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Figurel ADAC Photo, Pt Barrow Alaska, June 2019

Arctic Domain Awareness Center (ADAC) Y&anNork Plan Executive Summary

The Arctic Domain Awareness Center (ADAC) is a U.S. Department of Homeland Security (DHS)
Science and Technology &) Office of University Programs (UP) Center of Excellgf@@E)n
Maritime Research.

ADAC supports the U.S. Coast Guard (USCG) and other DHS maritime missions in order to improve
capability for Arctic search and rescue, humanitarian assistance, disastesponse, and security.
This includes efforts to O0enable the decision

Accordingly, ADAC looks to the coming program year to ensure full transition of concluded research,
advance research initiated in Yedb and Year6 to effect suitable transition, continue innovation of
education programs and activities, add new research derived from Y&aworkshop efforts and

publish conducted research. Outside of the wofdan, University of Alaska personnel associated

with ADAC will seek sponsor diversification to take effect in Y&aand beyond.

A core part of the ADAC mission is tmntinue tofoster the next generation of scientists and

engineers devoted to the discouwy, development, and improvement of technologies and applications
for Arctic Maritime Domain Awareness, Responsend Resilience. During Program Ye#@r ADAC will
continue to workwith and mentor our studentFellows, presently at different stages in theistudies,

to ensure their successful transition to the Homeland Security Enterprise workforce once they
graduate. ADAC Center leadership will continue to support student transition efforts with enrichment
efforts that will enable their success.

A D A C 0 s7 Wérk Rlan management and administrative processes (Section II) highlights the
Centerds strategy and overarching management
for: 1) engagement and strategic communications, 2) research investigation anevelopment
(including research calls and operatadriven workshops), 3) current project assessment, evaluatipn
and management, 4) research transition and/or commercialization, and 5) summary of education
management and fiscal accountability.

A D A C 0 1s7 Wer& Blan project descriptions, located in Section Il of the documergmainsthe

mak e

pl an.

hear t of the Centerods missi on. This section also d

development.

As introduced i nplAaDnA C oA DAYk landsaata@ligris research projects
to the DHS Funding Opportunity Announcementds
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Maritime Risk, Threat Analysjsand Resilience Research;
Maritime Domain Awareness (MDA) Research;

Maritime Technology Re=sarch;

= =2 =4 -2

Integration of Science and Engineering with Maritime;
71 Integrated Education.

As due diligencaequires, ADAC will monitor/finalize transition activities at destination locations with
the following Yeal completed projects:

1 The ArcticAll Hazards Gl®latform.

ADAC wiladvanceresearchand plan to concludespecificinvestigativetasks for the following
projects in Program Yeaf, in accordance with designated HQ USCG Project Champion and DHS S&T
UP Program Manager (PM) directions in order to effect transition:

1 Ice Condition Index for thérctic (ARCTICE)

1 Marine InducedPolarization Methods for the Detection and Mapping of Oil in an Arctic
Marine Oil Spill, including investigation of Oil within and under broken ice fields.

1 Mitigating the Damage to Arctic Copepods from Surface Oil SpiNghen to Apply
Dispersants.

1 Photoenhanced toxicity of dispersed and burned crude oil to Arctic mussels
1 Qil Spill Modeling for Improved Response to Arctic Maritime Spills
1 Arctic Vessel Monitoring and Geofencing/Alert Awareness.
1 Development of Propeller Driven Long Range Autonomous Undeex Vehicle (LRAUV)
Systemfor Underlce Mapping of Oil Spills and Environmental Hazards.
9T Projects awarded and established responding to

system... managing a compl ex Arcti ceanticipaked s6 Ar ct
for award in ADAC Program Year 6

ADAC also plans to conduct the following studies in Program Year 7:

1 ADAC also plans to accomplish a shatirected Studyfollowingd Ar ct i ¢ Air 2020 Tab
Exercised Ar edcheduled foiN 8 ARriD2220 to 26-27 August 2020 because
of travel and group meeting bans due t€oronavirusiCOVIEL9.

1 Forming aPolarMaritime Communicationsand Connectivity Analysit scope a mid-to-
longer term approach to identifying Alaska coastal regions communications gaps and
shortfalls with proposedpathways forsolutions which correspond to USE statutory
missions.

ADAC wilplan to conductan Arctic focusedMedium- and LongTermEnvironment (MaLTE)
workshops collaboratedwvith U.S. Coast GuardThis eventist ent at i vely named as O0AT ¢

5
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Horizons...an Assessment of the Bering, Chukchi and Beaufort Sea dynamics in safety, commerce

and waterways management . o0

Asdescribed in detail later in the workplanni lieu of an ADAC Arctic IoNS 2021 Workshop, the
Centeris planning toconduct an A D A Strerigthening Partners in Arctic Industry (SPAI) Symposium
as an aide to commercializatiorefforts of Center completed resarch.

ADAC will continue tegrated education and workforce developmerdctivities, research intenships
to specific project investigators, and a summer internship program that provides Arctic research
opportunities for students from underepresenteddemographics

ADAC will continue to seek and conduct activities in association WitRS S&T and/or USCG projects
funded via DHS S&TDURADAC Basic Ordering Agreement

ADAC is also prepared to conduct a specific solicitation and field new research to meet HQ USCG
identified needs as jointly determined between HQ USCG CG926 and DHS Q4&H.

As a new feature in Program Year 7, ADAl@ns to complete a report that describesvhat each of
the completed projects accomplishe (and any associated shortfalls and gaps these investigations
are helping to close). Further, details in how the projects have transitioned, how they are supporting
U.S. Coast Guard, pending transition pahunrealized transition potentials, and recommended
follow-on research to increase the utility of each researchThis report is envisioned to highlight
research value added and serve performancemeasurement knowledge product.
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Figure2: ADAC Photos of DHS Senior Official Performing the Duties of the Undersecretary of Science and Techn
Mr. William Bryan Visit and the Center6s Arctic Sur

CenterManagement Processes

ADAC Objective and Purpose

The U.S. Department of Homeland Security, Science
UP) established ADAC in summer 2014 to research and provide a scientific basis to address the

challenges facedby USCG and other DHS maritime missions in the Arctic region.

ADACOGs principal customer is the USCG. ADAC invest
research activity to support the USCG mission needs. The particular areas that ADAC deekssist

the USCG are related to missions in support of Arctic search and rescue, humanitarian assistance,

disaster response and security matters. While orientedtothe USGG Ar cti ¢ mi ssi on neec
also seeks to support other DHS maritime mission rgls in the Arctic.

As U.S. Coast Guard lead U.S. Federal€aene Coordination (FOSC) in time of maritime crisis,

ADACO6s research that supports other federal agenci
value. Chief among these other U.S. Fed¢rAgencies is the National Oceanic and Atmospheric

Administration (NOAA).

Asauniversith ost ed research venue, ADAC supports student
Fellows Program, ADAC provisions student research, internships, and entry into the Hamael
Security Enterprise.

ADACOGs approach is to align the Centerds research
strategies and strategy implementation plans. ADAC notes existing strategies may change, and DHS

strategy for the Arctic remains inelvelopment. As the U.S. national, DHS, and USCG Arctic strategies

adapt and develop over time, ADAC will seek to conform Center research endeavors appropriately.

As in prior year work plans, research and development conducted by ADAC will not only serve USCG
and other DHS maritime missions, but also benefit an array of ADAC partners and collaborators and
support the public good.

ADACOG s c o ryvisiens misson drid strgtegyremains unchanged

Vision: The DHS Center of Excellence provides networked and misfoauised support to the USCG
Operator in the High North. ADAC strives to become a National Center of Arctic maritime research.

Mi ssi on: A D Adcdewlopnanddransitiomtechnelogy solutions, innovative products, and
educational programs to improve situational awareness and crisis response capabilities related to

7
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maritime challenges posed by the dynamic Arctic environment. ADAC seeks to accomiis
mission through an inclusive approach.

Strategy: ADAC will conduct a parallel effort over five lines of major collaboration with DHS S&T UP
and USCG in order to:

1 Investigate, develop, resource, and initiate new research.

1 Execute approvedesearch work plans that are appropriately detailed and resourced.

71 Successfully integrate university studerfellows into the Homeland Security Enterprise
workforce.

1 Transition sufficiently mature research to meet customer acquisitioreeds and
commercialze as appropriate.

1 Adapt Center activities, management, and communications to continue to learn and
collaborate with an array of Center partners, and continue to suitably expand the reach of
ADAC across U.S. and Canada to include Arctic government, myligard security operators,
researchers, and industry partners.

Implementation

In order to implement the Year strategy, ADAC witlontinue toimprove established management
processes, continue existing communications practices, execute approwedrk plans, seek
commercialization opportunities, and continue to innovate in education and workforce development.
This includes advancing and leveraging new management processes established in Program Year 6
as wel | as further dingedyd conpmuamications practicAsDACS6s cut

Organization and Leadership

DHS S&T UP awarded ADACOG6s cooperative grant to Uni
created and continues to refinea unified approach to leading the Center for the University of Atas

through close partnership with the University of Alaska Fairbanks. ADAC reports to the DHS S&T UP

program manager in accordance with protocols established via the DHS S&T UP cooperative grant.
ADACO6s Principal | nvest i grrgomthroughthee UAAPeocostaidv e Di r ect
Executive Vice Chancellor, the UAA Chancellor, and the University of Alaska System President for

academic institutional support requirements.

ADAC leadershimonsists of thefollowing team of both full and less thanuil time members. The
overall leadership is maintained by a collaborative arrangement via the ADAC Principal Investigator,
Research Director and Executive Director.

Full time Center members Executive Director, Associate Director and Senior Research &ssional,
Education & Administrative Manager and Communications & Research Associate.

Less than full time members Principal Investigatoy Reserch Director, Finance Director, and Project
Manager.

In program Year 7ADAC will gaitommunications support from UAA resourcex the Business
Enterprise Institute

ADAC has established an extensive research partabip and collaborationnetwork across Arctie
minded universities and industries throughout the U.S. and Canada. ADAC alsagmulti-faceted

8
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counsel through an external advisoroard andhas established an effective studenkellows
program.

ADAC maintains committed collaboration with fellow DHS S&T UP Centers of Excellence. ADAC
comprehensively engages with U.S. Federal, &af Alaska, and local Arctic authorities on Arctic
research matters. Internationally, ADAC principally engages with Canada as well as other Arctic
partners, including Denmark, Finland, and Norway. In Program Yéathese engagement activities

will continue. In accordance with the DHS awardhe senior leadership for the center is as follows:
TheUniversity of Alaska Anchorage hosts the Principal Investigator and Executive Director. The ADAC
Research Director is located at the University of Alaska fe@inks campus, while also serving as the

Vice Chancellor for Research at the University of Alaska Fairbanks.

Welcome to the

O

ARCTIC DOMAIN
AWARENESS CENTER
ted

A DH!
thre

LuAnn Piccard

oject Menager

Figure3. ADACCenter Leadership

In sum, the ADAC team comprisesdiverse blend of Arctic science and technology academics,
Arcticrelated strategy and policy expertise, and strong organizational and fiscal leadership
credentials. The following is the leadership lineup for ADAC:
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1 Principal Investigator (PI), Douglas CaugePhD, University of Alaskd’he ADAC Pl is
responsiblefor close collaborationwith the Executive Director and the Research Director to
achieve ADAC mission goals. The ADAC Pl will seek to connect ADAC with partners and
opportunities. In coordination with the Executive Director, the ADAC Pl is responsible for
reporting to the Univesity of Alaska System Leadership and DHS program sponsors on a
regular basis.The DHS S&B UAA ADAC Cooperative Agreement remains credited to the
ADAC P4s the associated lead University faculty member.

1 Executive Director (ED), Randy Kee, Maj G&IGAF (Ret.), MS, University of AlasKene
ADAC ED provides direction of all Center activities to meet COE goals, achieve milestones,
develop technology, communicate with customers and engage the broader Arctic community
across the U.S. and Canada. The Bl organize site visits for demonstrations, interface
with the endusers, and will work with ADAC leadership to ensure the Center complies with
federal regulations and reporting. Together with the ADAC PI, the ED will regularly meet with
DHS staff at DK headquarters and represent the program at meetings required to support
the needs of DHS management and the greater DHS enterprise. The ADAC ED works closely
with USCG stakeholders to ensure the Center meets USCG expectations. Finally, the ED will
ensure ADAC appropriately conducts internal processes, in particular assessment meetings,
engagement forums, and DHS sponsored workshops.

1 Research Director (RD)N\ettie LabelleHamer, PhD, University of Alaska Fairbank$he
ADAC RD provides leadership for tloenter in establishing research concepts and follcan
proposals. The RD also provides leadership to support research concept generation,
i ndividual project | eaders, and research teams.
guiding scientific qualityfor the individual projects and the overall program. The ADAC RD,
where suitable, interacts with DHS and stakeholders and interfaces with other DHS COEs and
research centers to identify and formulate additional research projects. The ADAC RD is a key
leader for the Center to identify when research projects are ready to transition to the next
Technology Readiness Lev€TRL and whether they are suitable for transition from research
to development.

1 Finance Director (FD), Heather Paulsen, MBA, University of Alaska Anchordge.ADAC FD
is responsible for management and oversight of administrative operations of the COE agad it
group of associated subcontracts. The ADAC FD will provide program/project planning,
budgeting, and implement operational policies and processes to support the COE. Further,
the FD will work in close collaboration with the ED and the Project Managemeine&tor to
develop budgets aligned to program and project planning objectives and to manage
expenditures as aligned with the research mission of the Center.

1 Project Management Director (PMD), LUAnn Piccard, MSE, PMP, University of Alaska
Anchorage. In parttnership with ADAC ED, Finance Director, and Project Pls the PMD wiill
supportefforts to integrate project plans into a cohesive program with phased solution and
technol ogy deliverables aligned witHh- ADACds str
development process. This includegonducting researchand develop a knowledge product
describing current state experience and recommend best practices for transitioning applied
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LEV/CTICROMAIN - Arctic Domain Awareness Center Woghan 1 Juy 2020-30 June 2021 Version 1.2



research work products from DHS COIsinstitutional users/partners (e.g. USCG, NOAA,
U.S. Office of Naval Research, etc.).

1 AssociateDirector andSenior Research ProfessionaAD/SRP), Jason Roe, USOR&t,
University of Alaska AnchorageA D A @$saciate Director andSenior Research Professional
provides technicalcoordination with the USCG, to include investigating feasibility and
applicability of ADAGresearch integration to USCG decision support systenishe ADAC
AD/SRP lead<Center operations in the absence of the ADAC EDhe AD/SRP supports
transition activites and research diversification. The ADAD/SRP will support
commercialization research and assist ADAC ED in representing Centerat technical
exchanges, with DHS, USCG and industiyastly, the ADAC AD/SRP is the investigative lead
for the Centerin gaining insights and identifying challenges and describing solutions/solution
pathways to address USCG technology shortfalls and gaps, to include challenges uniquely

suited to the Arctic and the directl ysC&ssoci at e

command centers.

71 Education and Administration Manager (EAM), Elizabeth Matthews, MAS, University of

Alaska Anchoragee ADACds Education and Administration Mar

development program. This includes DHS Career Development Grant Scholarships and
student research interns. ADACOds EAM wil|l
summer internship progam for ADAC Fellows and undegpresented students from Minority
Serving Institutions (MSI), Federal Tribal Designations (FTD), and Significant Minority
Enroll ment (SME) wuniversities or coll eges.
monitor student performance and to graduate entry into the Homeland Security Enterprise.
The ADAC EAM leads administrative management functions and supports communications
outreach.

1 Research Communications and Associate (CRA) Connor Keesecker,BAversity of Alaska
Anchorage. ADACds CRA supports developments of
Year Workplans and Annual Reports), conducting directed research tasks, developing
products to support workshops oriented to USCG mission needslasupporting media

overs

ADAC

Cent e

devel opment for ADAC events such as the Centero

1 Research Associate (RA) Kelsey Frazier, MS, University of Alaska Anchoragp.ACd s RA
focused in supporting the devel op momsindea nd
and associated engineering research.

ADAC Executive Counselors

i s
trans

The Executive Counselors (EC) are ADACOs external

leaders and/or research professionals. The EC provide counsel faano. The EC principally provide
strategic advice on Center management focus, critical comm@ny on current project work, and
insights to future opportunities. In Program Yed, ADAC will continue to meet individually with
these Executive Counselors periodically, while also conducting three Strategic meetings with the
Counselors via a dedicate forum (one associated an ADAC Program Quarterly Review).
ADACOGs Executive Counselors are:

11
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1 Tom Barrett, VADM (Ret)JSCG, President, Alyeska Corporatjdinchorage Alaska. Admiral
Barrett is a former USCG Vice Commandant and District 17 Commander.
Paul Hubbard, PhDCanada Department of National Defense, Ottayw@anada.

John Farrell, PhDExecutive Director, U.S. Arctic Research Commission, Washingibe.
Heather Quilenderino, CDR, USMirector, National Ice Center, Suitlandaryland.

Tom CaseChancellor Emeritus University of Alaska Anchorage, and Lt. Gen, USAF (Ret).

= =2 -4 -a -2

Michael Duxbury FormerDeputy CommissionerState of Alaska Department of Public
Safety, on assignment to Washington D.C.

1 Rudy PeschelRADM USCG (Ret)

ADAC’s Executive Counselors

The Center’s Board of Advisors

Tom Barrett Paul Hubbar John Farrell 'Heather Quilende

VADM (Ret), USCG PhD, Director General, Direc neral st Defence Research PhD, Executive Director, U.S. Arctic Research Commission, PhD, CDR, USN, Director, U.S. Nation:
and nads

President, Alyesks Corpor s Centre for Security Science (DRDC Weashington D.C. Maryland

bk

Rudy Peschel Tom Case

IS s, UAA, / e
RADM USCG (Ret),- Washington D.C. :;;‘;: USAF (Ret), Chancellor Emeritus, UAA, Anchorsge,

Figure4. ADAC Executive Counselors.

ADAC Overall Management Approach and Allocation of Effort
The USCG and other DHS maritime Aratigerators are the key endisers driving research for ADAC.
The Center will conduct fundamental and applied researchMDAand maritime technology.
Strategically, ADAC will:
1 Advance Arctic domain awareness research areas by increasing the science of kndgde
and understanding in order to improve USCG Arctic operator coordination, control, and
decisiorn making.

12
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1 Conduct research in maritime technology to provide needed capability to support and effect
increased domain awareness.

1 Comprehensively investigateew research.

1 Transition sufficiently mature or completed research. Transition outcomes are project
specific.

1 Pursue commercialization options as suitable for concluding or completed researdhis

includes accomplishing a coordinated O6ADAC I ndu
1 Initiate patents, trademarks and other measures to protect developed intellectual property.

Currently, the Centerds Propeller Driven Long R
being considered for a patentby the WHQIADAC will inform DHS of its final determination by
the end of the program year.

ADAC will continue to advance Center student research programs, including studetiow

participation within research projects and their participation in crosSenter activites.

ADACOGs |l eadership apporti ons7WoitkPlaneccadingly i on of t he

9 Direct and manage the research of established projects, which includes extensive research
transition coordination between Project teams, USCG Project Champiorn®, BSCG
Acquisition and DHS S&T OUP. This entails 60% of the ADAC management focus. Specific
tasks andassociated measurements include:

Tablel. Tasks and associated metrics for direction and management of established projects.

Task
Conduct weekly teleconferences with ADAC
Project leads and research teams

Associated Metric |
Informed ADAC leadership and researcl
team.

Participate in weelly teleconference with DHS
S&TUP Program Manager

Informed DHS S&T UP Program
Manager.

Conduct monthly project invoice review

Fiscal understanding of each project
performance on monthly basis

Conduct a Quarterly Review with ADAC Proje
Leads and research teams foDHS S&TUP
Approved workplanghat includes specific
project transition ganning.

Comprehensive review of project
performance by ADAC leadership team,
enabling oversight on a scheduled
basis.

Conduct one Quarterly Review with ADAC
Project Leads and reseath teams, with the
Executive Counselors

Comprehensive review as with redar
reviews, with added recommendations
from ADACOs Execut

Prepare Center and project Work plan famy
approvedresearch activitiesthat extend
beyond Year7 (30 June 2021).

Approved plars and activitiesby DHS
S&T UP PM

Establish new projects fronspring2020
Arctic IoNS workshop. This includes
concluding proposal reviews, notification,

Projects approved by DHS S&TP PM.

ARCTIC DOMAIN
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development of workplans and establishing
HQ USCG Project Champions.

Subrecipient monitoring via ABRC leadership
in-person visits at each subrecipient of the
DHS S&T OUP Cooperative Grant location
(university or business)

Successfully conalded subrecipient
monitoring. ADAC leadership plans to
conduct a minimum of one subrecipient
monitoring visit ateach location at least
once per tweyear program period

Prepare Annual Report reporting on Center
activities and Project Research

Approved report by DHS S&IP PM

Participate in detailedeffort for project
transition, including collaboration with HQ
USCG C&® ADAC point of contact and USCG
Project Champions

Established transition pathway for ADAC(
research to meet USCG acquisition
needs.

Investigate commercial opportunities for
research transition, including patent and
licensing

Approvedpatents and/or licensing from
submitted proposals

1 Continue research development Initiative started in Program Year 4 and extended through
Yeas 5 and 6. This entails 10% of ADAC leadership focus. This effort entails collaborating
with DHS S&T OUP andSCG for workshops that generate research questions, conducting
and processing calls for research. Specific tasks and associated measurements include

Table2. Tasks and associated metrics for continuation of Year,4, and 6 research initiatives.

Task |
Plan and conductArctic Strengthening
Industry Partnerships Symposium

Assaciated Metric |
Successfully concludedirctic
Strengthening Industry Partnerships
Symposium. Securd ADAC research
transition pathways and generate
commercial interest in ADAC research
projects.

Conducted workshopmddressingHQ USCG
security and safety concerns.

Coordinate and conduc#rctic Medium and
LongTerm Environment (Arctic MaLTE)
workshopfocusedin assessing commerce,
waterways management and safety
aspects for the Bering, Chukchi and
Beaufort Sea regions in support tblQ
USCQequirements.

1 Conduct outreach, engagement and communications with customers, partners and
collaborators, including potential new partners, to inform of center initiatives and research
project details, while advancing ADACOSs
leadership focus. Specific tasks and associated measurements include

researc
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Tale 3. Tasks and associated metrics for conducting outreach, engagement, and communications.

Task
Prepare and conduct Annual meeting in
Washington D.C. (preferably at HQ USCG)

Associated Metric |
Successfully presentedneeting, informing
DHS, USCG and invited patrticipants of
ADAC research and transition planning

Conduct approximatelyuarterly Customers
and Partners Roundtables via
teleconference/webinar

Successful completion of roundtables, ang
publishing of associa¢d minutes

Conduct semiannual USCG focused ADAC
OPrincipal reSeashpoojoad r 6
teleconference

Successful completion of teleconference.

Participate inAlaskaMarine Science
Symposium (January 202).

ADAC completing a planned presentation

Dewelop center and project motion graphics
presentations in support of outreach

Completed and posted motion graphics
that describe ADAC efforts

Prepare and release quarterly newsletters

Published newsletters to established ADA(
mailing list and posted toCenter website

Prepare brief noteworthy activities and
project vignettes for DHS S&T UP
communications staff

Providing DHS S&UP,communications
needed information of ADAC activities ang
project research

Update ADAC website, Facebook and Twitt
of Center activities and noteworthy events

Informing public of ADAC activities and
research

Publish specific ADAC events and activitie
to Interagency Arctic Research Policy

Committee (IARPC)

Informing community of Arctic researchers
about ADAC activities

1 Continue conducting education, outreagtand workforce development efforts consisting of
a variety of activities that include both ADAC Fellows and minority students. ADAC
anticipates this effort requires 10% of Center leadership focus.

Table4. Tasks and associated metcs for conducting education, outreach, and workforce development efforts.

Task
Recruit student interns (ADAC Fellows) for
available research

Achieve 100% fill for ADAC Fellow availabl

Associated Metric |

slots.

Assign projects andlevelopworkplans to
ADAC Fellows

Students fully assigned to projects with
associated workplans

Conductmonthly ADAC Felloswmeetings.

Accomplish planned meeting schedule

Conductan ADAC Studentesearch
Symposium

Completed symposium highlighting student
researchefforts.

Support ADACellows entry into suitable
10- week summer internship

All ADAG-ellows concludea 10-week
summer internship

Support postgraduate student placement
with Homeland Securitfenterprise (HSE)

All graduated ADAEellows completeone
year minimum service iran HSErelated

ARCTIC DOMAIN
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position or alternatives as described in the
DHS OUP Terms and Conditians

Recruit and conduct an abbreviated Successful completion of arearly MSI ASIP
Minority Serving Institute (MSI) Arctic in early June 2021.

Summer Intern ProjectASIP) foMay-June

2021.

ADAC Information Protection Plan
ADAC has reviewetheCent er 6s | nf or mati on Protection Pl an
ADAC wiltontinue to execute this planthat is already on file with DHS

ADAC Research Safety Plan
ADAC hagarefullyr evi ewed Centerds Research Saflety Pl an
ADAC wiltontinue toexecute this planthat is already on file with DHS

ADAC Review Group and Project Evaluation Process

ADAC Review Groucent r al t o ADACOs evaluation plan is esta
Centerds work on a quar tsehedulgthébcanvaniag.of tie ABAC&REview e, ADA
Group to govern ADAC Quarterly Reviewsh e ADAC Review Group will also

comprehensive approach to investigate and develop new research for DHS S&T OUP and USCG

consideration.

ADACOGs Ex e c wilChairethe BDAC Kevievo Group at Center Quarterly Revjelosely

supported by the ADAC AD/SRIPrincipal Investigator, Research Director wilhrticipate and consult

in review group sessionsThe remaining ADAC leadership (Finance Director, Educamd

Administration ManagerProject Management) will supporADAC Review Growgessions ADAC ED

will consider inviting additional subject matter experts to assist the ADAC Review Group in executing

an overal/l d0end to end¢ paoeaexaranation ADACEDMIIbopsulCe nt er an
with the ADAC Executive Counselors Board for appropriate participation to provide their assessments

of program and project utility and performance.

ADAC Project Evaluation process to assess prograniivity.
ADAC will use the following process to evaluate Center projects during Center quarterly reviews by
the ADAC Review Group. As needed, ADAC leadership will conduct specific reviews on research
projects outside of the quarterly review cycle.
1. Evaluate the science and technology advances. The ADAC Review Group will assess the
progress made by each individual ©project compar
goals and objectives and make onward recommendations for proposed action.

2. Assess poject resourcing versus project execution. The ADAC Review Group will determine

the appropriate alignment between project plans
priority, and performance measur gearexemrr aomt, éaddi
ADACOGs | eadership will seek to addrfendig or mitig

from projects that are underexecuting (according to project planned schedule and
milestones) in resource expenditure. Any movement of resources between petgewill
comply with the terms and conditions of the DHS S&RDAC cooperative agreement
protocols.
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3. Assess each projectods ability to communicate cu
trajectory. The ADAC Review Group will determine if project discogeniedevelopments
warrant the pursuit of publication in the appropriate media, particularly scientific journals.
The ADAC Review Group stresses the importance of publishing ADAC funded research.

4. Assess project TRLs. The ADAC Review Group will determitne iictual TRLs versus the
planned TRLs at given milestones for each project indicate that research is progressing as
planned. Additionally, assessment will seek to determine if research indicates planned TRLs
are on a trajectory to produce a useful capaliti for the Arctic operator.

5. Review Project Transition Plan. The ADAC Review Group will review and consult with the
project team andProject Champion for discoveries in new intellectual property,
commercialization opportunities, and alignment that meet eluser acquisition needs.

6. Determine actual program execution versus planned in terms of schedules, milestones, and
metrics. The ADAC Review Group will assess how well each project is progressing according
to their workplan submitted by ADAC to DHS UP fbe project year. If the project is
substantially off schedul e,Wetlhlea mp&estghisicrte t eam wi
adherence to the prior approvegbroject schedule, milestones, and metrics.

7. Assess project team overall performance. For projects that are significantly under
performing, the ADAC Review Group will determine if the project lead is able to present an
acceptable approach to Center leadership. If necessary, ADAC leadership will clongth the
DHS S&T OUP Program Manager to restructure the
plan in accordance with DHS S&T OURDAC grant terms and conditions. If a project is
unable to proceed accordingly, ADAC leadership will consult with®$&TOUP PM to
discontinue the project. Following such a decision, ADAC leadership will conduct
documentation and provide reprograming recommendations.

8. Specific process for Education Program Manageme
Manager will pesent assessments of the education program during quarterly reviews or
during periods between quarterly reviews as needed. Following each quarterly education
assessment, the ADAC Review Group will:
a. Examine the effectiveness of student participation in ifnidual projects.
b. Evaluate Center performance for recruitment of undeepresented students in both
the ADAC Fellows program and for the summer internship program.

c. Assess individual ADAC Fellow performance in meeting their work plan objectives.

d. Evaluatethe Education Outreach and Workforce Development Program by assessing
schedules, milestones, and planned metrics for the overall program.

e. Assess recommendations by the Education and Administration Manager to address
any deficient areas of performance.

9. Subrecipient monitoring visits by ADAC leadership. Independent of the ADAC quarterly review
cycle butinstrumental in the overall management of project work for the Center, ADAC
leadership will conduct subrecipient monitoring visits. ADAC leadership haseleped a
subrecipient checklist to guide awardees in pre
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compliance with the cooperative grant terms and
Finance Director normally conduct these subrecipient monitoring visits/as

Coronavirus/COVIEL9 travel restrictions remain in place, ADAC is prepared to conduct these

via remote means.

ADAC Research Transition Rress

As a DHS S&T UP Center of Maritime Research (CMR),
sufficiently mature to DHS acquisition processes. In pursuit of acquisition, ADAC seeks to connect

sufficiently mature research to industry, HQ USCG-ZAssistant Commandant for Capabilities), and

HQ USCG C& (Assistant Commandant for Acquisitions). In adidin to working with HQ USCG &G

and CG9, ADAC will conduct appropriate coordination with USCG Research and Development Center

(RDC) for operational testing of research in advance of formal USCG acquisition of ADAC maturing

research. While principally mented to the USCG, ADAC also seeks to support other DHS maritime

mission needs in the Arctic.

Research advancement towards transitioand commercializationis principal focus of ADAC Yedar.

Al | ADACOGs pr o] € plansncludet@ansitioth aschn integralpartafrtheir work plans.

Center leadership evaluates project progress on schedules and milestones and advancement to

overall transition planning during quarterly reviews via th®DAC Review Group. This review is one

way to discern the pathway of transition planning needed to supportenderADACG6s oResear ch
Capability PADAESSORTRBFPCPY.the Centerds approach f
research to endusers. ADAC will continue to recruit the support of the University of Alaska Business

Enterprise Institute and UAA Office of Sponsored Programs to support transition activities.

This task team approach includes careful handling of transfer for appropriate docentation and

patent initiation. ADACds Principal I nvestigator, wllesearch Dir
determine the task organization needed to migrate research to receiving development and
acquisition professionallseaddDwiCtdls Exretcan d sy ePrDo jrectt
Director and/or Assistant Director andSenior Research Professional in serving as deputy lead for the
task-organized team. This team will include projeatvestigators,PI(s) Center support personnel,

and supportinginstitutions.

The taskorganized team will prepare the transfer of research materials, associated physical
hardware, software, and intellectual property. Transfer preparation will include a review of financial
documentation, DHS S&DURADAC grant termand conditions, onward disclosure notifications to
DHS S&T UP Program Manager, and appropriate public announcements.

The Project PI(s) will complete documentation. This will include fully describing the research,

completed milestones, objectives, and pro@ research conclusions while also initiating science
review and preparing journal submissions. The Project PI(s) team, in coordination with ADAC
leadership, will initiate patent application with University of Alaska as appropriate.

Following internalcemt er preparati ons, ADACOs Executive Direct
will lead the taskorganized team in correspondence and meetings with the receiving agency or
organization to conclude transfer.
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A new focus on commercialization activities of copheted/completing research If a research project

is not able to discern gprimary pathway to DHSand otherendu s er s, ADACOSs next appro
seeking transition for commercial application. ADAC believes the following categories are the most

feasible for commercial application of ADAC research:

1 Oil and mineral extraction;
Coastal and port security;
Destination adventure cruises;

Arctic region maritime shipping;

= = =4 =4

Education materials.

I n support of ADACOGSs e fafionof tompleted and ebnclading researabb,mme r c i a l
Center leadership seeks the following commercial activities in Program Year 7:

1 Conduct a Center led commercialization market study between Center leaders and project
i nvestigative teams gam Ydah/and aignodcomestoinfarMACS6s Pr o
ADAC partnering and presentation activities as outlined in the following conferences,
workshops and symposiums:
0 Coordinate participation in Alaska Ocean Clustae b Etx @ spr esent ADACOs r
to commercial partnersoriented to maritime development. See:
https://Alaskaoceancluster.com
o Jointly planning and onducting a ®ordinated commercializatiorworkshop with
U A A d dnesB HEngerprise Institute (BEin advance of a Center hosted Industry day
in the fall of 2020.
o Planning, marketing and onducingan ADAC O0Customers and Partn
fall of 2020 specifically targeting research suitable for commercialization.
0 Sdiciting and then presentingADAC research suitable for commercialization at a
mont hly meeting of 0 CohitpsbconveavkedtimortNag t h. 6 S e
0 Soliciting and then presenting athe World Trade Cet er Anchorage OArctic
202106 f or uAfaskb's PFremierdArctac Business Event Focused on Trade,
Commerce, and Investment in the Regioplanned for early January 2021. See:
https://www.akbizmag.com/event/arctic-ambitions/
o Shifting the focus of ADACOG6s planned partici
Safety and Security (MASS) Conference for November 2020 atl1St h n & s
Newfoundland to commercialization of completed/completing research. See:
https://arcticmaritimesecurity.ca
0 Presentation of ADAC researdlt a Center hostedevent
o Participate in the industry forunassociated/aligned with the Arctic Encounter
Symposium (AES) 2021 at Bell Harbor Conference Center, Seattle \8ée:
https://www.arcticencounter.com/

Lastly, ADAC will seek to connect completed researchhtitose in the community of Arctic maritime
research who will benefit the most. In all cases, ADAC will continue to strive to ensure research
outcomes benefit the public good.
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ADAC Strategic Communications Plan

Effective communicationsare essential for ADAC research succes&DAC will continue to advance
cutting edge communications advances made in progr
greatly advanced Internet websiteThe ADAC Year €ommunication plan is both a chance to

publicize Center and project activities andccomplishments, and to receive input from stakeholders.

The below reflects both mediums and audiences targeted for communications.

ADACOGs plan wil/| communi cate progress on research
announcements of workshops andesearch opportunities.The Centewill engage with the

community of Arctic researchers (particularly in the U.S. and Canada) to inform and be informed of

S&T advances and research associated with Arctic Domain Awareness. ADAC plans to continue a
comprehensive approach in various mediums to communicate to customers, partners, and

collaborators. Therefore, ADAC plans to utilize the internet, social media, workshops, roundtables,

and direct engagement with USCG entities and other key stakeholders to remaiormed.

Correspondingly, in Progranfear7, ADAC will accomplish the following tasks to advance Strategic
Communications:

T As part of ADACOs Quarterly Review process, ADA
activities. This iintendtwabste quarteny nesvsiettesst andcA DA COD s
proposed project journal articles. During the Quarterly Review, Center leadership will
benchmark ADAC communications products based on a summary review of other DHS S&T
UP COEs and U.S. university research casteFollowing the review, ADAC communications
team will implement changes.

o Center newsletters wild include focused proj
contributions.

9 Continue to use FacebookLinkedn, and Twitter social media whemsuitable.

1 Continue ADAC outreach through utilizing the resources and venues of the University of
Alaska, the Arctic Research Consortium of the U.S., the Interagency Arctic Research Policy
Committee, and the U.S. Arctic Research Commission communications media.

1 Engag fellow DHS S&TJP Centers of Excellence for collaboration opportunities.
1 Collaborate with fellow University of Alaska research entities.

1 Continue to improve engagement activities as discussed under USCG and Key Stakeholder
Engagement. This includes prading a survey via Customers and Partners Roundtables to
solicit feedback of all ADAC engagement. ADAC leadership will address surveys at ADAC
Quarterly Reviews.

9 Bolster mommunications oriented to attract the attention of theAlaska,Arcticand Northern
commercial sector to note and coordinate with ADAGQr transitioning Center completed and
concluding research suitable for application to industryAs described in the sectionA new
focus on commercialization activities of completed/completing researchADAC wiill
complement existing processes in stakeholder engagement to communicate research to the
commercial sector.
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0 This communication approach will beotadvance market ADAC completed and
concluding research prior torvetCemeri ndustry fc
newsletter (with the Center planning the Fall020 Quarter Newsletter specifically
oriented to commercialization) and the network of Alaska and Arctic commercial
sectors associated with the conferences listed previously.

o ADAC EDOGsoparnhi Commonhnweal th Northo&s new init
publication OWhy the Arctic Matterso6 provide
Center research to a diverse new audience.

o As a compl ement, ADAC will seekiazn TiomMtagrovi ev
(Ms. Alice Rogoff) as another forum to market ADAC reseaachl in particular,
research suitable for commercializationa a wide, multinational audience. See:
https://arctictoday.com

USCG and Kegtakeholder Engagement

In Program Yea#, ADAC will build upon successful prior engagement with US@Bich

encompasses Headquarters, Area Commands and District levels in the Arctic and Great Lakes
regions. ADAC will also advance partnering activitiesigthhas particularly strengthened at the local
level between USCG District 17 Sector Anchorage and Anchorage based ADAC team members
ADAC will also advance efforts with other U.S. Federal departments and agencies, particularly those
agencies that also sek to support USCG missions in the Arctic. Current or planned collaborations
with U.S. Federal agencies include National Oceanic and Atmospheric Administration (NOAA),
National Aeronautics and Space Administration (NASA), U.S. National Ice Center (USWNi@)nal
Geospatial Intelligence Agency (NGa&)d National Maritime Intelligencédntegration Office (NMIO).

In Program Years B, ADAC has focused engagement on USCG and other members of Federal
government, state and local officials (to include Alaska Native and other Arctic Indigenous leaders)
and with International Arctic research leaders. Engagement with usdry has been focused to learn
current baselinesto study shortfalls and gaps.

In Program Year 7, ADAC will dedicate substantial energies in a coordinated and integrated manner
with Center project investigators to discern and market researshitable for commercialization. As
described previouslyA new focus on commercialization activities of completed/completing

research. ADAC will complement existing processes in stakeholder engagement to communicate
research to the commercial sector.

ADAC will wdrto advancepartnerships andinvestigate potential for joint or sponsored research with

these and other Feder al agencies that are oriented
leadership will conduct teleconferences and webinars with these kagencies, participate in their

workshops and conferences when invited, and provide invitations for these agencies to participate in

ADAC or University of Alaska hosted venues.

ADACOGwstoomers and Pag twielrld sc Rmtuindieabtl®®e be an i mport
synchronization forum, that will be conducted on a quarterly basis in Program YeaiThis forum has

proven itself as a useful venue to inform research and provide customers and partners alike, the

opportunity®o ask specific questions, and stay connected
activities.As a focused supplement to the open nature of
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therewilbeasemannual USCG OPrincipal Cusdudehl®tSCE t el econf

Project Champions. This focused venue willbesffet fr om ADACO6s fall Annual n
Championsd teleconference provides the chance for

research, within a USC@riented format, br ADACO6s principal customers 1in
As noted, Center leadership will initiate thelpanni ng, mar keting and conduct i |
and Partnerds Dayo6é in the fall of 2020 specificall

Due to thdr reach across the network of Arctic research, additional key partners for engagement
include the U.S. Arctic Research Commission, Arctic Research Consortium of the U.S., the Alaska
Arctic Policy Commission (a State of Alaska agency), and the U.S. Intrag Arctic Research Policy
Committee. New efforts in Program Year 7 for committed outreach include:

T Commonwealth North;

9 Arctic Today;

1 World Trade Center Anchorage;

1 Alaska Ocean Cluster;

T UAABs Business Enterprise Institute (for Commer

ADAC leadership and project leads will continue to routinely interact with HQ USCG Project

Champions and key HQ USCG staff leadership, and engage with USCG Pacific Area, USCG Districts 9
and 17, and USCG RDC. ADAC will also continue interaction WIS [3&T Homeland Security

Advanced Research Projects Agency (HSARPA). In addition to routine engagement with USCG Project
Champions and project advocates, ADAC will conduct the following calendar driven engagement
approach for program Year as previouslydescribed.

ADAC Project Descriptions Aligned to DHS CMR FOA Themes:

THEME 1:Maritime Risk, Threat Analysis and Resilience Research Projects:

1. Mitigating the Damage toArcticCopepods from Surface Oil SpillsiVhen to Apply
Dispersants

2. Photoenhanced toxicity of dispersed and burned crude oil #arcticmussels;

3. Marine Induced Polarization Methods for the Detection and Mapping of Oil in
an ArcticMarine Oil Spill, including investigation of Oil within and Under broken ice fields

4. Oil Spil Modeling for Improved Response to Arctic Maritime Spills: The Path Forward

5. PLACEHOLDER TBD: Projects awarded and established responding to funded solicitation
f r oStressing the system...managing a complex Arctic crisis Ar ct i ¢ worksid® 2019
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PROJECT: Mitigating the Damage to Arctic Copepods from Surface Oil Spills: When to Apply
Dispersants

Projectinvestigators Dr. Christoph Aeppli, Dr. David Fields
Lead Institution:Bigelow Laboratory for Ocean Sciences, Easbothbay Maine.
Project Champion:CAPT Kirsten Trego, USCG, HQ USCG/MER

Project Description

Abstract

While dispersants are a highly efficient and proven tool for oil spill response in siigtic and Arctic
environments, there is concern about negativimpacts on Calanus spp. copepods, which are critical
z0o planktonicorganisms in the Arctic food chain. This concern is based on laboratory experiments
that place the animals in a homogenous solution of oil and dispersants. However, such an
experimentaldesign does not allow for the vertical movement of copepods and may overestimate
the potential toxicity for the copepods. Investigators will conduct a series of laboratory experiments
to allow research on the impacts of dispersed oil on vertically migrajicopepods. The main
hypothesis of this project is that in the ocean, Calanoid copepods can spatially separate themselves
from surface oil spills during portions of their developmental cycle. Therefore, they might be exposed
too much lower concentrations ad for much less time than has been assumed based on previous
laboratory studies.

The three main products of this project are (1) Technidgeport A report with all results of this
research will be produced for USCG and DHS, and TAreePeerReviewed Pblications. We aim to
producethree peerreviewed scientific publications from this project, where all the results from this
project will be described and discussedi) Do copepod avoid oil?(ii) The toxicity of surface oil and
dispersed oil on vertically mobile copepodiii) The distribution of oil and dispersed oil in a stratified
and unstratified water column; (3)Produce Publicly Available Data\Il data produced during this
project will bemade publicly available.

Researcherspropose to use the Knowledge Network for Bmmplexity (KNB) data repository
(knb.ecoinformatics.org). KNB accepts open environmental and ecological data and metadata,
assigns DOls, and replicates data to oth&ata (NEmember repositories for redundancy and secure
longterm preservation. ADAC will host research Knowledge Product on the Center website.

Note: This project is a continuation of research activities approved as a result of awarded project
respondingtoteo Copi ng with the Unt hi nkaAicticdkoNS2Z0h7 Ar cti ¢ Mar
workshop. Project was awarded and funded in ADAC Program Yeaohductedsignificant work in

Program Year 6 and iplanned completion in Program Yeat. Project team has been delayed in

meeting Year 6 objectives due toesearch suspensions as a radt of COVIEL9 pandemic

Objective/Purpose

This projectaddressestwo key research questions:if what is the impact of an oil spillwith and
without dispersant, on copepods that are able to move vertically in the water column, thereby
potentially avoiding the 0il?i{) Are there times in the year (stratification of the water column) when
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the impact of dispersant application on copepods is minimal? In ondi® address these questions,
the research plan is focused tdhe following three objectives:
1 Objective 1:Determine whether C. finmarchicus copepods actively end effectively avoid oil or
dispersants in mesocosm experiments (Phase | of this projedtear §

1 Obijective 2:Investigate how dispersants influence the exposure of subsurface animals to oil
products (Fhase I Year §.

1 Objective 3:Determine how water column stratification and light influence the contact
between copepods and oil (with and without dispersants) (Phase ¥ear 7

In order to achieve these objectivesesearcherswill investigate this migration behavior in a novel
mesocosm system, which will allowhe team to determine the effects of dispersants and oil in a

more environmentallyrelevant condition than the traditionallyused systems using a water
accommodated fration (WAF) or chemically enhanced WAF (CEWAF; i.e., oil with dispersants).
Specifically investigatorswill perform experiments using Zn vertical mesocosms in which copepods
can move vertically in the water column. Furthermore, this system will alltve team to investigate

the effects of water column stratification on the distribution of oil and copepodResearcherswill

use C. finmarchicus as a model Calanus species to take projecthypothesis. These results will fill
critical knowledge gaps about th toxicity of oil and dispersants on Calanus spp. copepods, which are
essential organisms for the Arctic food web as well as for commercial fishery.

Baseline

The rising demand for petroleum products has led to an increase in oil drilling in the sea a&dl\as in
shipping using ocean waterways. Over the past 50 years, oil spills have become a major
environmental concern. With the decreased ice coverage in the Arctic and g\rotic, there has been

a substantial increase in trangArctic shipping and renewedhterest in Arctic oil and gas exploration.
This poses a growing risk for oil pollution in the Bering and Beaufort Sea and raises concern about its
impact of Arctic food webs. The opening Arctic Ocean has increased interest in the Northern Sea
Route and he Northwest Passage. Transits through the Bering Strait are already growing from 220
transits in 2008 to roughly 500 per year in recent years. This increased shipping brings the inherent
risk of oil spills. This risk comes not just from oil tankers, buim the heavy fuel oil that all ships

carry. In addition to increased shipping, Arctic oil exploration is expected to increase. Current
estimates suggest that 30 billion barrels of neyet undiscovered oil lie in the U.S. Arctic. While the oll
explorationin the Chukchi and the Beaufort Seas came to a temporary stop in 2016, the U.S.
Congress recently opened Area 1002 in the Arctic National Wildlife Refuge (ANWR) for oll
exploration. Extracted oil from these sites would be transported through the trafiskan pipeline to
Port Valdez in the Gulf of Alaska, where it is loaded onto tanker ships and shipped for refining.
Dispersants are an effective toglbut research indicates dispersantgan also make things worse A
recent comprehensive literature review guued that dispersantspotentially especially useful in the
Arctic since they can be deployed by airplanes in remote locatiofhroughbreaking up oil into

droplets (< 100 um), dispersants fulfill two primary functions: they increase the surface area of th

oil, which enhances the biodegradation rate, and they displace oil from the water surface and dilutes
it into the water column. New types of dispersants (e.g. CoreXg00) are considered less toxic than
crude oilalone andhave been suggested to have mimal effects on marine life. However, recent
studies of Corexit and chemically dispersed crude oil provide evidence of its toxicity for Calanus spp.
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copepods and other planktonic speciedispersed oil can be ingested by planktonic species and
pose a riskfor these marine organisms

Among the biological components of marine ecosystems, planktonic organisms are particularly

vulnerable to crude oil pollution. More than 90 percent of the biological processes in the ocean are

due to planktonic organisms. Therefe, any attempt to assess the ecological impact of oil spills in

marine environments requires a good understanding of the effects of crude oil pollution on
planktonic communities, as well as a clear wunder st
distribution pattern and their behavioral response to chemical pollutants.

A critical research aspect of this project i€£alanus spp. are essential Arctic speciesCopepods (0.5

5 mm) are the most numerically abundant multicellular zooplankton in the water coiln. They are a
primary consumer ofmicroalgae andare a major food source for young fish and krill, which also
serve as prey for higher trophic levels. Lipiith copepods of the Calanus species are a critical
foundation species that provides an energych food source for higher trophic level organisms in
boreal and high latitude regions. These copepods serve as a primary source of energy to consumers
such as herring (Clupea harengus), mackerel (Scomber scombrus), capelin (Mallotus villosus), and
sand lane (Ammodytes spp.). These species are in turn prey for top predators including groundfish,
tuna (Thunnus thynnus), marine mammals, and many seabirds. Copepods often dominate the gut
contents of wildcaught larval fishes. Since Calanus spp. plays such a cial role in subArctic and
Arctic ecosystems, oitelated impacts would likely have important consequences for coastal and
shelf ecosystems of the North Pacific, the North Atlantic and northern littoral seas (such as the
Bering, Chukchi and Beaufort Seag)nd of the Arctic Ocean proper.

A handful of Calanus species are the major players in Arctic and giatic ecosystems: C.

finmarchicus and C. marshallae are sibling species; C. finmarchicus is restricted to the North Atlantic
Ocean and C. marshallae tche North Pacific Ocean and the Bering Sea. These latter two species are
closely related and been identified as the same species until 1974Another species, C. glacialis, is
slightly larger and resides primarily in the Arctic but is found in sabctic regions in early spring.

Finally, C. hyperboreus occupies the high Arctic and is the largest of all the Calanus species with a
life cycle (egg to adult) that spans several years. For this project, we will investigate C. finmarchicus
as a model Calanus specieto test the hypothesis that copepods may minimize their interaction by
changing their vertical position in the water column. C. finmarchicus is a good model species
because () it is closely related to the other Arctic Calanus species, ani because he toxicity of oil

and dispersants to this species has been reported in a number of studies, which will facilitate the
interpretation and comparison of our results to these published WAG CEWAfbased studies.

A key facet of the research is identifyingnal understandingknowledge gaps related to oil toxicity for
Arctic copepods Most crude oil toxicological studies on plankton have been conducted using water
soluble fractions of crude oil, or individual dissolved petroleum hydrocarbons. However, petrolésim
present in the water column in both dissolved and particulate forms (i.e. crude oil droplets) after a
crude oil spill in the natural environment. Plumes of small crude oil droplets generated by wind and
waves or by treatment with chemical dispersantga frequently observed after crude oil spills. These
dispersed oil droplets can be transported down the water column and serve as a reservoir of
dissolved oil hydrocarbons that can affect copepods. Furthermore, these droplets can be in the same
size specta of the food for many zooplankton species, and there is evidence that they ingest crude
oil droplets suspended in the water column.
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The existing literature on copepod toxicity is very useful and provides knowledge of toxic effects
when copepods and dispeged oil are brought together. In these studies, copepods are exposed
WAFs or CEWAFs at constant concentrations for hours to days to assess toxicity. While these studies
provide toxicity information at discrete concentrations, they likely overestimate tteattual toxicity of
the oil to copepods in the field for two reasons: First, these studies do not allow copepods to avoid
hydrocarbons by vertically migrating. It is currently not known, whether such an avoidance behavior
of copepods occurs. Second, existinstudies do not allow to account for the vertical hydrocarbon
gradients of oil or dispersed oil. Especially during the critical copepod developmental time of lipid
accumulation in early summer, the water column is often stratified, which might separatéfoom
copepods. It is currently not known, whether this stratification is an effective barrier between oil and
copepods.

In the first phase of this projectresearchersconstructeda custom-made copepod observation
towersand optimized thevideography and water samplingystens. The 2m vertical water columns
were equipped with video cameras to quantify the number copepods at three depths using infrared
(IR) light. The use of IR light allows us to conduct experiments ie thark. Thiswas essential since

the vertical movement of copepods is triggered by visible light. Furthermore, the copepod towers
were equipped with temperature and light sensors, as well as sampling ports at 5 horizons for water
sampling and subsequent aalysis of polycyclic aromatic hydrocarbons (PAHSs). Our optimized
analytical methods (solid phase microextraction, twdimensional gas chromatography; SPME
GCxGETOF) only requires 20 mL of water sample for analysis of dissolved oil compounds.

After completon of the copepod towers, we first ran control (i.e., rol) experiments with wildcaught
copepods. Copepods of the specie€alanus finmarchicuswere collected at approx. 100m depth in
the Gulf of Maine during their seasonallgon-dormant states, whichis roughly between April through
October Once collected, these copepis werekept in the laboratory for approximately one month.
Within all control experiments, researchermaintained 85-100 copepodswithin view of the cameras
throughout theexperiments indicating that there was nosignificant mortality within this time frame.
Copepod distribution remainedt a stable vertical distributionduring control conditions,

Researchers then conducte@xperiments withfresh oil and observed copepod behaviorfter the
addition of oil, the numberof copepodsin camera view immediately changed. The cof-view

copepods aggregated at the bottom of the water column or were trapped on the oil slick at the top of
the column. After approx. 4 hours, the total number of copepods droppteda relatively stable level

of approx. 3®% of what we counted before the additioaf oil. The decline in visible copepods results
from of oil avoidance behavior omortality; experimerts in Phase2 will determine the exact
mechanism.

During each 24hour experiments, water samples ampled were from the five samplingports at six
time points. Chemical analysis was performed to determine tiwdrocarbon movement through the
water column oser the course of experimentA transient PAH gradient established within approx. 2
hours with highest concentrations (total PAHs > 20 ug/L) close to the oil slick. We use this
hydrocarbon gradient to study the shoterm swimming response of copepods toydrocarbons.

Overall, results fromresearchindicate that the copepod towers are suitable to measure impacts of
hydrocarbons on the swimming behavior of copepods, and that the presence of4{gviels of PAHs
(i.e., pg/L) of oil induce an immediate responsen the vertical position of copepods (within less than
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an hour). Interestingly, a conventional experimental sap to determine the mortality ofC.

finmarchicus copepods typically rquires exposure copepods for 96 hourt a constant

concentrationof PAHs Gi ven researcherds observations of the
migrate, copepods are likely not exposed to such a constant concentration of PAHs in the

environment.

Final conclusions and evaluation will be made after the complete dataset from experimeats
available.
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Figure5 Distribution of total copepodswith no oil present

This figure is distribution of copepodsbserved in each of the three filmed horizons (blue=top, orange=midpoint,
gray=bottom) in the tower during a 24our control period with no oil present, and total copepods counted overall (yellow).
Total abundance renained stable throughout the 24hour control run.
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Figure6 Distribution of total copepodswith introduced oil.

Number of copepods

This figure is distribution otopepodsobservedin each of the three filmed horizons (blue=top, orange=midpoint,
gray=bottom) in the tower after oil is introduced to the tower (time=0 hr.), and total copepods counted overall (yellow).
Total copepod abundance drops by 72% in the first 4 hours and thenmains stable.

The second phase of the projedbcused on the effect of oil droplets present in the water column on
the behavior of copepods. Experiments analyzing the influence of dispersants on oil distribution in
the water column are completed, and dat analysis for this phase@emains ongoing. While the
original experimental plan was to prenix oil/water without continued addition of mixing energy
during the experiments, a review of preliminary results with our advisory group concluded that
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constant erergy input is necessary. Adding an airstream to the water surface led to a constant
concentration of droplets in the water column and a pronounced vertical gradient. This system is
suitable to conduct the upcomig copepod experiments.

Lastly,researchershave made preparations for the experiment to test the influence oil/dispersants

on copepods in astratified water column Investigators are currently refining a stridted system

within the towers. Accordinglyesearchers have equipped the tows with a circulating cooling plate

fueled by a water chiller to cool the water column from below. An incandescent red light hangs just

above the water surface to warm from the top. Seven holmggers are distributed through the tower

at 25cm intervals tocollect continuous light and temperature data. Using this system, we have
successfully established a stable temperature prof
top to bottom. An established thermocline exists at a depth of around 1.3Researders note,

efforts are planned tocontinue to refine the system to move the thermocline to shallower depths

Details of accomplishments of Program Year 6 will be provided via a report on 31 August 2020,

noting the research t eamidPRrogmarh Yehri6 tvgs campromisedapd et e r e s
result of Coronavirus induced restrictions and closures to needed copepod collection and

laboratories.

Methodology

The project research method is a sequenced set of scientific laboratory experiments conducted by
select and qualified team ofcredentialed marine biologists. This team will investigate the effect of
dispersed oil and vertically migrating copepodf&eseardch planned for ADAC Program Year 7as
follows.

1 Oil Treatments The team will continugo measure the abundance, migration, and mortality
of copepods to an oil spill introduced at the surface of the+2 vertical towers. Three
treatments are continuing for investigations(i) non-oiled controls (i) crude oil without
dispersant and (iii) crude oil with dispersant Alaska North Sipe oil (ANS) will be used due to
its relevant to the Arctic environmentThe team isartificially preweatheting the oil to remove
the volatile BTEX compounds and volatile saturated compounds (heating at 80C for 24
hours). Due to their fast evaporationhiese compounds are typically not relevant during
surface oil spill situations.Researchers Wl add 5 mL of oil per column, leading to 400-um
thick oil sheen.

9 Dispersed Oil Preparationkor the dispersed oil treatment, Corexit EC9500A (NALCO
Environmentl Solutions LLC), will be mixed with crude oil at the recommended of 1:20
dispersantto-oil ratio. The dispersion will be prepared by manually shaking this mixture in a
glass carboy containing 10 L seawaterThis mixture will then be carefully added on top of
the copepod tower along the tank walls without disturbing the water coluntenergy will be
added on top of the water column to all dispersions to form.

Note: as this project is investigating invertebratesinstitutional Animal Care and Use Committee
(IACUgprotocols are not applicable.

The goal ofremaining researchis to test the ability of copepods to avoid surface oil spills with and
without dispersants. Within the constraints of this budgetnd pradicality of the research
outcomes to support USCG spill responseetailed investigations of the dispersion (e.qg., oil droplet
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size distribution) will not be measured at this time. By adding the oil at the top of the water column
(with no mechanical mixingafter initial high-energy preparation of dispersion in a 1Q volume)
researcherswill generate a predictable gradient in thelispersed or dissolvedil concentration

with depth with and without the dispersants. Using video observatiofudly refined inprior year
research,of free swimming copepodsnvestigatorswill be able to 1) determine if copepods avoid
the oil by limiting their vertical movement in the water column and if the copepods do limit their
vertical movement 2) what concentration of oil dthey avoid.

Mixing the oil throughout the water column would not allosesearchersto determine these
threshold concentrations of oil.

Associated research goals/tasks plannedo complete inADAC Program Year (elayed from
completion in Year 6 due taCOVIEL9 related closures)

1 Phasel - Qildistribution and avoidance by copepods.

0 Task 5:Manuscript: Oil Avoidance of CopepodBata generated during Phase | of this
project will be synthesized in form of a manuscript for submission tqpaer-reviewed
scientific journal

1 Phase2 - Measuring the impact of oildispersants.

0 Task6b: Experiments with Dispersed QiExperiments will be conducted to measure the
effect of oil distribution with added dispersant®n the vertical movement of copepods
Researcherswill test therate and depth to which oil penetrates into the water column
when dispersants are added. Copepods will be added to the towers and we will
determineif copepods avoid the upper layer when oil is added to the surface. These
experiments will be conducted ira dun-stratifiedé water columns.

0 Task 7: Copepod Data EvaluatioMidesimagesacquired during Task 6b will be
evaluated to assess thevertical movement of copepods.

0 Task 8: Chemistry Analysis and Data EvaluatidBamples collected during Task 6b will
be analyzed for hydrocarbon concentrations and oil droplet distribution.

1 Phase3 - Measuring the effect of water stratificationNote: these arethe planned Year 7
tasks).

o0 Task 9: Effect of water stratification on oil distribution and its impact on copepod
distribution. We willperform experiments in systems with apstablished temperature
gradient in the water columrto determine if the thermocline inhibits oil and dispersants
from reaching deeper into the water column, as well as copepods from swimming
upwards. We will also test the impact on oil distribution (with and withadispersants) on
copepods distribution.

0 Task 10: Copepod Data Evaluation/idecimagesacquired during Task 9 will be
evaluated to assess the vertical movement of copepods.

0 Task 11: Chemistry Analysis and Data EvaluatiocBRamples collected during Task 9 i/
be analyzed for hydrocarbon concentrations and oil droplet distribution.
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o Task 12:A manuscriptsummarizing and synthesizing the results form Phase Il andwill
be written for submission to a peereviewed scientific journal

o Task 13:A final repot of the project will be written

Key Milestones.

The following tables provides theverall details of the projectShown are performance periods

(shaded areas) and Milestones (0x6) used to
Table5. Project schedule and milestonegnote, adjustments made due to reflect COVAD® related closures)

2019 | 2020 [ 2021
leadPl [afm[sjs[alsJoln[plsJeIm[alm[s;s A s o n[D|sE[m
Year 1 Year 6 workplan 1 Yr 7 workplan

Ti 1g: Undergradi Program Aeppli/Fields 1 1
Quarterly review Aeppli/Fields LX X X X X X
Advisory group conference calls Aeppli I X X I X X
C | ling period (C. finmarchicus ) Fields ! !
Phase I: Oil avoidance of copepods Aeppli/Fields I I
- Task 1: Copepod tower construction & optimization Aeppli/Fields l X !
- Task 2: Experiments with and without oil Aeppli/Fields ] X lab ]
- Task 3: Copepod data evaluation Fields 1 X Closur 1
- Task 4: Chemical analysis & data evaluation Aeppli : X ;
- Task 5: Manuscript: Oil avoidance of copepods Aeppli 1 I X
PHase il: Dispersants and copepod contact Aeppli/Fields : :
- Task 6: Experiments with dispersed (chemistry) Aeppli/Fields I chem x lab I
- Task 6b: Experiments with dispersed oil (copepods) Aeppli/Fields ! closur ! X
- Task 7: Copepod data evaluation Fields ] ] X
- Task 8: Chemical analysis & data evaluation Aeppli | | X
Phase llI: Stratifiation influence Aeppli/Fields i i
- Task 9: Exp. with stratification Aeppli/Fields I chem x I copepod| x
- Task 10: Copepod data evaluation Fields : lab : X
- Task 11: Chemical analysis & data evaluation Aeppli I closur I X
- Task 12: Manuscript: Interaction of disp. oil and copepods Aeppli/Fields ! ! X
- Task 13: Report: Final report of project Aeppli/Fields | | X

Key Stakeholder engagement plan

Project team willcontinuetopar t i ci pate and be featured in t
Partner s 0 s ihondentd infarim bne receive feedback on project progresén order to
ensure the transfer of this research into the practice of oil spill responsgsearcherswill conduct

two webinarswith the advisory group.Thisadvisory grougiormed early in the project will continue
and consistsof representatives from USCG, EPA, and NOAA

The Project ChampionCAPT Kirsten Trego, USCG, HQ USCG,Né&Rs the project advisory group
that includes USCG Maritime Environmental Rasnse, Environmental Protection Agency, NOAA and
the USCG AcademyResearch team will leverage the muldiscipline Federal agencie®y providing

a written report and briefing to the USCG Interagency Coordinating Committee on Oil Pollution
Research (ICCPR)and the Alaska Regional Response Team (AK RRW¥ith the availability of DHS
S&Tfunding, theresearchteam will seek out academic conference® attend, either in person or
virtually, andpresent their findings.

Additionally,throughout Program Year 7, ADAC atfie research team willcoordinate with Arctie
focused Oil Spill Response Organizations (ORS@s}lisseminate theknowledge productto relevant
decision makers and the response community.The principal focus is thes®SROS and the
associatedresponse commurniies are key audiences taliscuss how to make thaesearchfindings
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widely available tosupportresponse decision makers, advisors, dispersant experts, and the general
spill response community

Accordingly, theproject researchersplan for the representation ofproject teamat the following
ADACADAC supportecevents:

Meetingswith Project ChampiorCAPT Trego

Weekly All Hands meeting (Normally Thursdays, 113230 Alaska Time viateleconference).
Quarterly Reviews and Quarterly Customerds and
Annual meeting at HQ USCG, Washington D.C.

Meetings with industry and spill response conferences and symposia.

abr b

Student Participaton.

Twoestablished ADAC fellows wilemotely support researchers for summer 2020 research
activities, jointly managed via ADAC Education and Administrative Manager and the research
investigators. Prior iperson summer research support was cancelled due to COMID

Performance Metrics
The below is the overall performance atrics planned for the research.
9 Task 5: Prepare one manuscript for publication in a pesgviewed scientific journal
describing the response of copepods in a water column with added oil (withdigpersant)

9 Task &: Successfully perform experimentwith oil/dispersant mixtures: 2 treatments:
control, oil/dispersant), in3 replicates, and record data

1 Task 78: Evaluate and quality control ©100% of data recorded in Taslk.

1 Task 9: Perform6 copepod behaviorexperimens with in a stratified water column; 3
treatments (control, oil, oil/dispersant), ir2 replicates.

9 Tasks 1011: Evaluate and quality control 100% of data recordeid Task 9.

1 Task 12: Synthesize the data from Tasks®and write amanuscript for publication in a peer
reviewed scientific journal.

1 Task 13:Producea final report of the project.
1 Two webinars with our advisory group will be held.
Progress of the project will be presented at quarterly review and customeundtable calls.

Outcomes/Outputs
Overall Outputs for the entire project include:
1 Technical Repor{Task 13) Creating a report with all the results of thisesearch for USCG
and DHS S&TUP.
1 Write Manuscriptsfor PeerReviewed PublicationgTasks 5 and 12): Researchers plarto
producetwo peerreviewed scientific publications from this project, where all the results from
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this project will be described and discussedj) Do copepod avoid oil7ij Theeffect of
surface oil and dispersed oil on vertadly mobile copepod.

1 Ensure Publicly Available Data: All data produced during this project will be made publicly
available. We propose to use the Knowledge Network for Bimmplexity (KNB) data
repository (knb.ecoinformatics.org). KNB accepts open enviroantal and ecological data
and metadata, assigns DOIs, and replicates data to othBata ONEmember repositories for
redundancy and secure longerm preservation.

T ADAC wi || post al | data and reports to the Cent

i Technology Readiness Level (TRIhis projectoutcome is a knowledge product in support of
USCG Federal G8cene Coordinated spill response as a result of fundamental research and
accordinglyoperates in TRL 13. As planned researchests the Hypotheses 1. Subarctic
copepods and disperants are spatially separated in a stratified ocean, and Hypothesis 2:
Subarctic copepods can actively avoid hydrocarbons, in a mesocosm setting.

Overall Outcomes include:

1 Informing Qil Spill ResponseAdding dispersants to the oil spill may redistribute ¢hoil
deeper into the water column reaching copepods well below the surface. Our data will help to
provide seasonal and time of day protocols to minimize harm to copepod populations.

9 Establishing an EnvironmentalfRelevant Testing SystemThe toxicity obil to copepods is
well known. However previous studies have exposed the copepods to homogeneous
concentrations of oil with no opportunity for the animals to avoid the oil. This study will
provide a more realistic scenario were copepods are free to movatielly in the water
column to actively avoid the hydrocarbons or passively avoid the oil through-pregrammed
behavioral patterns.

9 Training Next Generation of Scientist§ his project will trainone two undergraduatestudents
during the summer 2020 (May-August 2020)academic yearin evaluation of experimental
data (copepod video data, oil droplet distribution datalpue to the COVIR9 pandemic,
these students will be engaged through a virtual prograim lieu of inperson experience (and
managedthraa gh ADACOs Ar ct i c .Bigelowlesaboratorghagsalongdhd oj ect )
successful historyworking withundergraduatestudents.

Transition Approach

ADAC andProject team is committed to ensuring the results of thisindamental research will be
useful for the USCG and DHS mission, amloriented to support USC&d spill responsefor
decisions making in dispersant applicationTransition is straightforward: Completion of
comprehensive knowledge product (Technical Report) to provide to U.S. CoastrG®roject
Champion. ADAC and Project Investigators will iterate azabrdinate Knowledge Product with
Project Champion and Project Champion designated advisors as desired and directed, to include
providing a summary users guide. As discussed, ADAC Bndject team will conduct a structured
inquiry to the Alaska OSR@nd the responsecommunityto discuss how to make the findings widely
available to response decision makers, advisors, dispersant experts, and the general response
community. ADAC and rese@mh team will also advance peereview journal submissions to inform
the scientific and spil!/ response community. ADAC
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website aligned with both t he Prhefipamojectt@anrdcalt h e
report, as well as the scientific publication resulting from this research, will provig@entific data

about the extent and timing the use of dispersant could impact a key player in the Arctic food web
useful to FOSC decisiomaking.

Potential programmatic risks to completion
ADAC and theproject team assesses overall risks to project completion as low. Specific risks and
associated mitigation are listed below.

1 Risk L Extended lab closure during the COVID pandemic We anticipate that Bigelow
Laboratory will be open agaiby June2020 to perform the planned experiments. However,
extended closure of the laboratory would impact our ability to collect copepods necessary for
Tasks 611. In this case, some expements might have to be postposed tspring 2021.
Sampling of copepods is typically possible from March through October.

1 Risk 2: The investigated model Calanus copepod species (C. finmarchicus) could behave
differently than other Arctic Calanus specied limitation of the study is that the tested
copepod species (C. finmarchicus) isldorth Atlanticand Arcticcopepodspeciesthat is not
present in the Alaskan ArcticThere, thecloselyrelated sister species, C. marshallais
present. Due to this close relatedness, wiilly expect thatC.finmarchicus® ability to avoid
oil (or not) is very similar to that o€. marshallae

Therefore, ing a species with a distributio that is limited to the North Atlantic wilbnlylead to

minor uncertainty about how to apply the results to the Alaskan Arctic where this species is not
present. The value of this study is to test or reject the hypothesis of oil avoidance of copepods using
the wdl-studied model speciesC. finmarchicus Should the hypothesis be true, and with more
financial resources, investigating the other relevamrctic Calanus species (including. marshallae
and C. glacialig would be the next step.

PROJECTPhotoenhanced toxicity of dispersed and burned crude oil #ctic mussels

ProjectPI: Dr. Patrick L. Tomco
Supporting Team:
Colin McGill, UAA Chemistry Department
Katrina Counihan, Alaska Sea Life Center
Phoebe Zito, University of New Orleans
Lead Institution:Universityof Alaska Anchorage
Project Champion LTCDR Clifton GrahamUJSCG, HQ USCG/MER

Project Description

Abstract
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This project studes the direct effects of oil, dispersants, and #situ burning, along with phote
enhanced effects, on several physiological, biochemical, and metabolic aspects of a egéder
species of mussel (Mytilus trossulus). Previous research has demonstrated thatg@ organisms,
when directly exposed to chemicaliglispersed oil during a simulated spill event, exhibit physiological
stress. Over 20 years of scientific studies in Prince William Sound indicate that sunkgkposed oll
can be more toxic to aquatic orgaesms than nonweathered oil, yet there remains little information
on what effects (if any) dispersants and #gitu burning have on bay mussels in the Arctic
environment when exposed to sunlight, which in the summer months is continuous. This study will
determine if dispersed oil or burned oil are more toxic to bay mussels than oil alone and if these
effects are more pronounced during periods of long sun exposure.

In ADAC Program Year iesearcherswill continue and conclude worko determine the changesn
chemical composition of Alaska North Slope (ANS) crude oil as it is exposed in each of these
scenarios using Ultra High Resolution Mass Spectrometry (UHRMS). Since the concentrations of oil
and dispersant used in this study are what marine life would ristically be exposed to during an oil
spill, these results can be applied to management decisions on the use of recovery methods.

Note: This project is a continuation of research activities approved as a result of awarded project
respondi ng gt owitthhe tohGo punnt hi nkabl eArcticAoNS20d7ct i ¢ Mar i t i
workshop. Project was awarded and funded in ADAC Program Year 5, conducted significant work in

Program Year 6 and is planned completion in Program Year 7. Project team has been ddlaye

meeting Year 6 objectives due to research suspensions as a result of COMI[pandemic.

Objective/Purpose

The goal of this project is to understand which response method (dispersants vsita burning) has

a greater effect on Arctic mussel toxity and whether the extreme seasonal differences in sunlight

can affect acutesub lethalresponse. Accordingly, this project seeks to address the following

objectives:

1 Objective 1:Conduct static exposure tests with bay mussels in seawater with oil, Corexit

9500, oil dispersed with Corexit 9500, and oil subjected tm-situ burn with three different
photoperiods.

1 Objective 2:Assess physiological and biochemical responses of bay msats to the oil,
dispersant, andin-situ burned oil in the exposure tests at different time points.

1 Objective 3:Evaluate metabolic health of mussels in the exposure tests using metabolomics.

1 Obijective 4:Profile the chemical constituencies of oil, dispeesl oil, and burned oil
treatments used in the mussel exposures and how each treatment chemically weathers
throughout the experiment.

Baseline

Oil and gas drilling have been occurring in Alaska since the 1950s, and additional lease sales are
planned for @ok Inlet and the Beaufort Sea (State of Alaska, 2017). As regions in the Arctic
continue towards reduced and icéree marine environments, offshore drilling in that area is
anticipated to increase (State of Alaska, 2014). As petroleum development increasn the Arctic,

so does the risk of major oigpill. Oil spills can have a devastating effect on the marine environment
and chemical dispersants and irsitu burning are supposed to mitigate that effect. Dispersants are
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pre-authorized for use in certairregions around Alaska and other areas gain authorization on a case
by-case basis (State of Alaska, 2014).

The use of herders and iitu burning are also authorized on a casky-case basis (US. Coast

Guard, 2008). Dispersant application and #situ burning were conducted on a small scale after the
Exxon Valdez spill, approximately 40% of the oil moved onto Prince William Sound beaches, and five
years later, two percent of it remained (Atlas, 2at Paine, et al., 1996; US Coast Guard, 2008).
Dispersants were widely used during the Deepwater Horizon spill allowing microbial remediation to
occur in deeper water, and issitu burning removed oil slicks on the surface (Atlas, 2011; Shigenaka
et al., 2015).

The toxicity of dispersed or burned oil to marine organisms can differ from untreated oil. The
dispersion of oil is supposed to allow natural degradation such as evaporation, photochemical
oxidation, microbial degradation, dissolution, adsorption drsedimentation, to occur more rapidly,
but it may also increase the bioavailability of oil to marine species (Aurand, 1998; Hillman, 1998).

There have been a few studies on the toxicity of dispersants or dispersed oil to Arctic/Subarctic
species. Testingperformed at temperatures found in the Arctic with copepods and Arctic cod found
that both species were more sensitive to physically dispersed oil than chemically dispersed oil
(McFarlin, et al., 2011). The physiological responses of bay musseé¥/filus trossulus) to oil,
dispersant and dispersed oil in Subarctic conditions were investigated by members of our research
team recently, and mussels exposed to netispersed oil experienced greater negative physiological
impacts than mussels exposed to dispersd or dispersed oil (Counihan, 2018).

Furthermore, there is a lack of knowledge on the toxicity of burned oil to Arctic/Subarctic species
(FrittRasmussen et al., 2015). Burned oil from Deepwater Horizon was higher in density with an
increased concentratbn of asphaltenes and pyrogenic polycyclic aromatic hydrocarbons (Shigenaka
et al., 2015). Additional research is required to determine the impact of burned oil on Arctic and
Subarctic marine species.

Bay mussels are ideal for monitoring program3hey areubiquitous, sessile organisms thabio
accumulatespollutants through filterfeeding (IMW Project Secretariat, 1995). They are an integral
component of coastal ecosystems and an important food source for both wildlife and humans
(Blackburn, et al., 2014).It has been determined thatMytilus trossulusis a distinct species from
Mytilus edulisand is the species present around Alaska and other northecold-water coastal
environments (Behrends, 2002). Bay mussels would be easily sampled for ceffective manitoring
programs in the case of an oil spill. Therefore, we selectdtl trossulusfor use in this project

because it is a coldwvater species of commercial, subsistence and ecological importance in both the
Arctic and Subarctic.

Photoenhanced toxicity ofcrude oil isreal, and mussels inhabit the photic zonePhotoenhanced
toxicity, (i.e. the increase in toxicity associated with the presence of sunlight), of oil and dispersed oil
has been identified in many studies over the past 20 years to various magigpecies, including
copepods (Almeda et al., 2013), eastern oyster larvae (Finch et al., 2016), crab larvae (Alloy et al.,
2015; Damare et al., 2018), mysid shrimp, and various fish (Alloy et al., 2016; Finch et al., 2017).
Pelletier et al. (1997) determned that light enhanced the toxicity of crude oil 2100-fold and the
toxicity of anthracene, fluoranthene and pyrene (chemical compounds in oil) 420,000 fold. There
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are two pathways of photeenhanced toxicity: photosensitization (initial hydrocarbon
bioaccumulation, followed by UV activation of residues in translucent tissue) asttbto modification
(exposure to the oxidized hydrocarbons formed upon exposure of oil to sunlight) (Barron, 2017).
Given that the shells oilnu s s act a8 a shield for UV gosure, we anticipate thaphoto
modificationis most relevant to observed toxicological endpoints. Nonetheless, photosensitization
has been documented previously with juvenile bivalves (Pelletier et al. 1997).

An oil spill in Arctic regions during theusnmer would expose oil to sunlight for 24 hours per day and
may result in significant photeenhanced toxicity. In both icessociated and open water conditions,
whenever oil is exposed to the surface, the presence of sunlight may be a confounding variable
affecting the weathering of oil and our understanding of efficient oil recovery in the Arctic.

Once petroleum enters the environment, it can undergo many chemical and physical changes
making it difficult to analyze. Combustion and weathering processes can further alter the
composition of petroleum making it more complex and enriched in oxygen (oxirogarbons) (Aeppli
et al. 2012, 2013, Ward et al. 2018,and McKennaet al. 2013). The ability to profile the polar
organic components of oil, especially thoseontaining nitrogen, sulfur, and oxygen, is an emerging
area of study and is viewed as highly levant to aquatic toxicity (Fingas 2017). Differences in
chemical composition of petroleum transformation products have resulted in acute toxicity to
organisms (Podgorski et al. 2018, McGuire et al. 2018).

Conventional Gas Chromatography (G@gthods are great at resolving crude oils up ta€; however,
a major challenge that still exists today is the detection of those compounds not amenable to GC
based methods, specifically, nowolatile, reduced, or polar petroleum compounds (McKenna et al.
2013, Ray et al. 2014). Gas Chromatography based methods are not suited for analysis of both
parent crude oil and its photdransformation products because they are complex mixtures that can
contain relatively large polar and nonpolar compounds which eluds an unresolved complex
mixture (UCM) (McKenna et al., 2013)ln order © overcome these limitations, utiliation of
advanced analytical techniques to characterize samples to determine optical and molecti&arel
compositionis critical to advance undestanding of the effects The two stateof-the-art analytical
techniques the project teamemployed are ultra-high resolutionOrbitrapmass spectrometry (MS)
and fluorescence excitatioremission matrix spectroscopy (EEMs)ccordinglythe overall concerns
are:

9 Dispersants andin-situ burning each change the surface water chemistry of the spilled oil
environment, and, thus exposure scenario to aquatiite.

1 Sunlight has a major impact on crude oil weathering and environmental toxicology;

1 The toxicologicalmpacts of dispersed vs. burned crude oil exposure in the
presence/absence of sunlight toward Arctic mussels have never been assessed in the
extreme environmental conditions of the Arctic.

The research team finds it imperative for informing spill responsentingency plans and monitoring
programs to assess these variablefroject investigatorsbelieve it is reasonable to expect Arctic and
Subarctic conditions to be unique in their exposure scenarios when compared to temperate climates,
and the exposure scenario (and toxicity) of each spill response may be different in summer
(continuous light)compared to winter (limited to continuous darkness).
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