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OIL SPILL!!!

Natural Science informs Preparedness, Response & Restoration
Social Science informs the ways people react

Emotional (sad/mad), Anger, Disappointment,
Shock, Depression, Critical, Opportunistic,
Political, Economic, etc.






Tier 3 Response Toolbox

® Surveillance & Monitor Only

» Containment & Mechanical Recovery
® Shoreline Protection/Clean-up

® Aerial & Surface Dispersants

® In-situ Burning

» Subsea
» Subsea
» Trained

ntervention (Capping, Containment)
Dispersant Injection

Personnel/SMEs

» Good Practice Guides

""L Ol 5l Respewrse
L ' [
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Outreach & Communications (Americas)

 Methods/Tools Employed Scenario & Science Dependent
« #1 Priority: Health & Safety of Responders & Community
» Feasibility: Weather, Geography

« Type & Fate of Spilled Qll

* Resources at Risk & Environmental Sensitivities

* Priorities of Stakeholders (PEAR)

* Avallable Response Resources & Logistics

* Realistic Expectations, Political Considerations

* Net Environmental Benefit Analysis (NEBA/SIMA)

== (il Spill Response © Copyright 2016. Oil Spill Response Limited. 4
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ITAC 22017 Take Home (Scott, MNZ)

® Professional

® Evidence-based

® Intelligence-led

» Regulatory Compliant

» Explore New Ways of Responding

® Focus on Research, Science & Technology

© Copyright 2016. Oil Spill Response Limited.
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Assessing Dispersant Science
(Science Literate perspective)

® Toxicology
— Realistic Concentrations

® Relevance & Scale

» Bio-availability

® Does it holistically apply to NEBA/SIMA
® Does it inform decision-making

® Does it appropriately impact the “Response
Toolbox”

© Copyright 2016. Oil Spill Response Limited.
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Dispersion Effect-Pulse Exposure

—

Top10 .,‘-.'-',:‘
Meters O °© 5 °

|

40-60 ppm Less than 1 ppm

O

Water Currents Distribute Qil Over Wide Area
Reduce Concentrations Before Adverse Effects Occur

% Ol Spill Response © Copyright 2016. Oil Spill Response Limited.





Maximum Calculated Concentrations
Dispersed Oll at Various Water Column Depths

Numerical Maximum Concentrations of Dispersed Qil(.1mm and.2mm) into Various Water Column
Depths

.2mm thickness .Imm thickness
(in Im2 area) (in Im2 area)
Surface (only) Volume 0.2L 0.1L
(1,000,000 ppm) (1,000,000 ppm)
Water Column Dispersion Depth (m) | Concentration mg/L(ppm) Concentration mg/L (ppm)
1m 200 100
2m 100 50
3m 66 33
5m 40 20
10m 20 10

= il Spill Respensi © Copyright 2016. Oil Spill Response Limited. 8






Oll Spill Science/Research

® Gulf of Mexico Research Initiative (GoMRI)
— BP $500 million/10 years
— Consortium Advisory Committee (CARTHE 1)

— Research Board Liaison

« Relevance of Science, Research Protocols (Concentrations
& Toxicity

« Synthesis
— Participate in Research (Responder Perspective)
— GOMRI Scientists at ITAC
— GoMRI Track at I0OSC 2017
— OSR 201 @ GOMOSES 2018

% il Spill Response © Copyright 2016. Oil Spill Response Limited.
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Science Culture (pure/applied)

Objective: Understand Effects
Grant $$$ Driven

Highly Specialized

Micro View

Work Environment:
— High Control, Lab or Field

Rigorous Peer Review, Replicable

Make the dots,

Synthesis Lacking/Pending

Employs Social Media

Audience: Other Scientists, Researchers
End: “more studies need to be done”
Publish or Perish

© Copyright 2016. Oil Spill Response Limited.
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Responder Culture (applied)

® Understanding...as it Informs Preparedness,
Response, Operational Decision-making

® Issue Driven
» Macro view
®» Holistic

» Work Environment:
— Field, High Uncertainty

® Act on Observations, not peer reviewed, not always
replicable (SSDI)

» Connect the dots, Conclusions for OSPR
® High Pressure, High Stakes “What is the best action?
» Audience: Decision-makers, Public

% Oil Spill Response © Copyright 2016. Oil Spill Response Limited. 11





DLR SAR-2 Calibration

A

il Spill Respewise © Copyright 2016. Oil Spill Response Limited. 12

(





University of Miami
Impacts on juvenile and adult Mahi Mahi swim performance

SWIM TUNNEL RESPIROMETRY

‘:\ RECOVER





Other US Research

» Parallel and After GoMRI
— NOAA NRDA Data Sets
— BSEE, NOAA
— US Government: ICOPAR
— Gulf Research Program (NASEM)
— API

% il Spill Response © Copyright 2016. Oil Spill Response Limited.
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National Academy of Science

® Dispersant Efficacy & Effectiveness Committee
— 1989, 2005

® OIl Spills & Public Health & Well-Being

©
o=

03
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Critical Review of Aguatic Toxicity of Dispersants

» Phase I
— Unpublished data sets released by BP
— Peer-reviewed papers by Pls
» Phase II:
— “Critical Review” of all Dispersant Toxicity Studies
— Chevron data/studies added

® Provide final work to NASEM Dispersant
Committee (Jan/Feb 2018)

% il Spill Response © Copyright 2016. Oil Spill Response Limited.
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Water Column Monitoring White Paper

» OSRL — IBP Forum in Rio (Aug 2017)
— "Responding to a Subsea Incident”

» Monitoring Protocol inputs from Environmental
Agency
» White Paper by CSA

© Copyright 2016. Oil Spill Response Limited. 18
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Understanding Dispersants in Oil Spill Response

= 9 CLEAN NSU NOVA SOUTHEASTERN
QAQI}I%IEE:SN i UNIVERSITY % Oil Spill Response
Prtti Environment for Future Generations Uceanugraphm center

—1% il Spill Response © Copyright 2016. Oil Spill Response Limited.
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Conducting OIl Spill Research

TROPICS (1984 - July 2016)
Tropical Oil Pollution Investigations in Coastal Systems

Long-term Field Study of “relative” effects of crude oil and dispersed
crude oil on tropical marine communities: Mangroves, Seagrass and Coral
community

Application:
— Basis for Net Environmental Benefit Analysis

— Use of dispersant in near shore response

32 Year Visit:
NSUOC, Texas A&M, NOAA, CEDRE, CCA/OSRL

% il Spill Respewise © Copyright 2016. Oil Spill Response Limited. 20





Dispersed Oil Site, April 04






Oil alone (ol floats on water)

high tide

low tide

= (0l Spill Respowrse
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Dispersed oil (0! dispersed through water column)

© Copyright 2016. Oil Spill Response Limited.
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Non-treated O|I Slte June 2001
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Dispersed Oll Site, June 2001
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Oll Test Site, Aug 2004
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SUMMARY CONCEPTS

® The habitat - mangrove, seagrass, coral - Is more
Important for ecosystem recovery in the long-term
than the organisms themselves.

®» Organisms can repopulate if the habitat is
preserved.

® Untreated oil (PAHS) can remain entrapped in
substrate and affect the habitat for a very long time.

% il Spill Respewise © Copyright 2016. Oil Spill Response Limited. 27





Coral Toxicity Study (3+ Years)
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:\\}\./{//_’ GEOCHEMICAL AND
NOVA SOUTHEASTERN i‘ ENVIRONMENTAL RESEARCH GROUP
NS UNIVERSITY . TEXAS A&M UNIVERSITY
Oceanographic Center

Quantifying Hydrocarbon Toxicity to Shallow-water Corals:
Improving NEBA for Dispersant Decision-Making

D. Abigail Renegar, Nicholas Turner, Bernhard M. Riegl, Richard E. Dodge
Nova Southeastern University Oceanographic Center

Anthony Knap
Geochemical Research Group, Texas A&M University

Paul Schuler
Clean Caribbean & Americas, Oil Spill Response USA Inc.

% il Spill Respewise © Copyright 2016. Oil Spill Response Limited. 29
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Research Team

Oversight Committee

Paul Schuler, CCA/OSRL

Dr. Victoria Broje, Shell

Dr. Erik DeMicco, ExxonMobil

Dr. Derek Eggert, Chevron
Claudine Le-Mut Tiercelin, CEDRE
Brad Benggio, NOAA

Researchers (NSU/Texas A&M

Dr. Abby Renegar
Dr. Dick Dodge

Dr. Tony Knapp

Dr. Bernhardt Riegl
Nicolas Turner

Collaborators

Dr. Tom Parkerton, ExxonMobil
Dr. Tom Coolbaugh, ExxonMobil
Dr. Tim Nedwed, ExxonMobil

Dr. Alan Mearns, NOAA

Dr. Adriana Bejarano, RPI

Dr. Jim Farr, NOAA

Dr. Will Gala, Chevron

Dr. Rob Holland, OSRL (UK)

Geeva Varghese, OSRL (Singapore)

© Copyright 2016. Oil Spill Response Limited.
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Design Objectives

» Designed with the end
(not results) in mind!

» Cutting edge Toxicology,
dosing methodology

» Output coral toxicity data
input into NOAA CAFE

® Possible model real oll
concentrations vs. toxicity
thresholds

» Decision-making

% il Spill Respewise © Copyright 2016. Oil Spill Response Limited. 31
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NSU NOVA SOUTHEASTERN
UNIVERSITY
Oceanographic Center

Histological evaluation:

Quantitative changes in tissue characteristics and cell types.
Degeneration of tissues and symbiotic zooxanthellae.

Gain or loss of zooxanthellae.

YV V V V

mitochondria, zooxanthellar organelles).
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Ultrastructural: sub-cellular changes (degradation of cell walls,

GEOCHEMICAL AND
ENVIRONMENTAL RESEARCH GROUP

TEXAS A&M UNIVERSITY






CTLBB - Critical Target Lipid Body Burdens Comparisons

Species Common Name Habitat CTLBB
Rhepoxyinus abronius Amphipod Infauna 31.2
Mysidopsis bahia Mysid Epibenthic 34.3
Eohaustorius estuarius Amphipod Infauna 41.4
Leptocheirus plumulosus Amphipod Infauna 43.1
Portunus pelagicus Sand Crab Epibenthic 53.3
Ampelisca abdita Amphipod Infauna 53.8
Palaemonetes pugio Grass Shrimp Epibenthic 57.3
Jordanella floridae American Flagfish Water Column 67.1
Cyprinodon variegatus Sheepshead Minnow Water Column 114
Oithona davisae Copepod Epibenthic 142
Meanthes arenaceodentata Annelid Worm Infauna 182
Artemia salina nauplii Brine Shrimp Water Column 194
Menidia beryllina Inland Silverside Water Column 292
- Porites divaricata Thin Finger Coral Benthic 356

:‘} il Spill Respensi © Copyright 2016. Oil Spill Response Limited. 33
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Clear, Consistent Messaging

Drinking vodka over ice can give you kidney failure,
Drinking rum over ice can give you liver failure,
Drinking whiskey over ice can give you heart problems,
Drinking gin over ice can give you brain problems,
Apparently ice is really bad for you!

... and dispersants?

% Oil Spill Response © Copyright 2016. Oil Spill Response Limited. 35
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18 Years Later
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GULK _,
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RESEARCH INITIATIVE

Industry-funded Academic Research
that Informs Response

John Shepherd
(University of Southampton, UK & GoMRI Research Board)

www.gulfresearchinitiative.org





After the Deepwater Horizon oil spill...

GoMRI was established as
an independent 10-year
$500M research program,
funded voluntarily by BP.

Credit: AP Photo/Charlie Riedel

GoMRI is not part of the Natural
Resource Damage Assessment, the
Clean Water Act Penalties, the
National Academy's Gulf Research
Program, or the National Fish and
Wildlife Foundation’s Gulf
Environmental Benefit Fund.

Credit: SAUL LOEB/AFP/Getty Images
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Mission and Goal

MISSION: to implement an independent research program
that will

(1) Study the effects of the Deepwater Horizon incident
and the potential associated impacts of this and similar
Incidents on the environment and public health and

(2) Develop improved methods for spill mitigation, oll
detection and characterization, and advanced
remediation technologies.

GOAL: to improve society’s ability to understand, respond
to, and mitigate the impacts of petroleum pollution and
related stressors of the marine and coastal ecosystems

cuLE &
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Five Research Themes

1. PHYSICAL DISTRIBUTION, dispersion, and dissolution of petroleum, its
constituents, and associated contaminants under the action of physical
oceanographic processes, air-sea interactions, and tropical storms

2. CHEMICAL EVOLUTION and BIOLOGICAL DEGRADATION of the
petroleum/dispersant system and subsequent interactions with coastal,
open-ocean, and deep-water ecosystems

3. ENVIRONMENTAL EFFECTS of the petroleum/dispersant system on the
sea floor, water column, coastal waters, beach sediment, wetlands, marshes
and organisms, and the science of ecosystem recovery

4., TECHNOLOGY DEVELOPMENTS for improved response, mitigation,
detection, characterization, and remediation associated with oil spills and
gas releases

5. PUBLIC HEALTH impacts of oil spills including behavioral, socioeconomic,
environmental risk assessment, community capacity, and other populat]
health considerations and issues GULE”

M‘E‘éi}}ggﬂm:ﬁ}l
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Research Board

« Rita Colwell = UMD & JHU Rick Shaw — LSU
« Margaret Leinen — UCSD/SID John Shepherd —-University of

- Debra Benoit — Nicholls State Southampton, UK

« Peter Brewer — MBARI * Bob Shipp — University of South

. Richard Dodge — NOVA SE Alabama

. John Farrington — WHO! - Burton Singer — University of
Florida

« Kenneth Halanych — Auburn
« David Halpern — NASA
 William Hogarth — FIO

 Cecilie Mauritzen — NIVA,
Norway

« Raymond Orbach — UT Austin Michael Carron — GOMA PD*
° 1 _ *
. Jurgen Rullkotter — University of©  Charles Wilson — GOMA CSO

Oldenburg, Germany *Ex Officio
- David Shaw — MSU OLE® .
N E‘g&%ﬂ“ﬂ

T Niqgﬂ\
gulfresearchinitiative.org RESES —

 Ciro Sumaya — Texas A&M
 Dennis Wiesenburg — USM
« Dana Yoerger — WHOI





Scientific Integrity

« National Science Board peer evaluation protocols to
select funded research

* Independent reviews by scientific peers not affiliated
with institutions leading proposed projects to avoid
conflict of interest in selecting funded research

 RB and staff members and peer reviewers sign conflict
of interest and non-disclosure statements

 Researchers comply with National Academies of
Science standards

 Researchers conduct independent, objective work with
no influence from BP and GOMA

 Researchers independently publish results in peer-reviewed
scientific journals with no requirement for BP approval

LEo -
N Xlxg%m’“ﬂ
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Funded Research to Date >$400M

Alternating RFPs for consortia (> 3 institutions) and small
research teams (1-4 investigators)*

e 42 states
e 278 academic institutions
« 17 countries

As of September 2017:

« 954 scientific peer-reviewed publications, book chapters
« 3650 scientific presentations and posters

« 3674 people: 295 Post Docs, ~1000 grad students

* These data do not include RFPVI — awards in progress

ol

ME
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Grants Distribution






Data Management
Gulf of Mexico Research Initiative

Information & Data Cooperative
(GRIIDC)

 GRIIDC mission: to ensure an open-access data and
Information legacy that promotes continual scientific
discovery and public awareness of the the impacts of oil
spills on Gulf of Mexico ecosystem and public health

 GRIIDC maintains the scientific datasets resulting from
GOMRI-funded research and assists researchers with
data archiving and data interoperability among GOMRI
and other datasets.

gulfresearchinitiative.org





Published Science includes >100 articles
involving Dispersants

Study Finds Ecofriendly Clay
Delivers and Improves Oil Spill

Treating Agents

Carbon Black Particles as an
Alternative or Supplement for Oil

Dispersants

mRTR ) Food-Grade Emulsifier as an
| ki, Efficient Dispersant Alternative
| :r'\ldi ”m

MEXICOA e
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Research Projects on Qil Transport

Substantial Role of Mississippi
River in Oil Transport

Pathways for Oiled Marine Snow
(MOSSFA) Formation

Raindrops can Push Oil and Dispersed
Oil into Air and Below Sea Surface

GUL

N[EX frmTWE
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CARTHE Il “LASER” EXPERIMENT 2016
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Fine-Scale Oil Behavior

gulfresearchinitiative.org

Crossflow
Profile

Peel
Fraction
Peel Bubble and Density Profile
height Droplet Rise of Seawater
Velocity \






Oil Fate in Land and Sea

gulfresearchinitiative.org





Science that Informms Spill Response

Oil Transport

Effects and fate of Dispersants

Oil Biodegradation and Monitoring

gulfresearchinitiative.org





Synthesis of Results Is a work In progress...
several special journal issues so far
more planned during final phase (RFP6)

Bioscience (2014):

« Journal of Geophysical Research Oceans (2016)
 Oceanography Magazine (2016)

« Currents (under development)

 Elemental (under development)

« NASEM-NRC Dispersants study (co-funding;
under development)






Some Important Issues Relevant to ITAC

 What is an adequate/required “baseline” of
knowledge and information for ecosystems
that might be affected by an oll spill?

* NB: “Ecosystem” includes human aspects!

* How to utilise sampling and measurement
technologies deployed at various times
during the DWH spill to assemble better
future systems for response & assessments?






Some Important Ongoing High Priority
Efforts for GOMRI

Interfacing GOMRI research knowledge with
needs of Oil Spill Response and Remediation
Communities.

— Examples in USA are US Coast Guard, US NOAA Qil
Spill Response Groups.

— Similar entities in other countries.
— Industry Groups — e.g. ITAC

Research transparency & accessibility

Data Archiving: Appropriate, Reliable, Easy to
Access, and Long-lasting

Synthesis & Legacy activities






GoMRI Synthesis & Legacy: Proposed Workshops Areas
Bridging the Gap between Academic & Operational Communities

=

Operational Plume & Circulation Observations & Modeling

2. Fate of Oil & Weathering: Biological & Physical-chemical
Degradation

3. Ecological/Ecosystem Impacts: Adequate Baselines &
Observational Needs

4. Human Health & Socioeconomics Impacts

5. Ecosystem Services, Human Health & Socioeconomics
Impacts: (later)

6. Microbiology, Metagenomics & Bioinformatics

7. Integrated Modelling

* Physics + Chemistry + Biology + Ecology + Public Health

8. Legacy Steering Group: Knowledge Exchange with User
Communities: Lessons Learned & Operational Advice

NB: GoMRI Theme 4 (Technology Developments) is embedded within
all Workshops as one of their objectives

GULF°
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2018 Gulf of Mexico Oil Spill
& Ecosystem Science Conference

“One Gulf”

Healthy Ecosystems, Healthy Communities

N S N A\

February 6 - 8, 2018 in New Orleans, Louisiana

Sponsors and Partners
GOMRI, NAS(Gulf of Mexico
Program), NOAA, EPA, BOEM,
GOMURC, GOMA, COL

gulfresearchinitiative.org






Industry Technical Advisory Committee

Evaluation of the Use of Chemical
Dispersants for Oil Spill Response

Mary Landry, RADM, USCG Retired
September 27, 2017

’ ® Industry Technical Advisory Committee






The National Academies of Sciences, Engineering, and Medicine

Serve as advisers to the nation on science, engineering, and
medicine. NAS created in 1863 under Lincoln Administration. NRC
founded in 1916 as the working arm of the NAS.

Unique strengths of our studies:
» Stature of Academies’ memberships
= Ability to get the very best to serve
* “Pro bono” nature of committee service
= Special relationship to the government
= Quality control procedures
» Independence, scientific objectivity, balance

’ ® Industry Technical Advisory Committee






Study Process

. -
= Study Initiation
= Committee Formation mandate nifated
= Committee Deliberation and deve,oN;;g §;§J§§tpmved “~

Information Gathering )

.- . . Committee of volunteers <«— | Ocean
» Report Writing and Revision " | developed and approve Studies
= External Report Review NAS members ! Board
: NAE members| __ (OO0 e e g
. Response to Review IOM members prepare a report
) ) other experts ‘l«
=  Committee and Academies A : We are here
. Independent, external review Iread

Sign-off and response already
= Report Release and !

Dissemination —5 | Dissemination g

’ ® Industry Technical Advisory Committee






Abbreviated Statement of Task

This study will assess the effects and efficacy of dispersants as an oil spill response tool through
review and evaluation of research reports and results. The study will evaluate trade-offs
associated with dispersant use, in part through use or review of net environmental benefit
analyses conducted for past oil spills. This evaluation will include comparison of chemically
dispersed oil with the fate and effects of untreated oil. Specifically, the study will:

1. Assess the state of our knowledge about dispersant effectiveness and the fate of untreated
oil, chemical dispersants, and chemically dispersed oil;

2. Evaluate and summarize research on toxicity of chemical dispersant formulations,
chemically dispersed oil, and untreated oil at realistic environmental exposure levels;

3. Compare the benefits and limitations of dispersant application to the use of other clean-up
methods;

4. Compare the relative human health risks;

5. Identify the research protocols and standards that would: i) increase the applicability of lab-
based measurements to the field and ii) improve the comparability of research findings from
different laboratories;

6. Assess the adequacy of the existing information to support risk-based decision-making.

® Industry Technical Advisory Committee





Committee on the Evaluation of the Use of Chemical
Dispersants in Oil Spill Response

Committee Roster

RADM Mary E. Landry, Chair - (Retired) United States Coast Guard, Belmont, MA
Dr. E. Eric Adams — Massachusetts Institute of Technology, Cambridge

Dr. Adriana Bejarano — Research Planning, Inc., Columbia, SC

Dr. Michel Boufadel — New Jersey Institute of Technology, Newark

Dr. Gina Coelho — Consultant, Grand Prairie, TX

Dr. Thomas S. Coolbaugh — ExxonMobil, Spring, TX

Dr. Cortis Cooper — (Retired) Chevron Corporation, Kensington, CA

Dr. Dominic Di Toro (NAE) — University of Delaware, Newark

Dr. Julia Gohlke - Virginia Polytechnic Institute and State University, Blacksburg
Dr. Terry Hazen - University of Tennessee, Knoxville

Dr. Kenneth Lee - Fisheries and Oceans Canada, Dartmouth, Nova Scotia

Dr. Steve Murawski — University of South Florida, St. Petersburg

Dr. W. Scott Pegau - Prince William Sound Science Center, Cordova, AK

Dr. Ron Tjeerdema — University of California, Davis

Dr. David Valentine — University of California, Santa Barbara

Dr. Helen White — Haverford College, Pennsylvania

’ ® Industry Technical Advisory Committee






Study Work Plan and Timeline

Work Plan

= The committee will meet five times. Four meetings will include public
sessions to gather information.

» The fourth meeting will include a half day workshop on the possible
public health consequences of dispersant use.

= 6 months of the project will be reserved for dissemination activities

Timeline

= Meeting #1: June 13-15, 2017, Washington, D.C.

= Meeting #2: August 7-8, 2017, Washington, D.C.

» Meeting #3: October 25-27, St. Petersburg, Florida (TENTATIVE)
= Meeting #4: Mid- January (TENTATIVE)

= Meeting #5: Mid-March (TENTATIVE)

’ ® Industry Technical Advisory Committee







Dr Rob Holland, Technical Lead
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Why and how are we doing this?

Building new and growing existing links to research groups
Using our scientific credibility and networks
Common interests and overlap

— Autonomous systems & sensor development

— Environmental impacts / ecotoxicology

— Dispersant chemistry

— Spill modelling / metocean datasets

OSRL Members undertaking similar activity — sharing knowledge

UNIVERSITY OF

EXETER

Disseminating and sharing
— ITAC, Interspill....

Success stories

— MSc internships (various)

— NERC funded NOC-OSRL AUV research
— University of Exeter PhD studentship.........

—‘é il Spill Response © Copyright 2017. Oil Spill Response Limited.






UNIVERSITY OF

University of Exeter |EXETER

® Ecotoxicology research group with
internationally recognised expertise and facilities &/ 2%k

® Scoped using oil industry expertise through
Concawe’s Biological Effects Measures group
(STF-32)

®» Shell, ExxonMobil, BP, Chevron.....

®» OSRL providing spill response application and
context

®» CEFAS also providing expertise support —
detection and quantification of contaminants

®» Funded via Concawe, Exeter & OSRL for 4
years from September 2017-2021

% Oil Spill Response © Copyright 2017. Oil Spill Response Limited. 3





A rapid assessment toolkit for predicting the
ecological impacts of spilled oll

To combine for the first time critical evaluation of state of the art diagnostic tools
of expected environmentally relevant exposure concentration with sublethal
toxicity assessment, with a view to developing a toolkit that can support an
integrative framework for guiding oil spill monitoring and response.

% Oil Spill Response © Copyright 2017. Oil Spill Response Limited. 4





Research objectives

Evaluate the performance of state-of-the-art diagnostic toxicology tools for
hydrocarbons to evaluate their use assessing hazard of oil contaminated
samples

Evaluate the relative sensitivity of standard marine toxicity tests (e.g.
OSPAR guidelines) and additional commercially available in-vivo and in-
vitro portable kits (including bacterial and mammalian luciferase reporter
assays for specific oil components), using representative oil-derived
hydrocarbons and dispersants.

Laboratory studies to evaluate the performance of novel, passive sampling
technologies

Exposure to dissolved and/or bioavailable hydrocarbons will be modelled
according to the OSCAR model along with methods for calculating critical
body burdens (e.g. TLM; Target Lipid Model), and extraction methods
designed to provide surrogate measures of the bioavailable fraction of the
oil.

% Oil Spill Response © Copyright 2017. Oil Spill Response Limited. 5





Further information

ERSITY OF

PhD project outline: A rapid assessment toalkit for assessing the ecalogical

® Two page summary document d—

Project partners: Concawe (industry tchaical governance; ILtos. /v, concawe &)

Contact: t ac.uk, Cnlewi acuk

L]
Start date September 2017, duration 4 years.
Background: Multiple accidenta] oil releases occur each year, each presenting 2 unique challenge on

a global/regional scale for marine life and ecosystem sarvices'. Reguiatory and management
decisions following a spill need to be made rapidly, combining mutti-agency co-ordinstion and
: :
— Interspill 2018 - submitted g o s e vy ¢
Kknowledge of how & particulsr diagnastic toolkit can be used to predict scological impact. Gil i a

to guide rapid response and inform remediation’.

emergency planning with powerful diagnastic tools of expasure, bicavailability and biclogical effects
complex and dynamically changing mixture of chemicals and spilled oil can, depanding on its
category, rapidly contaminate vast water bodies. The use of dispersants, when appropriate, Gan
increase the temporary bioavailability of il components, ie the fraction taken up into tissues and

able to interact wm. biological targats. Even when dispersants cannot be used oil will undergo
. and will stll be subjected to the surrounding

— Conciions thas sfect haw and where it is transported, as well as how it mobilies in the water
y y column and/or other . The interactions of all these will determine

how the resulting il will behave. The sensitivity of exposed animals is further influenced by

waristions in uptake, detoxfication and response’. Addressing these issues requires enhanced

knowledge of the sensitivity and performance of individual diagnastic tests, combined with a deeper
of the factors influencing| and biological effects.

— aim: To combine for the first time critical evalustion of state of the art diagnastic toals of expected
y environmentally relevant exposure concentration with sublethal toxicity assessment, with 2 view to

devioping a toolkit that can support an integrative framework for guiding oil spill monitoring and
response (and complementary to Met Environmental Benefit Analysis (NESA) and spill Impact
Mitigation Analysis (SIMA]].

Hypothesis: The toxicity of spilled oil on target species can impact populations due to the potential

® University of Exeter = Kat Colvin ===
(attending)

» Concawe = Markus Hjort concawe
(atte n d i n g) ENVIRONMENTAL SCIENCE FOR THE EUROPEAN REFINING IND

(n‘z;»
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Cedre’s activities — Update

lvan Calvez (Research Dept.)
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 QOverview of recent activities of potential interest for the
industry

— Short-termed or multiyears/multipartners projects
« Scientific studies (e.g. : substances fate/behaviour, etc.)
 Mechanical equipment/techniques assessments

* Scope :
— Oil spills

— ... foreword: enduring or growing activities in other fields of
interest (HNS, marine litter/microplastics)





» 2014 - 2017 : POLLUPROOF

‘PROOF improvement of HNS maritime POLLution by airborne radar and optical facilities”

— ANR funded (Program ECOtechnologies & EcoServices)

 Leader : ONERA (French aeronautics, space and defense research lab)
 Partners : FR (Agenium IT /Avdef/ Cedre / Ceppol / DGDDI) + CAN (DRDC/TC)

— Aim : improve authorities' capacity to detect, and categorize

HNS spills (gathering evidence in order to prosecute offenders and/or
informing spill response)

— Tools: airborne radar + optical / hyperspectral sensors

— Qutcome : model software and HMI (Human Machine Interface), to
provide proof (data and images) of HNS spills at sea





» 2014 - 2017 : POLLUPROOF

‘PROOF improvement of HNS maritime POLLution by airborne radar and optical facilities”
— Cedre’s involvement :

= Assessment of sensors (optlcal hyperspectral .) performances
- . — in Cedre’s outdoor basins i
 — frials at sea

N ‘.-]

S

—= - — on 6 HNS (incl. vegetal oils and esters, noxious petrochemicals, alcohols and
derivatives)

— Further info:

 Angelliaume, S., B. Minchew, S. Chataing, P. Martineau and V. Miegebielle, 2016.
Multifrequency Radar Imagery and Characterization of Hazardous and Noxious Substances
at Sea, Proc. 39th AMOP Technical Seminar, Environment and Climate Change Canada,
Ottawa, ON, pp. 364-382.




http://w3.onera.fr/polluproof/



).

o 2015-2017 : HNS-MS e
“‘Improving Member States preparedness to face an HNS pollution of the Marine System”

— EC DG/ECHO (Humanitarian aid and Civil Protection department) funded

 Leader : Royal Belgian Inst. of Natural Sci. / Operational Directorate Natural Environ. (BE)

 Partners : BE (Belgian DG Environment) + FR (Cedre / Ecole des Mines d'Algs / Alyotech
Technologies)

 Aim : decision-support tool (national maritime authorities, coastguard stations)
to anticipate drift, fate/behaviour and risks of HNS marine spills.

— Cedre’s involvement :

"%  Lab analyses : Physicochemical properties (20 chemicals) under various conditions
(S%o, Temp...) — database

» Experiments: “HNS bench” : persistence, evaporation, dissolution (for 10 chemicals)
under controlled parameters (wind, waves, temp....) ; “water column” ;

* Vulnerability mapping: build upon previously-developed GIS (B-AWARE project)
— Further info:




https://www.hns-ms.eu/



: trellrling

o

« 2016 - 2017 : MARINER

“Enhancing HNS marine spill response preparedness through training and exercising”

— EC DG/ECHO funded
 Leader: CETMAR (Centro Tecnologico del Mar) (SP)
 Partners : UK (PHE) + FR (Cedre) + PT (CIIMAR, Action Modulers) + SP (INTECMAR, Vigo Univ.)

* Aim : reinforcing regional cooperation (HNS spill preparedness & response)

l|||!|!\*\kk

— Tasks incl.: review of literature, of previous EU projects/models, ...

— training package (.ppt presentations, posters, videos, e-learning materials,
online models...). Further info:

— Cedre’s main contribution:
« Training and exercise material/tools (ppt presentations, posters)
 Hosting / conducting a ‘test-run’ of the courses (w. partners) ; September 2017



http://mariner-project.eu/
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— Ongoing HNS activities/projects
« Fate / behaviour (floating cells, lab. various scale studies)





Meirine litier / microolasilcs

 Cedre’s growing involvement:

— support for national public policies, as:

 France’ scientific representative at OSPAR Intersessional Correspondence Group
on Marine Litter (ICG-ML)

* French National Co-lead (w. Ifremer) on EU MSFD’s descriptor Marine Litter
(D10) (specifically for litter & uplastics on beaches)

— National surveillance network (of NGOs) building up & coord.;
— Data management (compilation, processing, control and qualification);
— Reporting (quantif./qualif./trends)

— Definition of a protocol (uPs) incl. assessment of a specific tool : MPSS
(pplastics sediment separator);

— knowledge/research + impact assessment studies:
— MPs behaviour in water column
— Contaminant (POPs) adsorption/desorption
— Ecotoxicological studies






Meirine litier / microolasilcs

HILCIICyYy -

 Cedre’s growing involvement:

— through 2 newly launched EU funded (INTERREG) projects

 Ocean Wise (leader: DGRM, Portugal) >> EPS impacts and EPS
Substitute

— main Cedre contrib./WPs : POPs (de)sorption kinetics on EPS + ecotoxicity
(fishes)
* Clean Atlantic (leader: CETMAR, Spain) >> ML in marine environment
(gaps in knowledge)

— main Cedre contrib./WPs: Behaviour and ecotoxicity (cigarette butts);
hotspots identification (localisation, quantification) ; clean-up techniques
(guidelines), etc.

* Furtherinfo: ... forthcoming dedicated websites



mailto:Loic.Kerambrun@cedre.fr
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Oil spill response related studies
(Recent / ongoing / forthcoming)

Droits réservés Cedre - Diffusion et reproduction interdites





Chemical dispersion I

* Aim: better understand oil viscosity limits for dlspersant
appllcatlon (prediction of dispersibility @ lab scale — decision making)

e Context:

— Standardized |IFP and MNS dispersants effectiveness tests
(agreement procedures) May also be used to :

— estimate “dispersibility” of oil emulsions (% used as an index compared
to threshold values defined for both protocols) USing one given dispersant

NS test =
Good > 50 % M .es Good > 70-75 %
Poor <20 % m! ilrw Poor <5 %

| nf!g,

Aer
=)

‘,, A‘\R





Chemical dispersion F'E

,,,,,,

* Objectives:

— Assess lab tests’ reliability/accurracy to estimate dispersion
efficiency in real conditions

« Measurements of efficiency through lab and pilot scale (flume tank)
experiments (same temperature, dispersant, oil, DOR...);

* Qualitative analysis of the dispersion through oil droplets size
distributions

 Changes in quantitative and qualitative parameters for a wide range
of viscosities

 Review/confirmation of “dispersibility” threshold values

Chever F., Duboscq K., Receveur J., Audegond C. & Guyomarch J., 2016. Determination of Limits of Viscosity for
Dispersant Use: Quantitative and qualitative assessment of the dispersibility of water-in-oil emulsions at the laboratory
(IFP and MNS tests) and in the Polludrome. Proc. 39th AMOP Technical Seminar, Environment and Climate Change
Canada, Ottawa, ON, pp. 916-932.
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Example of results : lab scale ; droplet size distrib.Vs efficiency
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Laboratory — Quantitative / qualitative results
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Laboratory tests
— Proposal of % values as dispersibility thresholds

Dispersibility MNS IFP

Good E>60% E>50%

Uncertain 1I5%<E<60% 20%<E<50%

Poor E<15% E<20%

— To be confirmed with oils of different physicochemical
properties (and also different dispersant...)

— Need for field validations including concentrations and
droplets size measurements





Sclenililc siudigs — Rasoonge eehmicues

In Situ burning — 2017 activities

Tests with “Burning bench™: results obtained with heavy (API= 44.5)
condensate (100 mL)

an
(=]

Burning efficiency (%)
&

Burning efficiency decreases (logically) with evaporation:
‘* - fresh sample = 70%
I - topped @ 150°C sample = 63%
3 - topped @ 250°C sample = 32%






SIEIES

In Situ burning — 2017 activities

Tests with “Burning bench™: results obtained with heavy (API= 44.5)
condensate (100 mL) e

Burning efficiency increases with emulsification (1!?)
; - topped @ 150°C sample + 50% H,O = 80%
[ - topped @ 250°C sample + 50% H,0 = 60%






In Situ burning — 2017 activities

Tests with “Burning bench™: results obtained with heavy (API= 44.5)
condensate:

For a given oil, physical properties of burn residue change according to
weathering degree (and burn efficiency)

SermiEsolid;very b ittle residue
Visual
observation:

250°C+ residue photo-ox. after burning Fresh condensate after burning





In Situ burning — 2017 activities

Tests with “Burning bench™: results obtained with heavy (API= 44.5)
condensate:

Observation of a «yellow foam » sinking in seawater for emulsified oll
samples (not for fresh or topped samples)






In Situ burning — 2017 activities

Tests with “Burning bench™: results obtained with heavy (API= 44.5)
condensate:

“foam” analysis (GCFID): presence of n-alkanes, distribution not unlike
a sllghtly evaporated ol (Ioss of lighter alkanes ; UCM hlgher than for

Several question about this « foam »:
- already observed?
- systematic for each condensate?
- behavior and persistence in water
column / seabottom






In Situ burning — 2017 activities
Cedre invited as an observer

— Tests of catalyst application to reduce ISB smoke emissions
(Merl consulting)

« Burning of Jet A (Darlington, UK)
« Visual (pic/vid) comparison with/without catalyst application

Preliminary assessments suggest efficiency but:
- need to improve catalyst preparation/delivery system (catalyst encapsulated in a porous material)
- need to quantify soot reduction (2018 activities? Not selected for award by BSEE BAA E17PS00024
for Proposed Research on Oil Spill Response Operations on the U.S. Outer Continental Shelf)





Fate and impact of oil in mangrove ecosystem
PRISME Project (2015 - 2016) / French Gmana

A

- Cedre w/ 4 French Universities (Pau,
Marseille, Brest, Toulouse)

- Prospective in situ experiments (30 k€) %





ile siucias — Ol faitg/oaraviour

Fate and impact of oil in mangrove ecosystem
PRISME Project (2015 — 2016)

— Main conclusions:

» Migration of oil in the sediment was highlighted through TPH
concentrations profiles ; confirmed by microsphere vertical
distribution (bioturbation / sediment mixing processes);

90 % of n-alkanes and PAHs appeared degraded after (only) one
month in the environment;

* n-alkanes analyses highlighted a decrease of n-C17/pr and n-
C18/ph ratios suggesting an effective biodegradation ; supported by
molecular identification of 16S DNA sequences belonging to well-
known oil-degrading bacterial genera (Alcanivorax , Marinobacter..)

« Qil had an effect on meio/macrobenthic diversity and abundances





dllas — Ol falitg/oaravious

Fate and impact of oil in mangrove ecosystem

Next? Research needs

* Due to the peculiarities of FG coastal ecosystem, from what we
know so far, it is extremely difficult to predict the fate and potential
effects of significant oil spill:

— Behaviour/interaction/degradation of spilled oil in contact with the maobile/liquid
mud is unknown — fate of oil slicks in such an environment ?

— Itis not known how oil contamination of the maobile mud would affect the early
stages of mangrove development (propagules settlement and pioneer
mangrove), the associated benthic system, and implications for growth of the
older mangrove stages





5 — Ol feitg/oariaviours

Fate and impact of oil in mangrove ecosystem

Perspectives : a larger project (incl. larger-scale field experiments...);

* GANESH : French GuiANa mangrove Ecosystem: potential effects of an oil Spill
on the benthic communities, resilience capacities and oil Hydrocarbons dynamics,

* will be submitted again for funding to ANR (French National Agency for
Research) in oct. 2017 ; estimated total budget = 900 k$

— In situ mesocosms studies involving liquid mud behaviour (e.g. floating vs.
adsorption, etc.)

— Experimental contamination in young mangrove areas
* Pre-project selections: feb./march 2018 ; refined draft april/may 2018
« coll./support from Industry (pre-proposal)

 For 2018 : interest from Cedre’s Industry partners = plans to pre-
assess oil (crude) short-term behaviour in heavily turbid waters





Bioremediation Agents (BA) . =
Development of a test protocol —

Objective: assessment of BA efficiency in a semi open
environment (recreates dilution as it would occur in situ -tidal
cycles...)

Principle:
- sediment layer (“shoreline”) in small tanks
- contamination with crude oill
- treatments / BA application
- oil biodegradation is measured/compared to controls, extend. time-scale





Bioremediation Agents (BA) o I

Development of a test protocol

)
A L -
\ . A - Seawater tap

Supply pipe

Lifting pipe
(draining cycles / « tide »)

Oscillating table —

Pneumatic jack

Hose (collecting waters

 automated tool :
— generates identical waves/agitation in each tank (n=12);
— wave energy from sheltered to exposed shores;
— “tidal cycles” / natural seawater;
— allows controlled and reproducible tests.





Bioremediation Agents (BA) I
Development of a test protocol

— Preliminary experiments

* Biodegradation occurs after 46 days for biostimulation treatments:
— long duration compared to standard efficiency test protocol (28 days);
— more realistic in terms of expectations (efficiency, delay) for in situ treatments;

 Bioaugmentation treatments

— short-term induction of oil biodegradation, compared with biostimulation
treatments, but less efficient on a mid-term (3 months);

— different results compared with tests at lab scale;

— but consistent with field observations (competition between native/non-native
bacteria, adaptive changes in communities) as documented in literature —
guidelines, articles...

— Ongoing...





Cedre
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Oil spill response equipment — tests/assessments
Examples 2016-2017

Droits réservés Cedre - Diffusion et reproduction interdites





Oll solll resoonse equlornert —

Skimmers, pumps, indoor tests “as usual’

— measurement of performances

* in controlled environment ; Cedre’s own facilities/tanks
« according to standard (AFNOR) test methods

— 2016 examples...






Oll solll resoonse equlornert —

Field assessments

— C&R booms for fast current/high speed waters
« 2013, 2015: NOFI Current Busters 4 & 2
« 2017 (oct.):  Lamor/Egersund MOS 15
DESMI Speed-Sweep
* Plans being considered for 2018
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Ol solll resgonse squioment — Hecovery

Field assessments T
p-

— C&R booms for fast current/high speed waters

PORT
Aim : Identify operational constraints and requirements (+ improvements /)
Dynamic mode

y
< Oil Spill Response

b=

— 2 vessels (pair towing) vs. single vessel w. BoomVane = NOF 1=

— Compare maneuverability, tech. requirements (e.g. horsepower, hull, etc.);

Static mode (w. BoomVane) ——

— Definition and validation of a deployment procedure:
— Logistics (boats, personnel, etc.)
— Challenges in estuaries : reverse of the tide / “flip over” procedure





Ol s0lll resoorise gejulormnert —

* Learnings from 2013 -Current Buster 4
« Requirements for deployment (e.g.: current = 1 knot; hp= ca. 350; 6 persons; 15 mn...)
 Validated flip-over’ procedure during slack (e.g. manoeuvring; hp = ca. 225 min; ...)

SENE S Know-how (settings, ...), needs (staging area, ...), etc.
 Bottom net prone to be caught (quay, infrastructures) when folding up
 Single vessel w. BoomVane more ‘workable’ than pair towing (manoeuvrability,
coordination...)
Dynamic—| ° Current Buster ‘delivered’ up until ca. 3.5-3.7 knots (speed thru water)

* Requirements (boat): hp= ca. 350 ch ; 18 m ; bow thruster; ...
» Welcomed: crane (BoomVane deployment)
 QOthers... (non « CB-specific »): guidance system (small boat/outboard motor + VHF)

2015 follow-up (Current Buster 2)
« Lighter/smaller equipment & nautical resources (e.g., hp= ca. 225 ch) ;
« (B2 containment/efficiency (ca. 3.6 knots, depending on waves orientation) ;
 Ancillary equipment added to the ops chain : skimming (MicroFoilex)/pumping
(peristaltic pump)/storage (towable open tank) ;





Miscallainaous

Assessment of oil sensing wires to detect
leaks from underground pipelines

 Lab scale (completed) : immersion of 3
different sensing cables within an closed
tanks (13 HC tested ; vapours + polluted
sand)

* Pilot scale (in progr) : test bench/device
under construction to simulate leakage from
a pipeline






Miscallzinasious

Assessment of an IR sensor for detection
of organics in confined/poorly accessible
spaces

Industrial application

— Waste (muds) treatment process
 Detect/recover
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Thank you
for your attention
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R&D Award update

ITAC

Dr Annabelle Nicolas-Kopec
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WHAT IS ITOPF?

e Not-for-profit organisation established
in 1968

e Main role: objective advice on
effective response to marine spills of
oil & HNS

e Based in London but provide a global
service

e Primarily funded by the shipping
industry (via P&I Clubs)






ITOPF’S CORE FUNCTIONS

DAMAGE ASSESSMENT & CONTINGENCY PLANNING &
CLAIMS ANALYSIS ADVISORY

n
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SPILL RESPONSE ROLE

e Provide technical advice to
government, responders & victims

e Promote effective response
techniques, joint assessments &
cooperation

e Monitor spill response &
investigate damage to resources

¢ Help to design & implewt post-
. N * . F ~gh g
spill studies / restoration

Provide technical assessments
of claims for compensation






INCIDENTS ATTENDED BY ITOPF IN LAST 12 MONTHS

ITOPF Mobilisations (Onsite)

BRI TTOPF: All rights reserved 2017 g Tanker mobilisations @  Non-Tanker mobilisations

e: US National Park Service






DAWN KANCHIPURAM, Chennai, India

* Observations on site would suggest ~250-300
m3 of IFO 180 spilled

e |TOPF stayed for 10 weeks

e Shoreline clean-up — State Government — no
clearresponsibility/ leadership

e Lack of preparedness at State Level resulting
in mass clean-up

* Government requestingishipowner
assistance

» Alleged loss of market confidence led to
112,000 claims from fishing community.






LADY TUNA, Cesme, Turkey

Spilled 100-150 MT of IFO 380
e Shoreline contamination was approx. 15 km.

* High touristic coastline with numerous
pontoons and amenity man-made structures.

* Main clean up finished in 3 months after but
due to high level of tourism, standby team
still working to clean small patches of oil that
occasionally remobilised throughout summer B
from said structures. :

e Poor governmental coordination
 Difficulty to agree on end points

*  Presence of sunken oil b





AGIA ZONI Il, Athens, Greece
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ITOPF’S CORE FUNCTIONS
SPILL RESPONSE DAMAGE ASSESSMENT & CONTINGENCY PLANNING &
CLAIMS ANALYSIS ADVISORY






ITOPF R&D AWARD

ENCOURAGE ORGANISATIONS WORLDWIDE TO
PROVIDE INNOVATIVE BUT REALISTIC SOLUTIONS
TO SOME OF THE CHALLENGES FACED IN SPILL
RESPONSE AND ENVIRONMENTAL MONITORING

e Each year up to £50,000 available to fund R&D projects
* To date £300,000 have been used to fund research

e Deadline for 2018 ITOPF R&D Award: 30" November 2017
f.com/in-action/r-d-award/application-

process/

>2014 - FAMERR

Determination of realistic spill
profiles for chemicals to q
improve decision-making for / ’

> 2012 - FishHealth > 2013 - SLAM

Development of a methodology
for an assessment of fish health
and research into the impact of
chemically dispersed oil on
marine fish.

Development of a novel ‘back-
pack’ system to track
rehabilitated oiled birds without

compromising their well-being. Y spills in different geographic

areas and seasons.

READ MORE READ MORE

READ MORE

; : > - Vi
> 2015 - University of p. _ 201_7 Virtual B,
Washington ﬁ%& > 2016 - Rosdam LTI, Reahty Lab’ n‘a

\) . -
iy ety ad wsess .,‘j". o.‘.’g_. A feasibility study to investigate b Sha nghal L - P
emerging risks from marine i’é’ S the detection capability of S . ; . s & ‘M’E‘r'
st i hyperspectral imaging ReaI.SpIII Response Qame ,an NGHA MARTE
technology (HSI) for oil spillages fexerqse platform designed to

READ MORE i Ia affacted waters improve preparedness and

training for oil spills






ITOPF R&D AWARD - Criteria

WHO CAN QUALIFY?

Any R&D establishment or other organisation worldwide funding a candidate (individual or
project team) to undertake research.

WHAT CAN THE AWARD FINANCE?

A full breakdown of the cost of the project must be included: researchers’ salaries; time to
be spent on the project by the permanent staff, including overhead and management costs,

but excluding profit; project equipment/hardware costs, eg materials, laboratory costs,
equipment hire; any required travel expenses and consumable items, at cost.

The ITOPF R&D Award is not intended to finance investment, nor depreciation of research
equipment.






ITOPF R&D AWARD - Committee

ITOPF R&D Award Committee consists of:
* 3 members of ITOPF staff (Committee chair is our Technical Director)
2 well-respected external and independent members of the scientific community

Assessment of the project following 5 criteria:

* Relevance of the proposed research to the marine environment

* Relevance to the shipping

Amount of R&D within the project

e Originality

* Experience of the institution/Confidence that the project will be achieved in the said time





FIELD OF APPLICATIONS

7
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2012 2013 2014
B Wildlife, mitigation, rehabilitation
B Chemistry of oil and chemicals

Technology and new products

2015 2016
Modelling, tracking

Risk in maritime transport

2017





ORIGIN OF APPLICATIONS 2012-2017

Number of applications
(2012-2017)

1

2
B :
B 4
Il 5 :
B 5 e
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2012 R&D AWARD WINNER: FISHHEALTH FishHealth

PROJECT

A methodology for an assessment of
fish health (cardiac pumping capacity,
swimming capacity, hypoxia
tolerance, thermal susceptibility) , to
provide information on the impact of
chemically dispersed oil on marine
fish

The project addresses factors that
may have operational relevance
during the response to an oil spill e.g.
seafood quality and the impacts of
dispersant use on finfish populations

QO Al

§ 3-year project (PhD)
4 research institutes

Co-funded by Total
luides

Outcome: two publications and one
additional on-going PhD focussing
on behaviour of juvenile seabass
after exposure to dispersed oil

Seabass have the capacity to detect and avoid
the water soluble fraction of oil

Exposure (48 h) to dispersant alone has no
effect on fish ability to cope with simulated
environmental challenges

Exposure (48 h) to both oil and dispersant-
treated oil temporarily impacted this coping
ability

Post-exposure (6 weeks), tissues [PAH] and fish
performance return back to control level

Long term post-exposure monitoring (1.5 year)
of the juvenile seabass populations reveals no
delayed effect on fish coping performance,
growth and survival.






2015 R&D AWARD WINNER: EMERGRISKS

ENVIRONMENT

and
. o strength N
5 + Sedimen el rize and increazed precipitation intensity
) atfect ez in rivers an zhorez impacting
0 @
- . orthern portz will be 3 by unrelisle
land zupport and zupply

* Identify emerging risks from marine
transportation and response
challenges they represent.

e As shipping routes and products
change, new risks are emerging. The
challenge facing spill preparedness
and response organizations is to
understand how to best prepare for
efficient and effective response to
these emerging risks.

Outcome: three Master’s thesis, final
report available online, and
brochure summarising the keys
results distributed to shipowners

1 year project

University of Washington, School of Marine
and Environmental Affairs

* (i) Developing technology

(LNG propulsion, compromised cybersecurity, ...

e (ii) Changing trade
(Arctic trade route, mega-containerships, ...)
e (iii) Changing environment

(increasing storm intensity, permafrost, ...)

Timescales for Environment Drivers of Change

0 Years

Increased use of Arctic Trade Routes |

20+ Years

—
%
)

Changing Environment Pressures

Tnfroduction of Mega-Containership

Increased Usage of Bulk Carriers to
Transport Hazardous Material

)






2017 R&D AWARD WINNER - REAL SPILL RESPONSE GAME

2-year project

llllllllllll

Online interactive tool to facilitate oil
spill response exercise.

Accessible by multiple trainees at the
same time.

Seven roles to choose from, the
actions are prompted by the training
tool, based on the information input
by the trainer.

Players actions influence the
development of the scenario, and
players can communicate with each
other and the trainer.

The actions taken will be recorded
and the players will receive a
feedback at the end of the ‘game’.

Shanghai Maritime University, team of 6 including 4 master s students

PROJECT

The system focuses on crisis management ability
rather than technical skill and operational activity,
during emergency response.

RSRG aims to improve and test three types of
essential crisis management ability.

1) Situational awareness

2) Decision making

3 ) Coordination

The goals of RSRG are:

- to build a virtual but realistic environment

- to provide various emergency response
positions with role playing game

- to monitor actions of all participants and to
evaluate performance for after action review
in an easy and more objective way






OTHERS ITOPF R&D AWARD WINNERS

2013: SLAM

Swansea University 1 year prOject (POStdOC)

Prifysgol Abertawe

Development of a novel 'back-pack’ system to
track rehabilitated oiled birds without
compromising their well-being.

2014: FAMERR

2 year project

Provide better advice regarding monitoring and impact
assessment during marine incidents and how this may
be influenced by local conditions.

2016: ROSDAM y
ety O 1 year project (Postdoc) "
Strathclyde \ A h‘ ¥
Glasgow i i g e 2
= | | ¢
A feasibility study to investigate the detection capability of o Jﬁ e \
hyperspectral imaging technology (HSI) for oil spillages in . s

ice-affected waters
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2016 R&D Award winner: ROSDAM

* 1 year project

* University of Strathclyde in partnership &
with The Scottish Association for Marine y“
Science (SAMS). i

 #

e Evaluate two types of HSI systems, i.e.

passive and active, and their capability S8

and applicability for the detection of oil
spillages in ice-affected waters.

-

e The detection and tracking of oil in ice is
one of the major technological
challenges facing the response industry.





2014 R&D Award winner: FAMEER

~(=Cefas®

2 year project

To provide better advice regarding /
monitoring and impact assessment

during marine incidents and how

this may be influenced by local /

conditions. -

Determine realistic spill profiles for
two chemicals, aniline and butyl

acrylate, so as to improve decision- = = WPk Dissobved Exposuse Con ”
making for spills in different Lapee 5

. 05 Avetage
geographic areas and seasons. .
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2013 R&D Award winner: SLAM

e 1 year project (post-doctoral)

Swansea University

* Development of a novel 'back-pack’ system to track Prifysgol Abertawe
rehabilitated oiled birds without compromising their 4
well-being.

* To date, there is still the need to determine the real
success of efforts to rehabilitate oiled birds and to
minimize impacts to their populations.

* Fabrication of silicone-based harness based on 3D
design and printing technology to ensure the system
is specifically adapted to most seabird species
despite their differences in morphology, behaviour
and lifestyles.

e Assessment of the reaction of captive and wild birds
(guillemots and lesser black backed gulls) to this
attachment system (harness plus electronic devices
used to monitor animals such as GPS, VHF
transmitters...).







FROM THE TORREY CANYON TO TODAY
A 50 YEAR RETROSPECTIVE OF RECOVERY
FROM THE OIL SPILL AND INTERACTION WITH
CLIMATE-DRIVEN FLUCTUATIONS ON CORNISH
ROCKY SHORES

Stephen J. Hawkins, Ally J. Evans, Jon Moore (Coastal
Assessment, Liaison Monitoring), Mark Whittington (ITOPF),
Kathryn Pack, John Readman, Louise B. Firth, Leoni C. Adams,
Pippa J. Moore, Patricia Masterson-Algar, Nova Mieszkowska,

Eve C. Southward & Alan Southward






Overview of Presentation

The Torrey Canyon oil spill viewed 50 years later
Time-scales of recovery from an acute localised oil-spill
During recovery interaction with climate fluctuations
and change (global)

...and with Tributyltin pollution (local chronic pollution
scaling up to regional) from antifouling paints
Importance of long-term and broad-scale observations
in unravelling global drivers from regional and local
scale impacts

leading to better understanding of recovery processes






Torrey Canyon Aground March 18th 1967

copyright Mariners’ Museum






Torrey Canyon Qil spill 1967

First supertanker accident (over 100,000 tons spilt)
Acute pollution incident (100 miles of coastline in
UK)

Made much worse by inappropriate treatment —
excessive application of first generation highly
toxic dispersants

10,000 tons of dispersant on 14,000 tons of oil
beached in Cornwall






Track of the drifting oil released from the
Torrey Canyon
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Figure 1. Approximate track of the drifting oil released from the Torrey
Canyon and the coasts where it was stranded. Based on Figure I of
Southward and Southward (1978).

Hawkins and Southward 1992, based
Southward and Southward, 1978











The Marine Biological Association
of the UK

The whole Laboratory mobilized
to work on the Torrey Canyon oil spill






1\!‘\' surtactants “‘\".‘l' “”hl\(' l]l():w(‘ ('Hll‘!ll\('(i in houschold detergent

are “hard’; that s, they are not readily destroyed by micro-organiss

having been used

samlen Oil Spill Remove a&ie Slidkeone . . th
L No product labelling in the

I'he following proprietary detergents were reported as

Snowdrilgt() TC4 (Drew Chemicals) .

Basol A Esso F. 6155 1 9 60 . I I t d
Gramosol }-I01,xg}1tos;1}'Q 112 S . a CO n a I n e a n
BP 1002 Whittakers G.P. Degreasant

Some examples of the composition of these

et e gromatic organic solvent, a

Detergent no. 1: 669, solvent containing 249, aromatics, remainder cetyl

L] L]
phenyl ethylene oxide condensate f t t d t b I
Detergent no. 2: 709, solvent containing 43 9, aromatics S u r a C a n a n a S a I Ize r
159, tall oil
15% nonyl phenyl ethylene oxide condensate
Detergent no. 3: 759, solvent containing 76 %, aromatics
25% mixture of ethylene oxide condensate and calcium
petroleum sulphonate
Detergent no. 4: 859, kerosene extract with a high proportion of aromatics
129, nonyl phenol ethylene oxide

“Torrey Canyon’
95 C t diethanolamide <
Detergent no. 5 72% S(())lc\?er::; colr:tainingd83 9, aromatics PO"U.tIOH ?nd
120 ot Marine Life

2'59, triethanolamine
109, dodecyl benzyl sulphonate as the ammonium salt

5%, non-ionic detergent

Some physical properties of BP 1002 and methods of estimation
The Laboratory experiments described in this section examine certain
physical properties of the detergent BP 1002, This detergent was used on
4much greater scale than any other, especially on the shore. Samples of the

ANONYMISED DISPERSANT CONTENT





Tack of the drifting oil released from the
Torrey Canyon

Oiled shores
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Figure 1. Approximate track of the drifiing oil released from the Torrey
Canyon and the coasts where it was sranded. Based on Figure 1 of
Southward and Southward (1978). Sites routinely monitored 1950s to 1987 by
Alan & Eve Southward re-started and continued
From Southward and since 1997

Southward 1978






Rocky shore monitoring

e Building on surveys of Crisp, Southward and
Fischer-Piette in 1940s and 1950s

 Southward and Hawkins time series 1950s-1987,
1980-2017 on shores in South-west England

* Impacted and non-impacted shores — before and
after (unplanned beyond BACI: Before After
Control Impact)
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Massive application of first generation
highly toxic dispersants
Industrial cleaning fluids — mainly organic solvents

More toxic than crude oil
Killed all the grazers — particularly patellid limpets

e £

e b4 Y
::"‘:-S;'.v oy s et il
Lo -.S.f*of’,, e 2 P A

Patella key-stone grazer controlling algal vegetation on
North-east Atlantic shores






Photos: P.E. Gibbs






Experimental limpet
removal strips
N S Jones 1946, 1948





~i?

9 months

Recreation of

experimental limpet

removal strips

Hawkins, 1981

Kieler Meeres
(EMBS)






TCPL68-6.Porthleven 12-5-68. AJS photo. Film no. 6 ? oo TCPL69-4 Porthleven, May 1969. AJS
Reef vista, 1 yr after.spill. e LT e E photo, no Film no. Reef vista.

TCPL70-3 Porthleven 20-05-70. AJS
photo 1970/6/? Reef vista.

TCPL71-7 Porthleven May 1971, AJS
photo. Reef vista. - TCPL73-3 Porthleven May 1973. AJS

TCPL72-3 Porthleven 13-05-72. AJS photo.
Reef seaward side,general view. cf. vista.

TCPL77-3. Porthleven 18-05-77.. AJS film
TCPL75-3 Porthleven Date ? AJS no 1977/24/32. Reef Vista.

TCPL74-2. Porthleven 05-05-74. AJS film no.1975/5/10.
photo, film no.1974/36/10. Reef vista.

Photos: A.J. & E.C. Southward





TCPL78-11 Porthleven 20-09-78. AJS film no 1978/91/1. Reef vista.
TCPL81-5 Porthleven 16-06-81. AJS film no

CPL84-1 Porthleven 20-01-84. AJS
Film no 1984/1/32. Reef Vista.

TCPL85-1 Porthleven 09-04-85.
AJS film no 1985/1/2. Reef Vista

TCPL87-2 Porthleven 29-04-87. AJS
film no 1987/7/35. Reef Vista.

TCPL91-1 Porthleven 14-04-1991. AJS film TCPL97-4 Porthleven 23-04-97. No film no.
no 1991/13/1. Reef Vista. Reef Vista.

Photos: A.J. & E.C. Southward

TCPL89-1 Porthleven 18-08-89. AJS film no.
1989/32/2. Reef Vista.






Photographs of the same site on a rocky shore at
Porthleven 1967-1974

YT

May, 1968






13th March 2017 — week of the 50th anniversary






Massive populations of limpets following recruitment
under dense canopy of Fucus

T
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Images: Eve and
Alan Southward

Abandoning homing and rhigrating across the
shore in fronts — then starving and dying





Recovery on non-treated shores - Godrevy

# T [
#st"u
Godrevy
Trevone
Cape
Cornwall ,
.
W Porthleveln ENGLISH CHANNEL ¢© . . , S0Km
?“ e 10 A I

* National Trust property near a seal colony
s &% ¢ Nodispersant treatment because of concerns about seals

Est. 1884
Incorporated by
Royal Charter






Godrevy - Spring 1967

* Brown oil coated the
rocky gullies and had
killed some but not all
limpets

* Most barnacles survived

* No untoward green
seaweed growth

Photo: E.C. & A.J. Southward






Godrevy - Spring 1968

* Dry oil layer present
* Barnacles still alive

e Surviving limpets moved in
from outside oiled areas

* Limpets feeding — scraping
oil off rock — no apparent
harm caused as growth
appeared normal

Limpet Adult and juvenile
grazing  soyrce: EC & AJ Southward barnacles






Godrevy - Spring 1970

Shore appeared normal
for an exposed rocky
shore (2-3 years recovery
time)

* Limpets, barnacles, other
animals

e Not much seaweed

* Oil no longer visible on
vertical rock faces

Source: EC & AJ Southward






Time course of recolonization of rocky shores in Cornwall
from the date of the Torrey Canyon disaster, March 1967

Table 2. The time course of recolonization of rocky shores in Cornwall, expressed in years from the date of the Torrey Canyon
disaster, March 1967 (modified from Southward & Southward 1978).

Sennen

Lizard Pr.  Lizard Pr. aen Du Cove myevone, Irevone,

exposed  Shelteged  Portleven Pr. exposed  Sennen posed  sheltered

(Vellan  (Polpepr  (west of Perra- (300 m Cove Cape sewer (MTL

Drang) Cove harbor) uthnoe east) (near Pier) Comwalfl Godrevy cks”) reefs)
Relative exposure 44 44 +4 +4 ¥4+ +4+ +++ ++ ++4 +
10 wave action
‘Amouncofoil suanded  + b 4 4 B ol e B e
Dispersant treatment 4 ves s By e YRRl Mt TR PO et
Persistance oil/oil- T <1 <l S R RN IR 1T VAN RN
dispersant mix I
Eneonophimmmm T —Tfoeavily + . 1 Pnireated;; i
Mudinum Foweoer 25 B|treatE®d 25 5 i3 i T s 13 i
Minimum of barnacles ‘ 2 2 i3 R, s 3 s 3. K 6mo.: .- B2 o iR
Maximum numbers : DR B S R 5 R B 3 3 N.A. 3 ISR
of Patella
o T ST (BRI Sne 0 5 Bo ol OREAC o g
starts of decline
Zevvaimdioone) o500 67 R T er s K s e 6 N.A. 5 8
Increase in barnacles 4 6 6 5 4 6 4 1 3 7
Numbers of Patella reduced 2 BES e 6-7 T SR  NA B6 . LA
Normal richness of 5 oo & s10.. $810. RIS Mo e 8-9 2 5-6 59-10
species regained

Hawkins and Southward 1992





Recovery of rocky shore from dispersant
treatment after the Torrey Canyon' 0|I splll
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Climate fluctuations and recent
change off Plymouth
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Mean annual sea surface temperature (SST) 1870 - 2014 off Plymouth, UK

(Data source: Meteorological Office Hadley Centre; collected by MBA/PML) E






IDCC

Departures in temperature in °C (from the 1961-1990 average)
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Recovery of Porthleven rocky shore from dispersant
treatment after the Torrey Canyon oil-spill
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Seaweed (Fucus) and limpet dynamics after the
oll spill
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Interaction of climate fluctuations with
recovery processes

 Patella depressa (warm-water limpet species)
affected by cooling in the 1960s, 70s and 80s

* During recovery from the oil spill, fucoid (seaweed)
canopy unfavourable for P. depressa but optimal for
P. vulgata (a northern limpet species)

 Recovery of this species only occurred when it got
warmer post-1987 and fucoids became rarer
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Rare hermit crab found at Falmouth's
Castle Beach

© 16 March 2018 | Comwall f ¥ © [ < share

MATT SLATER

Comwall Wildlife Trust now wants to find 8 common name for the crab

A rare type of hermit crab has been rediscovered at a beach in Falmouth after
a 30 year absence.

The tiny crab, known only as clibanarius erythropus, has not been recorded in
Cornish waters since 1985.

Itis a species found in warmer waters but can be found in the channel islands and
along the French coast, according to Cornwall Wildlife Trust.

The find at Castle Beach was made by an amateur photographer who was taking
part in a survey run by the trust.

MATT SLATER

Local marine experts said the ten-legged crustacean was occasionally found on the
south coast of Cornwall but since the Torrey Canyon oil spill in 1967 it had
"virtually disappeared” from Cornish shores.

They believe the discovery shows Cornwall's marine life may now have fully
recovered from the environmental disaster.

Clibanarius erythropus is from the Latin meaning soldier, clad in mail with red legs.

Finding the tiny crab was "the icing on the cake" during a fruitful rockpooling survey,
Matt Slater, manne awareness officer for Cornwall Wildlife Trust, said.

"Spectacularly low tides and stunning weather provided a unique view of Cornwall's
fabulous coastline exposing sections of the shore which you would normally only
see with a snorkel.

"We were all really excited by the find. Its scientific name is a bit of a mouthful so if
anyone can think of a good name for the crab we would appreciate suggestions.”






Letters to Nature
Nature 190, 931 (3 June 19561) | doi:10.1038/190931a0

A Hermit Crab New to Britain

D. B. CARLISLE & N. TREGENZA

J. mar. biol. Ass. U.K. (1977); 57, 441-452 441

1. Marine Biological Labomtory, Plymouth. b b s Bateuin

DISTRIBUTION AND ECOLOGY OF
THE HERMIT CRAB CLIBANARIUS ERYTHROPUS
IN THE WESTERN CHANNEL

A.]. SOUTHWARD anp EVE C.SOUTHWARD
The Laboratory, Marine Biological Association, Citadel Hill, Plymouth

J. mar. biol. Ass. U.K. (1988), 68, 409-412
409

Printed in Great Britain

DISAPPEARANCE OF THE WARM-WATER HERMIT
CRAB CLIBANARIUS ERYTHROPUS FROM
SOUTH-WEST BRITAIN

A.J. SOUTHWARD anp EVE C. SOUTHWARD
The Laboratory, Marine Biological Association, Citadel Hill, Plymouth PL1 2PB






Why no return when warm again from late
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(Data source: Meteorological Office Hadley Centre; collected by MBA/PML)






Impacts on dogwhelks (Nucella lapillus) of
Tri-ButylTin (TBT) Pollution from Anti-fouling

“Lady whelks get the willies”
The Sun (a British tabloid
newspaper) 1986

Work at the I\/IBA by Peter Grbbs Geoff Bryan Bill Langston and
various students (Susan Spence, Sarah Proud and Srmon Bray)






What is recovery from an oilspill?

*Return to conditions that would have prevailed if the spill
had not occurred...
(Sell et al., 1995 and several others since)

*Very few prolonged studies of recovery in published
literature

Very difficult to assess without

broad-scale surveys and long-term monitoring






Take home messages

All impacts need to be considered

No such thing as a simple baseline

More of an envelope (often multi-dimensional)

Studies of long term recovery very important

Marine ecosystems do recover rapidly as they are open
Inappropriate treatment can delay recovery

Without long-term and broad-scale pattern data (and in
parallel experiments on processes), erroneous
Interpretations of impacts and recovery can be made

; " _-_-'_-:';'::"- { !
: LA =
o e 8





And finally : Much was learnt during and
since the Torrey Canyon oil spill

We are much, much better at anticipating
and dealing with oil spills today

Any questions?






MBA time series: abundance of barnacles in
SW England (8 sites south coast)
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After ‘Torrey Canyon’

- Richard Pearce





Time line, Spring 1967

“Torrey Canyon’ aground oil reaches Porthmear BP 1002 applied quadrats marked
18t™ March 28th March 5th April 30th April/28™ May

+ + + +






Eventual distribution of oil

Spread of Torrey Canyon oil spill

Site of Torrey Canyon wreck

B Affected beaches
Source: Marine Biological Association, French National Weather Forecasting Centre [B|B|C]






Location Qf Porthmear






Porthmear, St Eval, Cornwall
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Population of Patella spp, 1967-2017

Patella numbers, Porthmear, 1967-2017
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Populations of G. umbilicalis and Osilinus lineatus
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Concluding questions:
Trilobite—400 my
Postglacial peat —2-8,000 y

Live observations — 50y





After ‘Torrey Canyon’

Richard Pearce
rpearce@inted.demon.co.uk






Industry Technical Advisory Committee

Session Introduction
Autonomous Systems

Sarah Hall
Oil Spill Response Ltd

@
@ Industry Technical Advisory Committee
@® for oil spill response





What is Autonomy?

‘The ability of a system to achieve operational
goals in complex domains by making decisions
and executing actions on behalf of or In
cooperation with humans’

¢ \What this means...computers are trusted with tasks
previously carried out by humans, and also tasks
beyond human capacity such as keeping a ship in
fixed position or allowing unstable airplanes to fly
safely

@
@ Industry Technical Advisory Committee
@® for oil spill response






Applying Autonomous Systems

The OIl & Gas industry stretching the limits of what can be achieved
with current technology

Autonomous systems represent an emerging new system category
that can provide solutions to meet these challenges

Other industries are already utilising autonomy in order to execute
tasks that cannot be performed by humans alone

Efforts mainly been driven by aerospace/military i.e. deep space
robots, unmanned aircraft and vehicles, smart monitoring systems

There are challenges in oil spill response that could be solved with
similar solutions

~ @ Industry Technical Advisory Committee





UNIVERSITY OF

Autonomous Systems Southampt()n

Meteorologicalinstrumentare

sentinto the hostile upper . Jilars N

» atmosphereto better UAVs fly over glaciers to
- understand weather and
: , 1A { climate

by autonomous sensor nodes
implanted withintheice

e

monitor changes recorded

LiDARimaging measures @ Pl
| Thetechnology allows us to monitor

forest canopy heights &/
improvingunderstanding crop productivity, control pests and
of nutrient uptake pathogens,and ensure the efficient use

inside or outside, provides
information for defence
and national securi |

of resources such aswater and nitrogen

Multispectral cameras map
areas burned by wildfires and
estimate vegetation fuel lcad
and consumption

Floating sensors map oceansto
understand (and eventually
predict) changes in atmosphere

Sensors can locate
victims and monitor, -
natural disasters

Platoons of driverless
vehicles would cut

accidents by 9s%and
save fuel

Sensorsondronescan
analyse fires on ships
to guide firefighters
andrescuers

Sensors mounted onautonomous
underwater vehicles can make 4-D
maps of oil leaks from submarine
pipelines or find deep sea
hydrothermal vents

4-D mapping of ash clouds and
CO; emissions informs responses
tovolcanic hazards and the impact
of volcanoes on climate

Chemical and seismic sensors
mounted indeep boreholes
record realtime changes in
geothermal systemsto better
understand the causes of
earthquakes

Sensors mounted on ships,
buoysoratsealevel
monitor weather, sea state

and ship movements to Multi-agent coordination allows operatorsto form
improve fuel consumption - agile teams of autonomous vehicles so rescuers and
and safetyand transmit operators can safely carry out situational awareness

— el RS data to scientists about any ) P tasksin dangerous situations
E——— : changes : =
- m— —— — N
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Potential Benefits
of Autonomous Systems

Reduced risk:

— Reduced human exposure to danger i.e. reduce or eliminate people working on-site
Reduced cost:

— Less need of costly human supervision

— Increased up-time

— Reduce dependence on resources required to support humans i.e. expensive vessel time
(require limited resources to deploy and recover)

Optimal operations:

— Increased situational awareness = improved decision making i.e. near real time and long term
datasets, large spatial resolution datasets

Simultaneous operations:

— Co-operating robot teams i.e. joint asset integrity and environmental compliance surveys,
pipeline day to day monitoring and spill response

Time/schedule improvements:
— Operate one or more systems independently or in parallel

New areas:
— Enables surveys of previously inaccessible areas

’ J | ‘ ¢ @ Industry Technical Advisory Committee
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Challenges of
Autonomous Systems

Overreliance on new technology — recognising
limitations

Regulatory acceptance and support i.e. safety standards

Human trust of the systems - crucial that people trust the
systems

Public perception

Data security

Dual use

Risk of vehicle loss — high value assets
De-confliction i.e. marine vessels, manned aircraft
Service companies still maturing

~ @ Industry Technical Advisory Committee





Application of Autonomous Systems
in oil spill response

é Preparedness 6 Response

%ﬁ ¢ Unmanned

Aerial
Systems
(UAS)

tethered
balloon system

é Marine
Autonomous
Systems
(MAS)

The OSR-JIP represents the oil industry’s consensus view on good practices related
to oil spill preparedness and response http://www.oilspillresponseproject.org/
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Unmanned Aerial Systems
in oil spill response
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Unmanned Aerial Systems
in oil spill response

« Segmentation
« Scaling the incident

 QOiled Shoreline
Assessment form






Unmanned Aerial Systems
in oil spill response

Response - improve encounter rates (efficiency)
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w2 WCMRC & ECRC =2

ECRC ~ SaE o

é WCMRC (purchased UAS):
— Shoreline site assessments
— Shoreline response plan development
— Equipment training
— Offshore to improve encounter rates
¢ ECRC (hired UAS): placing river protection booms
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Marine Autonomous Systems
in oil spill response
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Autonomous Systems:
Session Focus

é Primary focus of this session is Marine Autonomous
Systems;

— Current and future developments in Marine Autonomous
Systems

— OSRL OIil on Water exercise 2017

— Marine Autonomous Systems for oil spill response: The
NOC-OSRL autonomy project and reflections on the
2017 Oil on Water Exercise

~ @ Industry Technical Advisory Committee
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~<= Oil Spill Response

Industry Technical Advisory Committee

Session Introduction
Autonomous Systems

Sarah Hall
Oil Spill Response Ltd
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Possible uses of UAVs

Response - shoreline Preparedness - shoreline
* Baseline surveys * Habitat surveys
« Segmentation « Booming plans
« Scaling the incident (basic oiling levels) * Wildlife surveys

« Completion of the ‘Oiled Shoreline Assessment’ form
« Completion of ‘Shoreline Treatment Recommendation’ (STRs)
» Post treatment inspection and evaluation

* Long term monitoring

«  Wildlife surveying

 Booming plans

« (Gas monitoring

« Site security (equipment and people)

Response — offshore

« Improving encounter rates

« Gas monitoring

o
’ s 7" @ Industry Technical Advisory Committee
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Current and future developments in Marine Autonomous Systems

£25M of UK MAS capital investment into NMF-MARS
Driving innovation in MAS platforms, sensors and data
Clear trends in MAS characteristics and capabilities
New applications opening up across multiple sectors
Demonstrator missions for environment and defence

RES iy i

Prof Russell B Wynn (Chief Scientist, MARS)
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Marine Robotics Innovation
Centre (MARSIC)

Demonstrator missions
(e.g. MASSMO)

A4S National
] Oceanography Centre
NATV

ENVIRONMENT RESEARCH COUNCIL

Marine Autonomous and
Robotic Systems (MARS)

NER

Microfluidic chip

Micro-sensor development
(OTE Group)

PhD and peer training
(e.g. NEXUSS CDT)
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NOC Marine Robotics Innovation Centre

1L ATLAS ELEKTRONIK UK

A company of the ATLAS ELEKTRONIK Group
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Oceanids MAS capital programme

Five-year programme (2017-2021)

~£11M on MAS platforms and C2

Development of new ALR1500 vehicle
Development of new Autosub6000 Mk2
Development of new C2 infrastructure
Enhanced MAS control room

MAS field trials

~£5M on MAS sensor development

BGC sensors (nutrients, CO2, carbonate)

Benthic imaging

Z1to National
Oceanography Centre

NERC
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DISCOVERY
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Gliders
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OUR GLIDERS
SLOCUM 62 o

Fax mdernrce 12 months
| Vehicie Lasgth 15m Py degts Tem
———— The yellow Slocum gliders are W Deneer Rem Max ronge 6,000k
opersted by the Marine - A -

i ([ o
and b \
* Gliders e Inte Reseerchens ine anderwaler - ! ke 4 {

the National Ocea hy Centre.
rodots Uk P Talseer gides to ! s
e R AT T ——

wegt 52 g Max endarasce 10 months
Veiste Length 1.8m Pax dipty em
Darwter 30 em Maxt targe 4 500N

SEAGLIDER ‘TALISKER'

The 'Talisker” Is owned by the
Scottish Assoclation for Marine
Sclence, which names all its
gliders after Scottish places

Oceen gliders move by changisg ther bucgancy
using oll-filled bladders. O is pumped Into or
out of the bladders to change the ghider’s
volume, causing the M o ascand or descend,

1.8 meices

Ocean ghiders use 30 lttle power they can operate for
months at a time. One glider made a 7200-km transatiantic
crossing that lasted 221 degs, using the equivalent power
of just three Christmas tree lights.

The glidee escands by transtering the ofl nto the 1 con Increase the pitch
ummgmmmm of Its macent, or gy

then the Back and and glider Ix slightly lightar than

The glider descends

by pumping ol Into its internal bladder,

Whea this i fell, the craft Is slightly

heavier than the water around It (less

buogant] and the front of the craft s

slightly heavier than the back of the craft

This couses the giider to tip downwards,

which makes the wings drive it forwards. ) Copyright: NERC, Ben Gililand
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Surface vehicles
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Accessing challenging under-ice environments: Autosub missions to Antarctica

&
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UK scientists to probe Pine Island Glacier

By Jonathan Amos
Science correspondent, BBC News

(D 9 September 2013 | Science & Environment

Jonathan Amos explains how snow tractors, robot subs and seals with sensors will help study the glacier

UK scientists are about to set out for Antarctica to investigate the mighty Pine
Island Glacier.
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Targeting first continuous under-ice crossing of the Arctic by an AUV

BB Q Sign in News Sport Weather iPlayer ™V Rad WCRP p‘ A gi;w':ll;otNA;cuéRl [

FOUNDATION

=er— el POLAR CHALLENGE

Arctic crossing planned for ‘Boaty’ sub Be the first to complete a
By Jonathan Amos 2000 Km continuous mission %.'

BBC Science Correspondent th an Nonomous I3
( 24 minutes ago = Science & Environment « Share Mﬁ? Vehicle l AUVY) ¢

Science & Environment

Compete for the Prize!
: Become a co-sponsor!
www.wcrp-climate.org/polarchallenge

Russell Wynn: "Boaty will extend the Attenborough's reach” :‘:T‘ -.’. WMO l" . E‘.'r‘at;.z"v“ E::ﬂvmw w’i“ - {' esa D GCOS
. ﬁ . End d !‘: P d :‘,:
The UK’s favourite new yellow submarine, Boaty McBoatface, is in training O LN Savancne {Chcom | ;E( @ [ A

for a grand challenge.
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Accessing the deep ocean: world’s deepest hydrothermal vents at 5000 m WD

— N0 N @toain - art BB O Signin News Sport Weather iPlayer ™v
na
COMMUNICATIONS /
Home About the journal Authors and referees Browse archive Search
<=8 N EWS SCIENCE & ENVIRONMENT
Metrics for:
g'ggtfrgihermal vent fields and chemosynthetic biota on the world's deepest seafloor spreading Home | World UK | England ' N.Ireland ' Scotland Wales ' Business ' Politics Health = Education 31
Douglas P. Connelly, Jonathan T. Copley, Bramley J. Murton, Kate Stansfield, Paul A. Tyler, Christopher R. German, Cindy L. Van Dover, Diva
Amon, Maaten Furlong, Nancy Grindlay, Nicholas Hayman, Veit Hihnerbach, Maria Judge, Tim Le Bas, Stephen McPhail, Alexandra Meier, 2 B+ Sha.r ™
Ko-ichi Nakamura, Verity Nye, Miles Pebody, Rolf B. Pedersen + et al. 21 February 2013 Last updated at 07:53 ﬂ L4 e B

Nature Communications 3, Article number: 620 (2012) | doi:10.1038/ncomms1636

Deepest undersea vents discovered by UK
team

25°N

. Atlantic Ocean
U\m "" ok
Mig-Cayman

spreading centre

By David Shukman

Science editor, BBC News
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Shallow-water AUV mapping and imaging of Haig Fras off southwest UK

« Tidally-dominated shelf setting at ~100 m WD, : .

mapped with Autosub6000 AUV

=
b

¥,
RS

* High-resolution AUV mapping data compared
well with vessel-based data from the same area

* AUV also collected valuable water column data
and a total of 15,000 full-colour seafloor photos

* Repeat mapping in 2015 is allowing natural
temporal variability to be assessed

2012 2015 2015
M8 Sidescan Sonar JC124 M86 Sidescan Sonar JC124 M87 Sidescan Sonar
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UPDATES
ABOUT NEWS

THE SHELL OCEAN DISCOVERY
XPRIZE SEMI-FINALISTS SET SAIL
ON A JOURNEY TO ILLUMINATE THE

OCEAN

In Round 1, the Entries that these Teams are developing will have only 16 hours to map the sea-floor at
depths of 2000m_and produce a high-resolution map (at_least 5m_horizontal resolution, at least 0.5m
vertical resolution) of at least 20% of the 500km?2 Competition Area. Additionally, Teams will have to bring
back 5 images of an archeological, biological, or geological feature, as well as an image of an object that we
will specify. As if this wasn’t enough, they have an additional hurdle to overcome — they will have to deploy
from the shore with no humans allowed in the competition area.
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Gulper automous underwater vehicle

Each gulper contains two liters of volume. When ballasting operations are
conducted, the gulpers are full of seawater. Therefore, the AUV will not be
able to dive if the guipers are full of air. They need to be in the "cocked”
position before faunch, so the upper chambers can fill with seawater when the
AUV s launched.

After the mission, these water samples are analyzed either onboard the
mather ship or back at the laboratory. An ongoing software effort is
developing the capabdity to trigger the gulpers based on the measurements of
other on-board imstruments.
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LIQUID ROBOTICS.

<(-Cefas

Wave Glider Swims 2,808 Miles Home After Helping Fight Illegal

FlShlng in the SOUth PaC|ﬁc About Us Home > News > Cefas Scientists complete world's first “on-demand" autonomous marine water sam|

ies

Cefas Data Hub

® ;
The Wave Glider™ swam 2,608 nautical miles home to the Big Island of Hawall after successfully completing a 4-
month patrol mission of the Pitcaim Isiand Marine Sanctuary for the UK Foreign & Commonwealth Office (FCO). This
achlevement represents a fundamental enabling capability.

Cefas Scientists complete world's first

* Customers can avold the high cost and risk of deploying manned vessels for research, commerce, or defense " " .
* Customers can deploy sensgcfs n the most remote ocagocs without sending a large ship for recovery 0 n-de ma n d a Uto no mo u s ma rl n e Wate r
¢ Survellance and patrol are now possble in large expanses of oceans previcusly inaccessible Sa m p | i ng
£ X 26 September 2016
he Journey Home
After succassfully completng its mssion, the Wave
Glider was remotely plloted more than 2,800 nautical
miles home. During the journey home it: In what is believed to be a world's first in the scientific community, Cefas (Centre for Environment,
Fisheries and Aquaculture Science, UK) and Liquid Robotics™®, USA have successfully deployed,
¢ Swam through strong equatoral currents, tested and recovered a remotely piloted Wave Glider™ which allowed scientists to measure water
doldrums, and challenging sea states characteristics and selectively collect samples in near real-time.
¢ Collected 9,516 measurements of meteorological,
oceancgraphic, and marine biodiversity data The Wave Glider called “Lyra" was deployed in the southern North Sea about 60km off Lincolnshire,
UK coastline by RV Cefas Endeavour and spent 48 days at sea before being recovered successfully by
Trinity House's vessel Alert, 20 miles off Lowestoft. Whilst deployed, the Wave Glider was remotely
Altogether, the Wave Glider was continuously at sea, piloted 24/7 by the Liquid Robotics Operations Team from their California headquarters almost 9000
untouched, for 213 days while traveling a total of 7,205 km away and covered over 2700km at sea.

nautical miles at an average speed of 1.73 knots.

Read more about the jcumey home here.
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From the very large: Boeing’s 51-foot Echo Voyager......
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..to the very small: Planet Ocean’s 3-foot EcoSUB

.
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ASSS: Autonomous Surface Sub-surface Survey System

ASSS Operating modes

Synchronised operation Supervised operation Unsupervised operation Surface operation
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The Next Generation of Lithium Batteries
for Marine Autonomous Systems

1aded ABojouyday

Introduction Benefits of Li-S Lithium Sulfur Batteries :

Current Lithium batteries used in marine applications are
reaching maturity and predictions are that further performance
improvements will be small due to the limitations of the
chemistry. By contrast, Li-Sulfur (Li-S) has the potential to
surpass Li-ion by being able to store more capacity than many
other battery storage systems without any safety issues.

Higher Energy Density - enabling longer operations
Lighter - Improved buoyancy and greater payload capacity
Safer - Tolerant to short circuiting and puncture,

Cost - Improvement to mass density provides significant
cost saving by dramatically reducing the need for expensive
Syntactic foam required as buoyancy.

Scalability - modular design complete with battery
management system (BMS).
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Autonomous Underwater Vehicles are energy limited; this
restricts their operational envelope, and so speeds are usually

National

Oceanography Centre SCIENCE OF THE
@ NATURAL ENVIRONMENT RESEARCH COUNCIL m O C . aC . U K N E R ENvl RON MENT





Marine Autonomous Systems in Support of Marine Observations (MASSMO)
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Big robot fleet takes to UK waters ' /i

By David Shukmar
Science editor, BBC News

NERPE3IScience

New underwater robots set to revolutionise
marine science

A fleet of marine robots is being launched in the largest X
deployment of its kind in British waters. Related Stories

Unmanned boats and submarines will travel 500km (300 mies) across Deep-sea sub
an area off the southwestem tip of the UK. ‘implodes’ 10km-down

Electric fish inspire

The aim is to test new technologies and to map marine ife in a key agile robots National Oceanography Centre launches ambitious

fishing ground.
o0 UK sub surveys deep

ocean floor
In total, seven autonomous machines are being released in a tna

heralded as a new ara of robotic research at sea.

I [ e Tl CE \
ft are innovative British devices that are dasigned to - 50

'or months using renewable sources of power including wind
and wave energy. A fleet of seven aquatic robots has been launched into the ocean
_ : off the south west of England, ushering in a new era of marine
The project, led by the National Oceanography Centre, involves R <

! X > I > research carried out by unmanned vehicles.
more than a dozen research centres and speacialist companies. -

CHRIS GREEN *! Tuesday 07 October 2014

Two of t
operate

The project, led by marine researchers

) =

entist Dr Russell Wynn told BEC i at the National Oceanography Centre "
his is the first t ve've deployed Drones of the deep Project management 2 S 3 S g 3
of vehicles camying all these sm’wue ge (NOC) in Southampton, is the most Now Psychic Sally
100% Web: sche ambitious of its kind in Europe. The Morgan sacks her
Sl P g B . husband...
track. report. 230 000+ selection of erafte will travel 200 miles
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MASSMO3 Operations Room at NOC on 29 Sept 2016
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GoPro image from Autonaut USV showing Gannet and Narcine acoustic array
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Royal Navy's 'robot wars' under way off
Scotland and Wales

(® 14 October 2016 = Highlands & Islands f

Ww @© [ <« Share

ROYAL NAVY

Autonomous boats called Mast photographed off Scotland's west coast

What the Royal Navy has described as its first "robot wars" are fully under
way off the coasts of Scotland and west Wales.

Unmanned Warrior features more than 50 vehicles, sensors and systems on the
surface of the sea, underwater and in the air.
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Large-scale deployment of robots in sea
off Scotland

@ 1 November 2016 = Highlands & Islands «% Share

The 10 robots were deployed during a two-week research mission in October

The largest simultaneous deployment of marine robots yet attempted in UK
waters was achieved last month, scientists have said.

A fleet of 10 marine robots collected information on ocean temperature, tidal
currents and wave conditions off Scotland's north west coast.

The work involving Oban's Scottish Association for Marine Science was done
during the inaugural Unmanned Warrior.

Held by the Roval Navy. Unmanned Warrior tested military robotics.
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Mail - rbw1@noc.ac.uk

mars.noc.ac.uk/missions/massmo-3 (4] l’ﬁ (]

Mission MASSMO 3 :: MARS Portal =

MASSMO 3

« Inactive

o Part of MASSMO

« Began on 2016-09-15 (8 months ago)

« Last Updated 2016-11-01 12:14:04

« Finished on 2016-10-02 (7 months ago)

MASSMO3 involves up to ten surface and submarine gliders collecting marine environmental data over a two-week period off northwest
Scotland, in support of the Royal Navy's Unmanned Warrior. This is the largest simultaneous deployment of marine robotic vehicles
attempted in UK waters, and includes seven submarine gliders operating southwest of Barra to the shelf edge, and three surface gliders
operating north of Lewis.

Vehicle Activity
Vehicle Last Update Distance (N. Mi.)

= Neison 2016-10-01 14:39:05 (7 months ago) 179.22 No Public Data Available
Drake 2016-10-01 14:21:15 (7 months ago) 167.98 No Public Data Available
Talisker 2016-09-30 14:22:28 (7 months ago) 157.51 No Public Data Available

= Blue Ocean unit_491 2016-10-01 12:10:19 (7 months ago) 233.27 No Public Data A

= Royal Navy unit_544 2016-10-01 18:06:10 (7 months ago) 200.40 No Public Data Available

= Royal Navy unit_552 2016-10-01 17:50:58 (7 months ago) 269.87 No Public Data Available

= Royal Navy unit_553 2016-10-01 15:16:37 (7 months ago) 266.59 No Public Data Available

= Waimea 2016-10-02 23:58:06 (7 months ago) 406.83 No Public Data Available

= Boeing SHARC 117 2016-10-03 00:00:00 (7 months ago) 458.31 No Public Data Available

= Boeing SHARC 127 2016-10-02 23:55:36 (7 months ago) 472.53 No Public Data Available

Sensor Data

Nelson Drake Talisker Blue Ocean unit_491 Royal Navy unit_544 Royal Navy unit_552
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The MASSMOS3 fleet at 0820 hrs on 01 Sept 2016
The largest simultaneous deployment of operational MAS in UK waters to date

56.13637 : -11.26099
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Stornoway - wind gusts up to 60 mph at 2100 hrs on Tues 27 Sept

< Stornoway last 24 hours Forecast map >

P [Efet 2100 Tue
|Mon |Tue Ill

Maximum gust speed and mean wind direction (mph)






Wave Glider data showing front crossings and tidal current reversal in northern Minch

X\

Boeing SHARC 117
Warmer stratified waters Boeing SHARC 127
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Why an oil on water exercise?

é Validate, test and showcase surveillance technologies

IS proactively
monitoring and

testing technology N
on behalf of its
Members - known

and fast moving

Unmanned Aerial Vehicles (UAVs) (Sky Futures and Bristow Group)

A recent offshore exercise, conducted by Oil Spill Response Ltd
(OSRL), was designed to understand how remote sensing
technologies can help detect oll spills at sea more effectively. Uilising
the latest in satellite, airborne and in-water surveillance and
communications equipment, the highly successtul event demonstrated
the value of the state-of-the-art technology In identifying and
monitoring spilis and was conducted with full approval of the Marine
Management Organisation (MMO) following a rigorous planning and
stakenolder consultation process

R 0000

The main surveillance tools and providers involved in the exercise included

llite imagery (MDA, Earth-, Airbus, Telespazio)

é Act to reinforce the positive perception of oil on water
exercising in the UK
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Exercise Objectives

é Test and validate the chosen surveillance technologies
on real oll

é Practice the delivery of accurate, relevant and timely
Information to;

— Improve situational awareness

— Tactically support operational assets to improve
encounter rates
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Stakeholders

-.., Oil Spill Response
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Key Exercise Information

é Marine Management
Organisation marine license

é Practice exercises

é SW of the Isle of Wight, UK
é 13" June 2017

é 0650 BST oll release

é 500 litres weald basin crude oill

é Vessel dispersant spraying with
standby containment & recovery
equipment + prop washing
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Response At Sea






Response At Sea
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Shoreline Clean-up Assessment Technique (SCAT)
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Exercise Showcase

é Technology stations

é Live video feeds
— Body/fixed cameras
— Surveillance kite

é Near real time data in the BP
visualisation platform

é Live video interviews






Exercise Showcase
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Satellite Imagery Ry—
Optical and Radar

2, .
oMDA e B LELE

¢ Compare technical outputs and build relationships
é Optical Imagery

— low resolution imagery — unable to detect
— Small volume of oil, spread out quickly, overpass after
dispersant spraying
é Radar imagery

— Early images did not detect oil on the water due to good
weather conditions

— Later images captured a low-medium confidence anomaly
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“S=2¥ OSRL’s UKCS surveillance aircraft &

Sensor validation

¢ UV/IR sensors on the UKCS aircraft have
been used in real spills but it was an
opportunity to validate the sensors in slow

time by the sensor manufacturers
RL_AVG _100f°C

e cps=1.00 Te=20.0 Tp=20.0 Dist=2.00m
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e Unmanned Aerial System (UAS)  Sosmm

3% Bristow Improving encounter rates

é Tactical tool é Comms

¢ 'Enhanced bridge’ é Flight time

é Rotary Falcon 8 é Return to home
¢ Visual/lR function

¢ Screen/viewing goggles ¢ UAV vs Aerostat
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Surveillance Kite P
Improving encounter rates

é Tactical tool

é Low cost, simple solution

é Permissions/transport

¢ Wind conditions (effectiveness)
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Autonomous Underwater Vehicles <Soswm
In-water surveillance

é Two AUV models, two practice exercises

é Testing the effectiveness of surface dispersant using
fluorometry sensors in AUVs

A Operatlonal |nS|ght — LAR m|SS|on plannlng comms, success’7

sHanet
3 Vel
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Next steps

é External report

é Publicise to our Members and other stakeholders

é Further proof of concept demonstrations

¢ Continue to develop relationships with service providers

¢ Continue to keep a watching brief on technology
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autonomy project and reflections on the 2017 Qil on
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Outline

« Collaborative NERC innovation fellowship
National Oceanography Centre and Oil Spill Response Limited

* Roles for Marine Autonomous Systems (MAS) in oll spill response
and monitoring

 MAS in action in oil spill response
Reflections on the oil on water exercise

 Potential benefits

>~ Oil Spill Response
Lessons learned 4
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OSRL & National Oceanography Centre (NOC)
Autonomy Project

NERC Innovation Partnership

Evaluate how autonomous surveillance systems (platforms and sensors) fit
iInto emergency oil spill response and day to day assurance monitoring
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Key outputs

Final report summarising operational application of MAS to improve the
effectiveness and efficiency of response to oil spill incidents - ‘bridging
Research to Response’

Peer reviewed research “Roles for marine autonomous systems in oil spill
response and monitoring”

Presentations/ technical sessions:

NERC Environmental Expo

Visualisation centre, OSRL Oil on Water exercise
Marine Measurement Forum

OSRL Core group

ITAC

NOC’s MARS Show Case

Interspill
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In-water survelllance

In situ fluorescence (SMART Protocols)
 Demonstrate dispersant effectiveness

Water column sampling
« Post spill monitoring
« Atypical dispersant application

IPIECA her!

In-water surveillance of

New IPIECA and IOGP good practice
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Laboratory-based __/,4—"‘"— A

chemical analysis X vy
A Sample collections from the shoreline, Alrcraft : g

_ beaches, rocks, and wetlands

ADCP

Si beam ec und ers
Real-time chemical analysis

Tow-Yo

Beam
transmissometer

GO-FLO bottles

In situ mass
spectrometer

DO sensor
Aromatic

imaging and pushc fluorometer
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White et al (2016), (')‘c aﬁbgraphy 29:76-87 SEDIMENT
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Commercially available systems
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Industry

Exploration and mapping: Multibeam bathymetry, Sidescan sonarr,
Sub-bottom profile, Ground truth aerial observations, Geohazards

Baseline survey for Environmental Impact Assessment: Water
column, Seabed photography, Vulnerable Marine Ecosystems (VME)

Pipeline routes

Asset integrity inspection (e.g. pipeline survey), Oil detection

National

REH COUNCIL
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Applications for oil spill response/monitoring

Parameter Why? Method Autonomous
Alternative

Water column oil Track oil/dispersed CTD/rosette MAS deployed
oil packages to fluorescence
measure extent and sensors or UW
variation in oil Mass Spec.
Water column Microbial oxidation In situ sensing with  O2 sensor on
oxygen O2 sensor on CTD autonomous
vehicle
Oil droplet size Effectiveness of CTD deployed AUV deployed
distribution dispersant LISST LISST
Currents Implement current  ADCP ADCP from MAS
model using real
time data

== /' NERC e





Challenges?

Parameter Requirement Method Autonomous

Alternative?

Water column Water column CTD/rosette AUV water
sampling packages to take = sampling device?
water samples
Sediments Chemical, physical Standard sampling AUV photography?
& biological protocols

5%, National
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Oll spills

Tracking Hydrocarbon Plume
Transport and Biodegradation at
Deepwater Horizon

Richard Camilli,** Christopher M. Reddy,” Dana R. Yoerger,* Benjamin A. S. Van Mooy,?
Michael V. Jakuba,? James C. Kinsey,® Cameron P. McIntyre,? Sean P. Sylva,® James V. Maloney*

CTD Rosette sampling to identify area of plume

AUV Sentry to map plume from Macondo

In situ mass spectrometer on both platforms

— s ; =

3 AUV surveys - . B
Camilli et al., (2010) Science 330, 201-204
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- _Camilli et al., (2010) Science 330, 201-204
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— Oll spill application
MONITORING of

RESPONSE

TECHNOLOGIES Background

Developed by: Natural dispersion

U.S. Coast Guard

National Oceanic and Atmospheric Administration
U.S. Environmental Protection Agency

Centers for Disease Control and Prevention
Minerals Management Service ——— =
Dispersant Monitoring Sumarv Tier Il & 111 [DATE] é NS Risponse

Raw units C3 at 1m depth

Chemical dispersion

Incident: [Incident name]

Date: [00/00/0000]
From: [Vessel Name]

Details

Wind

|
%]

Sea state 0/ Bt e

Sea temp

Visibility/ cloud Raw fluorescence units C3 at 10m depth

cover
—— | w—
Dispersant used
ol condition | ot
A 1
Application —- !
method — !
B i
a risine a New Carissa Fel ; ‘U T
Smoke rising from the New Carissa, February 1999. Photo by USCG Reconunandations:
[include rec dations such as, the dispi

appears to be effective on fresh oil. Continued
application should be beneficial.]
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Next generation SMART monitoring?
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Oil on water exercise 2017

*Testing the effectiveness of surface dispersant using fluorescence sensors in
AUVs

* In comparison to traditional fluorometry equipment used by OSRL on spills
« 2 X companies, 2 x AUVs

- EcoSUB

« Slocum G2 Glider
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Legend
® ecoSUB track
® QGlider track

OSRL Fluorometry track

# @® oil release

~50°33'0"|
50°33'0"N=

. oFEy \05:50

’__\‘}/ oil Spl” RESpOﬂSE (I) 0.125 0.25 0.5 Kilometers

planned releas.e location

I )
1°34'0"W 1°33'0"W

50, National

) Oceanography Centre " , — [ NERC IENCEOFTHE






—~~ Oil Spill Response

L —7 .
PN Initial Results
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Oil On Water 2017

MAS can detect oil in the water column in an operational
environment

Data can be displayed in near real time in visualisation centre
(EOC/COP)

Operational learnings

Planning

Safety

Launch and recovery

Service provision

Response personnel working with MAS

5%, National
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Applications ~
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What are the benefits?

Situational awareness: Improved spatial coverage
Near real-time data collection
Continual monitoring during response
Data collection in otherwise inaccessible areas

Reduced costs: Reduced requirement for large ships?
Improved efficiency

Rapid mobilisation: Deployment from shore/smaller vessel?

Safety: Removing personnel from hazardous area
Monitoring during dispersant spraying

Validation: Modelling
Aerial observations

Use of appropriate technologies

" National

ENVIRONMENT
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Building confidence in the technology

Capability of vehicles: Levels of autonomy
Challenging environments

Risk assessment: Mission success rate
De-confliction (underwater and surface)

Real-time data: Requirements from responders/regulators?
Interpretation
Visualisation

Availability of systems: Service provision

How can MAS improve/supplement current response methods?

Oil companies on board?: Exercises/Demonstrators

" National
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DISCOVERY
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