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HORIZON 2020 GRACE PROJECT
INTEGRATED OIL SPILL RESPONSE ACTIONS AND ENVIRONMENTAL EFFECTS

1 Oil spill detection, monitoring, fate 3

Oil impacts on biota using 5
and distribution

biomarkers and ecorisk assessment EOS

Sensors for in situ
oil spill detection

(Harri Kankaanpaa)

Oil spill modeling
(Urmas Raudsepp
et al.)

FerryBox and
SmartBuoy
technologies
(Siim Part et al.)

Remote sensing
data tools
(Tarmo Kouts et
al.)

Effects of oil
contaminants in
Vivo

(Denis Benito)

Effect-based
toolbox for
investigation and
fingerprinting
(Sarah Johann)

Oil toxicity in
mussels, copepods
and zebrafish
(Aino Ahvo)

Environmental
effects and
response actions
(Thomas-Benjamin
Seiler)

Oil biodegradation and
bioremediation

Cold marine
environments

Seawater and ice-
water interface

Responding to oil spills in coastal
arctic waters

Mechanical removal

Burning oil on ice

I. Framework and
decision trees
(Susse Wegeberg
et al.)

IT. Interactive
component
(Janne Fritt-
Rasmussen et al.)

ITI. Operational
add-ons

(Bjorn Forsman &
Nelly Forsman)

of oil under ice

(Christian Petrich) (Rune Hogstrom)

(Ossi Tonteri) (Nga Dang)

Marine microbial
community
responses
(Jaak Truu)

In situ burning
(Kim Gustavson et
al.)



OIL SPILL
RESPONSE
ASSESSMENT

RAMBGLL

PHYSICAL /
CHEMICAL
PROPERTIES

SRC PHYSPROP,
PETROTOX

* 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, OSCAR
fate models,
SINTEF Offshore Blowout Data,
BSEE eWell System Data,
ITOPF Oil 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 aquatic
and terrestrial wildlife

wy Environment Sensitive Indices,
=l Target Lipid Model (TLM),

© 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)

OIL SPILL RESPONSE

TOOLS
Mechanical
ISB
Dispersants

Natural
Degradation

- — ——

Marine

N\

S s s s s s S o . .

ECOSYSTEM
CONSEQUENCE
ANALYSIS

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 /
population density

EFFECTS

Effects assessment models,
parameters and assumptions
for aquatic and terrestrial
animals

Critical Body Burden,
3 Derivation Acute:ChronicRatios,
O SpeciesSensitive Distribution,
o 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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Oil biodegradation and
bioremediation

Cold marine Seawater and ice-
environments water interface
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PHYSICAL /
CHEMICAL
PROPERTIES

SRC PHYSPROP,

por pressure

* Octanol/water
partition coefficient
* Henry’s Law constant
* Dissociaton constant

SPILLED OIL FATE &
TRANSPORT

Databases and dynamic models

describing release scenarios
dppneu to deep and shallow
water regimes

OILMAP DEEP, SIMAP, OSCAR
fate models,
SINTEF Offshore Blowout Data,
BSEE eWell System Data,
ITOPF Oil 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 aquatic
and terrestrial wildlife

vy Environment Sensitive Indices,
Target Lipid Model (TLM),

[} Quantitative Structure Activity,

= Relationship (QSAR) Modeling

* Resources at risk
- Environmental / Habitat
Compartments (ECs)
- Valued Ecological

Components (VECs)
* Exposure pathways
* Uptake
* Bioavailability
- Bioaccumulation (BAF)
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ECOSYSTEM
CONSEQUENCE

ANALYSIS
Calculation of resources at
risk, including time to
recovery after exposure

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

* Valued ecosystem

components (VEZZ,

= Sensitive, threatened or

endangered species

* Episodic or continuous

exposures
Species richness /
population density

EFFECTS
Effects assessment models,

parameters and assumptions

for aquatic 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 adaptatio”,

- Elimination
- Purging of soluble
metabolites
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Responding to oil spills in coastal

Burning oil on ice
(Christian Petrich)

In situ burning
(Kim Gustavson et ,

al.)

y

/

arctic waters \

\

Mechanical removal
of oil under ice \
(Rune Hogstrém)

EOS \

/ 1. Framework and \

/ decision trees

(Susse Wegebera \
etal.)

II. Interactive

component

(Janne Fritt- I
Rasmussen et al.)

\ III. Operational l
add-ons
N\ (Bigrn Forsman & /
Nelly Forsman)
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Oil impacts to biota using \
biomarkers and ecorisk assessment

Effects of oil Oil toxicity in ‘
contaminants in mussels, copepods
vivo and zebrafish '
(Denis Benito) (Aino Ahvo)
Effect-based Environmental I
toolbox for effects and I
investigation and response actions
fingerprinting (Thomas-Benjamin 4
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OIL SPILL RESPONSE DECISION-MAKING SHOULD CONTINUE
TO EVOLVE

" QUANTIFICATION OF NET ENVIRONMENTAL
BENEFIT FOR FUTURE OIL SPILLS

v Aim to minimize the net consequences
of an oil spill on the environment

AEA Technology, National Environmental Te

AB\TR&( T: Net

v' Be mindful of the range of geographic
areas, ecological habitats, and
environmental/oceanographic and
socio-economic conditions

v' Consider protections for the broadest
range of ecological receptors

v Refine assessments and strategies as
knowledge expands

Lunel and Baker (1999)
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TWO RESPONSE STRATEGIES

e‘::“::: ;."; > Predict outcomes > Balance trade-offs ‘; Select best option(s)
Ve = u u ~ Resources at risk
w 7 : : Assessment inputs
Before STRATEGIC NEBA Qil Spill
Be Prepared ! | Consequence | Screening data
- Analysis
) W Stakeholder values
given m.me-ptmued nature ofa response.
~ OSR technologies
s OPERATIONAL NEBA” iEch 1o
Optimize the Response !
N
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OIL SPILL RISK ASSESSMENT MUST BE RELEVANT TO
ECOSYSTEMS / REGIONS

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

Marine Environmental Research

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

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

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

Marginal Ice Risk Assessment (MIRA), (DNV-GL 2014) Wil Gt 1 oo’ Michacl B, Mary Ann Rempel Hese'

* Ramboll US, 136 Commerctal Sereet, Sutte 402, Portland, ME, 04101, United States

® Ramboll US, 4350 N Fairfax Drive, Sute 300, Ariington, VA, 22203, United States

© EcoAnalysts, 4729 NE View Drtve, Pore Gamble, WA, 98364, Unlted Stares

d Techntcal Services Branch, Searde Districe, U.S. Army Corps of Engineers, 4735 East Margtnal Way South, Seattle, WA, 98134, Unteed States

Alaska Qil Spill Risk Analysis, (NOAA, 2014)

ARTICLE INFO ABSTRACT

Keywords: Oil spill response (OSR) in the Arctic marine envi ducted as part of ional planning and pre-

. . H Arctic paredness ion and is most successful when knowledge of the ecosystem is

ISO31000 Oil Spill Risk Assessment Framework, (Neves et al. 2015) e — iy s fit o e vl
! g“ gl P | encs analysts (NEBA ‘making during the critical period after a spill event should be explicit about the environmental resources po-

s;‘u‘:::;“’r::wm“ s analy (g‘m) ) 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

ing OSR and planning and each method pil nd identifies

response strategies best suited to overcome the unique challenges posed by polar ecosystems and to minimize

potential long-term environmental consequences. The different methods are grounded in classical environmental

risk assessment and the net environmental benefit analysis (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 a common need for oil spill

Risk Evaluation Method for Offshore Spills in China (Guo et al. 2015) S e bt it ooy P st e e s
rently used in the Arctic by capturing the rapidly expanding body of scientific knowledge useful to evaluating
exposure, vulnerability and recovery of the Arctic ecosystem after an oil spill.

Oil Pollution Risk Assessment, (Lee and Jung, 2015)

ERA Acute, (Stephansen et al. 2017) 1 arcduction workin 0 ot sctegis ht miimie i mpacts o At

and the i The i Maritime
The changing Arctic envi is creating new ities for  Organization (IMO) has adopted the International Code for Ships

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

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

Guidelines on implementing spill impact mitigation assessment

(SIMA), (IPIECA 2018)

Spatial and Stochastic Oil Spill Risk Assessment, (Amir-Heidari et al. 2019)

energy, shipping, and other resource and economic development ac-
tivities, at the same time generating heretofore unanticipated 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

of the Arctic i has become of paramount con-

cern.
Accordingly, il i izati and several
multi-national energy and resource development companies are

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

https://doi.org/10.1016/j.marenvres.2018.09.006
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. Al rights reserved.

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 it i oversight and i idelines 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-
sponse plans for oil pipelines, transportation, exploration and produc-
tion activities (IMO, 2014; Tuler et al., 2007; Ornitz and Champ, 2002).
Frequent between g keholders and other
organizations are increasingly included as part of oil spill response




PREVENT CRUDE OIL & OIL PRODUCTS FROM REACHING SHORE
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TRADE OFFS ARE INEVITABLE

’--Response and deployment capabilities A

*Resource protection Go.a |5. ?nd Resp.onse *Environmental constraints (e.g., weather)
*Impact reduction Priorities Options *Windows of opportunity
*Length of recovery *Approval (i.e., dispersants, in-situ burning)

a

Trade-off Decisions

|y
*Human H&S (e.g., communities and workers) Potentially *0il characteristics (i.e., type, volume)
*Socio-economic (e.g., recreational activities) Resources |mpaCtEd *5Spill location and oil behavior

*Ecological (e.g., habitats, protected species) *Trajectory modeling

of Concern Area

*Cultural (e.g., burial sites, shipwrecks)

Decision-making for selecting optimal response options requires:

» Knowing what response options are available and feasible
» Understanding oil and spill behavior
» Understanding resources potentially affected by the spill and spill response activities

RAMBGLL
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SPILL IMPACT MITIGATION ASSESSMENT (SIMA)
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COMPARATIVE RESPONSE ASSESSMENT (CRA)

1.

2.

Oil spill modeling to evaluate environmental compartments (ECs) affected by
the release of spilled oil

Exposure analysis of valuable ecosystem components (VECs) in different
affected ECs

. Time to recover analysis to discern short- and long- term consequences to

VECs and ECs after exposure

Results, comparing tradeoffs associated with deployment of different oil spill
response options

-~ ~N

(1) (2) 3)  (a)
Qf

_ Analysis /
VAN

~

Receptor OSR A\
L Release J[ oil }{ Conc in J & }{Exposure} \ Op?ns p Re5|I8|‘ence} >{ Results J
of Oil Trajectory || Environ. Enviro. Screening | )
Compart Exposure || Recovery || 1

J
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CRA RESULTS - ECOLOGICAL RECEPTORS

Ecological value Habitat value

VEC Summary Scores-Upper and Lower Thresholds EC Summary Scores-Upper and Lower Thresholds

4,500
1,000,000

4,000

900,000
3,500 l . 800,000

300 700,000

600,000
25500

500,000

e -
400,000

1,500

Score x 10°
Score x 10°

300,000

1,000
200,000

500

100,000
o | — || . — || - oo ] | - 0

Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper
Threshold  Threshold  Threshold ~ Threshold Threshold  Threshold  Threshold  Threshold Threshold ~ Threshold ~ Threshold ~ Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold

|

No Intervention MBSD MBSD+SSDI No Intervention MBSD MBSD+SSDI
B Birds Sum Sea Turtles Sum  Marine Mammals Sum Shore-Shoreline Habitats Sum = Coastal/Nearshore-Sea Surface Sum
Coastal/Nearshore-Water Column Sum M Coastal/Nearshore-Sea Floor Sum
11 Zooplankton Sum 1 Ichthyoplankton Sum Sargassum Community Sum Shelf-Sea Surface Sum Shelf-Upper Epipelagic Sum
L L . Shelf-Lower Epipelagic Sum B Shelf-Sea Floor Sum
B Small Pelagic Fishes Sum B Large Pelagic Fishes Sum B Demersal Fishes Sum Offshore-Sea Surface Sum Offshore-Upper Epipelagic Sum

Offshore-Lower Epipelagic Sum B Offshore-Deepwater Sum
m Offshore-Sea Floor Sum

H Soft Bottom Macrobenthos Sum & Coral Reef Community Sum

(2)
ReSll ience

Exposure Options &

Screening Exposure || Recovery
— ) \

Receptor
&
Enviro.

Release Qil Conc in

= A = Results
of Oil Trajectory || Environ.




ENVIRONMENT & OIL SPILL RESPONSE (EOS)
I~ C'r:m%ssm m:m@i;:

1) Baseline Information 201200
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THE 4-STEP FRAMEWORK IS THE FOUNDATION FOR FURTHER
RESEARCH AND SPILL RESPONSE

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 scenariosis chosen.
that SIMA utilizes the complete response toolkit. including: e Oilfate and trajectory modelling is _
e Nointervention undertaken, and data on ecological IPIECA APl e
® At-seacontainment and recovery socio-economic and cultural Guidelines on implementing spill
° SUrhCE dispersant resources evaluated. impact mitigation assessment (SIMA)
® Subseadispersant ® Resources at risk are i S
e Controlled in-situ burmning determnned.a.lnd tf.1efe..aSIbIe
, , response options identified.

e Shoreline booming
Stage 3: Balance trade-offs Stage 2: Predict outcomes
® Dialogue with key stakeholders ® The potential relative impact ofthe

provides the opportunity to explain spill on eachresource atrisk is assessed

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

for the ‘no-intervention’ option.

e Apreliminary prediction is made of

e 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.
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FUTURE WORK

1. Incorporate ecosystem service approach

» Model important physical and biological systems to track the consequence of an oil
spill on the local ecosystem services (e.g., fish populations)

2. Continued research on microbial communities and oil biodegradation

« Microbial community composition dictates oil biodegradation pathways, how fast the
oil is degraded, which compounds in the oil are degraded, and what oil daughter
products might result that could affect bioavailability and toxicity of hydrocarbons

3. Communicate the OSR toolbox in terms meaningful to decision makers

« Focus on knowledge exchange that increase the relevance of the science and
technology generated from scientific research, and attract the attention of decision
makers who are grappling with the same concerns about oil spill consequences and
appropriate responses

4. Don’t stop with GRACE accomplishments... there is much more to learn!

RAMBOLL



THANK YOU
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