

i

Surface Type Number of Plots

’7 Test Area

Quadrats

Number of Images

Within One Plot Total Photos

Vertical flat 6 16 96
Horizontal flat 6 16 96
Vertical curved 6 16 96
Angled Surfaces 6 5 30 ®

Modified from: Tamburri et al., 2020. Cal_il_for.nié_"‘__ o
-/} frontiersi /articles/10.3389/f 2020.00437/full _Lands Com&ﬂissidn


https://www.frontiersin.org/articles/10.3389/fmars.2020.00437/full

Evaluation of efficacy and environmental impact
from reactive in-water cleaning with capture

Reactive IWCC:
* Debris capture efficiency

e Filtration/treatment/removal efficiency Modified from: Tamburri et al., 2020.
https://www.frontiersin.org/articles/10.3389/fmars.2020.00437 /full

> 50 m away continuous On cleaning unit continuous Continuous time- Continuous time-integrated
time-integrated background time-integrated sample integrated sampling of sampling of effluent during cleaning
sample during cleaning during cleaning influent during cleaning __________ Debris s’

Processing

Discrete background samples one day
before, two hours before, two hours
after and one day after cleaning

Water Quality Parameters:
* Biocides (Cu, Zn)

. TSS, POC, DOC e Particle size distribution


https://www.frontiersin.org/articles/10.3389/fmars.2020.00437/full

Evaluation of efficacy and environmental impact
from reactive in-water cleaning with capture
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Evaluation of efficacy and environmental impact
from reactive in-water cleaning with capture
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In-Water Cleaning and Capture to
Remove Ship Biofouling: An Initial
Evaluation of Efficacy and
Environmental Safety
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Biofouling is a long-standing challenge for ships because it can interfiere with operations
and increases vessel drag, fuel consumption and exhaust emissions. More recently,
ship biolouling has aiso been recognized as a leading vector for global transters
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and of maring o species. Ship in-water cleaning and
capture (WCC) systems, to nd collect and associated
antifouling coating compounds, are now becoming avaiable as a possible solution to
both problems. However, independent and rigorous evaluations of IWCG eficacy and
environmental safety are needed to faciltate technology maturation, support vessel
operator biofouling management decisions, aid IWCC approvals and permitting, and
inform future bicsecurity regulations. We developed a formal protocol for evaluating
an IWCC system, on two ships with varying biofouing levels and under difierent
environmental conditions, to quantify biofouing removal and capture eficacy as wel
as impacts on water qualty., The IWCC system reduced hul biofouling by 82—
94%, Concentrations of dissolved and particulate Cu and Zn in effivent from the
IWCC onshore processing varied by orders of magnitude between trials, in one case
greatly exceeding water quaity standards. Our results demonstrate that rigorous,
quantitative assessments of IWCC system performance are possible, even under
challenging conditions. This initial evaluation also identifies the major factors that impact
performance of in-water cleaning, and key needs for future research to consider in
advancing standardized testing and independent evaluations needed for all in-water
cleaning systems.

Keywords: ship biokouling, in-wator cleaning, tachnology ovaluation, non-indigenous species, polltion
provention

https://www.frontiersin.org/articles/10.3389/fmars.2020.00437/full

ACT/MERC IWCC Evaluation Report
ERO0I-19

Evaluation of Subsea Global Solutions In-Water
Cleaning and Capture Technology for Ships

April 3, 2019

| —
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Questicns and comments should be directed to: Dr. Mario Tamburri
Director, ACT and MERC
CBL/UMCES

146 Williams Street
Solomons, MD, 20688, USA
Email: tamburri@umces edu

https://www.maritime-

enviro.org/Downloads/Reports/

MERC_Inwater/ACT_MERC_SGS

IWCC Evaluation_Report.pdf



https://www.frontiersin.org/articles/10.3389/fmars.2020.00437/full
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Evaluation of efficacy and environmental
iImpact from proactive in-water cleaning
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Proactive IWC:
Cleaning effectiveness
Biocide release?

Modified from: Scianni and Georgiades2019
| -/} frontiersi farti 10.3389/f 2019.00467 /full


https://www.frontiersin.org/articles/10.3389/fmars.2019.00467/full

Evaluation of efficacy and environmental
Impact from proactive in-water cleaning
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Secondary vessels (2):
 1x Water Quality sampling per
vessel during cleaning

Primary vessel:

e Start project immediately after dry dock

* 3x Biofouling/biofilm presence absence sampling
e 3x Water Quality sampling during cleaning

Modified from: Suanm and Georglades 2019


https://www.frontiersin.org/articles/10.3389/fmars.2019.00467/full

Evaluation of efficacy and environmental impact
from proactive in-water cleaning
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Proactive IWC:
* Cleaning effectiveness

i

o

Modified from: Tamburri et al., 2020.
| ./} frontiersi /articles/10.3389/f 2020.00437 /full


https://www.frontiersin.org/articles/10.3389/fmars.2020.00437/full

Evaluation of efficacy and environmental impact
from proactive in-water cleaning

Proactive IWC:
e Biociderelease?

> 50 m away continuous On cleaning unit continuous
time-integrated background time-integrated sample
sample during cleaning during cleaning
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Discrete background samples one day

Wa ter Qu a I |ty Pa ram ete rs: before, two hours before, two hours

after and one day after cleaning

e Biocides (Cu, Zn) * Particle size distribution
 TSS, POC, DOC * Microplastics

Modified from: Tamburri et al., 2020.
| -/} f . farti 110.3389/% )020.00437/f
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)

g

Sample schedule for Primary Vessel:

Evaluation of efficacy and environmental impact
from proactive in-water cleaning

Dry dock and new coating: September 17, 2021

Dive survey 1: October 2021 in Long Beach
WQ sampling 1: November 2021 in Baltimore

Dive Survey 2: March 2022 in Long Beach [last week]
WQ sampling 2: April 2022 in Baltimore [next week]

Dive survey 3: [TBD]
WQ sampling 3: [TBD]

Californi feat
_Lands Com}égﬂi's'sidn &



Next Steps

Finish last two rounds of sampling for primary vessel
|dentify secondary vessels and conduct WQ sampling
during proactive cleaning operations

Produce public report and prepare manuscript for
journal peer-review

Use our experience to offer guidance to permitting
agencies on important considerations (next slide)
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Submergad ship surfaces are often inhabited by diverse sessie and sedentary marine
organisms, which can diractly impact vessal oparations and Incraass tha likelihood of
non-indigencus specias (NIS) establishment and impacts. Ship in-water Ciaaning (WC)
systems are now baing incorporated info biofouling policy, and rigorous, ransparent,
and pradictive verification testing is vital to regulatory success. Performance criteria for
IWC approval should focus on environmental protection goals by inciuding: qualified
and independent testing; quantitative, robust, and statistically sound data, rather than
qualtative observations; water sampling at all critical control points to characterize the
releasa of harmiul materials, including dissolved and particulate biocidss; measurable
and protectiva endpoints, rather than parcent raductions; detarminations of prasancs or
absance of macro-organisms, imespactive of spacies origins or physiclogical state; and
appropriately trainad IWC operators.

Keywords: ship biofoullng, In-waler cleaning, non-indigenous species, emvironmentsl  reguiations,
werlfication testing

INTRODUCTION

The colonization of submerged surfaces by sessile and sedentary organisms, including microbes,
invertebrates, and macroalgac. has long been a significant challenge for coastal and ocean-
going ships (Woods Hole Oceanographic Institute, 1952). Biofouling of the global shipping fleet,
which is responsible for transporting approximately 80% of the workd’s goods and materials

Frontlrs In Matine Scknce | waw

ntiersin.ong 4 ecermber 2021 |

Relationship between ship length (L)

and total hull surface area (THSA)
(Morrisey et al., 2013)

L: <50 m; THSA: 412 m?

L 50-100 m; THSA: 1,163 m?

Ty L 100-150 m; THSA: 3,231 m2 |

tq L: 150-200 m; THSA: 6,333 m? ‘(

L: 150-200 m; THSA: 10,469 m?

Ship scaling impact on biosecurity risks

Total hull versus niche areas (Moser et al., 2017)
Proportion of niche areas relative to total wetted surface area:
= Passenger vessels (27%)

* Tugs (25%)

« Fishing vessels (21%)

+ Bulk carriers and tankers (7-8%)

IWC with capture effluent volumes (Lewis 2013)

+ Estimated 350 m? of effluent was generated from
cleaning a 45 m ship with reactive IWC and capture

Biofouling 1)

« Type, coverage and mass %

« Maturity and fecundity

= Pathogen infection status

n

L: 200-250 m; THSA: 15,640 m?

FIGURE 2 | Considerations of ship size in the development of in-water cleaning standards.

Tamburri et al., 2021. :



https://www.frontiersin.org/articles/10.3389/fmars.2021.804766/full
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Chris Scianni

Marine Invasive Species Program
Chris.Scianni@slc.ca.gov
562.499.6390
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