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Executive Summary

At the workshop, the beta version of the Strategic Net Environmental Benefit Analysis (SNEBA)
tool was launched and presented to relevant stakeholder to optimize feedback and potential
improvement of use.

The workshop was held in Copenhagen, November 22, 2018, with 34 participants from 17 different
institutions from 10 different countries. Eight persons participated by Skype from Greenland,
Ireland and the Basque.

The SNEBA tool is for planning and decision-making. It will be used for designing an appropriate
and rapid oil spill response strategy combining the right mix of interventions (e.g., mechanical
recovery, in situ burning, chemical dispersants, and/or natural attenuation) based on relevant
scenarios.

The SNEBA tool is developed to include and overarching the biological and technical knowledge
obtained from the previous WPs, as well as integrated with operational assessments being based
on knowledge / expertise on coastal protection and shoreline response provided by SSPA Sweden
AB.

The general input and discussion topics were compiled and will be used for adjustment and
amendment of the SNEBA tool. Thus, the workshop will be followed up with suggested
adjustments internally as well through meetings planned for 2019 with AU, Rambgll and Shell.

« The Guideline
Create 2 commo
ssociated

Jiffarent risks and risk influencing factors a
different risks and ris
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Better foundation and decision support for establishing optimized risk management strategies.

+ The toolbox
Include the best practice document(s) and overview of available tools, data sources, incl. their
accessibility, quality, completeness/coverage, contact persons, etc




1 Introduction

The main objective of the WP5 is to develop and launch a Strategic Net Environmental Benefit
Analysis (SNEBA) tool for decision-making. It will be used for designing an appropriate and rapid
oil spill response strategy combining the right mix of interventions (e.g., mechanical recovery, in
situ burning, chemical dispersants, and/or natural attenuation) for closed basins with extreme cold
temperatures, based on relevant scenarios. A SNEBA should not be confused with a Net
Environmental Benefit Analysis (NEBA) / Spill Impact Mitigating Assessment (SIMA) for acute oil
spill situations.

The SNEBA tool is developed to include and overarching the biological and technical knowledge
obtained from the previous WPs, as well as integrated with operational assessments being based
on knowledge / expertise on coastal protection and shoreline response provided by SSPA Sweden
AB.

Present workshop was organized to present the beta version of the SNEBA tool for relevant
stakeholder to optimize feedback and potential improvement of use.




2 Venue

The workshop was held at the Citadel (Kastellet) (Figure 3.1) in Copenhagen, Denmark, kindly
provided by the Danish Ministry of Defence:

Kastellet 52, DK-2100 Copenhagen @, Building 24b, “GL. Varmecentral”
The 22" November 2018, 10:00-16:00.

Figure 3.1. The Citadel in Copenhagen, Denmark. Venue adress was Kastellet 52, 2100
Kgbenhavn @, Building 24b, “GL. Varmecentral” (pink arrow).



3 Programme

Time Presentation title Content Output Presenter / facilitator
10:00 | Welcome, goals and introductions Presentation of project WS goals identified Susse Wegeberg, AU
Aim of workshop Participants introduced
Presentation of participants
10:15 | Presentation of SNEBA tool, beta Concept and uses of tool based on Conceptual understanding Susse Wegeberg
version SNEBA for Store Hellefiskebanke Overview of SNEBA process and
Process and structure of SNEBA analysis steps
10:45 Questions from audience and Obtain input to potential Susse Wegeberg
discussion adjustment of SNEBA tool
11:00 | Key note: Spill Impact Mitigation Presentation of the SIMA concept Obtain synergy between SIMA and Rick Wenning, Rambgll, US
Analysis (SIMA) and process SNEBA
11:30 Questions from audience and Obtain input to potential Rick Wenning
discussion adjustment of SNEBA tool in Susse Wegeberg
relation to SIMA
11:45 | Key note: EPPR risk assessment Presentation of EPPR and ongoing Jens Peter Holst-Andersen, EPPR
risk assessment for the Arctic Hans Petter Dahlslett, DNV GL
regarding emergency, prevention,
preparedness and response
Questions from audience and Obtain input on usability of SNEBA Jens Peter Holst-Andersen
discussion tool in relation to other oil spill Hans Petter Dahlslett
response analyses/assessments Susse Wegeberg
12:30 Lunch
13:00 | Detailed descriptions of SNEBA tool, | 1) Step 1 - Basic data Janne Fritt-Rasmussen, AU
beta version, components 2) Step 2 - Calculation of scores Kim Gustavson, AU
3) Step 3 - Analysis and flow chart Susse Wegeberg, AU
4) Step 4 — Interpretation of results
Questions from audience and Obtain input to potential Janne Fritt-Rasmussen
discussion adjustment of sSNEBA tool Kim Gustavson
Susse Wegeberg
14:30 | Coffee
15:00 | Operative add-ons Nelly Forsman, SSPA Sweden AB
Bjorn Forsman, SSPA Sweden AB
15:30 | Wrap up Susse Wegeberg
16:00 | End of workshop
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5 Outcome
5.1 Input to adjustment and amendment of SNEBA tool, beta version

In Table 2.1 below, we have compiled the comments and general input to the SNEBA tool, beta
version, at the workshop to be taken home for adjustment and amendment of the SNEBA tool.

There were comments and discussions also associated to the keynote speaker’s presentations,
and where relevant for the adjustment of the SNEBA tool, they have been included in Table 2.1.

We also encouraged the participants to send their comments and input by e-mail within a period of
14 days, if any after digesting the SNEBA tool presentation.

Table 2.1. Compilation of comments / input from workshop participants for adjustment and
amendment of the SNEBA tool, beta version.

Comment /input / discussion

More different methods exists within a response option category, how have you looked into this
in the SNEBA?

Could SNEBA potentially look into a mix of methods?

Complexicty should be balanced so that it is the same in all your level of calculations

To handle habitat recovery is it considered that the calculations associated to injury and
recovery for the habitat are more robust than the biological data?

EPPR Circumpolar oil spill response viability analyses — could be followed by a SNEBA

Regarding different levels of toxicity to organisms, you have the same toxicity level at all oil
types as default, however, is there a flexibility in the model for input of more specific data?There
should also be options to change it over time.

To define the oil spill scenarios, other tools may be used (e.g., risk assessments), and data input
is flexible

Net Environmental Benefit (NEB) - criteria for scores; explain when impact is on individual,
population, global population, cascade effect level.

Consider if cascade effects may be positive if top predators are diminished as result of oil spill
impacts.

Soot Pollution (SP) — consider residues and soot deposition to sea.

Damage Reduction (DaR) — consider table to link with weather conditions to optimize efficiency

Reconsider Plume depth > water depth in Chemical Dispersants (CD) decision tree — there may
be a conflict when Xsb is >0. Negative effects on the seabed should be made an option in the
CD decision tree, also in relation to marine snow.

Regarding CD decision tree: fSWP 0-2 could be green, red and yellow — might be the solution on
above issue.

Decision tress more easy readable, avoid acronyms

Regarding In Situ Burning (ISB) decision tree; check spill size reference:

- Consider that it might not be the volume, but rather the area that you want to burn
- Consider using the Tier system for oil spill volumes sizes




5.2 Future work

The workshop will be followed up with suggested adjustments and amendments internally as well
through meetings organized for 2019. Two meetings are planned for furhter input and discussions

with
AU: 17t" January 2019
Rambgll US and Shell: 25" January 2019

The final SNEBA tool will be launched in Deliverable 5.10 by March 2019.

10



6 Presentations

1)
2)

3)
4)

5)
6)
7
8)

From conceptual framework to tool / Susse Wegeberg / AU

Optimization of oil spill response planning and preparedness using Spill Mitigation Impact
Assessment (SIMA) / Richard Wenning / Rambgill

EPPR / Jens Peter Holst-Andersen / Danish Ministry of Defence

EPPR Guideline and Tools for Arctic Marine Risk Assessments / Hans Petter Dahlslett /
DNV GL

SNEBA tool; Steps 1. Basic data and information, and 2. Assessment / Kim Gustavson / AU
Scores for the SNEBA / Janne Fritt-Rasmussen / AU

SNEBA decision trees / Susse Wegeberg / AU

SNEBA — Operative add-ons / Bjorn Forsmann / SSPA Sweden

11



Integrated

SNEBA WORKSHOP

Kastellet, Copenhagen 22nd November 2018

oil spill response
actions and
environmental effects

GRACE
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STRATEGIC NET ENVIRONMENTAL

BENEFIT ANALYSIS (SNEBA) -
FROM CONCEPTUAL FRAMEWORK TO TOOL

Susse Wegeberg, Janne Fritt-Rasmussen, Kim Gustavson




GRACE

WP6: Management, dissemination and communication
- SYKE

WP1: Qil spill dectection, monitoring, fate
and distribution - TUT

WP2: Oil biodegradation and bioremediation - UTARTU

WP3: Determination of oil and dispersant impacts on
biota using effect-based tools and ecological risk
assessment - RWTH AACHEN

WP4; Combat of oil spill in coastal Arctic water
- effectiveness and environmental effects - AU

WP5: Strategic Net Environmental Benefit Analysis (SNEBA) - AU

/ AARHUS
N UNIVERSITY




GRACE - NEW INFORMATION FOR SNEBA
AND OPERATIONAL ADD-ONS

Ecotoxicological data:

Organims (s) | Treatment Environmental | Publication/
implications authors/credit
Oil spill support tools:

Tool Application Environmental | Publication/
implications authors/credit

AARHUS @,
/v UNIVERSITY GRACE




SNEBA - CONCEPTUAL FRAMEWORK

I
Oil drift / o Impact h
Response . Biological N
- ) scenario yassessment by
techniques J l . knowledge
modelling compartment I
Chemical .
™ dispersion = Ecotoxicology —~] Seabed
| Oil
concentration
. . Oil spill
In situburning sensitivity Water column SNEBA
=1 Trajectory
Mechanical Ll Rinqi ; |
= recovery Biodiversity Sea surface
Natural .
— degradation =1 Production — Coast
\. J

Ecosystem
/ AARHUS
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STORE HELLEFISKE BANKE AS EXAMPLE

Wegeberg, S., Rigét, F., Gustavson, K. & Mosbech, A. 2016

Distribution of oil spill in the water column

Modeling of oil concentrations in the water column and oil spill trajectories
Environmental side effects of in situ burning and chemical dispersion

Effects on ecosystem key components in relation to oil volume,
dispersed oil volume and sea surface area of toxic oil concentrations

Restitution
SNEBA; synthesis and analysis

Conclusion and recommendations regarding use of dispersants and
in situ burning

Uncertainties and knowledge gaps for cold waters

STORE HELLEFISKEBANKE, GR@ONLAND

Miljevurdering af oliespild samt potentialet for oliespildsbekaempelse

/ AARHUS e ————— T
NP UNIVERSITY
Funded by the Greenland Government [t




EFFECTS ON ECOSYSTEM KEY COMPONENTS

Oil volume, dispersed oil volume and sea surface area of toxic oil concentrations

Phytoplankton and zooplankton
Fish

Benthos
Birds (Risk assessment of king eider populations) ‘4

vV v v Vvy

Coastal ecosystems and beaching oll

> Tidal seaweed communties % =
> Kelp forest g '

/ AARHUS
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SNEBA; SYNTHESIS AND ANALYSIS

» Qil spill response technique
- Surface dispersants
- In situ burning

» Season

» Spatial compartments

- Sea surface

- Seawater

- Seabed

- Shoreline

/ AARHUS
NP  UNIVERSITY



Method

Dispersion

Natural
degradation

Spring

Summer

Autumn

winter

Spring

Summer
Autumn

Winter

Spring

Summer

Autumn

Winter

Seabirds
Walrus

Seabirds

Seabirds

Seabirds
Walrus

Seabirds
Walrus

Seabirds

Seabirds

Seabirds
Walrus

Seabirds
Walrus

Seabirds

Seabirds

Seabirds
Walrus

H

-+

H+

H

Spring bloom of plankton,
including fish larvae

Bowhead
whales
Plankton
Fish, sandeel
Plankton
Fish, sandeel
Plankton
Fish, sandeel

whale,

other

Spring bloom of plankton,
including fish larvae

Bowhead
whales
Plankton
Fish, sandeel
Plankton
Fish, sandeel

Fish, sandeel

whale,

+
other —

Spring bloom of plankton,
including fish larvae

Bowhead
whales
Plankton
Fish, sandeel
Plankton
Fish, sandeel

Fish, sandeel

whale,

I+

H+

+
other —

I+

I+

I+

Benthos, in particular
bivalves

Benthos, in particular
bivalves

Benthos, in particular
bivalves

Intertidal zone
Kelp forest

Intertidal zone
Kelp forest

Intertidal zone
Kelp forest

Season_[Seasurface | |Water column (0-50m) | _[seabed (0-50m) | [Coast | |

Total assessment

Despite the benefit for organisms on
sea surface and the coastal
ecosystems, it is assessed that the

+ effect in the water column, and

hence on the food web and risk of
cascade effects, exceeds the
potential  positive  environmental
effect during most of the year

+
It is predominantly assessed that the
method will give an overall positive
environmental effect, however, with
reservations on  still  unknown
environmental side effects of burning
residues and soot

As natural dispersion of oil in the
water column and hence potential
effects on organisms on the sea
surceace and in the water column as
well as the risk of the oil beaching, it
is assessed that the risk of not being
able to repond to an oil spill may
result in negative environmental
effects



UNCERTAINTIES AND KNOWLEDGE GAPS

» Understanding of ecosystem dynamics - cascade effects
» Natural removal/degradation

» Ecotoxicological effects

2

New information from
GRACE

/ AARHUS
N UNIVERSITY



SNEBA TOOL AND OPERATIVE ADD-ONS

. . ) Matrix for
Contributing partners: operational

- SSPA requirements
= TUT

Oil-in-ice
Code

Assessment
AARHUS SN EBIA of risk _for oil @
/ N UNIVERSITY too spill SRt



SNEBA (NOT SIMA)

SNEBA is a planning tool

Desktop analysis for environmentally assessing and preparing of oil spill combating

- Potential
- Strateqy
- Capacity building

SNEBA results form base for a faster and more robust response in case of oil spill
Decision-making tool on a scientific basis for, e.q.:

- Activity oil spill contingency plan
- National oil spill strateqy
- Cross-border and trans-boundary co-operation and agreements.

/ AARHUS
N UNIVERSITY




QUESTIONS?




« Basic data and information

SNEBA ~

« Assessment

steps: )

- Scores for the SNEBA

- Analysis through decision trees

- Interpretation and dissemination of SNEBA
5 results

/ AARHUS
N UNIVERSITY




1) Basic information

Oilin m* Sea surface Seabed Total Volume

Marine Diesel 5 526 30 0 810
HFO (IFO-180) 1240 65 175 2020 3500
Crude oil (Statfjord) 350 14 126 504 1400

2) Assessments

Chemical
Dispersion

Sufficient
mixing

. Sea area with potential
Dissolved or Lowest ECsoor | Seawater volume il concentration above I I TTEnATTO o
natural NEC for aquatic | potentially polluted at a IOI s for toxic effect — - lati
dispersed oil in | organisms toxic level (m®) from ;vle;m?; ::I::fri:“s }_SS =Uand ZSS >Uand simulations
seawater (m?) | (mg/l) natural dispersion nataral dispeprsion < 0 d > 0 d 0 d
Marine Diesel 526 0,7 750986 25033 zsw an zsw = an zsw < an
HFO (IFO-180) 65 0,7 92857 3095 = >
Crude oil (Statfjord) 14 0,7 20000 667 zs b 0 an d zs b 0 an d zs b > 0 an d
Ssl=0 Ssl=0
25 25
Score 0-2 4
Km/direction/%
(] 2 4
Dlstan'ce to |nhab|tat|on]or sensitive Insert value -6 63 <3 0
organisms on land (km)
Prevailing wind direction towards Plume depth PIU me depth
inhabitation or animal congregations® Insert value No ves 4
greg < water > water
Ice; red. albedo effect (% cover)® Insert value 0-30 30-70 >70 4
= s depth depth

Insufficient

—

Yellow
AARHUS

/v

UNIVERSITY




1) BASIC DATA

1) Basic data and information
Definition of assessment area / waterbody 1.1
Definition of spill scenarios

Selection criteria for identification of species and organism groups of
concern in the assessment area

Characterization of the assessment ared’s surroundings

Physical and chemical characterization of the water body in the
assessment area

Characterization of the oil type(s) selected for the oil spill scenarios

Ecotoxicological data
Definitions of oil dispersion
/ AARHUS
NP UNIVERSITY Models for oil spill simulations



2) ASSESSMENT

Assumptions and criteria behind calculations of polluted areas / volumes

Assessment of environmental pros and cons of oil spill response methods

/ AARHUS
N UNIVERSITY



3) SCORES

3) Scores for the SNEBA

Score for NEB for identified species and organism of concern on sea surface,
water column, sea bed and coast

Score for Soot Polution (SP) with respect to in situ burning (ISB) as oil spill
response method

Score system for Damage Reduction (DaR) with respect to mechanical
recovery as oil spill response method

Score system for pollution of sea surface, seawater, seabed and shoreline

/ AARHUS
N UNIVERSITY




4) ANALYSIS

Mechanical recovery MR

4) Analysis

Chemical dispersion CD

In situ burning (I1SB) ISB

Do nothing DN

- for each of the four seasons (spring, summer, autumn and winter)

/ AARHUS
N UNIVERSITY




4) ANALYSIS

In situ

burning

[
Soot

pollution
SP|<6
|
>ss>0and If Ysw or
Ysw20and Ssb<0
Ssb>0and |
>sl>0
NEB >0 NEB<O *
fSSA <2 fSSA=4
. . Yell
In situ burning
ISBspring
ISBsummer
ISBautumn
ISBwinter

NEB >0

Soot
Pollution
SP>6
[ |
QOil spill Oil spill
volume < volume >
40|0 L 40|0 L
[ | [ |
Health Health
<
NEB <0 issues NO issues YES
I_I_I [ . 1 I
fSSA <2 fSSA 4 NEB >0 NEB<O0 Yellow
vel fsSA <2 fsSA=4
Yell




5) INTERPRETATION AND DISSEMINATION

5) Interpretation and dissemination of the analysis

SNEBA for mechanical recovery, chemical dispersion, in situ burning (ISB)
and do nothing for the four seasons (spring, summer, autumn and winter)

/ AARHUS
N UNIVERSITY




SNEBA RESULTS

Green
The oil spill response method can be considered an option foroil spill combat in the assessment area for

the specific season in order to obtain an overall environmental benefit from the oil spill response method
operation.

The oil spill response method man be considered an option for oil spill combat in the assessment area for
the specific season, however, expert judgement is needed in the specific oil spill situation and season in
order to obtain an overall environmental benefit from the oil spill response method operation

Red

The oil spill response method cannot be considered an option for oil spill combat in the assessment area

for the specific season in order to obtain an overall environmental benefit from the oil spill response
method operation.

/ AARHUS
N UNIVERSITY




SNEBA

Qil spill response methods that may be beneficial for the environment in the assessment
area in the different seasons.

SNEBA results do not compare the oil spill response methods in order to select the best

option.

Please note that the SNEBA must be followed by a Spill Impact Mitigation Analysis (SIMA)

Several tools in the toolbox

in the acute oil spill situation.

/ AARHUS
N UNIVERSITY
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OPTIMIZATION OF OIL SPILL RESPONSE
PLANNING AND PREPAREDNESS USING SPILL

MITIGATION IMPACT ASSESSMENT (SIMA)

Integrated

RICHARD J WENNING
PORTLAND, MAINE US O.o‘pc:uumd
environmental effects

GRACE WORKSHOP "
COPENHAGEN, 22 NOVEMBER 2018
ACE
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2016-2019




DISCUSSION

SsNEBA, NEBA and SIMA

NEBA Approaches in the Arctic & Elsewhere

Applying SIMA

Concluding Thoughts

RAMBOLL
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+14,000 professionals
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« Sediment Quality & Clean-up Levels

from 130 offices in 28
- * Oil Spill Assessment & Mitigation
countries - SETAC Editor-in-Chief, IEAM

» POPs Ecotoxicology
» Health & Ecological Risk Assessment

*
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COMPLEXITY
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sNEBA, NEBA and SIMA

NEBA Approaches in the Arctic & Elsewhere

Applying SIMA

Concluding Thoughts
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NET ENVIRONMENTAL BENEFIT ANALYSIS (NEBA)

* A risk-based, science-informed tool useful to support
decisions to:

 Prepare a strategy in-advance for an accident

« Minimize consequences of an oil spill on people
and the environment

« Optimize performance of oil spill response
activities

 Reveal trade-offs between oil spill responses (OSR)

v' Contingency planning and preparedness
v Emergency response

RAMBGOLL
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NEBA 20 YEARS AGO

" QUANTIFICATION OF NET ENVIRONMENTAL
BENEFIT FOR FUTURE OIL SPILLS

l
_AEA Technology, National Envi tal Techn I gy Con CuI.h iam, Abingdon, Oxfordshire 0X14 3DB,
UK( -mail: Tom. Lunel 1@ o.uk).

Jenifer M. Baker
Clock Cottage, Church Street, Ruyton-XI-Towns, Shrewsbury SY4 IL4, UK

ABSTRACT: Net Environmental Benefit Analysis concentrations under variously treated hck can be
(NEBA) i m ass :s used together with laboratory toxicity test information
the on the sensitivity of plankton or fish lalvu ‘However, it
chosen 7 lmpun:ummlb[ Ih!xmmenmlmfmmzm
ae: S o
the ls of
the d tional)
due i 1l then
net oil

vity of
uuuuuu

== weighing the =
advantages and E
different OSR :
optionsand
comparing them t0m3
na‘mtet,lrale“recovery

has come into near-shore waters of a b: whenms

- Operational NEBA can be used by responders in order
s to decide whether it is appropriate to clean a particular
the

Lunel and Baker (1999)

3 NEBA Levels
Strategic... spill is out to sea

Tactical... spill is approaching

the near-shore |

Operational... spill cleanup is
needed on shoreline

Exxon Valdez, US 1989
Braer, Shetlands Isl. 1993
Sea Empress, US 1996

3 Questions

. Will the oil re-mobilize and

affect other resources?

Is the oiling intensity
sufficiently extreme to
justify cleanup for
ecological reasons?

. Are there socio-economic

reasons that over-ride
ecological reasons?
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Integrated problem formulation 2 O O 3

+ Management and assessment goals
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remedial restoration or restoration or natural
alternative alternative attenuation
Integration of NEBA results to
—g improved 9 it Ci ison ( ) of NEBA results,
altematives relative to each reference state
A
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CURRENT 4-STEP FRAMEWORK

Stage 4: Select best options Stage 1: Evaluate data

The best combination of response options is selected to ® Aselection of credible potential release
create an appropriate reponse strategy. It is recommended scenarios is chosen.

that SIMA utilizes the complete response toolkit, including: e Oilfate and trajectory modelling is

o MNointervention
® At-sea containment and recovery

undertaken, and data on ecological
socio-economic and cultural
resources evaluated.

® Surface dispersant

® Subsea dispersant ® Resources at risk are

e Controlled in-situ buming Sl ”;E Tffﬂe

e Shoreline booming "espanse options ide '

Stage 3: Balance trade-offs Stage 2: Predict outcomes

* Dialogue with key stakeholders # The potential relative impact of the
provides the opportunity to explain spill on each resource at risk is assessed

potential trade-offs or to obtain new
inputs on resource sensitivities and values.

for the ne-intervention’ option.

® Apreliminary prediction is made of

& The total impact mitigation score and how each feasible response option
ranking for each response option is agreed. will modify the impact when

compared with no intervention.

2017

IPIECA APl P

Guidelines on implementing spill
impact mitigation assessment (SIMA)
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RESPONSE STRATEGY DEVELOPMENT USING NEBA

IPIECA @@

Response strategy
development using net
environmental benefit

IPIECA 2015

RAMBGOLL

Compile and

evaluate data > A > Balance trade-offs B Selectbestoption(s)
[ | [ | [ | e

€ ~
| -~ Before an oil spill> “STRATEGIC NEBA”

™~ ST

4 I I I \
During
aspill

During oil spill=> TOPERATIONAL NEBA",

aimed at optimization

s




Fritt-Rasmussen et al. AMOP 2013

Planning phase
NEBA foundation Biological Greenlandic Oil Spill
» Response methods studies Sensitivity Atlas
» Environmental » Ecological = Ecological risk
impacts properties assessment
= State-of-the art
research
NEBA operational phase
NEBA of active NEBA of passive no-
response options response options

Decision Monitoring

RAMBGOLL

Figure 4 Conceptual outline of the structure for the NEBA: the planning phase
and the operational phase.
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NEBA SIMA

... environmental ... Mitigate the
benefits of an oil environmental
spill ? consequences of
an olil spill

IPIECA P \ '),,/ IPIECA Pl M@PE

Guidelines on implementing spill
impact mitigation assessment (SIMA)

Response strategy
development using net
environmental benefit
analysis (NEBA)

Good practice guidelines for incident management
and emergency response personnel

RAMBOLL 13



INTEGRATING
ENVIRONMENTAL

SCIENCE, ASSESSMENT,

AND
RESPONSE ACTIONS

Link the spill event to oil
behavior (blue)

Connect the ecosystem with
potential for injury and

recovery (green)

Consider short- and long-
term consequences ( )

RAMBGLL

Short-term

OIL SPILL EVENT
(location, time of year,
spill release rate) ‘

o OIL SPILL FATE & BEHAVIOR

duration, ocean currents, tides,
weather, temperature)

1

Ecology

Long-term

ECOSYSTEM INJURY

{amount, spatial extent,
ECOSYSTEM
(vulnerable species and —
habitats, time of year}

effects and toxicity)

(species, habitats, food webs, exposure,

ECOSYSTEM RECOVERY

‘ [ (species population, habitat structure and
L function, resilience, adaptation, time)

=~

OIL SPILL RESPONSE v
(Spill type, vessels, SHORT-TERM
technology, cleanup e T
methods, law & regulation)
=
)
2
(¥
=]
w

.

(Clean-up, response capacity,
compensation regimes, fisheries, marine sectors, tourism,
recreation, subsistence uses, fishing bans)

LONG-TERM
ECONOMIC IMPACT
A

J

HEALTH AND
SOCIAL IMPACT
(demographics,
economic losses)

14



COMPLEXITY (acam)

"...this type of assessment is often very difficult, if
not impossible, to achieve due to:

Criteria for Evaluating Oil Spill
Planning and Response Operations
A Report to [UCN, The World Conservation Union

« Limitations in the available scientific information

« Variability in conditions, which may occur at the
time of the spill

""""" ... there is a point at which a decision (often
subjective and contested by stakeholders) will
still need to be made regarding how much
scientific information is enough, and how much
variability can and should be accounted for in
the planning process.”

(Section 2.6, p. 9)

2008

15
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Applying SIMA

Concluding Thoughts

RAMBOLL

16



THERE ARE SEVERAL NEBA APPROACHES

 Net Environmental Benefits Analysis (NEBA),
(IPIECA 2015)

« Guidelines on implementing spill impact
mitigation assessment (SIMA), (IPIECA 2018)

« Consensus Ecological Risk Assessment (CERA),
(Aurand et al. 2000, 2012; BREA 2011)

 Net Environmental Damage and Response
Assessment (NEDRA), (SINTEF 2012)

« Marginal Ice Risk Assessment (MIRA),
(DNV-GL 2014)

« ERA Acute, (Stephansen et al. 2017)

« Baysian Model for Arctic Risk Assessment,
(Nevalainen et al. 2017)

« Comparative Risk Assessment (CRA),
(French McKay, Bock, Walker et al. 2018)

RAMBGLL

Marine Environmental Research 141 (2018) 289-304

journal homepage: www.elsevier.com/locate/marenvrev

Contents lists available at ScienceDirect

Marine Environmental Research

Marine
Environmentsl
Ressarch

Current practices and knowledge supporting oil spill risk assessment in the | g

Arctic £
Richard J. Wenning®*, Hilary Robinson®, Michael Bock®, Mary Ann Rempel-Hester®,

William Gardiner®

* Ramboll US, 136 Commercial Street, Suite 402, Pordand, ME, 04101, United States

® Ramboll US, 4350 N Fatrfux Drive, Sulte 300, Ariingon, VA, 22203, United States

© EcoAnalysts, 4720 NE View Drive, Port Gamble, WA, 98364, United States

d Techntcal Services Branch, Seattie Diserict, U.S. Army Corps of Engtneers, 4735 East Margtnal Way South, Seattle, WA, 98134, United States

ARTICLE INFO ABSTRACGT

Keywords: Ol spill response (OSR) in the Arctic marine environment conducted as part of operational planning and pre-
Arctic paredness and is most successful when knowledge of the ccosystem is
Comparative risk assessment (CRA) readily available and applicable in an oil splll risk OSR strategies supporting decision-

Ol splll response
Net environmental benefits analysis (NEBA)
Spill impact mitigation assessment (SIMA)

making during the critical period after a spill event should be explicit about the environmental resources po-
tentially at risk and the efficacy of OSR countermeasures that best protect sensitive and valued resources. At
present, there are 6 prominent methods for spill impact mitigation assessment (SIMA) in the Arctic aimed at

OSR and ional planning and each method examines spill scenarios and identifies
response strategies best suited to overcome the e challenges posed by polar ecosystems and to minimize
potential long-term envi methods are grounded in classical environmental

risk assessment and the net environmental benefit analysls (NEBA) approach that emerged in the 1990s after the
Exxon Valdez oil spill. The different approaches share 5 primary assessment elements (oil physical and chemical
properties, fate and transport, exposure, effects and consequence analysis). This paper highlights how the dif
ferent Arctic methods reflect this common risk assessment framework and share 3 common need for il spill
science relevant to Arctic ecosystems. An online literature navigation portal, developed as part of the S-year
Arctic Oil Spill Response Technologies Joint Industry the different cur.
rently used in the Arctic by capturing the rapidly expanding body of scientific ge useful to

exposure, vulnerability and recovery of the Arctic ecosystem after an oil spill.

1. Introduction

The changing Arctic environment is creating new opportunities for
energy, shipping, and ofher resource and economic development ac-
tivities, at the same time ing heretofore en-
vironmental, economic and social concerns (Pettersen and Song, 2017;
DNV-GL, 2016; NPC, 2015; NRC, 2014; CFR, 2014; Lloyds, 2012; Arctic
Council, 2009). Oil and gas exploration and production, in particular, is
rapidly expanding and further increases in shipping and development
are virtually certain in the coming decades (Knol and Arbo, 2014). The
protection of the Arctic environment has become of paramount con-
cern.

Accordingly, gov international E and several

working to formulate strategies that minimize their impacts on Arctic
communities and the environment. The International Maritime
Organization (IMO) has adopted the International Code for Ships
Operating in Polar Waters (Polar Code), which includes mandatory
measures covering safety and pollution prevention for a broad range of
commercial shipping activities (IMO, 2014). Similarly, the Arctic
Council has issued international oversight and operating guidelines for
transportation and for both mining and oil and gas exploration and
development (Arctic Council, 2015; Tucci, 2008). Regulatory and in-
ternational authorities are requiring accident preparedness and re-
spense plans for oil pipelines, transportation, exploration and produc-
tion activities (IMO, 2014; Tuler et al., 2007; Ornitz and Champ, 2002).
Frequent between go and other

multi-national energy and resource P! « ies are

* Corresponding author.
E-mail address: rjwenning@ramboll.com (R.J. Wenning).

https://doi.org/10.1016/j. marenvres. 2018.09.006

organizations are increasingly included as part of oil spill response

Received 6 November 2017; Received in revised form 4 June 2018; Accepted 4 September 2018

Available online 12 September 2018
0141-1136/ © 2018 Elsevier Ltd. All rights reserved.
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Table 2

Comparison of risk assessment methods applied to prediction of the consequences of an oil spill in the Arctic.

Methodology for Environmental
Risk Analysis (MIRA)

Net Environmental Damage and
Response Assessment (NEDRA)

Environmental Risk Assessment-
Acute (ERA-Acute)

Consensus Ecological Risk
Assessment (C-ERA)

Bayesian Network Model for
Arctic Ecological Risk
Assessment (BN-ERA)

Arctic Comparative Risk
Assessment (Arctic-CRA)

Primary
Literature
Citation(s)

Applicable
Geographic
Region

Primary Scope &

Application
of the Model

Benefits of the
Approach

Limitations

DNV-GL and Akvaplan-niva 2014;
OLF 2007

Norwegian Arctic continental
shelf, but likely applicable to ice-
covered regions throughout the
Arctic

Quantitative tool that calculates
potential damages associated
with an oil spill scenario based on
the modeled fate of the spilled oil
and the potential for effects and
recovery of VECs that are present
in the path of the oil.

® Quantitative process that has
been customized to assess
Arctic environments, and in
particular, evaluate the
complex marginal ice zone.

SINTEF 2015;
Singsaas and Lewis 2011

Norwegian Arctic continental shelf

Approach applied similarly to NEBA
that compares the potential for
response countermeasures to
mitigate environmental damage to
natural resources and other
ecological attributes, as compared
with a no response alternative.

® Specifically developed with
consideration of cold water
environments.

® Evaluates the reduction in
damage provided by a response
countermeasure, rather than the
seemingly disconnected concept
of “net benefit.”

Stephansen et al., 2017

Norwegian Arctic continental shelf
primarily, but likely applicable to
the entire polar region

An impact and restitution-based risk
assessment model that uses inputs
from oil spill trajectory models and
VEC data to calculate potential
impacts and time it takes for the
resource to recover in each grid cell
in a spill zone.

® Attempts to describe in
mathematical terms the
magnitude and duration of the
impact from acute oil spills.

® Use of a continuous function in
the impact calculations able to
detect the effect of small
variations in exposure, as
compared to models based on
oil amounts in categories.

® Suitable for analysing efficiency
of mitigation of smaller spills,
which is especially important in
environmentally sensitive areas.

® Results are intentionally
georeferenced for visual display
of the predicted impacts in the
spill zone.

Aurand and Essex 2012;
Aurand et al., 2000

US Alaskan region, but likely
applicable to the entire polar
region

2. Using models to predict the fate
of spilled oil and OSR
consequences, experts score the
risks to different resources at risk
independently, then compare
results to reach a collective
consensus on the different risk
scores as basis for supporting
decision making on OSR options.
® Transparent process that
incorporates stakeholder
input and allows for the
addition of qualitative
considerations and data
inputs.

® Applicable at both screening and detailed levels, depending on availability and quality of oil fate, environmental and ecological data.

Category-based models
assume the same impact
probability distribution
whether the oil amount is the
lowest or the highest amount
in the category interval.

® Less widely used than NEBA,
but similar limitations.

® Species distributions are unknown or limited in most Arctic regions.

® Newly developed. Still
undergoing introduction and
implementation into OSR
planning activities.

® Information on species abundance is essential, but limited, for many Arctic species.
® Ecotoxicology studies applicable to apex predators do not exist.
® Models and data for useful for estimating long-term impacts of oil exposure to species and ecosystems are lacking sufficient realism.
® Users must apply scientific caution when using data sets from different sources, especially when comparing and interpreting results.

#® Consensus building is
inherently a subjective
exercise, and dependent on
experience and knowledge of
each person participating in
the process.

Nevalainen et al., 2017

Applicable to the entire polar
region

Focus is on acute impacts of oil
using Baysian analysis applied to
a food web model describing the
most relevant dependencies
between oil and ecosystem
response at the functional group
level.

® Incorporates probability
distributions in a Baysian
approach.

® For certain aquatic
invertebrates, toxicological
data are sufficient for meta-
analysis approach.

® Approach is unable to handle
some functional group; e.g.
for top predators estimating
oil spill effects requires
expert elicitation because of
data limitations.

ART-JIP 2014, 2016; Robinson
et al., 2017

Applicable to the entire polar
region

Merging models describing
physical/chemical properties,
fate, exposure and effects of the
spilled oil in a comparative
analysis of OSR technologies
with aim to optimize remowval or
isolation of spilled oil, thereby
mitigating the consequences to
ecosystem resources.
® Lengthy history of usage
and application. Can be
modified to include more
quantitative comparisons.
® Unifying framework that can
incorporate results and
valuable strategies from other
risk assessment methods.
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SHARED
ASSESSMENT
CHALLENGES

> Identify resources
potentially at risk

> Collect relevant fate
and effects data from
field and laboratory
research

» Learn from prior spill
events in similar
environments and time
of year

RAMBOLL

PHYSICAL / CHEMICAL
PROPERTIES

SRC PHYSPROP,
PETROTOX

* Melting point

= Boiling point

* Vapor pressure

* Water solubility

* Octanol/water
partition coefficient

* Henry's Law constant

» Dissociaton constant

SPILLED OIL FATE &
TRANSPORT
Databases and dynamic models
describing release scenarios
applied to deep and shallow
water regimes

OILMAP DEEP, SIMAP and OSCAR fate
models,
SINTEF Offshore Blowout Data,
BSEE eWell System Data,
ITOPF Qil Tanker Spill Data
* Initial momentum of release
» Specific gravity
* Rise and fall rates
* Current speeds
» Biological transport by DVM
and predators
* Floating fraction and sheens
* Emulsification
» Droplet sizes
* Photo-oxidation
= Hydrolysis, dissolution
* Liquefaction
* Microbial degradation
* Solubilization
* Volatilization

EXPOSURE
Exposure models agquatic
and terrestrial wildlife

wy Enmvironment Sensitive Indices,
= Target Lipid Model (TLM),
O Quantitative Structure Activity,
= Relationship (QSAR) Modeling
* Resources at risk
- Environmental / Habitat
Compartments (ECs)
- Valued Ecological
Components (VECs)
* Exposure pathways
* Uptake
* Bioavailability
- Bioaccumulation (BAF)
- Bioconcentration (BCF)
- Biomagnification (BMF)

=== ===

~

— e

Marine
Mammal
VECs

Wildlife
VECs

——

T -

ECOSYSTEM CONSEQUENCE
AMNALYSIS
Calculation of resources at
risk, including time to
recovery after exposure

MIRA, NEDRA, ERA-Acute,
C-ERA, BN-ERA, CRA

* Valued ecosystem
components (VECs)

* Sensitive, threatened or
endangered species

* Episodic or continuous
exposures

» Species richness f
population density

EFFECTS
Effects assessment models,
parameters and assumptions
for aguatic and terrestrial
animals

Critical Body Burden,
Derivation Acute : Chronic Ratios,
Species Sensitive Distribution,
Narcosis Mode of Action,
Toxic Units (TU)

* Exposure concentration
* Half-life in tissues
» Lifestage
* Metabolism &
Toxicokinetics
- Specialized adaptation
- Storage
- Exposure induction
- Biomarker
- Elimination
- Purging of soluble
metabolites
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COMPLEXITY (acam)

RECOVERY TIME

RAPID

MOBERATE

MODERATE

slow

ECOLOGICAL SEVERITY

Discountable (D)

Impaired ()

Significant {B)

Dysfunctional (4}

< 1year (4)

C-ERA Decision Framework

110 dyears (3)

5to 10 years (2)

> 10 YEARS (1)

(Walker et al. 2016)

RAMBGOLL

Spill Modeling of Deepwater Environmental Valued Ecosystem
Compartments Components

CRA-SIMA
(French McKay, Bock et al. 2018)

Base Case Setting

STEP 1
MetOcean Condition
Selection
v T =—F ]
[ Response ‘ ‘ Response l ‘ Response [ Response
Tactic 1 Tactic 2 Tactic 3 Tactic 4
[ I ]
STEP 2 Sensitivity Analysis
) 1 )
13ww|o|J so-mmzl Is:mdn!'

Bl B
(e [ ] L]

Net Environmental
Benefit Analysis (NEBA)

3 Scenarios x
4 Response Tactics.

NEBA Subcommittes Input

Figure 1. Proposed technical approach using a
deterministic identification of Metocean conditions
and scenario selection. Points of client input are
indicated in blue.

Figure 2. Levels of concern (LOC) for RAR will be
assigned using a matrix that includes the magnitude
of the resource impact factor (RIF) and the expected

recovery period for the RAR.

Q-SIMA Framework
(Exponent, unpublished)

Oil spill risk BN-model
(Goerlandt & Montewka 2015)
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NORTHERN GULF OF MEXICO
CONCEPTUAL FRAMEWORK

Goal:

» Create an OSR-support tool that provides
decision makers with objective, science-
based, transparent information to enable
technically-sound choices for mitigating
consequences of a deepwater well blowout

Focus:

« Compare exposures, risks and tradeoffs of
different OSR options

In-situ burning

Mechanical

Natural recovery

Surface Dispersants

Subsea Dispersant Injection (SSDI)

RAMBGLL

Thick blackoil ~~ Mousse

~1100m

a

A

Far Field:
SIMAP Oil
Transport and
Fate Modeling

_4

ﬁ Oil Droplet Sizes

Droplet Release from Intrusion at Trap Height

2 &

1300m [

Nearfield: OILMAP-Deep

Blowout Modeling }

e
g

R RN 22
EBEEEEEB8888°

TITETTETLTEE R
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Deborah French-] MEQ)‘ , Deborah Crowley”, Jill J. Rowe", Michael Bock”, Hilary Robinson®,
Richard Wenning"”, Ann Hayward Walker”, John Joeckel”, Tim J. Nedwed", Thomas F. Parkerton’
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ARTICLE INFO ABSTRACT

and entrateed/dissolved ol i the spper water colums. TradeofSs nchaded increased ol expasisres at depeh.
However, since cepanisus are less abusdant below 200m, reslts indicate that overall exposure of vasod
ecosystem compoaeas wies misisized by we of SSDE

Subsea dispersant imjection (SSDI) was @ new oil spill response well

for quantifying and recovery of various valued ecasyster
coemponents (VECS) that could potentially be exposed to cil. That is, a
woald allow a quantitative

compariso
method first deployed to mitigate the effects of 3 decpwater cdlwell  of exposure and recavery of arganisms within an ecasystem to a hy-

Harizon incident in 2010. Since then, a Mﬂﬂwmhdmﬂ!ﬂﬂmd
how  location of it during the

completed
injecting intojet of ol eessed in decpuaer movifies he  release, 3o the resporse sty
ail fate (Brandvik et al., 2016, 2017; Nedwed, 2017). This and ather For this reason, (CRA)

research has been used to validate near-field blowoat and oil il approach to combine

Mﬂubwlaﬂmlquﬂhtnddwﬂu

transpart and fate models that peedict the voiume and Jocation of water  novel method of quantifying valued ecosystem coemponent (VEC) ex

ﬂmmmnmmlﬂmﬂ

and locatians of surface oil, and the amount and locations of ail that lmdulmudummlyaunlqﬂmm(m
could strand oa shorelines with and withoat SSDI application (French that
McCay. 2003, 2004 French MeCay and Rowe, 2004; Spaulding et al . reduce exposire of surface dwelling wildlife and response wockers to

; FrenchMcCay et al, 2015,

2016, 2018ab,c; L et al. volatile arganic compounds (VOCs), and minsmize socioeconomic dis-

20172,5). Further, these models can be used to estimate how applica.  turbance. The appeoach was used to evaluate the imlications of var-

tiom of variows oil spill

methods or combinations of methods  ioes

respanse Tesponse strategies, i mechanical recovery,
modify the fate of the ol (e.5., USCG, 200%; French McCay et al, 2004, situ burning (IS8), surface dispersant application, and SSDI at the
s s okl 3

2008; Bochholx et al, 2016). A logical next step to guide

response source, typically accept
decisians is combining the results of oil spill modeling with a method  the use of mechanical mcovery equipment when it is feasible and

* Correrpaediog aathar.
detbis freachsnceay

04z
reviend foem 24 Apedl 2018; Acceptrd 22 May 2018

0025-326X/ © 2018 Elsevier Lid. All rights reserved.

Oil Modeling
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SSD since relative risks to shoreline, sssface Wikilife and most aquatic life VECS were reduced. Seasitivity of
resales o differess asumptions was abio lsted 1o illusteate Sexibity of the CRA 1061 in addressiey Efferent
sakeholder peiorities for mitigasing the spacts of a doepwaner blawout.

1. Introduction

The goal of ail spill response (OSR) is to mitigate the impacts of
spilled ail an valued resources while limiting the negative effects of the
respanse. As sach, OSR secks 1o strike a balance between reducing in-
mmmmmwymkwm

and response activities,
(4) the patential effects oa valued resources, and (5) bow different oil
G bowe. OSR response

planning requires coesideration of these factars by the stakeholders.
Subsurface dispersant injection (SSDI) is 2 promésing recent in-

biodegradation; and reducing surface, nearshore and shoreline ex-
posures to odl. Potential negative effects include increased water
columa and benthic resource exposures to oil at depth.

‘novation in ail spil respocse. The use of SSDI i ail and gas
well blowout can have many benefits impeoving the effec
tiveness of treatment aver that achievable at the water sur.

: =
face; reducing the volume of il that reaches the water surface; redu-
cing human and wikdlife exposure to volatile organic compounds
(VOCs); dispersing the ofl over a large water volume at depth; reducing
the persistence of any ol that does surface; enhancing oil

* Corverpaedizg asthar.
Bemat addrvas: mibock rambeil s (. Bock)

it/ o rg/ 10,1018} smarpelbul 2018.05.072
Baceived 17 December 2017; Received in revieed foem 34 Apeil 2018 16 May 218
Available online 19 June 2018 i

0025-326X/ & 2018 Elsevier Lid. Al ights reserved.

volume of different surface and subsurface environmental compart-
‘ments in which predicted exposure concentrations exceeded screening
threshalds for patential effects. A comparative ik assessment metho.
dology was wed to compare the various OSR options. This wark was
undertaken in consultation with a Large group of stakeholders who
provided input and guidance on all aspects of the modeling, input

CRA / SIMA

Keyworde puper
Ol apul peeparedrens examined the tradecfts associatid with a hypothetical offshare well doweat ia the Gulf of Mexico, with &
Daperam polcy ind dacaisn makizg Mmumhwmmﬂlmnﬂmmhnmuwwm
Suckeliokier mgaguman) the Deepwater Heeizmn Malgnwmwmmlnmmm-mm
"'-""'"- 10 integrate SSDL lnto CRA considered the Tradeofts asscciated
oo sqymciod )no mmmum-y in-situ bursing, and suface
dispersants; snd, (3) S For contet,
usmqummﬂmwwmmvlmmm
wnility s funure il spil peeparedoess.
1. Introduction

il spill response (OSK) seeks to mitigate the impacts of spilled oil
‘on valued resources while limiting the negative effecs of the respocse,
that is, to strike 2 halance between reducing

that does surface: enbancing oil biodegradation; and reducing surface,
‘nearshore

Gulf of Mexico (GaM) (Fiz. 1), to predictail fate and compare the en-
exposure for o b\’.lms of

treatment of discharging ail at the source; reducing the valume of oil
tha reaches the water surface; reducing human and wikdlife exposare
1o volatile onganic compounds (VOCs); dispersing the ail over a large
‘water volume at depth; reducing the persistence of any SSDI-treated oil

[———
Ema addrear 2vosalher it wacarslitng ceen (A, Walker)

/11018 sl 2012200
3017; Recetved in revised foem 1 May 2010 Accepted 7 May 2018
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0025-326X/ © 2018 Elevier Lad. Al rights resecved.

four i i M
B, and surface dispersant application (SD), and SSDI. Probabilstic

was used to evaluate the influence of variable metocean
conditicas (i.e., winds, currents and temperature) on ofl trajectary and
fate. Using individual rurs representative of specific metocean condi-

faced as oppased to dispersed ail, and the area or valume of different
ﬂuﬁuuﬂsﬂhﬂhﬂmmﬂi compastments in which pre-

exposure concentratians exceeded screening thresholds for po-
mﬂmAmﬂmmﬁnﬂmwwm
compare the various OSR aptions. This wark was undertaken in

Stakeholder Engagement
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STEPWISE ANALYSIS

1.
the release of spilled oil

2.

affected ECs
3.

VECs and ECs after exposure
4,

response options

Exposure analysis of Valuable Ecosystem Components (VECs) in different
Time to recover analysis to discern short- and long- term consequences to

Results, comparing tradeoffs associated with deployment of different oil spill

(a)

Oil spill modeling to evaluate Environmental Compartments (ECs) affected by

-

1 (2) 3
Receptor [ 2L )
Release Oil Conc in Y Exposure Options N Resﬂsllence
of Oil Traject Envi . i Screenin R
I rejeetony aviren CEnwro. ' e Exposure || Recovery
ompart - I
Analysis | /

—

RAMBGOLL

.
>[ soon }
J
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CHARACTERIZE THE SPILL EVENT

Characteristics of Spilled Oil Trajectory Area or volume exposed
the Spilled Oil =% \ to spilled oil;

N - -
I I concentrations in

Heavy Sour Maximum Exposure, Water Surface

. OILMAP DEEP, SIMAP

Maximum Exposure, Shoreline

Run 36: Spill Start: 2008 Dec 5, 12:08 UTC

i

| % \ i -80]

3

v

seawater

eI e
b

Total Hydrocarbons on the
Shoreline (g/m’)
<5 [@M10-25 50-100 ({500 - 1,000

* s - 10 25- 50 [l 100 - 500 [l > 1000
P — e —

OSR
Options

Receptor ili
o o Exposure Resll:.-nce
Trajectory Enviro. ||Screening Exposure Recovery

Analysis
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IDENTIFY ENVIRONMENTS/HABITATS & BIOTA AT RISK

Shore

line, | Coastal Shelf o Offshore
e Bl S TEC I W a—
Bi arge reiagic
Copepods _Ichthyoplankton G':ﬁ: %ishes .
Sergestid e Pelicans Mahi mabhi
Shrimp Krill : Shoreline ic Shal:ks_
Macrobenthos Sargassum _ Waders Nl
“"Blue crab Communities
Deepsea red crab Small Pelagic Demersal

Oysters

Fishes Fishes

Coral Reef Marine Ma_mmals Snapper Flatfish
Communities Dolphins Grouper
Manatees Whales| .  Myctopids Reef fish

Sea Turtles

OSR
Receptor - -
Release oil Conc in & Exposure Options ReS“SIl.ence
Recovery

of Oil Trajector Environ. x Screenin
J y ci':":"':"_t 9 |1 Exposure
Analysis
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IDENTIFY EXPOSURE THRESHOLDS FOR SCREENING

Surface floating oil 100 g/m2 (100 Surface floating B
. 10 g/m2 (10 ym) . ; 0.01 g/m
mass per unit area Hm) oil mass per unit Sheen
area (0.01 ym)
PAH concentration in
water (daily average) 1 hg/L (ppb) 10 ua/L (ppb) Shoreline oil 1.g/m? Stain
mass per unit area (1 um)

PAH concentration in

water (daily average) 10 pg/L (ppb) 100 pg/L (ppb)

Area of habitat exposed to oil > threshold amount (g/m2)

Shoreline oil mass 100 g/m?2 1 kg/m2 Area of sea surface swept by oil > threshold amount (g/m?2)
per unit area (100 um) (1 mm) Area or length of shoreline oiled by > threshold amount (g/m2)
Volume of water experiencing concentrations > threshold (ug/l)
Shoree:lsr?ito;lr:;ass 10 g/m? 100 g/m?
g (10 um) (100 um)
\Rt OSR
eceptor - -
Release Oil Concin & Exposure Options ]| Resilience

&

of Oil Trajectory || Environ. Enviro. Screening Recovery

Exposure
Compart

Analysis
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CALCULATE EC/VEC EXPOSURES FOR DIFFERENT OSR SCENARIOS

-

SSD uea
\ Dispersant Injection /

\ Surface Dispersant )

\ Mechanical Recovery j

[

Natural
Attenuation

-

\

o

1. Calculate area - days or volume days exposed to oil above
thresholds in each EC (i.e., as predicted by an oil spill model)

2. Calculate percent of VEC exposed in each EC occupied
(VEC:EC) as percent of maximum possible exposure in area-
days or volume-days

3. Use relative density data to weight the VEC:EC by fraction of
VEC population in the entire domain that is in that EC

4. Score each VEC in each EC by combining weights and results

\_

to identify resources at higher and lower risk /

7

|

OSR {
Release oil Concin & Exposure BECE Rec‘z’ery
of Oil Trajectory || Environ. cEm,iro_ Screening E— Resilience
ompart Analysis 4

RAMBGOLL
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RECOVERY SCORING

-

+ “Recovery” refers to length of time anticipated for VEC group to return to a stable status

Biological factors: age class, fecundity, spatial distribution, seasonality, migratory behavior

Environmental factors: physical weathering, transport mechanisms, biodegradation

« Factors are applied to predict the period of time anticipated for a VEC group to stabilize (or,
rebound) after exposure has dissipated

« Use general time periods derived from field studies and case studies reported in science
literature for spill events

\ [<1], [>1to <5], [>5 - <10], [>10] years is basis for calculating recovery scores

~

/

Release Qil Concin & Exposure Options Reccglery
of Oil Trajectory || Environ. cEnvirol:t Screening Exposure Resilience
ompa Analysis /
RAMBGOLL @
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SCORES, WEIGHTS & RESULTS

1.

Predict area or volume
exposed to oil and the

VECEC Exposure Score Vi
d t . f . Run 32
a
No Intervention MBSO MBSO + SSOI No Intervention
each environmental
Environmental Exposure (km2-days or m3- Lower Upper Lower Upper Lower Upper Lower Upper L
teglon Companment VEC (simplified Iist) Measure Exposure Type  cays) MPE Threshold  Thveshold | Threshold  Threshold | Threshold  Tiweshold | Tnreshold  Threshoid | Thw
C O m a rt m e n t Soft Bortom Macrobenthos| DiretConta  Snoreline  Avea Days 1766405 12606 39607 | O0EW0 OO0 | 69E07 25607 | 30605 19605 | 2
o e DirectContact  Shoreline  Area Days 1786408 22605 73606 | 00600  00B00 | 13605 4706 | STEG4 3 | 4
Sea Tunties DirectContact  Shoreline  Area Days 1786405 66E07 22647 | OOE00 0000 | 397 14E07 | 17605 12605 | 1
VECC Direct Contact Shoreline  Area Days 1786405 NA NA NA NA NA NA NA NA
Zooplankton Water Exposure Plankton Volume Days 3.996+11 0.0£+00 0.06+00 0.0E+00 0.0E+00 0.06+00 0.06+00 0.0E+00 0.0E+00 0.
idhthyoplankton WaterExposure  Plankton Volume Days 399611 00800 000 | O0EW0  OQOEW0 | O0OES00  O0Es00 | OOE00 0060 | O
2. Calculate percent of e ez Moo S e O (Con 8 ol (B [y B B
oaSitace. YECE WaterExgosure  Piankton  Volume Days 399611 NA NA NA NA NA NA NA NA
" Marine Mammals Direct Contact Surface Area Days 399€+06 47608 0.0€+00 0.0€+00 0.06+00 32608 0.06+00 78605 0.0E+00 8
r e S O u r C e eX O S e d I n Birds Direct Contact Suface  AreaDays 39905 14E07  O0E+00 | OOEs00  O0OE«00 | 93608 006400 1 23E04 0000 | 2
p Sea Turties Direct Contact Suface  Area Days 3996405 LIE08 00600 | 00E00  00E00 | 77609  00B00 T 15605 0060 | 1
VECC Direct Contact Suface  Area Days 3986406 NA NA NA NA NA NA NA NA
oastal/Nesrshore Zooplankton WaterEposure  Plankton Volume Days 1166413 00E/0  OOE00 | OOES0  OOEe0D | O00Es00  OOE00 } O0EW0  O0E0 | O
compartments owpakon | workooue  panton voumeons e | oww o | oxeo e | sew e | ome oo |
WaterColumn  VECB WaterEposure  Plankton  Volume Days 1166413 NA NA NA NA NA NA NA NA
small Pelogic Fishes Water Exposure Fisn Volume Days 120613 006400 00600 | O00EW00  0OE0 | 00£00 0000 ! 00EW0  00EW0 | O
FishA Water Exposure Fish Volume Days 1206413 NA N NA NA NA NA NA NA
. Water Exposure Aea Days 3 0oEs0 | 0
3. Calculate recovery time z e =
. y Water Expasure Avea Days NA
| Magzobenthos]. Watst Erposure. - Arenop. 00600 | 0,
» » Sargassum Community Direct Contact Ares Days 0.0€+00 5,
re u I re d for h ab It atS an d Zooplankton WaterBposure Plankion  Volume Days 154612 005400 00600 | O0E00 Q000 | 00600  O0E0 | 0000 00E00 | O
Ichthyoplanktan Waterbiposure Plankton  Volume Days 1548412 00400 00600 | 006400  00E400 | 0O0E00 00600 | 00600 00000 | 0
VECD Water Exposure Plankton Volume Days 1546412 NA NA NA NA NA NA NA NA
. = Seasuface  VECB Waterbxposure  Plankton  Volume Days 1546012 NA NA NA NA NA NA NA NA
V E p O p u atl O n S to Sta I I Z e Marine Mammals Direct Contact Suface  Area Days 1546407 19605 00600 | 11605  OOE00 | 14605  OOEs00 | S6EO4 00600 | B
Birds Direct Contact Sutice  Area Days 1546407 18606 00600 | 11605  00E00 | 13606 000 | 91605 0060 | B
Sea Turties Direct Contact Sufsce  AreaDays 154407 LIE05 00600 | 66E05  O00E00 | 81606 0000 | STEOL  00EW0 | 5
VECC Direct Contact Sufsce  Area Days 1546407 NA NA NA NA NA NA NA NA
2oopiankton Waterbiposure  Plankton  Volume Days 2956014 00600 00600 | 00E400  0O0E00 | 00800 0000 | 00600 00600 | O
4 S C O re e aC h V E C a n d e aC h Upper Epipelagic(a) ichthyoplankton Waterbgosure  Plankton  Volume Days 2956414 00€400  O00E+00 | OOF00  OOE400 | O00E40 006400 | 00E400  QO0Es00 | O
" VECB Water Exposure Plankton  Volume Days 2956024 NA NA NA NA NA NA NA NA
Shett Small Pelagic Fishes Water Exposure Fish Volume Days 2978414 006400 006400 | ODE«0  OOE00 | 0000  00E00 | 00E00 00600 | O
IiAnar EniAMIEALY. . |asoa Rabuala Eisknn RS s Y —_— ancon  ancen | mneon  ancon | oasem  anen | onnenn ancin | oo

Index  Setup  CompartmentSummary = VEC-EC Densities | VEC-ECPopIndex  VEC-EC Recovery Time = VEC-EC Recovery index _ VEC|EC Scores | VEC Weights m EC Weights m

habitat type as function of
percent of resource exposed
Parameters

_ Weighting Tabs for
& recovery time 7 Scores

_Model Quiputs g Optional Roll-ups




BIOTA (VEC) SCORES FOR DIFFERENT OSR ACTIONS

VEC Summary Scores-Upper and Lower Thresholds

MedSO
Median Spill;
Minimal
Shoreline Oiling

HiShO

Worst-Case Spill;

High
Shoreline Oiling

RAMBGLL

1,000,000

900,000

800,000

700,000

600,000

500,000

Score x 10°

400,000
300,000
200,000

100,000

Lower Upper Lower Upper
Threshold  Threshold  Threshold Threshold

0

MedSO HiShO
No Intervention

M Birds Sum
Zooplankton Sum
B Small Pelagic Fishes Sum

M Soft Bottom Macrobenthos Sum

_ I
Lower Upper Lower Upper
Threshold  Threshold  Threshold Threshold
MedSO HiShO
MBSD

Sea Turtles Sum
Ichthyoplankton Sum
M Large Pelagic Fishes Sum

Coral Reef Community Sum

Lower Upper Lower Upper
Threshold  Threshold  Threshold Threshold

MedSO HiShO
MBSD+SSDI

Marine Mammals Sum

Sargassum Community Sum

B Demersal Fishes Sum
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BIOTA (VEC) SCORES

VEC Summary Scores-Upper and Lower Thresholds

1,000,000

900,000

800,000

700,000

MedSO
Median Spill;
Minimal -
Shoreline Oiling ™

Scare x 10°

£ 8 £ 8
g 8 8 8

Lower Upper Lower Upper
Threshold ~ Threshold  Threshold  Threshold

MedSO HishO
No Intervention

HiShO
Worst-Case Spill, =
High -
Shoreline Oiling

_E

Scorex 10°

10,000

Upper Threshold

Upper Threshold

Medso Hisho
No Intervention
B Birds Sum
Zooplankton Sum

B Small Pelagic Fishes Sum

RAMB LL Soft Bottom Macrobenthos Sum

Lower Upper Lower Upper
Threshold  Threshold  Threshold  Threshold

MedSO HiShO
MBSD

VEC Summary Scores-Upper Threshold Only

Upper Threshold Upper Threshold

Medso HiSho
MBSD
Sea Turtles Sum
I Ichthyoplankton Sum
M Large Pelagic Fishes Sum

¥ Coral Reef Community Sum

Lower Upper Lower Upper

Threshold ~ Threshold ~ Threshold  Threshold

MedSO HiShO
MBSD+SSDI

Upper Threshold Upper Threshold

MedSO HishO
MBSD+S5DI

Marine Mammals Sum
Sargassum Community Sum

B Demersal Fishes Sum

Score x 10°

HABITAT (EC) SCORES

EC Summary Scores-Upper and Lower Thresholds

1,000,000

900,000

800,000

700,000

500,000 S

500,000 2
400,000 :
300,000 .; 2
200,000
100,000 | i
o
Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper
Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold
MedSO HiShO MedSO HiShO MedSO HiShO
No Intervention MBSD MBSD+SSDI
EC Summary Scores-Upper Threshold Only
25,000
20,000
15,000
L]
H
H
a

10,000

Upper Threshold  Upper Threshold

MedSO Hisho MedSO

No Intervention

Shore-Shoreline Habitats Sum
Coastal/Nearshore-Water Column Sum
! Shelf-Sea Surface Sum
Shelf-Lower Epipelagic Sum
z Offshore-Sea Surface Sum
Offshore-Lower Epipelagic Sum
m Offshore-Sea Floor Sum

Upper Threshold ~ Upper Threshold

Upper Thresheld  Upper Threshold

HishO MedSO HishO
MBSD+SSDI

~ Coastal/Nearshore-Sea Surface Sum

M Coastal/Nearshore-Sea Floor Sum
Shelf-Upper Epipelagic Sum

M Shelf-Sea Floor Sum
Offshore-Upper Epipelagic Sum

B Offshore-Deepwater Sum

MBSD
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DISCUSSION

sNEBA, NEBA and SIMA

NEBA Approaches in the Arctic & Elsewhere

Applying SIMA

Concluding Thoughts

RAMBGOLL 34



“"RULES OF THUMB"”

Identify plausible/credible oil release scenarios

Consider both at-sea and shoreline OSR strategies, and include a
miXx of options, deployed at different locations and times during
the incident; no single option is likely to be fully effective

Increasing SIMA complexity and analyzing resources at greater
detail should only be undertaken when it is reliably expected to
bring significant insights to OSR strategy development

RAMBGLL
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BUT.... OIL SPILLS ARE ASSOCIATED WITH UNCERTAINTY
AND VARIABILITY

Not every plausible oil spill scenario can be anticipated

Environmental and ecological attributes interact in complex ways
that may or may not be relevant or not well understood

All oil does not look alike; its difficult to differentiate between oil
types and degree of weathering prior to treatment

Operational factors (e.g., weather) affect exposure and
consequences and are difficult to predict

RAMBGOLL
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WHAT SHOULD SNEBA DO?

> Identify the resources at risk appropriate to the season
» Aim to minimize the ecological footprint of an oil spill

» Aim to avoid or minimize the environmental consequences
of the spill event, as well as the response actions

> Before work begins, determine the priorities and
tradeoffs between the social and environmental
considerations

> Identify plausible response(s) that match the likely spill
event to the likely environmental conditions

> Strive to optimize the efficacy of spill response options

RAMBGLL
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EPPR

EMERGENCY PREVENTION PREPAREDNESS AND RESPONSE
COPENHAGEN, NOVEMBER 22, 2018

EMERGENCY PREV VENTION, - ARCTIC COUNCIL
PREPAREDNESS AND RESPONSE



http://www.eppr.org/

EPPR AND MERA

- Through prevention and
response avoid damage to
ecosystems from accidental
releases of pollutants

- Limiting potential cascading
consequences from pollutions




ACTIONS NEEDED TO ENHANCE POLLUTION
PREVENTION AND RESPONSE

- Risk based contingency planning

- Knowledge of risks

- Shared standards for input data to risk assessments
- Datasharing

- Cooperation — cross sectoral / cross state

« |nvolvement from all stakeholders / inclusion




- Step wise approach towards a full
Circumpolar Marine Environmental Risk
Assessment

- Develop a guideline document and
practical tool box

« Need for involvement of Arctic States,
PPs, WGs, Observers and other relevant
stakeholders

(FPOPP obj. 3.1.2: Enhancing cooperation on
maritime risk assessments)



HOW THE GUIDELINE AND TOOL WILL
HELP PREVENTION AND RESPONSE

- Simple data access
- One stop shop

- Comparability between risk
assessments

ccccccccccccc

EEEEEEEEEEEEE
sssssssssssssss



THANK YOU

EPPR - EMERGENCY PREVENTION PREPAREDNESS AND RESPONSE



http://www.eppr.org/

EMERGEMCY PREVENTION,
PREFAREDMESS AND RESPOMSE - KYSTVERKET
—_— . L NORWEGIAN COASTAL ADMINISTRATION

S— _
-~y
» e

EPPR Guideline and Tools for Arctic Marine Risk Assessments

SsNEBA workshop, Copenhagen

1 DNVGLO SAFER, SMARTER, GREENER




Talking points

= Project outline

— Guideline and tools for marine risk
assessments in the Arctic Region

= Status and plans for 2019

= Oil Spill Response Viability
Analysis - links to sNEBA?

2 DNVGL® 22 November 2018 DNV-GL



Project outline:

Guideline and tools for
Marine Risk Assessments in the Arctic Region

P R EMERGEMCY PREVEMTICM,
PREFAREDMESS AMD RESPOMSE KYSTVERKET
— NORWEGIAN COASTAL ADMINISTRATION

3 DNV GL ©



Artic

Council Framework Plan for Oil Pollution Prevention (2015)

= 3. MEASURES FOR PREVENTION OF OIL POLLUTION FROM ARCTIC MARITIME ACTIVITY

- 3.1

Strengthen traffic monitoring and management.

— 3.1.2 Enhancing cooperation on maritime risk assessments.

The Participants intend to:

a) exchange experience and best practices of data collection and analysis for maritime
risk assessments;

b) exchange maritime traffic and environmental sensitivity data and associated
methodologies; and

c) explore the possibility of developing a common and publicly accessible database of
Arctic maritime traffic and environmental sensitivity data.

4
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A common approach to marine risk assessments in the Arctic region

= The EPPR Working Group has identified the need for a common approach to marine risk
assessments in the Arctic region.

= In all waters, good risk assessments are fundamental for the scoping, planning and conduction of
risk reducing maritime safety and response measures.

= Most of the existing risk analysis methods and tools are developed for generic conditions and risk
factors found in waters all around the world.

= In the Arctic, conditions often differ from other waters related to for example harsh and cold
climate - which in turn makes good risk assessments all the more important.

= [t is assumed to be of great value to look at how risk assessment methodologies, tools and input
data could be adapted to incorporate the particular risk factors in the Arctic

5 DNVGL® 22 November 2018 DNV-GL



Scoping Work Shop (October 2017, Alesund, Norway)

= Recommended a step-wise approach for a main project:
— Develop a Guideline for Arctic marine risk assessments

— Develop a toolbox including best practice document(s) and an overview of applicable and
available data N

= Geographical scope of Guideline:

— Functional approach
— Where arctic specific factors apply

= Maritime activities to be covered by guideline

— Shipping
— Petroleum E&P installations/facilities not to be included

6 DNVGL® 22 November 2018 DNV-GL



The purpose of a Guideline and toolbox for Arctic Marine Risk Assessments

= The Guideline

— Create a common approach for conducting qualitative and quantitative Arctic Marine Risk
Assessments, enabling comparable assessments.

— Better understand and communicate the different risks and risk influencing factors associated
with marine activities in the Arctic.

— Better foundation and decision support for establishing optimized risk management strategies.

= The toolbox

— Include the best practice document(s) and overview of available tools, data sources, incl. their
accessibility, quality, completeness/coverage, contact persons, etc.

7 DNVGL® 22 November 2018 DNV-GL



Risk Assessment process (Based on ISO 31000 - 2009)

N\
Establish Scope and Work
. Approach Tools
the context limitations processes

/,

-

It was suggested that the
first 3 steps have the

highest potential for
harmonizing through

Arctic Guideline and
Toolbox

N IIE I I S S - -y
- e .- e - - - e .

-

The last two steps

=
Q
>
@)
| .
e
c
©
o
-
'z
o
=
c
o
=

remains relevant for a

. . Evaluation towards risk
Risk evaluation acceptance criteria

Communication and consultation

future Circumpolar
Marin Risk assessment

DNV GL © 8 22 November 2018 DNV-GL




Project activities and timeline

2017

Pre-project,
Scoping WS

Assessment of
existing
methods and
data

2018

A

Assessment
and
identification
of Arctic Risk
factors

(A Arctic factor)

2019

Development
of Guideline
and toolbox for
Marine Arctic
Risk
Assessments

9 DNV GL ©
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Work process

= Qutreach phase (performed by EPPR, DNV GL and UIT The Arctic University of Norway):
— Literature review
— Direct contact (e-mail, phone, etc.)
— Webinars (5% and 25t of September, 18), including feedback
— Cross cutting event during CAFF conference in Rovaniemi, Finland (8t" of October, 18)
— Summary report to EPPR II - December 18

= Previous activities
— Survey among Arctic States prior to Scoping Workshop
— Participation in Open Risk Workshop

10 DNV GL® 22 November 2018 DNV-GL



2018 assessments of:
- Existing methods and data
- Arctic Risk Factors

11 DNV GLO© 22 November 2018




Marin risk analysis — possible elements and endpoints

Marin risk/shipping risk analysis Environmental risk analysis

Accidental scenario

Loss of human life

Ship traffic v
Probability Damage potential

analysis

Accidental scenario

Environmental
consequence

Product, volume Probability

v
Damage potential

v

Environmental risk

12 DNV GL® 22 November 2018 DNV-GL



Identifying methods and tools for assessment of marine/shipping risks that are,
or could be, used for Arctic areas.

— Do they include arctic accident categories? = Risk shaping factors from IMO Polar Code:
E.g. contact with ice

— Operation in low air temperature
— Do they include arctic risk shaping factors?

— Operation in ice

v

— Operation in high latitude
— Potential for abandonment onto ice or land

WorldWide s  Arctic ~ Topside icing
N l — Extended periods of darkness or daylight

Addtional nsk
In Arctic

&
— Remoteness

I — Potential lack of ship crew experience in polar
operations

THAATMSTH
|
THAAAT MSTH

— Potential lack of suitable emergency response

equipment
. — Rapidly changing and severe weather conditions

K Sramente Risk elements — The environment with respect to sensitivity

]

13 DNV GL® 22 November 2018 DNV-GL



Marine Shipping Risk Assessments methods

Quantitative methods

Safety Assessment Models for Shipping and Offshore in the
North Sea (SAMSON) - MARIN

MarinRisk — MARIN (ongoing development)

Sub-regional risk of spill of oil and hazardous substances in
the Baltic Sea (BRISK model) > Be-Aware method - Bonn
Agreement/COWI

NavRisk method - AISy Risk — Norwegian Coastal
Administration/DNV GL (ongoing development)

Arctic Shipping Risk and Arctic Risk Map — DNV GL

Risk management model of winter navigation operations -
Aalto University

GRACAT - BASSY toolbox > IALA Waterway Risk Assessment
Programme (IWRAP Mk2) - IALA/Gatehouse

Marine Accident Risk Calculation System (MARCS) - DNV GL
Event Risk Classification - Maritime (ERC-M)

Accidental Damage and Spill Assessment Model for
Collision/Grounding (ADSAM-C/G)

Method to identify close situations between vessels - SSPA
COLLIDE - Safetec

SHIPCOF - Rambgill

The Ports and Waterways Safety Assessment (PAWSA)

Arctic Ice Regime Shipping System (AIRSS) — Transport
Canada

Operational Limit Assessment Risk Indexing System
(POLARIS)

Qualitative and semi-quantitative methods

Viking Supply - Risk Management model

Association of Arctic Expedition Cruise Operators (AECO) Risk
Assessment method

IMO Polar Code Risk Assessment
MARPART project - Risk Assessment
++

14 DNV GL© 22 November 2018
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Marine Environmental Risk Assessments methods

Quantitative

= Sub-Regional Risk of Spill of Oil and Hazardous Substances in
Assessment of Marine QOil Spill Risk and Environmental the Baltic Sea (BRISK), HELCOM 2009-2012

Vulnerability for the State of Alaska. NOAA. RPS ASA, Env = BE-AWARE I and II. Bonn Agreement. COWI (2012-15)
Research Cons., RPI, Louis Berger Group (2014) _ _
= ERA approaches in Russia

— Spill Risk Calculator tool N _ _
— Vulnerability assessment Russia (EcoProject, Murmansk

Environmental Risk Assessment of oil spills from shipping Marine Biological Institute, WWF)

activities around Svalbard and Jan Mayen. Norwegian Coastal
Administration. DNV GL (2014)

Marine Environmental Risk Assessment — Greenland. Defence
Command Denmark. DNV GL (2015) = Maritime activity and risk patterns in the High North. Nord
University, Norway (2016)

Qualitative and semi-quantitative methods

Risk Assessment for Marine Spills in Canadian Waters. Phase
2, Part B: Spills of Oil and Select HNS Transported as Bulk
North of the 60th Parallel North. Transport Canada. WSP / SL
Ross (2014)

Area Risk Assessment methodology for ship-source spills in
Canadian waters. Transport Canada. Dillon, MARIN, RPS ASA,
Royal HaskonigDHV (2017)

SsNEBA

15 DNV GLO© 22 November 2018
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Quantitative area-wide methods - that includes arctic accident types and/or
arctic risk shaping factors

9

| .
0

Operation in  Operation in  Operation in

low air
temperature

ice

high latitude abandonment

Which arctic risk shaping factors are included in

existing methodology?

Potential for Topside icing Extended
periods of
onto ice or darkness or
land daylight

Remoteness Potential lack Potential lack Rapidly The
of ship crew  of suitable changing and environment
experience in emergency severe with respect

weather
conditions

polar response
operations equipment

to sensitivity

16 DNVGL®©
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Identification of Root causes in Polar Shipping Operational assessments

Figur 1: Arsaksnettearket

Example of Cause Network from NCA Traffic Safety Analysis (2015)

DNV GL © 22 November 2018 DNV-GL



How Arctic Risk Factors influence

Main risk drivers Marin risk/shipping risk analysis

Traffic volume

Accidental scenario

Environmental risk analysis

Traffic type

Loss of human life

mmp Arctic Arctic risk v

THAAWTL MEIN

Ship traffic v
Probability Damage potential

analysis

Accidental scenario

Product, volume Probability

Damage potential

influencing

Environmental
consequence

v

factors

Main risk driver

(adjustment Distribution of

factors)

resources

Environmental risk
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Marin risk/shipping risk analysis
- as input to marine pollution and loss of life assessments for Arctic

Critical minimum Best-practice (in general,

world-wide)

Best-practice for “delta arctic”

Lack of
Remoteness experience

&/ Traffic volume (AIS)

I
I
I
I
I
t » High resolution AIS data
I
I
I

Y4
G v
=Y (o Traffic characteristics (types of
B ships and what they carry) T Categorisation of different types o
f fuel | [
&/ All major accident types or rue a.nd cargo, also using e temperature
voyage info.

(grounding, collision,
fire/explosion, foundering,
etc.)

&) Grid

> Need to include arctic risk

influencing factors!
» Fine mesh grid, e.g. 1x1km

“arctic risk drivers”

I
Calculation engine/method should deliver:

Marine pollution: -

Loss of life:

1. Oil spill quantity (frequency of spills

in certain spill size categories) 1. Fatality rate (freque.n.cy of fatalities
and number of fatalities)
2. Oil type (Heavy vs light) _ _
2. Per location (grid)

3. Per location (grid)
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Types of data that could be used to quantify the delta-risk for Arctic

Description

Types of data

May affect hull structure, stability
characteristics, machinery systems,
navigation, the outdoor working
environment, maintenance and
emergency preparedness tasks and
malfunction of safety equipment and
systems.

Potential reduction of stability and
equipment functionality

Topside icing Low temperature

Affects the working environment and
human performance, maintenance
and emergency preparedness tasks,
material properties and equipment
efficiency, survival time and
performance of safety equipment
and systems.

Air temperature Wind Chill Index

Arctic risk influencing factors

Extended periods of

High latitud
darkness or daylight igh latitude

May affect navigation and
human performance;

As it affects navigation systems,
communication systems and the
quality of ice imagery information.

Remoteness

Potential lack of ship
crew experience in
polar operations

Possible lack of accurate and complete hydrographic |Potential for human error
data and information, reduced availability of
navigational aids and seamarks with increased
potential for groundings compounded by
remoteness, limited readily deployable SAR facilities,
delays in emergency response and limited
communications capability, with the potential to
affect incident response.

Communication

Daylight,
B ylight/
darkness

Bathymetry data coverage and quality

Potential lack of suitable
emergency response equipment

of mitigation measures.

With the potential for limiting the effectiveness |Potential for escalation of

Rapidly changing and
severe weather
conditions

incidents.

Daylight/

Ship's life saving equipment

Wind speed and
direction

Ice extent (10% conc.)
EXT AIR wcl COM .
coverage and quality darkness
Ice concentration Precipitation Air temperature Topography data and quality Air Wave height
PRE AIR temperature
Ice thickness Visibility/fog Wind speed and Coastline data (shape files) Air temperature
ils WY direction
Ice type SAR SAR resources and capacities
Ice berg oL Qil pollution prevention resources and Topography data
capacity and quality
Floe size ONS Onshore facilities/assets
POP Onshore population
Airport and harbour location and
POR |2 cilities

AlS data

Aids to navigation coverage and
quality

Mandatory pilotage areas

Precaution areas and areas to be
avoided

20
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AlS data

Metocean
Daylight/darkness

ESRL/NOAA

HAVBASE (Norway)

NORA10

Marin Traffic

Vesselfinder

Data sources

ICOADS

Air temperature

Sea surface temperature

Precipitation

Visibility/fog

Wave height

Wind speed and direction

Current

Wind Chill index

Ice extent {10% conc.)

NSIDC/NIC

Canadian ice service

AARI in Russia

DMI ice service

0Sl SAF

Uni Bremen

Ice concentration

Ice thickness

Ice type

Ice berg

Floe size

Emergency services ESRI Data

SAR SAR resources and capacities
OIL Oil pollution prevention resources and capacity
ONS Onshore facilities/assets
POP Onshore population
POR Airport and harbour location and facilities

COM
PIL

Ship characteristics
Ships's ice class

Vesselfinder

Equasis

GISIS

IHS Maritime/Seaweb

Lloyd's List Intelligence

Ship's age

Ship's propulsion

Ship's damage stability

Number of icebreakers and support vessels

Ship's life saving equipment

Geo boundaries
Bathymetry data coverage and quality (shape files)

WWF Terrestrial

NOAA

Kartverket (Norway)

Topography data and quality

Coastline data (shape files)

Aids to navigation and communication
Aids to navigation coverage and quality

Communication coverage and quality

Mandatory pilotage areas

Precaution areas and areas to be avoided

DNV:-GL



Probability of accidents:

- Grounding

- Ship-ship collision

Topside icing

Type

Low temperature

Arctic risk influencing factors

Extended periods of
darkness or daylight

High latitude

Potential lack of ship

Remoteness crew experience in

polar operations
Possible lack of accurate and complete Potential for human error
hydrographic data and information, reduced
availability of navigational aids and seamarks with
increased potential for groundings compounded by
remoteness, limited readily deployable SAR
facilities, delays in emergency response and limited
communications capability, with the potential to
affect incident response.

Potential lack of suitable
emergency response equipment

With the potential for limiting the effectiveness
of mitigation measures.

Rapidly changing and
severe weather

conditions
Potential for escalation of
incidents.

- Over-confidence in data
quality and charts

'~ Lack of arctic experience
- Lack of mandatory
pilotage in some areas

- Uncertain bathymetry (depth) data
- Insufficient or wrong charts
- Missing or insufficient AtoN
- Isolation and remoteness may cause

psyc| al reactions, hence affect human

performance.

- Challening local conditions,
small scale atmospheric
phenomena, such as; polar
lows.

- Sparse weather stations.

- Weather forecasts
generally more uncertain.

- Snow may hinder visibility
significantly, also in daylight.

- Critical equipment icing (e.g.
antennas, radar).

Risk influence

- Critical equipment icing (e.g.
antennas, radar) and freezing of
fluid-containing systems.

- Mental alertness is reduced
due to cold-related discomfort.

- Continued
darkness/daylight (may
interrupt sleep patterns,
hence human performance)

May affect hull structure, stability |Potential reduction of stability and  |Affects the working environment May affect navigation and As it affects navigation systems,
characteristics, machinery systems, |equipment functionality and human performance, human performance; communication systems and the
E navigation, the outdoor working maintenance and emergency quality of ice imagery information.
E_ environment, maintenance and preparedness tasks, material
§ emergency preparedness tasks and properties and equipment
g malfunction of safety equipment efficiency, survival time and
and systems. performance of safety equipment
and systems.
- May cause machinery to seize |- Deviating from planned route - Deviating from planned route |- Continued - Lack of AIS coverage, coast radio
up, vessel drifting withiceand  |due to due icing. due to low temp. darkness/daylight (may /VHE (failure to communicate)
o results in e.g. grounding. - Critical equipment icing (e.g. - Critical equipment icing (e.g. interrupt sleep patterns, - Reduced satellite coverage
§ - Operating with less margins (to |antennas, radar). antennas, radar) and freezing of [hence human performance)
= avoid ice and icebergs). fluid-containing systems.
-E - Deviating from planned route - Mental alertness is reduced
'E due to avoid ice and icebergs. due to cold-related discomfort.
- Follow old channel in ice.
- AtoN moved or not possible to
see due to ice.
Q
@ &
a

- Lack of AlS coverage, coast radio
/VHF (failure to communicate)
- Reduced satellite coverage

- Over-confidence in data
quality and charts

'~ Lack of arctic experience
- Lack of mandatory
pilotage in some areas

- Isolation and remoteness may cause
psychological reactions, hence affect human
performance.

- Fog

- Challening local conditions,
small scale atmospheric
phenomena, such as; polar
lows.

- Sparse weather stations.

- Weather forecasts
generally more uncertain.

Best
practic
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Probability of accidents:
- Ship-ice collision/contact

- Foundering

Ip - ICE CO

Sh

Foundering,

flooding,
Best | Riskinfluance

Topside icing

FoLential reduction ol stsbility and
eguiprnent lunctionality

Pl allecl hwll sLiuclure, stability
tharscteristics, machinery syslems,
navigaticon, the outdoor working
rnuironmant, maintenance and
rmcTgeny priparedness tasks and
malunction of safeby equipment
and systems.

Description

- Critical equiprment iging (e.p
antennas, radar).

@
o
c
@

=

£

e

=
=

aIFC! CITIFraan

Low temperature

AllecLe the weor king erivitom el
and hiurnan perlonrance,
maintenance amnd amangency
preparedness tasks, mataris
nroperties and squlprent
efficiency, surdval Hme and
perfarmance af safety equipment
and sysiems.

- Lritical eguipment icing (2.8
antennas, radar)
KMantal akriness is reduoed

due to cold-related discomfort.

- Imploding of tanks, water
intake on smaller ships

Arctic risk influencing factors

Extended periods of
darkness ar daylight

Py wllecl navipativen gnd
human perlonmanc;

- May hineer visual
identfication of e and jce
e (in dar knrss)

- Continued

darknass daylight {may
intermpt slesp pattarns,
henca human performance)

High latitude

Sus L allsols navipalion sysleens,
cernrnunicalion sysierms and the
quality of ice Enagery information

teduced satellite coverage might

it charts, Thus the vessal might
enter areas of heavier ice than
planned.

Bmit access to ug o date jce data /

Potentlal lack of ship

Remotenass Crew eXperignce in
pelar operations
Possille lack ol sconale amd cormplels Potential For uman errm

hpdrepraphic data and infarmaticn, reduced
availability of navigational aids and seamarks with
increasad potential for grandings com pamdend by
remntenes, Brited readily deployable 508
facllitles, delays In emergency response and limited
cammunications capability, with the patential 1o

afect inddent response.

- Uver-confidence in data
guahty and forecasts

- Lack of arctic axperionce
- Lack of mandatory
pilotage if SO aneas

- Lack of or insufficient ice forecasts [seeice
coloure)

- Lack of arctic experience

Rapldly changlng and

Potential lack of sultable
savere weather

Ermergency response equipment e
conditions

Wil the poleniLial lon Tl Lhe el leclmeress | Pulsnlisl o sscaksion ol

al Fnitipaticn measures, incidents.

_

_ _

Severe weather may cause
chips to flood (take in
wallea ), list, el

A
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Probability of accidents:

- Fire/explosion
- Stuck in ice

Fire and explosion

In ice

Stuck

Topside icing

Type

May affect hull structure, stability
characteristics, machinery systems,
navigation, the outdoor working
environment, maintenance and
emergency preparedness tasks and

equipment functionality

Description

malfunction of safety equipment
and systems.

Potential reduction of stability and

Low temperature

Affects the working environment
and human performance,
maintenance and emergency
preparedness tasks, material
properties and equipment
efficiency, survival time and
performance of safety equipment
and systems.

Arctic risk influencing factors

Extended periods of

darkness or daylight Hlchiattude

As it affects navigation systems,
communication systems and the
quality of ice imagery information.

May affect navigation and
human performance;

Remoteness

Possible lack of accurate and complete
hydrographic data and information, reduced
availability of navigational aids and seamarks with
increased potential for groundings compounded by
remoteness, limited readily deployable SAR
facilities, delays in emergency response and limited
communications capability, with the potential to
affect incident response.

Potential lack of ship
crew experience in

polar operations
Potential for human error

Rapidly changing and

Potential lack of suitable
severe weather

emergency response equipment .

conditions
Potential for escalation of
incidents.

With the potential for limiting the
effectiveness of mitigation measures.

- Not direct cause to fire; but
might hinder access to fire
fighting equipment

- Icing in equipment if the fire
fighting equipment are not

- Operating machinery to max
due t (fishing vessels etc.)

- More fire hazards (more
heaters, electrical heater

equipment, etc.)

Risk influence

properly protected.

- Critical equipment icing (e.g.
antennas, radar).

- Ships get stuck in ice when
they of
concentrations of sea ice.

rate in higher

- Once stuck compression in ice
field might cause huge loading
on ship sides and eventually
structural damage. This might
lead to breach in the hull and

Risk influence

flooding. | ressure might
cause severe list to the vessel.
- Ship might drift aground with

ice once stuck.

- Critical equipment icing (e.g.
antennas, radar)
- Mental alertness is reduced

due to cold-related discomfort.

Reduced satellite coverage might
limit access to up to date ice data /
ice charts. Thus the vessel might
enter areas of heavier ice than

- May hinder visual
identification of ice and ice
type (in darkness)

- Continued
darkness/daylight (may
interrupt sleep patterns,
hence human performance)

planned.

- Lack of or insufficient ice forecasts (see ice
coloumn)

- Over-confidence in data
quality and forecasts

'~ Lack of arctic experience
- Lack of mandatory
pilotage in some areas

Severe weather may cause
the ice field to move leading
to ship drift to ground
and/or cause pressure in
ice field that might
endanger the hull
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Consequences of accidents:
- Loss of life
- Marine pollution

Arctic risk influencing factors
. Potential lack of shi . ) Rapidly changing and
S .. Extended periods of ) ) i i + Potential lack of suitable Ly B
= Ice Topside icing Low temperature i High latitude Remoteness crew experience in . severe weather
= darkness or daylight i emergency response equipment "
polar operations conditions
May affect hull structure, stability Potential reduction of stability and | Affects the working environment May affect navigation and As it affects navigation systems, Possible lack of accurate and complete Potential for human error With the potential for limiting the effectiveness | Potential for escalation of
characteristics, machinery systems, [equipment functionality and human performance, human performance; communication systems and the hydrographic data and information, reduced of mitigation measures. incidents.
o navigation, the outdoor working maintenance and emergency quality of ice imagery information. availability of navigational aids and seamarks wit
5 igati h d ki i d lity of ice i inf i ilability of igational aid! d ks with
B |environment, maintenance and preparedness tasks, material increased potential for groundings compounded by
E emergency preparedness tasks and properties and equipment remoteness, limited readily deployable SAR
g malfunction of safety equipment efficiency, survival time and facilities, delays in emergency response and limited
and systems. performance of safety equipment communications capability, with the potential to
and systems. affect incident response.
- lce may hinder evacuation, - Immediate exposure to cold - May be extreme cold - Challenging SAR operations |- Lack of communication systems, [EEE(I SAR resources/capabilities, - Lack of arctic experience |- Number of lifesaving equipment in Potential for escalation of
damage lifesaving equipment, environment, challenging rescue Ryl = eI in darkness. electronic communications emergency preparedness relatation to number of persons onboard, |accident
lifeboats and limit rescue and evacuation operations - Survivability in liferafts, challenges - Geographic remoteness; longer time to reach e.g. extra capacity.
availability. - Limit acces to life saving lifeboats and freezing waters is - Low bandwith accident location.
o . . L. . . . -
5 - However, ice floes may also equipment, icing/freezing of e - Challenging to establish Common BRI EE (i3 Tals Rer:Tor: o] 1a R Te N g ETa F: ol
2 E provide ground for embarked equipment. - Higher likelihood of Operating Picture (COP) accidents (e.g. m treatment) may be
= = persons (to avoid freezing '- May cause slip, trip and falls. hypothermia. distant or unavailable
e . . - . . o . .
[=] ﬁ waters). - Ice on lifeboats may also hinder BRG]l AT eETERGER T El! - Ships nearby that may assist in emergency
a e - Ship data: Ice strenghtened rescue from heli. performance of complex (AIS data). There might be significantly less
3 ships, ticker hull plates emergency and abondon ship ship traffic in remote areas in polar waters
tasks. than what is common lower latitudes so the
closest ves ssist i can far away.
[
w2
i3]
= 8
o
-Escalation, larger hull size Working environment and access |- Low temp; may bee positive - Challenging oil spill - Lack of communication systems, [Eele[fef=la =Ty Il g=f=T TaTMeTg=To B gclo [yI13 - Lack of arctic experience |- Capacity of oil spill preparedness onboard |Potential for escalation of
[ g - Access to damaged parts due to effect on oil outflow of heavy response operations in electronic communications - Geographic remoteness; longer time to reach accident
2 5 ice fuel (due to viscosity) darkness. challenges accident location.
g % - Ship data: Ice strenghtened - Access to damaged parts - Low bandwith - Infrastructure and capability to manage
g_ % ships, ticker hull plates - Challenging to establish Common  Elells RNy EVR TR STl del g EWET L] [
o = Qperating Picture (COP)
f=
=
1]
z FE
@ B
a
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Status and plans for 2019
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Activities 2019 (Draft)

3. Guideline and
toolbox
implementation

2. Implementation
of Arctic Risk
Influencing Factors

4. Roll-out/
dissemination

1. Digital solution

J

Establish governance Implementation of Arctic Produce/implement Engagement
« Owner/publisher Risk Influencing Factors guideline and toolbox « Publishing material
« Facilitation/operation « Guideline — glossy paper
« Updates and « Develop how ARIF should version « Webinars/WS
maintenance be implemented in
analysis « Guideline and toolbox - « Conference paper
Establish digital platform digital version
« Back-end solution * Perform WS to get » Evaluation and feedback
(Servers, databases) feedback on ARIF and
* Front-end solution digital solution « Summary report (2019)

(Graphical user interface,
functionality)
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Timeline and milestones (Draft)

2019

Q2 Q3 Q4
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des

Task 1. Digital solution _

+ Ownership/gouvernance
« Establish digital platform

Task 2. Implementation of Arctic Risk Influencing Factors _

+ Methodology development
* Workshop (guideline, methodology and toolbox)

Task 3. Guideline and toolbox implementation
» Guideline and toolbox - digital version

+ Guideline - glossy paper version

Task 4. Roll-out/ dissemination _

* Publishing material

+ Webinar?

- Conference paper

- Evaluation and feedback
» Summary report (2019)

Work scope - Description
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The guideline (Draft)

1. Web-based version with toolbox 2. Paper version

[ >Eme .r’l 'Janil.m,

Arctic Risk Assessment Toolbox

E Estabishiog E Tk E e Risk E R
zowaxt Idzrtfcatiae Risk Anatyiz avsius traatmen:

’!* GUIDELINE
for

Marine risk
assessments in the
Arctic

EPPR 2017-201% Werk Plan Snapshot

l ARCTIC COUNCIL

29 DNV GL® 22 November 2018 DNV-GL



Contact persons

— For questions about the project please contact:
o Trine Beate Solevagseide: trine.solevaagseide@kystverket.no

o Patti Bruns, EPPR Executive Secretary: patti@arctic-council.org

o Hans Petter Dahlslett, Project Manager, DNV GL: hans.petter.dahlslett@dnvgl.com
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Oil Spill Response Viability Analysis - links to sNEBA?
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Circumpolar Oil Spill Response Viability Analysis

= The purpose of the circumpolar Arctic response viability
analysis is to better understand the potential for different
oil spill response systems to operate in the Arctic marine
environment.

= The analysis estimates how often different type of oil spill
systems could be deployed in the Arctic based on defined
operational limits and compares these to a hindcast of
metocean data.

= The approach may be applicable with sNEBA

CIRCUMPOLAR OIL SPILL
RESPONSE VIABILITY ANALYSIS

TECHNICAL REPORT
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Effects of Arctic metocean conditions on Oil Spill Response

Wind

Sea state = Effects on
Sea ice A operational
Air temperature = platforms
Wind chill
Structural icing

Light conditions Effects on

Horizontal visibility T S i S responders

Vertical visibility

e L4 ~
- v TR -— >
-, L™ X s

Photo: Norwegian Coastal Administration L Effects on

response systems
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Web-based tool

L1 ¢ T S DNV-GL
A study of oil spill response viability in Norwegian waters

The oil spill response viability analysis for Norwegian marine waters is a quantitative assessment of how
often, statistically, defined oil spill response systems can operate successfully in Norwegian marine waters based on
historical data for wind, waves, visibility, temperatures and sea ice. The analysis indicates the seasonal and
geographical viability of each of the defined spill response methods and systems in relation to weather and sea states.
The analysis identifies how each defined system is influenced by weather and sea states, and which factors are
limiting. New users are encouraged to read about the analysis and user manual before accessing the web based
planning tool.

Access planning tool >>
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Oil Spill Response Viability

== Intranet Home X o= Oil Spill Response Viability Analy X = -+

<« CcC O & DNV GLAS[NO] | https//maps.dnvgl.com/nosiva/map.htmiZlocale=en# aQ W o= '

355 Apps ‘ Teamcenter - Home  gme DNVGL Time & Expe il Power Bt % DNV GL- myCWT

A prim v Layers v % Messurs 1L Bookmarks v|
— -y

Notwegian maritime
boundaries
Baselre

-—
Norwegian Nantime Management
#an areas
-

Favorable conditions (% of
time)

W oo
B co-s0n
B w-co%
B 20-40%

[ ]o-20%
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About the analysis | User manual

North Sez

Barents Sez

Norwegizn Sea

IMO Polar Code Region : 3
Barents Sea

waw Draw polygon

Latitude

Norwegian Sea

Longitude
June

Techniques ranked by operability (%)
Dispersants: Fixed-wing aircraft application
Dispersants: Vessel application
Mechanical recovery: Single vessel with outriggers - winterized
* Mechanical recovery: Two vessels with ocean boom
Mechanical recovery: High-speed containment, decanting and
recovery system

Dispersants: Helicopter application
In-situ burning: Helicopter with herder containment
Mechanical recovery: Containment boom




7-1

Quest
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Thank you for your attention

Hans Petter Dahlslett

hans.petter.dahlslett@dnvgl.com
+47 95 18 66 43

www.dnvgl.com

SAFER, SMARTER, GREENER
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SNEBA TOOLS

STEPS:

1) BASIC DATA AND INFORMATION

2 ) ASSESSMENT

Susse Wegeberg, Janne Fritt-Rasmussen, Kim Gustavson

AARHUS
UNIVERSITY

3




« Basic data and information

SNEBA ~

« Assessment

steps: )

- Scores for the SNEBA

- Analysis through decisions trees

- Interpretation and dissemination of SNEBA
5 results

/ AARHUS
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DEFINITION OF ASSESSMENT AREA

The area/region may possess natural limits, like in
cases with enclosed sea water basins.

Furthermore, if the area in question is defined in
other respects, e.qg., within, Arctic Council, Particular
Sensitive Sea Area (PSSA)

Examples of areas / regions suitable for SNEBAs:

» Enclosed sea basins; fjords, gulfs, inlets, (e.q.
White Seq, Black Seq, The Aegean Seq, The
Persian Gulf, Gulf of Finland)

» Regions of particular concern (e.q. Polar Seq, the
Seas around Antarctica)

» Areas in risk of cross border pollution (e.g. Barents
Seq, Baffin Bay/Davis Strait, Bay of Biscay, Baltic
Seaq).

/ AARHUS
N UNIVERSITY




DEFINITION OF OIL SPILL SCENARIOS

The following basic parameter must be set for the
scenarios:

Oil spill sites (locality, sea surface vs. seabed)
Oil type (light/heavy crude oil, bunker oil, diesel oil etc.)
Size of oil spill (rate volume per time, duration)

Day and time of year (different seasons; to meet
differences in temperature (degradation, evaporation)
and potential ice cover

Weather conditions
Number of scenarios
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N UNIVERSITY




EVALUATION OF DISTRIBUTION, DISPERSION AND FATE
OF THE OIL SPILL IN THE ASSESSMENT AREA

Aim of the oil spill scenarios is to understand Assessment area / region
the potential distribution, dispersion and fate
of the spilled oll.

It is recommended to use hydrodynamic
models including met-ocean data and

algorithms for weathering of the oil. 2 2
Distribution and fate of specific oil spillis  Distribution and fate of specific oil spill is
estimated based on: simulated using hydrodynamic modelling

e dominant wind direction and sea current

In cases where oil spill is less likely, and ominaf _, _
e 0il specific solubility, evaporation etc.

senS|t|y|ty/vuIn§rob|I|ty OT the e worst case calculations of total oil volume
organisms/environment in the assessment - form slick on sea surface

. . . - dlsperse into seawater
area is low, hydrodynamic modelling may be - reach seabed

reach shoreline

substituted by more simple estimations.
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Seatrack Web

The Seatrack Web (STW) is the official oo

HELCOM model used for calculating the

drift/dispersion/fate of oil spills in the sea. It is 1 ; Z
available online for national authorities and _

certain research organizations. ®

The model uses forecasted met-oceanic data L
to simulate drift/dispersion/fate of in three .
dimensions in the sea.

Seatrack Web has been implemented for the ey s e e T G |
Baltic Seq, parts of the North Sea and coastal el il | b e
waters around Greenland. - i Ea
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SeaTrack Web

A number of different oils are handled by the
model, from gasoline to asphalt.

Choose between:
» Qil classes (light oil, medium oil or heavy oil)

= Specific oil types e

The Seatrack Web model includes state-of- : °
the-art oil weathering algorithms for E p——
calculating evaporation, emulsification, ouname 1 "] | o omes

ruel NO BLS U
IF 180-LS Esso (SINTEF) 24 hours
0 Esso (SINTEF)

density and viscosity of these oils over time. SEE

Total amount/rate:
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Sealrack Web - results

Marine diesel

<o Westher o septembe D1 le s X (Y fewsts x %

Heavy fuel oil IFO180
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Sealrack Web - results

Estimated amount of marine diesel, HFO and Crude oil dissolve/dispersed in seawater, on seabed, on

shoreline and sea surface 3 days after an untreated oil spill of 1000 m?.

Oil in m3 Sea surface Seawater Seabed Shoreline Total Volume
Marine Diesel 5 526 30 0 810
HFO (IFO-180) 1240 65 175 2020 3500
Crude oil (Statfjord) 350 14 126 504 1400
Fate of the oil in percent obtained from Seatrack Web.
oilin % Sea surface | Seawater | Seabed | Shoreline | Evaporated (I;Iii':::gri:‘::l ::,Zi:zrnt
Marine Diesel 1 65 4 0 31 0
HFO (IFO-180) 28 2 5 62 3 80
Crude oil
(Statfjord) 25 1 9 36 40 75




Data from other oil spill model
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THC No response 10 m/s . THC chemical dispersant 10 m/s
After 2 hours After 2 hours
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IDENTIFICATION OF SPECIES / ORGANISM GROUPS OF CONCERN IN THE
ASSESSMENT AREA .

,,,,,,,,,,,,,
4 AboutIMO Media Centre Publications  Knowledge Centre
English / Our Work / Marine Environment / Particularly Sensitive Sea Areas
aritime S

Particularly Sensitive Sea Areas

Species that are considered sensitive/vulnerable or as
Valued Ecosystem Components in other analyses (e.g., in
national oil spill sensitivity atlases, strateqic
environmental impact assessments, Particular Sensitive
Sea Areas (PSSAs), Marine Protected Areas (MPAs)

EASTERN BAFFIN BAY

A strategic environmental impact assessment of hydrocarbon activities

Scientific Report from Danish Centre for Environment and Energy  No. 9 2011

AARHUS
/ NP UNIVERSITY «,33 ;
ENVIRONMENTAL OIL SPILL SENSITIVITY ATLAS
FOR THE WEST GREENLAND (68°-72° N)

COASTAL ZONE, 2"° REVISED EDITION

Scientific Report from DCE - Danish Centre for Environment and Energy No. 44 2012
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IDENTIFICATION OF SPECIES / ORGANISM GROUPS OF CONCERN IN THE
ASSESSMENT AREA

Species considered sensitive to oil spill with regard to:

Sea surface (e.q., seabirds) b = \
«  Pelagic species/organism groups (fish eqgg/fry, 'J ) “
copepods)
» Seabed (e.g., marine sponges, corals, benthic
communities, seagrass beds)

= Coast (Tidal communities, colonial seabirds)

Some of the bird populations which utilize the
assessment area are particularly important and
vulnerable (VECs): these include the king eiders
moulting in the late summer and autumn.

/ AARHUS
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IDENTIFICATION OF SPECIES / ORGANISM GROUPS OF CONCERN IN
THE ASSESSMENT AREA

Species or organism groups where oil spill may
have an impact on the population that reach
out of the selected area

= Species or organism groups where oil spill
impact on the species or population may
affect the ecosystem through the so called
cascade effects

Species where recovery may be expected to
be long-term (> xx year)

Commercial species

The species / organism groups are selected for
each season, as the presence of the species of
concern may vary throughout the year.

/ AARHUS
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ECOTOXICOLOGICAL DATA

Toxicity of dissolved, natural or chemical dispersed oil in seawater

comericny | s Coern
Algae 10 2
Crustaceans 23 0.7

Mussels 28 15

Fish 12 >

High-Arctic copepods Calanus Hyperboreus (Upper)
Calanus Glacialis (Miderst) and Calanus Finmarchicus

/ AARHUS
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ECOTOXICOLOGICAL DATA

Effect of oil sheen/slick on sea surface on seabird feathers

Oil sheen/slick thicknesses for

Oil sheen/slick thicknesses for

damage /change in feather uptake of seawater of feathers Reference
microstructure (um) (um)
Seabird 01 3 Morandin &
feathers ’ o’Hare (2014)

/v

Microstructures are clearly influenced by oil
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CALCULATIONS OF POLLUTION OF SEA SURFACE, SEAWATER,
SEABED, AND SHORELINE

Based on worst case results from the SeaTrack Web modeling

Oil in m? Sea surface Seawater Seabed Shoreline Total Volume

Marine Diesel 5 526 30 0 810
HFO (IFO-180) 1240 65 175 2020 3500
Crude oil (Statfjord) 350 14 126 504 1400




CALCULATIONS OF POLLUTION OF SEA SURFACE

. Least oil slick thickness that
Oil on sea Area sea surface

surface (m3) damzfreuz;j:o;r(du::;\ther polluted (km?)

Marine Diesel 5 0.1 0.486
HFO (IFO-180) 1240 0.1 124
Crude oil (Statfjord) 350 0.1 35

It is assumed that 1/10 of the oil volume will cover 90% of the oil slick area at the sea surface and that the
least oil slick thickness that damage seabird feather structure is 0.1 um oil slick thickness.



CALCULATIONS OF POLLUTION OF SEAWATER

Disolved or Lowest ECso or | Seawater volume St.ela area with .potegtlal
natural NEC for aquatic | potentially polluted at a of concentraleon above
dispersed oil in | organisms toxic level (m3) from levels f?r toxic effects
seawater (m3) (mg/l) natural dispersion tol5m s-deptl? from
natural dispersion
Marine Diesel 526 0.7 750986 25033
HFO (IFO-180) 65 0.7 92857 3095
Crude oil (Statfjord) 14 0.7 20000 667

Chemically
dispersed oil in

Lowest ECso or
NEC for aquatic

Seawater volume
potentially polluted at

Sea area with potential
oil concentration above
levels for toxic effects

- . 3
seawater (m?3) organisms a tomF Ieve-l (m )-from to 15 m depth from
(mg/1) chemical dispersion . - .
chemical dispersion
Marine Diesel 1000 0.7 750986 25033
HFO (IFO-180) 1000 0.7 92857 3095
Crude oil (Statfjord) 1000 0.7 20000 667




CALCULATIONS OF POLLUTION OF SEABED

Oil on seabed (m?3)

Seabed area potentially
affected (m?)

Seabed area potentially
affected (km?)

Marine Diesel

1 1000 0.00
HFO (IFO-180) 175 175000 0.18
Crude oil (Statfjord) 126 126000 0.13

In the calculations is assumed that the sea floor is polluted with 1 litre of oil per square meter seabed,
corresponding to deposition of Tmm oil on the seabed.




CALCULATIONS OF POLLUTION OF SHORELINE

Oil Shoreline (m3)

Shoreline polluted (m)

Shoreline polluted (km)

Marine Diesel 0 0 0
HFO (IFO-180) 2020 2020000 2020
Crude oil (Statfjord) 504 504000 504

For the calculation of shoreline polluted, it is assumed that it is polluted with 1 litre of oil per square meter

shoreline




e Basic data and information

SNEBA
steps:

e Assessment

Scores for the SNEBA

Analysis through decisions trees

e Interpretation and dissemination of SNEBA results
J




/ AARHUS
P UNIVERSITY




/v

STRATEGIC NET ENVIRONMENTAL BENEFIT ANALYSIS (SNEBA)

SCORES FOR THE SNEBA

Susse Wegeberg, Janne Fritt-Rasmussen, Kim Gustavson

22 November 2018
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SNEBA ~
steps: )

- Scores for the SNEBA

AARHUS
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3) SCORES FOR SNEBA

= Net Environmental Benefit (NEB)
= Soot Pollution (SP)
»  Damage Reduction (DaR)

= Relative Pollution of Sea Surface (fSSP), SeaWater (fSWP), SeaBed (fSBP) and ShoreLine
(fSLP)

Idea behind, considerations - input from youl!
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3) SCORES FOR SNEBA

Net Environmental Benefit (NEB)

Idea behind, considerations - input from youl!
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NEB -
Net Environmental BENEFIT Score system

NEB is the overall benefit from a response method to the environment
= Calculated for each response method and season
= NEB may be positive, null or negative
= In detail - NEB is the sum of the highest numeric score from each compartment

Mechanical recovery Chemical dispersion

/ AARHUS
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NEB -
Net Environmental BENEFIT Score system

Score for Environmental Benefit - Positive effects (+) / No effects (0) /

Negative effects (-)

Scoring criteria: Score Oil spill _
response . Total species
(pros / COﬂS) pth : Species of Individual Local Global Cascade score (Tss
metho - :
|mpoct on concern population population  effects Ssw, Ssb. 3sl)
- individual level  +/-1 _ Score ! g € e
. Spring Species 1 1 3 6 5 15
= local population  +/-3 Species 2 1 3 4
- global population +/- 6 > Species .. 1 1
_ _ 0 Summer Species 1 1 3 6 10
= species leading to 8 Species 2 ] 3 4
cascade effects +/-5 = Species ... 1 1
.é Autumn Species 1 1 3 4
= Species 2 1 3 4
4} .
g Species ... 1 1
. Species 1 1 1
/ N UNIVERSITY Species 2 1 1
Species ... 1 1




_ Environmental pros and cons from Net Environmental Benefit from
response method response method
il il iies peinss Season 2ss  Xsw  Xsb sl Total score (NEB)
method

NEB -

Net Env Spring 5 5 5 5 15
Summer 0 0 0 5 5
Mechanical recovery
Autumn 0 0 0 5 5
Winter 0 0 0 5 5
Spring 0 -5 0 5 0
Summer 0 -5 0 5 0
Dispersion
Autumn 0 -5 0 5 0
Winter 0 -5 0 5 0
Spring 0 0 0 5 5
Summer 0 0 0 5 5
Autumn 0 0 0 5 5
Winter 0 0 0 5 5
Spring 0 0 -5 -5 -10
Summer 0 0 -5 -5
Do nothing
! Autumn 0 0 -5 -5
Winter 0 0 -5 -5




3) SCORES FOR SNEBA

= Soot Pollution (SP)

Idea behind, considerations - input from youl!
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SP

SOOT POLLUTION SCORE system

= Related to In Situ Burning

= By combustion oil is converted to CO,, water
vapour, soot, CO, and other products

/v

Risk of health (inhabitants / animal
congregations)

Deposition of soot particles on ice (potential
reduced albedo)

AARHUS
UNIVERSITY




SP
SOOT POLLUTION SCORE system

Distance to inhabitation or sensitive
organisms on land (km)’

Prevailing wind direction towards
inhabitation or animal No Yes

congregations’

Ice; red. albedo effect (% cover)3 0-30 30-70 >70

/ AARHUS
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3) SCORES FOR SNEBA

Damage Reduction (DaR)

Idea behind, considerations - input from youl!
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DaR
Damage Reduction

» Damage Reduction (DaR) = NEB x Efficiency (%)

Measure of how the expected efficiency of mechanical recovery
affect the NEB for each season.

Default efficiency value of 10 % - could be varied for a specific
case or if new methods are developed

/ AARHUS
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3) SCORES FOR SNEBA

Relative Pollution of Sea Surface (fSSP), SeaWater (fSWP), SeaBed (fSBP) and ShorelLine
(fSLP)

Idea behind, considerations - input from youl!
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SSP
Score for oil Polluted Sea Surface

= fSSP (%) = (SSa / WBssa) x 100

a fraction of sea surface area polluted (SSa) in relation to the entire sea surface area for the
waterbody of the assessment area (WBssa)

Score

Fraction of oil polluted sea o o .
surface area (km?2) fSSP 2-10%
Score [NV 2 4

/ AARHUS
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SWP
Score for oil Polluted SeaWater

- fSWP (%) = (SWv / WBV) x 100

From the value of seawater volume polluted with oil concentration above LC50 or no effect
concentration (NEC) (SWv), and the volume of the waterbody of the assessment area (WBv)

Score

Fraction of oil polluted o o .
SeaWater f§WP 5-10 %
ECHEEEEEE O 2 4
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SBP
Score for oil Polluted SeaBed

= fSBP (%) = (SBa / WBsba) x 100 - (04 MR E

value of seabed area polluted with oil (SBa) and the seabed area of the waterbody of the
assessment area (WBsba)

ECI O 2 4

Score

/ AARHUS
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SLP
Score for oil Polluted ShorelLine

- fSLP (%) = (SLI / WBsII) x 100 i

Fraction of oil polluted o o .
ShoreLine fSLP 2-10 %
ECEEEEEEEE O 2 p

Score

Comparing the data with historical oil spill accidents’ shoreline length impacted

~ 4 km Godafoss: assessed that environmental impacts were insignificant, and no remediation were
initiated.

Server. Environmental impacts were observed; 40 km of shoreline were considered impacted and

remediation were initiated.
Exxon Valdez oil spill, 300 km of shoreline were heavily or moderately impacted. \




3) SCORES FOR SNEBA

= Net Environmental Benefit (NEB)
= Soot Pollution (SP)
»  Damage Reduction (DaR)

= Relative Pollution of Sea Surface (fSSP), SeaWater (fSWP), SeaBed (fSBP) and ShoreLine
(fSLP)

Idea behind, considerations - input from youl!
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SNEBA ~
steps: )

- Scores for the SNEBA
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SNEBA
Desicion trees

1) Mechanical recovery

2) Chemical dispersants

3) Insitu burning

4) Do nothing tecroted

oil spill response
actions and
environmental effects

<5

AARHUS =)
/ ¥ universiTy \GRACE




>ss: summed value for sea surface
S>sw: summed value for seawater
>sb: summed value for seabed
>sl: summed value for shoreline

Chemical

Dispersion

Sufficient
mixing energy
Data from
scenario model

Insufficient
mixing energy
Data from
scenario model

I
¥ss =0 and

Ysw<0and
¥sb=0and
Ssl=0

I
¥ss >0 and

¥sw 20 and
¥sb >0and
sl >0

.

¥ss >0 and

Ysw < 0 and

¥sb >0 and
sl >0

lume depth <
ater depth

Vs

Plume depth >
water depth

fSWP: fraction of
SeaWater Pollution




>ss: summed value for sea surface
>sw: summed value for seawater
>sb: summed value for seabed
>sl: summed value for shoreline

In situ burning

(:)]

Soot pollution

SP<6

3ss 2 0and Isw
20and 3sb20 If 3swor 3sb <0
and 3sl=20

NEB >0

NEB<O *

fSSA <2

fSSA=4

Soot Pollution

SP26

Oil spill volume
<400L

Oil spill volume
>400 L

—

Health issues
YES

~——o

NEB: Net _
NEB >0 NEB <0 Environmental Hea't:l‘(';sues
Benefit
l [
[ [ [
(
fSSA <2 fSSA 4 [ NEB >0
|

fSSA: fraction of SeaSurface Area polluted

Yellow

fSSA <2

fSSA=4




yss: summed value for sea surface
>sw: summed value for seawater Mechanical
>sb: summed value for seabed

>sl: summed value for shorelinef

Recovery

| I
¥ss=0and ¥ss>0or

Ysw=0and Ysw >0 or
¥sb=0and Ysw >0 or
Ssl=0 3sl>0
[ I
I | I |
NEB x
fSsP fSSP T DaR: D'flmage DaR > 1.6

Score 0 Score 2-4 DaR <16 Reduction

4 \
fSLP fSLP fSSP fSSP

Score 0 Score 2-4 Score 0 Score 2-4

\_ J
| I
% N fSSP: fraction of
fSLP fsLP SeaSurface Pollution
Yellow ]
Score 0 Score 2-4 fSLP: fraction of

S 4 ShorelLine Pollution

Yellow




>ss: summed value for sea surface
>sw: summed value for seawater
>sb: summed value for seabed
>sl: summed value for shoreline

Do nothing

Volume <40L

2ss<0
¥sl<0

2ss=0
3sl=0
\_
p
Yellow

40 L < Volume

Volume > 400 L

> 400L
o J
|
| |
4 . N 4 .
Evaporation + Evaporation +
Natural Natural
dispersion dispersion
>90 % <90 %
o J .
I
| |
N\ 4 N\
2ss=0 2ss<0
>sl=0 ¥sl<0
J o J

Yellow




SNEBA results

Green
The oil spill response method can be considered an option for oil spill combat in the assessment area for

the specific season in order to obtain an overall environmental benefit from the oil spill response method
operation.

The oil spill response method man be considered an option for oil spill combat in the assessment area for
the specific season, however, expert judgement is needed in the specific oil spill situation and season in
order to obtain an overall environmental benefit from the oil spill response method operation

Red

The oil spill response method cannot be considered an option for oil spill combat in the assessment area

for the specific season in order to obtain an overall environmental benefit from the oil spill response
method operation.

The results should be followed by a narrative:
Yellow: expert judgement
Green and red: to exclude potential too intuitive conclusions



SNEBA (not SIMA)

* SNEBA is a planning tool

* Desktop analysis for environmentally assessing and preparing of oil spill
combating
- Potential
- Strategy
- Capacity building
 SNEBA results form base for a faster and more robust response in case of
oil spill
* Decision-making tool on a scientific basis for, e.g.,:
- National oil spill strategy

- Cross-border and trans-boundary co-operation and agreements. @ -

GRACE
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SNEBA - Operative add-ons

SNEBA workshop
Copenhagen 22 November 2018

Bjorn Forsman

Nelly Forsman

Your Maritime

Solution Partner Horizon 2020
Europe.an. European Union funding
Commission for Researc h & Innova tion




SSPA Sweden AB.

Independent consultant delivering maritime solutions with a
strong focus on sustainability and innovation.

» Over 75 years of experience since starting 1940. - 100 employees, Offices in Gothenburg and Stockholm.
-+ Since 1983 fully owned by the non-profit foundation; « 120 MSEK turnover.
Chalmers University of Technology. - 20% internationally funded research.
+ Testing facilities: - Main clients are yards, designers, ship owners, authorities etc.

—  Towing tank, Maritime Dynamics Laboratory, Cavitation Tunnel and

—  Samsung HI, Hyundai, Stena, Aker Arctic, Trafikverket, EU, IMO, EMSA, etc.
Simulator.

Your Maritime 2
Solution Partner T
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SSPA in GRACE

- WP 1 - Oil spill detection, monitoring, fate and distribution

— D1.10 Oil spill risk assessment methodology for extreme conditions, incl
Arctics

« WP 4 - Combat of oil spill in coastal arctic water - effectiveness
and environmental effects
— D4.5 Qilinice code

- WP 5 - Strategic Net Environmental Benefit Analysis (SNEBA)

— D5.4 Matrix(ces) for operational requirements

— D5.6 Site specific trial application of the developed spill risk assessment
methodology



Add-ons to sNEBA

Matrix Z1: General operational requirements
Matrix Z2: Operational probability

|

Your Maritime
Solution Partner

Assessment sea area / region

Environmental sensitivity

v

Response methods -
pros and cons

Spatial
compartments
Seasons

(MATRIX X2)

v
MATRIX X2-SS: Sea
surface
MATRIX X2-WC:
Water column
MATRIX X2-SB:
Seabed
MATRIX X2-C: Coast

v

Environmental sensitivity

Compiled
(MATRIX X3)

v

v

Oil spill
Model simulations

Distribution

Oil spill specifications

I. Components of Strategic Net Environmental Benefit Analysis

Oil spill risk
assessment

7

Oil spill
Estimates

and fate Distribution and fate

(MATRIX Y1)

7

Ecotox profiles:
. MATRIX Y2-SS: Sea surface
. MATRIX Y2-WC: Water column
. MATRIX Y2-SB: Seabed
. MATRIX Y2-C: Coast

v

Oil spill

Fate and response efficiency

(MATRIX Y3)
¥

(DECISION TOOL)

v

IV. Operational requirements

(MATRIX Z)

1l. Assessment - Strategic Net Environmental Benefit Analysis

Qil-in-ice code




Add-ons to sNEBA

Matrix Z1: General operational requirements
Matrix Z2: Operational probability

|

Your Maritime
Solution Partner

Assessment sea area / region

Environmental sensitivity

v

Response methods -
pros and cons

Spatial
compartments
Seasons

(MATRIX X2)

v
MATRIX X2-SS: Sea
surface
MATRIX X2-WC:
Water column
MATRIX X2-SB:
Seabed
MATRIX X2-C: Coast

v

Environmental sensitivity

Compiled
(MATRIX X3)

v

v

Oil spill
Model simulations

Distribution

Oil spill specifications

I. Components of Strategic Net Environmental Benefit Analysis

Oil spill risk
assessment

7

Oil spill
Estimates

and fate Distribution and fate

(MATRIX Y1)

7

Ecotox profiles:
. MATRIX Y2-SS: Sea surface
. MATRIX Y2-WC: Water column
. MATRIX Y2-SB: Seabed
. MATRIX Y2-C: Coast

v

Oil spill

Fate and response efficiency

(MATRIX Y3)
¥

(DECISION TOOL)

v

IV. Operational requirements

(MATRIX Z)

1l. Assessment - Strategic Net Environmental Benefit Analysis

Qil-in-ice code




GRACE and oil spill risk assessment

Design of adequate integrated oil spill response actions and
identification of environmental effects, needs input on:

— Where?

— How often?

— What type of oil?

— and how large oil spills may be excepted?

-> Spill risk assessment will provide answers

;
9
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Formal Safety Assessment (FSA) methodology

IMO’s proactive process to be used as a tool
in the rulemaking process

The FSA preferably addresses a specific
category of ships or navigational area but
may also be applied to specific maritime
safety or pollution prevention issue to

identify cost effective risk reduction options.

In line wit the ISO 31 000 standard.

Your Maritime
Solution Partner

Formal Safety Assessment

Definition of system subject to risk

Establishing the context, study basis

Hazard identification (Hazid

Possible accidents scenarios

A

Risk assessment

R e ey Consequence analysis
analysis

Risk control options

. Consequence reducin
Preventive measures 1sequ g
mitigating measures

A 4

Cost-benefit assessment

Risk evaluation, acceptance criteria, regulations,
policies

Results and recommendation

@ﬂ

CRACE



FSA structure applied for oil spill risk assessment

¢ Definition of study basis
Geographical area and review of previous studies

e Hazid
Identification of oil spill scenarios

o Traffic analysis to quantify probability |
Traffic statistics combined with probability for failure, grounding, collision etc. )
» Traffic analysis to quantify consequences
Quantification of potential spills
N

e Risk evaluation
Risk matrix combines probability and consequences — identification of worst credible scenario )

\

¢ Risk control measures
Preventive measure and determination of needs for response capacity based on sNEBA output

Your Maritime 8
Solution Partner T

CRACE
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Hazid - Potential spill scenarios

NYelil

scenarios

Sailing

f T 1 f 1
Exploration Production Syb-s.ea Loading/unloading TSR 2 Bunkering
pipeline tankers
_ _ _

=l Grounding

f— Collision

Your Maritime 9
Solution Partner T



AlS-analysis

- Statistics passage lines

Input for calculation of
» spill probability and
- Sailed distances inice potential consequences

- Sailed distances in the area

- Total operational time

\‘\‘:\
‘Al

— ankers BD-89




Input for quantification of ice influence and accident
probability

The Arctic risk map

Send link | Print map | Data sources
Sol ! . ' drivers
Location 1 s N ovem ber Environment
Meteoralogy - ' Safety
Ocean Data

=] Safety Risk Index

Biology and Wildlife [E] Safety and Operability Index

Search and Rescue M cxtreme Arctic Conditions
Geographical
Activity
=] 0il and Gas
[] I announced blocks (23'rd
Licence status

Severe Arctic Conditions

I cerchmark Level/Norwegian Sez
Discoveries

0il and gas by assessmen
[=] Arctic shipping 2012 The Safety and Operability

= : Sk 3 Index (SOI) is developed from
Vessel Size Categories 3 \/ N 8 i the data in the Arctic Risk Map.
Vessel Types z =0 i '
p 5 B — % . 7

The S0I is based on risk
1 0il tankers

. £ > influencing factors such as sea
2 Chemical and produt ; S ’ I AP M k2
3 Gas tankers i, NP o !

distance from SAR resources etc,
and gives an aggregated score

ice, visibility, temperature,
4 Bulk carriers A / Wy . : for each Arctic region for factors

5 General cargo that are identified to affect safety
6 Container vessels 3 \ - and operability in these regions,
TR y ) o and also compared with a

o Ro vessels . \

benchmark. The benchmark is
chosen to be operations in the
Norwegian Sea.

8 Reefers
9 Passenger
10 Offshore supply ves
11 Other offshore vess 4 e p "

. icaland Helicopter Rescue Range
12 Other activities 4

13 Fishing vessels

Calculate Clear
[ ] [#1 1ce class / Ice breakers
[ ]1#] Fuel type
N Faros Izglands
1- 16 000 000
e e e el
0 200 400km
4 »
| | | | | | [ | | | L |40 0>
—January February  March April May June July August September October Movember December— ——
Your Maritime 11

Solution Partner
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Method for risk quantification

1
AlS STATISTICS

ACCIDENT PROBABILITY ACCIDENT CONSEQUENCES

* Identify traffic pattern e Spill quantities

* |dentify grounding and i ) __
collision candidates Spill qualities

CAUSATION FACTORS BUNKER/CARGO SPILL
Grounding and collision CALCULATOR
iz Per ship type, ship size

ARCTIC DELTA FACTORS EMPERIC DATA REGRESSION

Your Maritime 12
Solution Partner =]



Identification of worst creadible scenario

_ _ Spill volume
1. Large spill of crude oil from

grounded tanker

2. Large spill of bunker fuel from
grounded vessel

Collision and spill of crude oil
Collision and spill of bunker fuel
Spill from s-t-s cargo transfer

o n ok~ w

Spill from s-t-s bunker

Scenario 2 - Input for sSNEBA

Probability

Your Maritime 13
Solution Partner

GRACE



Oil in Ice Code

Background

A designated oil in ice code is needed, in order to facilitate communication,
planning and efficient operations.

Aim
- A tool for facilitation of efficient communication between all professionals
and stakeholders involved in oil spill issues related to sea ice.

- This group includes; planners and responders as well as researchers and
environmental scientists evaluating potential consequences of oil spills
and environmental risks associated with exploration of oil and gas in
Arctic areas and increased shipping activities in ice-covered waters.

- The oil in ice code shall be simple and be based on established
terminology.

CRACE



Ice and oil properties and their influence on oil spill

behavior in icy water

Characteristic environmental conditions Characteristic physical oil properties
Freezing conditions = Weather conditions Temp dependent Temp defined
Ice type wind velocity density solidification
ice coverage wave height viscosity flammability
air temperature perturbation surface tension distillation data
water temperature  suspended vapour pressure
water salinity sediments

Areal distribution Vertical distribution Weathering effects
drift/advection evaporation natural dispersion
spreading solution emulsification

Fate and behaviour of spilt oil and its weathering processes properties

Long-term degradation
photo oxidation
biodegradation
sedimentation

GRACE




Oil in Ice Code - Selected parameters

The oil in ice code includes the following characteristic ice and oil parameters:
« lce type

- Sea ice concentration
« Temperature

« Ice dynamics

« Oil classification

Your Maritime 16
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Oil in Ice Code -Selected parameters

The oil in ice code includes the following characteristic ice and oil parameters
and classes:

. lcetype I 0 = Ice free

« Seaice concentration 1 = Slush <2cm
« Temperature 2 = Small brash <40 cm
« lce dynamics 3 = Brash <2m

- Qil classification 4 = Floes <6m

5 = Large floes/pack ice 2 6 m

6 = Fast ice

Affects both how the oil interacts with the ice
and what type of vessel and oil spill recovery
equipment that is needed

5524 GRACE



Oil in Ice Code -Selected parameters

The oil in ice code includes the following characteristic ice and oil parameters

and classes:

« lce type

« Sea ice concentration ‘
« Temperature

« lce dynamics

« Qil classification

The sea ice concentration has a
direct impact on drift and
weathering characteristics and thus
the choice of oil recovery method

Your Maritime
Solution Partner

= ice free

1/10 concentration (areal coverage)
2/10

<3/10

4/10

5/10

6/10

7/10

8/10

9/10

10 > 9/10, including ridged pack ice
>10/10
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Oil in Ice Code - Selected parameters

The oil in ice code includes the following characteristic ice and oil parameters
and classes:

« lce type
« Seaice concentration

« Temperature - - Freezing, temperatures below

- Ice dynamics the freezing point of the water
* Oil classification 0 Temperatures around the freezing

point of the water
Essential external factor which

influences all the processes that
changes the oil properties and
behaviour in water and in ice.
Temperature is also important
with respect to ice formation and
development.

+ Melting, no risk of ice formation,
above freezing point
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Oil in Ice Code - Selected parameters

The oil in ice code includes the following characteristic ice and oil parameters
and classes:

Ice type
Sea ice concentration
Temperature

Ice dynamics IEE—

Qil classification

Affected by wind, current and
waves. In addition, localisation and
surrounding geographic affects the
movements. The movements
affects the choice of response
technique.

Your Maritime
Solution Partner

0 - Calm

1 — Moderate ice movements

2 — Severe ice movements

20
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Oil in Ice Code - Selected parameters

The oil in ice code includes the following characteristic ice and oil parameters
and classes:

« lce type

- Sea ice concentration
« Temperature

« lce dynamic

* Oil classification ‘ FE Floater/evaporator

FED Floater/evaporator/dissolver
An important stage in choosing an

appropriate response strategy for F Floater
an oil spill is to predict the
behaviour of the substance spilt at
sea.

FD Floater/dissolver
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Assessment sea area / region

I. Components of Strategic Net Environmental Benefit Analysis

Environmental sensitivity Oil spill specifications

v Vv Vv
Response methods - Oil spill Oil spill
pros and cons Model simulations Estimates

Spatial Distribution and fate Distribution and fate
compartments
Seasons
(MATRIX X2) (MATRIX Y1)

7 v
MATRIX X2-SS: Sea Ecotox profiles:
surface . MATRIX Y2-SS: Sea surface
MATRIX X2-WC: . MATRIX Y2-WC: Water column
Water column . MATRIX Y2-SB: Seabed
MATRIX X2-SB: . MATRIX Y2-C: Coast
Seabed

MATRIX X2-C: Coast

v v
Environmental sensitivity Oil spill
Compiled Fate and response efficiency
(MATRIX X3) (MATRIX Y3)

7

7

1l. Assessment - Strategic Net Environmental Benefit Analysis

A

(DECISION TOOL)

v

IV. Operational requirements

(MATRIX Z)

Your Maritime
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Matrix Z; Operational requirements provides an
add-on to the sNEBA traffic light output; shall we?

Given a specific area and specific design oil spill
(quantity and type), the sNEBA matrices will give
traffic light indications/ranking for each of the 4 oil
spill response methods; mechanical recovery,
dispersion, in-situ burning (ISB) and do nothing.

The knowledge database Z on operational
requirements will provide answers to the
subsequent question; can we?



MATRIX Z1
For each of the 4 OSR methods, MATRIX Z1 defines general operational
requirements in terms of time, weather windows and ice conditions and
identifies needs for specific resource logistics in terms of equipment,
personnel and vehicles. In addition, the operational requirements vary
depending on oil type. Matrix Z1 primarily refers to conditions in spatial

compartments Sea surface 1 and Coast 4

. . Operational window Resource logistics
Oil spill
response Time window Weather Ice conditions Equipment Personnel Transport
method window
Medium Moderate Booms, skimmers, Intense Dedicated vessels
Mechanical 8-72 h 0-9m/s <1/10 storage
recovery
Very short Wide for <5/10 Dispersants, Non intensive Aircraft,
Dispersion 2-8 h alrt_)orn_e spraying equipment boats
application
Short Calm stable 0-8/10 Fire boom, Non intensive Boats
ISB 6-24 h herders,
igniters
Long Only option for 0-10/10 monitoring No urgent needs, Only for
0 - years severe weather but may call for monitoring
intensive beach
Do nothing cleaning




MATRIX 22

The variables defining weather and ice conditions cannot be accurately
specified in absolute figures for a specific area and season, but may rather be
described in terms of probability figures. Therefore, Matrix Z2 is outlined to
calculate the operational probability for each OSR method and each season
for a specific oil spill scenario.

Operational window

Resource logistics

0il specific | Probability | Probability Equipment Personnel Transport i ili
Qil spill fime weather | suitable ice quip P Operatlonal prﬂbﬂblllt}"
response window window conditions
method i i i Eae Pau T,
hours Available | Needed | Available | Needed | Available | Needed _ Egw Fav  Tav
Pww Pic Esv Ene Pay Pre Tev Toe | T(OP) = Pww X Pre X g X X oo
Spring
Mechanical | Summer
recovery Autumn
Winter
Spring
: : Summer
Dispersion
Autumn
Winter
Spring
Summer
ISB
Adrtumn
Winter
Spring
) Summer
Do nothing
Autumn
Winter

ol




Probability of suitable ice conditions

Example on how metocean/ice statistics can be utilised to estimate credible operational window
for spill response operations in ice infested areas and harsh weather conditions

Registered ice concentration at a site Combined with NOAA egg code statistics on ice type, floe size,
off Greenland per week during 9 years thickness + wind from ECMWEF, an ice severity index is defined (1-10).
The operational window for each RT is also defined by the in ice
@ ‘ll | ‘ ‘- severity index. Assessment of statistics graphically defines expected

I‘ | II I- operational season duration at a given probability confidence level.
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