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Illustration: ADAC Arctic Summer Intern Project Students on Chukchi Sea ice, 13 Jun 2018

ADAC submits the report below to the U.S. Department of Homeland Security, Science and Technology
Directorate, Office of University Programs. This ADAC Program Year 4 report complies with terms and
conditions of ADAC Cooperative Agreement to the University of Alaska Anchorage. Additionally:



I.

ADAC certifies no Patentable Inventions during the budget period.
ADAC has reviewed existing Center’s Information Protection Plan and Researcher Safety Plan.
ADAC offers no new updates to these existing documents.

SUMMARY REPORT ON ADAC’S STRATEGIC VISION AND ACTIVITIES

ADAC Program Year 4: In summary: a highly impactful year in preparing to transition maturing
research in Arctic capable maritime science and technology, establishing new research, creation of
needed knowledge products and advancing university education & workforce development activities
arrayed to U.S. Coast Guard and other DHS Arctic maritime missions.
The United States is an Arctic Nation, one of five nations with sovereign Arctic coastlines and
maritime territory. Since becoming an Arctic nation in 1867, the Arctic is strategically vital to the
United States. As Arctic sea ice diminishes seasonally, the region attracts more attention by an
increasing number of governments, organizations and people who see the Arctic as an opportunity.
The U.S. Department of Homeland Security (DHS) and the United States Coast Guard (USCG) serve
as the United States’ visible sovereign presence to safeguard and secure American territory and
national interests in the Arctic.
The United States National Security Strategy (NSS) released in December 2017, listed four vital,
national interests, all of which, directly, or indirectly apply to the Arctic: 1. Protect the homeland, the
American people, and the American way of life; 2. Promote American prosperity; 3. Preserve peace
3
Arctic Domain Awareness Center Year 4 Annual Report 1 July 2017–30 June 2018

through strength; 4. Advance American influence. As a principal implementer of the NSS, the U.S.
Department of Homeland Security (DHS) safeguards and secures the nation, including U.S. sovereign
maritime territories and extended economic zones, and national interests abroad. DHS geographic
area of responsibilities and areas of interest include the Arctic.
The Arctic region is facing an unprecedented amount of change in terms of environment, weather
and human activity. As reported through many U.S. and Canadian research and data tracking
sources over the past several years, the Arctic Ocean icepack has broken records in seasonal
retreat, while recorded Arctic temperatures are continuing to rise faster than temperatures at lower
latitudes. Warming temperatures contribute to not only decreasing Arctic Ocean sea ice, but also
seasonal increases in storm severity, with significantly stronger winds and coastal storm surges
battering shores across the North American Arctic. Further, warming is reducing the amount of
shore-fast ice that has historically served as a protective barrier from the sea for native villages and
critical infrastructure along the coastal Arctic. As the Arctic warms, coastal regions frozen for
centuries are now thawing. Across the U.S. Arctic, this thawing terrain is proving vulnerable to
erosion, which is of particular impact to critical infrastructure and communities along coastal
regions.
Enabled by a changing environment, human activity across the Arctic is increasingly dynamic, and
includes adventure tourism, resource exploration & extraction, and significantly increased marine
shipping. A diminishing ice environment draws other influences to the region, and can contribute to
unconventional marine safety and security threats including increased illicit trafficking. With the rise
of Russia, China, and other nation’s Arctic interests seeking to exert influence across the region, the
threat of conflict – while low – remains present, but risks are increasing.
Arctic warming (resulting in opening waterways and reduced sea ice) across the high north marine
and coastal regions is creating conditions favorable for adventure tourism, marine shipping, fishing,
extraction of petrochemicals and other mineral resources. Bering Sea traffic, in particular, through
the narrow Bering Straits continues to rise, creating a new waterways management challenge to the
U.S. Coast Guard. The narrow and shallow Northwest Passage of Canada’s High Arctic is a difficult
marine route, but its historic allure provides an increasing draw for maritime tourism.
While a depression in global crude oil prices continue to dampen Arctic oil exploration in the Chukchi
and Beaufort Seas, recent changes in U.S. government policies and increasing crude oil prices raise
anticipation that oil and gas exploration activities will expand across the North American Arctic in the
coming years.
Transportation networks across the North American Arctic are principally limited to air and seasonal
marine conveyance. Economic development is limited due to remoteness, lack of infrastructure,
cost and difficulty of establishing new roads, ports and facilities, plus a range of complementary
factors. In context of the U.S. NSS, there is a need to consider how DHS and the USCG will safeguard
and secure new economic developments within the U.S. Arctic coastal and maritime regions, in order
to meet broad strategic goals for regional security.
An increasingly dynamic Arctic is affecting populations whose ancestors have inhabited the region for
generations. Subsistence lifestyles continue, but are threatened by increased regional activity (such
4
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as marine shipping and resource extraction), which affect marine mammal activities and
populations. There is a need to factor local populations’ lifestyles, practices and other interests into
the development and conduct of DHS and USCG regional activities.
As trends indicate, human activity across the Arctic continues to rise in diversity and volume. As
more people come to the Arctic, the overall preparedness of those who come appears to be declining
resulting in increased activity for the U.S. Coast Guard to conduct search and rescue, humanitarian
assistance missions or to respond to disaster. Additionally, as more people come to the Arctic, the
reasons for their arrival become more diverse resulting in increased need for vigilance in enforcing
national laws and regulations.
As a DHS Science and Technology Office of University Programs (DHS S&T OUP) Center of Excellence
in Maritime Research, the Arctic Domain Awareness Center (ADAC) provides relevant science and
technology research, development, and support for the USCG as they conduct their statutorily
assigned missions in the Arctic.
ADAC’s principal customer is the USCG. ADAC investigates operational shortfalls and gaps and
orients research activity to support USCG mission needs. These investigations assist USCG missions
in support of Arctic search and rescue, humanitarian assistance, disaster response, and security
matters. While principally oriented to the USCG, ADAC also seeks to support other DHS maritime
mission needs in the Arctic. As a university-hosted research venue, ADAC supports student
education. Through the Center’s Fellows Program, ADAC provisions student research, internships,
and entry into the Homeland Security Enterprise (HSE).
ADAC has completed 4 years of science and technology research in support of DHS and USCG
mission needs. This includes advancing specific research, which will transition within the final year
of the original, specified five year Cooperative Agreement between DHS S&T OUP, and the University
of Alaska Anchorage. Over its brief history, and in addition to the Center’s core science and
technology research agenda, ADAC has developed and published knowledge products desired by
USCG, supported numerous research workshops and symposium to advance the community of Arctic
science and technology, and conducted a productive educational mission, resulting in new college
graduates to support the Homeland Security Enterprise.
This report describes the 4th year of project work by ADAC conducted from 1 July 2017 to 30 June
2018. In addition to specific details on individual projects, the report also provides a summary of
Center activities for this period of research and associated efforts. This report corresponds to reflect
results in overall program and individual projects approved by DHS S&T OUP in ADAC’s Program Year
4 Workplan.
ADAC’s approach is to align the Center’s research agenda with U.S. national, DHS, and USCG Arctic
strategies and strategy implementation plans. ADAC notes existing strategies may change and DHS
strategy for the Arctic remains in development. As the United States DHS and USCG, strategies
adapt (as well as associated strategy implementation plans); ADAC will continue to conform Center
research activities to these changes. At the core, ADAC strives to benefit the U.S. Coast Guard Arctic
operator and corresponding command echelons. The goal of ADAC’s research is to improve the
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quality and accuracy of operational decisions, improve mission effectiveness, and/or reduce risk.
Ultimately, ADAC’s efforts are to conduct research and deliver solutions to assist USCG in saving
lives, reducing property loss, preserving & protecting national resources, and secure the maritime
approaches to the U.S. Arctic shorelines.
As specified in ADAC’s Program Year 4 Workplan, the University of Alaska (both Anchorage and
Fairbanks campuses) serves as the Center’s hub. ADAC’s hub connects to an array of partner and
contributing universities and industry research associates. Throughout Program Year 4, ADAC
worked diligently in cultivating a collaborative network with federal, state, local and tribal agencies,
and international colleagues seeking to advance Arctic maritime research.
As stated in prior year research reports, ADAC’s Program Year 4 research and development
conducted by the Center will not only serve the USCG and other DHS maritime missions, but will also
benefit a number of ADAC partners and collaborators as well as support the public good. As planned
and conducted, ADAC’s vision, mission, and strategy approved for the Center in Program Year 4 was
as follows:
Vision: The DHS Center of Excellence providing networked and mission-focused support to
the USCG Operator in the High North. ADAC strives to become a national center for Arctic
maritime research.
Mission: ADAC’s mission is to develop and transition technology solutions, innovative
products and educational programs to improve situational awareness and crisis response
capabilities related to maritime challenges posed by the dynamic Arctic environment.
Strategy: The Center’s strategy for ADAC Program Year 4 initiated on 1 July 2017 was to
advance knowledge in relevant science and technology through conducting research and
development in close collaboration with mission agencies end users. The Center also sought
to develop future leaders for the DHS enterprise through structured and well-led programs.
ADAC’s specific research activities approved for Program Year 4. ADAC started Program Year 4 on 1
July 2017 with management approval. The Center received further project approvals on the dates
listed for the following research:








Developing Sea-Ice and Weather Forecasting Tools to Improve Situational Awareness and
Crisis Response in the Arctic, 24 July 2017.
High-Resolution Modeling of Arctic Sea Ice and Currents (HIOMAS), approved 24 July 2017
Arctic Oil Spill Modeling (AOSM) approved 24 July 2017.
Ice Condition Index (ICECON) for the Great Lakes, approved 10 August 2017.
Using Vessel Tracking Data to Prioritize Bathymetric Surveying in a Rapidly Changing Arctic,
approved 24 July 2017.
Development of a Propeller-Driven Long Range Autonomous Underwater Vehicle (LRAUV) for
Under-Ice Mapping of Oil Spills and Environmental Hazards, approved 10 August 2017.
Integrated Education and Workforce Development, approved 24 July 2017.
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Arctic-related Incidents of National Significance (Arctic IoNS) & Arctic-focused Medium and
Long Term Environment (MaLTE) workshops collaborated with U.S. Coast Guard, approved 10
August 2017.

Not associated as an ADAC supported research effort contained within the DHS S&T OUP –
University of Alaska Anchorage Cooperative Agreement, but part of ADAC’s research agenda:
approval by USCG Research and Development Center-ADAC Basic Ordering Agreement project:
Cube Satellite (CubeSat) Antenna Farm Experiment, (CAFÉ) approved on 30 August 2017.
ADAC’s partner academic and research institutions. The following universities or research
institutions conducted ADAC’s Center efforts or individual research projects in Program Year 4:









Alaska Ocean Observation System (AOOS), Anchorage Alaska.
Texas A&M University, College Station, Texas.
Monterey Bay Research Aquarium Research Institute (MBARI), Monterey Bay, California.
University of Alaska Anchorage, Anchorage, Alaska.
University of Alaska Fairbanks, Fairbanks, Alaska.
University of Texas El Paso, El Paso, Texas.
University of Washington, Seattle, Washington.
Woods Hole Oceanographic Institution, Woods Hole, Massachusetts.

Industry partners. The following industry or business enterprises contributed to ADAC’s Center efforts
or individual research projects in Program Year 4:




Alaska Marine Exchange, Juneau, Alaska.
Axiom Data Science, Anchorage, Alaska.
Dubay Business Services, Anchorage, Alaska.

Collaborative Organizations: The following organizations conducted research dialogue, comparisons
and/or collaborations and/or contributed in ADAC activities (such as workshops and/or educational
activities):












Alaska Clean Seas, Anchorage, Alaska.
Alaska Maritime Prevention and Response Network, Juneau, Alaska.
Arctic Research Consortium of the U.S., Washington, D.C.
Arctic Slope Regional Corporation Federal Mission Solutions, Mt. Holly, New Jersey.
Barrow Arctic Research Center, Point Barrow, Alaska.
Bureau of Ocean Energy Management, Anchorage, Alaska.
Bering Straits Native Corporation, Nome, Alaska.
Canadian Department of National Defense and Canada National Research Council,
Ottawa, Canada.
Center for Resilient Communities, University of Idaho, Moscow, Idaho.
Center for Coastal Response Research Center, at the University of New Hampshire.
City and Port of Anchorage, Alaska.
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City and Port of Nome, Alaska.
Department of Defense Alaska Command and Alaska NORAD Region, Joint Base
Elmendorf-Richardson, Alaska.
DHS Centers of Excellence at George Mason University, Stevens Institute of Technology,
and University of Houston.
Institute of the North, Anchorage Alaska.
Memorial University, St Johns, Newfoundland, Canada.
National Science Foundation, Washington D.C.
NASA-OSD Arctic Collaborative Environment, Huntsville, Alabama.
NOAA and National Weather Service, Anchorage Alaska, Seattle, Washington, and
Washington, D.C.
North Slope Arctic Borough, Utqiaġvik, Alaska.
Office of the Assistant Secretary of Defense for Research and Engineering (ASD R&E),
Office of the Secretary of Defense, Department of Defense, Pentagon, Washington D.C.
Patuxent Defense Forum, St Mary’s College, Patuxent, Maryland.
Sandia National Laboratories, Albuquerque, New Mexico.
State of Alaska Department of Environmental Conservation, Anchorage, Alaska.
State of Alaska Department of Transportation, Anchorage, Alaska.
State of Alaska Department of Veterans and Military Affairs, Anchorage, Alaska.
Sea Grant, Nome Alaska.
Sitnasuak Native Corporation, Nome, Alaska.
Kawerak Incorporated, Nome, Alaska.
Trent University, Peterborough, Ontario, Canada.
U.S. Arctic Research Commission, Washington D.C.
U.S. Army Corps of Engineers Cold Regions Research and Engineering Laboratory
(CRREL), Hanover New Hampshire.
U.S. Coast Guard Academy and their Center for Arctic Study and Policy (CASP), New
London, Connecticut.
U.S. Department of Fish and Game, Anchorage Alaska.
U.S. Office of Naval Research International Cooperative Exchange Program for Polar
Research (ICE-PPR).
U.S. National Ice Center, Suitland, Maryland.
USCG Headquarters, USCG Pacific Area, USCG Research and Development Center, and
District 9 and 17
University of Alaska Northwest Campus, Nome, Alaska.
University of Maryland.
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Illustration: ADAC Research Network

A summary of ADAC activities. The timeline below provides a list of major Center activities
conducted throughout Program Year 4. The majority of these activities consort to ADAC’s long-range
schedule, established in the Center’s DHS S&T OUP approved Program Year 4 Workplan. This
summary highlights ADAC’s management strategy to engage and iterate research initiatives with the
Center’s principal customer, the U.S. Coast Guard, as well as other members of the U.S. Federal,
State, and international government officials. The Center also collaborated with the community of
Arctic maritime research to prepare and conduct activities expected of DHS S&T OUP, while
accomplishing planned research and developing students to serve in the Homeland Security
Enterprise.
17-19 July 2017: 7th Symposium on the Impacts of an Ice-Diminishing Arctic on Naval and Maritime
Operations. ADAC leadership traveled to Washington, D.C. to participate
in the 7th Symposium on the Impacts of an Ice-Diminishing Arctic on
Naval and Maritime Operations, co-hosted by the U.S. National Ice Center
and the U.S. Arctic Research Commission. ADAC Executive Director
presented a current overview of ADAC research endeavors. DHS S&T
OUP funds were not used to support travel for this event.
Illustration: 7th Symposium on the impacts of an Ice-Diminishing Arctic on Naval and Maritime Operations.

20-21 July 2017: U.S. Coast Guard update to High Latitude Studies: ADAC Executive Director
participated in HQ USCG’s update to the USCG High Latitude Studies
(HLS). This two-day seminar examined shortfalls in the previously
published USCG HLS from 2011, providing a series of
recommendations for USCG leadership, based on analysis of
changes in Arctic marine activities, safety, waterways management,
law enforcement, fisheries and marine mammal management and
other security challenges. The HLS meeting also addressed an
updated characterization of the changing physical environment of
the Arctic, in particular, the U.S. EEZs associated with the Bering,
Chukchi and Beaufort Seas. DHS S&T OUP funds were not used to
support travel for this event.
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Illustration: Original HLS 2011 Study.

25 July 2017: Initiated Arctic IoNS 2017: ADAC and partners began the first biweekly
teleconference to plan the Arctic Incidents of National Significance (IoNS)
2017 workshop. Planners determined to conduct the workshop at the
University of Alaska Anchorage, subsequently named “Coping with the
Unthinkable, an Arctic Maritime Oil Spill.” ADAC’s co-planners included Dr.
Nancy Kinner and her team from the Coastal Response Research Center at the
University of New Hampshire.
8 - 10 August 2017: Svalbard Arctic Safety Conference. ADAC PI presents on current and future
research activities focused on Arctic maritime safety and awareness. This meeting supported and
was funded by the Norwegian Office of Foreign Affairs and the University of the Arctic, and attended
by Arctic marine operators, industry, and academic researchers. DHS S&T OUP funds were not used
to support travel for this event.
10 August 2017: ADAC fully approved for Program Year 4. DHS S&T OUP approved ADAC’s
remaining Program Year 4 research projects and activities.
16 August 2017: First Program Year 4 meeting with Executive Counselors. ADAC conducted its first
Program Year 4 Executive Counselor’s Meeting via teleconference. This was an important advisors
meeting for the Center leadership in approved research program, consulting on ADAC priorities, and
implementing Year 4 program.
24 August 2017: USCG in the Last Frontier. ADAC Executive Director met with USCG
Commandant, Admiral Paul Zukunft, Alaska U.S. Congressional Delegation, members of
the U.S. Coast Guard Foundation, along with other visiting dignitaries, at the home of
former Alaska Governor Bill Sheffield as part of the “USCG in the Last Frontier” visit.
30 August 2017: Start of ADAC-UAF-USCG RDC CubeSat Project. The opening teleconference
between ADAC ED, Finance Director, and University of Alaska Fairbanks (UAF)
Alaska Satellite Facility (ASF) Director and contracting officials and program
manager at USCG R&D Center (RDC), commenced the official start of USCG RDC
Cube Satellite project Antenna Farm Experiment, (CAFÉ).

Illustration: UAF-ADAC CAFÉ TORP, Aug 2017.

31 August 2017: ADAC – USCG RDC Collaboration Meeting. ADAC leadership met with USCG RDC
leadership and key staff collaborators for a comprehensive overview of ADAC’s Year 4
program.
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5 September 2017: Release of ADAC’s “Arctic 2030+” Report. As a follow-up from ADAC’s hosting
of the “Arctic 2030+” multidiscipline workshop at the University of
Fairbanks during the week of the “Arctic Interchange,” the Center released
a comprehensive report of workshop findings and analytics in order to
satisfy a contract between ADAC and Headquarters U.S. Coast Guard
Office of the Deputy Commandant for Future Concepts (HQ USCG DCO-X).
The workshop was a partnered effort with HQ USCG DCO-X and RAND
Corporations “Homeland Security Operational Analytics Center (HSOAC).
The report was the first of three volumes of Arctic Futures concepts
needed for DCO-X in support of Coast Guard Arctic Strategy and Planning.
Illustration: ADAC Arctic 2030+ Report, 5 Sep 2018

7 September 2017: ADAC Program Year 4 “Customer’s and Partner’s” Roundtable. ADAC conducted
its first Program Year 4 Customer and Partner’s Roundtable via teleconference to an array of
approximately 40 people from DHS S&T, USCG, other U.S. federal agencies, academic collaborators
and Canadian government and universities.

8-9 September 2017: Support to USAF Arctic Expedition. ADAC Executive Director supported
Alaska Command (a sub-Unified Command to U.S. Northern
Command) in hosting a panel of senior civilian and 4-star level visitor
from Headquarters U.S. Air Force (HQ USAF) at Eielson Air Force Base
Alaska, and Point Barrow, Alaska. ADAC provided overviews of Arctic
maritime research and associated information about DHS S&T and
U.S. Coast Guard Arctic needs for science and technology. DHS S&T OUP funds were not used to
support travel for this event.
Illustration: USAF Long Range Radar Site, Point Barrow, Alaska.

11 September 2017: ADAC Monthly Fellows Meeting. ADAC Education and Administrative Manager
conducted the monthly ADAC Fellows meeting, which included remote participation via Skype for
geographically dispersed Fellows. ADAC Executive Director participated, providing Center update on
current and projected activities. Fellows also received administrative updates on their respective
research assistance-ships.

11 September 2017: ADAC Information Meeting to National Research Council, Canada. Along with
ADAC Executive Counselor, Dr Paul Hubbard met with a panel of researchers
focused on Arctic maritime activities at the National Research Council in Ottawa
and St John’s Newfoundland via teleconference. The focus of the meeting was
an information exchange of current ADAC and NRC research projects.
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13 September 2017: ADAC meetings with HQ USCG Arctic Advisor. ADAC conducted
comprehensive meetings with Mr Shannon Jenkins to cover ADAC’s Year 4 program
and to outline needs associated ADAC’s oil-spill focused Arctic IoNS workshop set for
late October 2017 and ADAC’s “Arctic Native focused Medium and Long Term
Environment (MaLTE) workshop set for spring 2018.

14 September 2017: ADAC-UAF ASF and USCG RDC Technical Exchange meeting in Fairbanks
Alaska. ADAC Executive Director, Dr Nettie Labelle-Hamer (Director, UAF ASF), LCDR Sam Nassar
(USCG RDC) and supporting participants from UAF ASF and USCG RDC, participated
in a technical exchange meeting associated with the establishment of the USCG RDC
Cube Satellite project Antenna Farm Experiment, (CAFÉ). This included reviewing
technical implementing instructions by USCG RDC contracting officials, and review of
construction activities intensely prosecuted since the award of the contract 2 weeks
earlier.
Illustration: USCG 3-meter satellite and protective radome, Fairbanks Alaska, 14 Sep 2017.

15 September 2017: ADAC Orientation to Commander, USCG District 17 (D17) Sector Anchorage.
ADAC Executive Director met with new USCG D17 Sector Anchorage Commander,
CAPT Sean MacKenzie, his Executive Officer, CDR Stacey Mersel and key Sector
Anchorage leadership staff. During orientation and discussions, Sector Commander
agreed to supporting ADAC’s upcoming workshops, in particular, Arctic IoNS, slated
for late October 2017.
19 September 2017: Release of ADAC’s “Seeking solutions to advance maritime spatial
understanding, resilience, and awareness to achieve safety and security in
the maritime domain” Request for Proposal (RFP). The RFP ADAC announced
a competitive search to address research challenges associated with the
maritime domain. Further, the RFP sought response to DHS and USCG
maritime awareness and information fusion-related research questions
provided by DHS S&T OUP. In sum, the RFP sought thoughtful and technically
superior proposals “to advance maritime spatial understanding, resilience,
and awareness to achieve safety and security in the maritime domain.”
Illustration: ADAC’s Request for Proposal for solutions to advance maritime spatial understanding, etc. 19 Sep 2017.

20 September 2017: ADAC Support to “Oceans 17” conference. ADAC hosted several seminars, to
include a peer-review journal article panel for Arctic marine technologies at the IEEE/MTS Oceans 17
Conference held at the Dena'ina Civic and Convention Center
Anchorage, Alaska. Researchers and Students from ADAC’s
research network presented their related work to national and
international scientists, engineers, and interested parties to
gather and exchange knowledge. DHS S&T OUP funds were not
used to support travel for this event.
12
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Illustration: (Left to right) ADAC Executive Director
Randy Kee, Mr. Sudhir Pai of Schlumberger Robotics
Services, and Dr. Hajo Eicken, director of the
International Research Center and distinguished
member of the ADAC research team, prepare for an
ADAC-chaired session on marine safety and security
with diminishing ice at OCEANS 17.

Illustration : Dr. Glenn Wright of GMATEK Inc. (center) speaks with ADAC
Principal Investigator Dr. Douglas Causey (left) and Marine Exchange of Alaska
Executive Director, USCG Capt (ret) Ed Page (right) at OCEANS 17.

20 September 2017: ADAC hosted meetings with Alaska Region National Weather Service (NWS).
ADAC continued a practice established in Program Year 2 in meeting with Alaska-based
NWS and National Oceanic and Atmospheric Administration (NOAA) Leadership. Focus
was technical exchange of ADAC research projects potentially planned to transition to
NOAA and NWS systems, along with collaboration in support of upcoming Arctic IoNS
and Office of Naval Research “International Cooperative Exchange Program for Polar Research” (ICEPPR), planned to follow ADAC’s “Coping with the Unthinkable, an Arctic Maritime Oil Spill Arctic IoNS
workshop.
22 September 2017: ADAC presentations at Maritime Security West Conference, Tacoma
Washington. ADAC Executive Director presented and fielded questions associated with “Advancing
Arctic Domain Awareness…an enabler to improving
security across the High North” at the Maritime
Security West Conference, held at the Hotel Murano,
Tacoma Washington. DHS S&T OUP funds were not
used to support travel for this event.

25-26 September 2017: ADAC Support to HQ USCG Coast Guard DCO-X internal HQ USCG
workshop in support of “Arctic 2030+ Coast Guard Arctic Strategy and Planning.
ADAC joined HQ USCG DCO-X, RAND’s HSOAC and select members of the HQ USCG
staff to address the questions and content developed for the May 2017 Arctic 2030+
workshop at UAF as a compare and contrast forum against the prior multi-national and
multi-disciplinary workshop. ADAC contributed to the development of this “volume two” of Arctic
futures analytics as planned with HSOAC and HQ USCG DCO-X. DHS S&T OUP funds were not used
to support travel for this event.
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5 October 2017: ICECON Transition meeting with Director and Staff, U.S. National Ice Center
(USNIC). ADAC leadership and Co-investigators of the Ice Conditions Index (ICECON) for
the Great Lakes Region met via teleconference with Director and staff of USNIC to
discuss and gain concurrence in ICECON plan of action and milestones in order to
transition to USNIC at the conclusion of ADAC Program Year 5.

11 October 2017: ADAC participation in Maritime Security Center (MSC) Annual Meeting. ADAC
Executive Director participated via teleconference to MSC’s Annual
Meeting, held in Washington D.C. MSC is ADAC’s fellow Center of Maritime
Research within DHS S&T OUP.

10-13 October 2017: ADAC Participation at Arctic Circle Meeting, Reykjavik, Iceland. ADAC
Research Director participated in a series of research and research related
meetings at the Arctic Circle conference in Reykjavik, Iceland. DHS S&T OUP
funds were not used to support travel for this event.

12-13 October 2017: CANUS Oil and Gas Symposium, Anchorage. ADAC Executive Director
participated in the Canada-U.S. Oil and Gas Symposium in Anchorage, which served as a useful
preparation for ADAC’s oil-spill focused Arctic IoNS workshop.
21 October 2017: ADAC Monthly Fellows Meeting. ADAC Education and Administrative Manager
conducted the monthly ADAC Fellows meeting, which included remote participation via Skype for
geographically dispersed Fellows. ADAC Executive Director participated, providing Center update on
current and projected activities. Fellows also received administrative updates on their respective
research assistance-ships.
23-25 October 2017: Arctic IoNS 2017. ADAC hosted its second Arctic-related Incidents of National
Significance workshop, titled “Coping with the Unthinkable…an Arctic Oil
Spill”. Hosted at the University of Alaska Anchorage, the workshop partnered
ADAC researchers with the Coastal Response Research Center from the
University of New Hampshire to introduce a fresh and targeted study to
address a distant offshore Arctic oil spill. The workshop was attended by over
75 experts from U.S. Federal, State of Alaska, North Slope Arctic Borough governments, Canadian,
German and U.S. institutional and /or academic researchers. Arctic IoNS workshop method is an
expert researcher, operator and government official structured seminar, with breakout groups
oriented to provide follow-on research to discover capability shortfalls. Arctic IoNS development
begins with the Arctic operators providing specified areas of concern to investigate. ADAC’s principal
“Customer” in this workshop was the U.S. Arctic operators in the U.S. Coast Guard. Through a guided
seminar plenary session, selected key participants presented understandings and identified areas of
concern in coping with an Arctic oil spill. Participants then moved to facilitated breakout workshops
to investigate identified topics of concern, in order to discover shortfalls and gaps of current and
emerging capabilities, which warrant further investigation. Through this structured plenary and
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breakout group workshop, participants gain understanding of under-researched gaps and shortfalls
in science and technology needed to cope with an Arctic oil spill. The workshop met the desired
outcome to determine research needs (and associated research questions) to address shortfalls and
desired capabilities to sufficiently improve the ability to respond for each topic.

Illustrations from left to right: ADAC’s Arctic IoNS 2017, Lucy Cuddy Hall, University of Alaska Anchorage. Illustration includes Mr David
Kennedy, NOAA Senior Arctic Advisor, CAPT Sean MacKenzie, USCG D17 Sector Anchorage Commander, CAPT Shannan Greene, USCG
D17, Dr Nancy Kinner, University of New Hampshire, Malla Kukkonen, ADAC Education and Administrative Manager, CDR M. McBride, and
Mr Chis Hall, IoNS Breakout Groups

25-27 October 2017: ADAC hosting of ONR’s ICE-PPR. ADAC hosted the International Cooperative
Engagement Program for Polar Research (ICE-PPR) conference of multinational members in Anchorage, Alaska in conjunction with the U.S. Office of
Naval Research (ONR), which resourced the event. The International
Cooperative Engagement Program for Polar Research (ICE-PPR), hosted by
the Arctic Domain Awareness Center in Anchorage, Alaska from 25 to 27
October 2017, discussed challenges resulting from a changing Arctic
environment, in addition to seeking to encourage collaboration on maritime research. A significant
outcome of the forum was advancing combined approaches between ICE-PPR nations in polar
science and technology research and testing.
The International Cooperative Exchange-Program for Polar Research (ICE-PPR) is a developing
framework between the United States, Canada, Denmark, Finland, Iceland, New Zealand, Norway
and Sweden.
This unique collaboration provided national delegations the opportunity to expand cooperation with
Arctic nations in terms of mutual interests in science and technology research that enhances
regional security. As ICE-PPR is an inclusive framework to both Polar Regions, the research
collaboration benefits from the participation of not only Arctic nations, but also gains insights to
applicable research efforts from New Zealand’s orientation to the Antarctic.

Illustrations from Left to right: Dr Hajo Eicken, Director, International Arctic Research Center, University of Alaska Fairbanks, ICE-PPR
Plenary Session and individual discussions, Hotel Captain Cook, Anchorage, Alaska.
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The Anchorage meeting of ICE-PPR advanced a suitable framework to share national advances in
science and technology, benefiting security and defense support to participating national civil
authorities in missions such as search and rescue, humanitarian assistance and disaster response.
The ICE-PPR framework provided participating nations an improved opportunity via research and
development to improve multi-national interoperability, while encouraging smart resource utilization
in pooling and sharing of limited assets in polar research. U.S. Office of Naval Research and U,S.
Arctic Research Commission funded the ICE-PPR event. There were no DHS S&T OUP funds used in
supporting or hosting the conference.
31 October 2017: Receipt of Responses to ADAC’s “Seeking solutions to advance maritime spatial
understanding, resilience, and awareness to achieve safety and security in the maritime domain”
Request for Proposal (RFP). ADAC received 17 proposals from a variety of U.S. and Canadian
research teams. These proposals were provided to DHS S&T OUP Program
Manager for coordination with HQ USCG for customer relevancy. Meanwhile,
ADAC conducted (via consulting numerous) research reviewers on proposals
where the Center did not have either perceived or actual conflict of interest.
ADAC coordinated with the Borders, Trade and Immigration (BTI) Institute, at
University of Houston, for their onward conduct of scientific reviews where
there was either actual or perceived conflict of interest. In exchange, ADAC
Principal Investigator led the management for the same science review for
BTI in support of their fall 2017 RFP.
Illustration: ADAC’s Request for Proposal for solutions to advance maritime spatial understanding, etc. 19 Sep 2017.

31 October – 1 November 2017: ADAC presentations at Canada’s MASS conference, St Johns,
Newfoundland. ADAC Executive Director presented on Center research in science & technology,
along with knowledge products development in support of U.S. Coast Guard Arctic mission sets to
the Maritime & Arctic Security and Safety Conference, 2017, St Johns Newfoundland. MASS 2017
included an array of Canadian and U.S. maritime
operators and research leaders, focused in exchanging
methods and solutions to address risk in conduct of
safety and maritime law enforcement missions. ADAC
Executive Director was at the conference by SES Mr. M.
Emerson, Director Maritime Transportation Systems, HQ
USCG (CG 5PW). DHS S&T OUP funds were not used to
support travel for this event.
Illustration: ADAC Executive Director presenting at the conference.

9 November 2017: ADAC Program Year Quarterly Review. In accordance with the approved Program
Year 4 work plan, ADAC conducted its first Program Year 4 Quarterly Review. This review served to
ensure projects in program year were compliant with the Center’s project management criteria, while
also serving as a preparation forum for ADAC’s Year 4 Annual Meeting.
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13-14 November 2017: ADAC Participation at 8th Annual Maritime Risk Symposium. ADAC
Executive Director served as concluding conference panelist in capturing
and describing workshop potential science and technology research topics,
(mostly oriented to maritime cyber defense topics) while also serving as a
senior mentor for undergraduate students participated USCG’s 8th Annual
Maritime Risk Symposium at Tiffin University, Tiffin Ohio.
17 November 2017: ADAC Monthly Fellows Meeting. ADAC Education and Administrative Manager
conducted the monthly ADAC Fellows meeting, which included remote participation via Skype for
geographically dispersed Fellows. ADAC Executive Director participated, providing Center update on
current and projected activities. Fellows also received administrative updates on their respective
research assistance-ships.
29-30 November 2017: ADAC Program Year 4, Annual Meeting, HQ USCG, Washington D.C. ADAC
leadership project Principal Investigators gathered with DHS S&T OUP, HQ USCG
ADAC Project Champions, and other customers and partners during ADAC’s Annual
Meeting at USCG Headquarters in Washington, D.C. The Annual Meeting theme was
“Pathways to Transition,” selected to highlight a series of avenues to successfully
transition ADAC research to useful products and capability for ADAC’s customers, which is principally
the U.S. Coast Guard and other Arctic operator communities. ADAC Leadership provided an overview
of Center efforts (which included on-going Center activity to bring new research on line and transition
strategies), followed by current project presentations. ADAC Principal Investigator, Research
Director, Executive Director, Finance Director, Education and Administrative Manager presented
details of their participation in the Center and associated efforts. Each project investigator or
designated team member presented on current project research, schedule & milestones, metrics
and transition. Two ADAC Fellows, Graduate Student, Leif Hammes and Graduate Student Matthew
Ahlrichs, presented on their research and participation in ADAC projects.
ADAC conducted a short intro overview video for each project (posted at
http://www.arcticdomainawarenesscenter.org/), and provided 45 minutes (questions and answers
included) for each legacy and 30 minutes for each new project. ADAC was honored by a
presentation by the Vice Commandant of the U.S. Coast Guard, Admiral Charles Michel, who
provided strategic reflections on the Arctic and the Commander of U.S. Coast Guard District 17, now
Vice Admiral Michael McAllister, who shared concerns and opportunities for ADAC’s research to
address his mission needs as the Coast Guard’s senior Arctic operational commander. Admiral
McAllister’s concerns was principally oriented to the rise of international maritime presence in the
vicinity of the Arctic littorals of the U.S. Extended Economic Zone (EEZ) of the Bering and Chukchi
Seas, in summer of 2017. The admiral noted that other than standard Automated Identification
Systems (AIS) there was little corresponding information to characterize the vessel activity. The
Admiral’s discussions highlighted the on-going need for ADAC to pursue research to advance
maritime domain awareness of the Arctic, in particular, for the U.S. EEZ, congruent to mission region
of responsibility for USCG D17.
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Illustration: ADAC Team assembling at HQ USCG for Annual Meeting

Illustration: ADAC’s Research Director, Dr Larry Hinzman

12 December 2017: ADAC leading discussions at The Patuxent Defense Forum, St Mary’s College,
Patuxent River, Maryland. ADAC Executive Director serves as
the Keynote presenter and overall moderator for the 12th
Annual Patuxent Defense Forum at St. Mary’s College of
Maryland. The theme of the Forum was “The Arctic Domain:
From Economics to National Security.” This unique forum
addressed issues central to U.S. defense and foreign affairs. In
this daylong conference, panelists representing policymakers,
academics, and government officials, will discuss topics such as U.S. Arctic defense strategy,
international frameworks for cooperation, climate change, responsible resource extraction, energy
development, tourism, territorial claims and defense issues. Moderators of expert panels included
Dr. John Farrell, Executive Director, U.S. Arctic Research Commission, RADM (Ret) Jon White, USN,
President and CEO for the Consortium of Ocean Leadership, and RADM (Ret), Rudy Peschel, USCG.
Dr. Walter Berbrick, Associate Professor in the Wargaming Department, and Founding Director of the
Arctic Studies Group at the U.S. Naval War College provided an afternoon address on the political
landscape of the developing Arctic. DHS S&T OUP funds were not used to support travel for this
event.
15 December 2017: ADAC Monthly Fellows Meeting. ADAC Education and Administrative Manager
conducted the monthly ADAC Fellows meeting, which included remote participation via Skype for
geographically dispersed Fellows. ADAC Executive Director participated, providing Center update on
current and projected activities. Fellows also received administrative updates on their respective
research assistance-ships. ADAC congratulated Fellows James Matthews and Kyle Alvarado for
completing their degrees and the tenure as an ADAC Fellow. ADAC congratulated Graduate Fellows
Leif Hammes and Matthew Ahlrichs for concluding their tenures as Fellows and offered assistance to
support their remaining efforts in completing their respective Graduate Thesis.
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15 January 2018: Start of ADAC’s “Arctic Environmental Security Course” (UAA College of Arts and
Sciences, Biology 490/690). ADAC Principal Investigator and
Executive Director co-instructed an experimental course, titled Arctic
Environmental Security. The course included Ecological Dynamics,
Social Resilience, Subsistence and Food Security, Environmental
Conservation, along with Regional and National Security. Overall, 25
students participated, which included distant education in Labrador,
Canada, Norway and Denmark. Class concluded on 11 May 2018.
Illustration: Arctic Environmental Security Course Flyer.

18 January 2018: ADAC participation in Organizational Meeting on the “Arctic GeoData
Cooperative,” University of Alaska Fairbanks. ADAC Executive Director and Research
Director participated in the organizational meeting of the Arctic GeoData Cooperative, a
data-sharing endeavor initiated by UAF’s Geophysical Institute and Alaska Satellite
Facility. The Arctic GeoData Cooperative provides an opportunity to share various ADAC
modeled data where other researchers can access the data for onward research. DHS S&T OUP
funds were not used to support travel for this event.

22-26 January 2018: ADAC participation at Alaska Marine Science Symposium, Hotel Captain Cook,
Anchorage, Alaska. ADAC Principal Investigator, Executive Director & Education and
Administrative Manager, participated in the 2017 Alaska Marine Science
Symposium along with ADAC graduate students Leif Hammes and Seth Campbell,
who presented their research in support of their Fellowship and support to ADAC
projects.
26 January 2018: ADAC Program Year 2nd Quarterly Review. In accordance with the approved
Program Year 4 work plan, ADAC conducted its second Program Year 4 Quarterly Review. This review
served to ensure projects in program year were compliant with the Center’s project management
criteria.
8 February 2018: ADAC – USCG RDC 2nd Program Year 4 Collaboration Meeting. ADAC leadership
met with USCG RDC for comprehensive update of ADAC’s Year 4 program. From the
meeting, ADAC coordinated with Dr Jim Bellingham and the Long-Range Autonomous
Underwater Vehicle (LRAUV) research and development team at Woods Hole
Oceanographic Institution (WHOI) to provide USCG RDC viewgraphs and a static display
of LRAUV in support of USCG RDC’s visit by DHS S&T and HQ USCG.
16 February 2018: ADAC hosts USCG D17 Commander for Center update on research and support
to D17 operational mission needs. ADAC Principal Investigator, Research Director,
Executive Director, Finance Director, Education and Administrative Manager and
Graduate Student Fellow, Matt Ahlrichs met with now Vice Admiral Michael McAllister,
D17 Commander and key members of his staff. Center reviewed current projects, ongoing Maritime Domain Awareness proposal evaluation, educational programs, and ADAC’s
developing Medium and Long-Term Environment (MaLTE) workshop on Arctic Futures: “Arctic in the
distant future…gaining Alaskan Native Insights to challenges across Maritime and Coastal Regions.”
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Among conclusions and remarks from the meeting, USCG D17 committed to provide participants
from both the D17 and D17 Sector Anchorage staffs to travel to the workshop planned for UAF
Northwest Campus in Nome.
19 February 2018: ADAC Participation in UAA Bookstore Speaker Series. ADAC Executive Director
presented as a guest speaker regarding the theme “The United States’ Role in the Arctic
and What Alaskans Need to Know about Plans and Future Developments” at the
University of Alaska Anchorage Bookstore, open to the public. ADAC Executive Director
presented on Arctic safety and security, based on current experience in the Center, as
well as drawing from experiences in developing Arctic Strategy and Policy while serving in the
Pentagon and service as the co-chair of the multinational Arctic Security Forces Roundtable, while
assigned as the Director of Strategy and Planning at United States European Command.
22 February 2018: ADAC Customer and Partner’s Roundtable via teleconference. .ADAC conducted
its second Program Year 4 Customer and Partner’s Roundtable via teleconference to an array of
approximately 45 people from DHS S&T, USCG, other U.S. federal agencies, and collaborators and
Canadian government and universities.
23 February 2018: Second Program Year 4 meeting with Executive Counselors. ADAC conducted its
second Program Year 4 Executive Counselor’s Meeting via teleconference. Participating Counselors
provided important consulting on ADAC priorities, and progress in ADAC’s Year 4 program.
23 February 2018: ADAC Monthly Fellows Meeting. ADAC Education and Administrative Manager
conducted the monthly ADAC Fellows meeting, which included remote participation via Skype for
geographically dispersed Fellows. ADAC Executive Director participated, providing Center update on
current and projected activities. Fellows also received administrative updates on their respective
research assistance-ships.
9 March 2018: ADAC Presentation on relevant Arctic Research to the UAA College of Engineering.
ADAC Executive Director presented an educational overview of Arctic
science and technology development associated with ADAC and the
relevance of such research to meet USCG mission needs. Presentation
was both in person and streamed live across the Internet to approximately 30 participants.
9 March 2018: ADAC Monthly Fellows Meeting. ADAC Education and Administrative Manager
conducted the monthly ADAC Fellows meeting, which included remote participation via Skype for
geographically dispersed Fellows. ADAC Finance Director. Ms. Heather Paulsen in collaboration with
ADAC Education and Administrative Manager Kukkonen conducted a mini resume workshop as part
of the monthly ADAC Fellows meeting. ADAC Executive Director participated, providing Center update
on current and projected activities. Fellows also received administrative updates on their respective
research assistance-ships.
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21 March 2018: Release of Arctic IoNS 2017 Workshop Report and Request for Proposal (RFP).
Following coordination and approvals
from DHS S&T and HQ USCG, ADAC
released the Arctic IoNS 2017 “Coping
with the Unthinkable…an Arctic Maritime
Oil Spill” Report and funded solicitation
to address shortfalls in science and
technology in addressing an Arctic
maritime oil spill.

Illustration: ADAC Arctic IoNS 2017 Workshop Report and associated RFP (21 March 2018).

26-27 March 2018: Arctic Futures Workshop, University of Fairbanks Northwest Campus, Nome,
Alaska. ADAC leadership and team hosted the 2018 Arctic Futures workshop, titled “Arctic in the
distant future…gaining Alaskan
Native insights to challenges
anticipated across Maritime and
Coastal Regions.” Workshop
planners gained insights from Arctic
Alaska Local & Place-Based
Knowledge as regards to future
concerns, opportunities, recommendations and inquiries to address anticipated challenges to the
future Arctic in coming decades. Notes taken during the meeting were formed into a comprehensive
report, with considerable coordination across the community of planners. Finalized report was
provided to U.S. Department of Homeland Security, Headquarters U.S. Coast Guard, U.S. Coast
Guard District 17, along with ADAC’s and CASP’s Arctic Research Community of Interest. This
workshop was hosted at the University of Alaska Fairbanks Northwest Campus in Nome, Alaska
partnering with a number of Alaskan Native corporations and regional residents.

Illustrations from left to right: Arctic Futures Workshop Elders Panel, Breakout Group with Mayor Brower, Utqiaġvik, and St. Lawrence
Island Dancers.

21
Arctic Domain Awareness Center Year 4 Annual Report 1 July 2017–30 June 2018

3 April 2018: Selection of proposals to develop workplans from ADAC’s “Seeking solutions to
advance maritime spatial understanding, resilience, and awareness to achieve safety and security
in the maritime domain” Request for Proposal (RFP). ADAC’s DHS S&T
OUP Program Manager provided ADAC notification of two accepted
proposals to commence workplan development. 1.) The Arctic All-Hazard
GIS Platform by Dr. Marcus Boyd, University of Maryland and 2.) Arctic
Vessel Monitoring Geofencing/Alert Awareness by CAPT (Ret) Buddy
Custard, Alaska Maritime Prevention and Response Network and Dr
Kenrick Mock, College of Engineering, University of Alaska Anchorage. ADAC and Project teams
constructed Workplans in coordination with Project Champion, Mr Hank Blaney, HQ USCG CG-2
(Intelligence) and associated USCG members from HQ USCG 926, RDC, and USCG D17, Both
projects will commence research in ADAC Program Year 5.

17 April 2018: ADAC hosting U.S. Northern Command’s Arctic Collaborative Workshop (ACW).
ADAC hosted 35 members of HQ U.S. Northern Command (USNORTHCOM) from Intelligence,
Operations, Logistics, Planning & Strategy and Communications Directorates. Additionally, Special
Operations Command Northern Command (SOCNORTH) also
participated. This educational session was exceptionally lively
with a robust exchange between the Center and the ACW visitors,
who provided excellent feedback on the need for such
discussions to advance needed education to prepare and inform
staff officers addressing security activities in the Arctic.
Illustration: ADAC Executive Director presenting to USNORTHCOM staff officers at ACW

19-20 April 2018: ADAC Participation at Arctic Encounter Symposium, (AES) Seattle Washington.
ADAC Executive Director joined a Flag-Level Panel titled “Hot or Cold: Balancing
Security and Diplomacy in the Arctic,” moderated by Dr. Mike Sfraga, Director,
Polar Initiative, Woodrow Wilson Center, along with USCG Pac Area Commander,
VADM Fred Midgette and now VADM Michael McAllister, USCG D17 Commander.
Additionally, ADAC Executive Director participated in panel titled: “Arctic
Transportation: Needs, Opportunities and Investment”, moderated by Dr.
Dwayne Ryan Menezes, Director, Polar Research and Policy Initiative.
April 20, 2018: ADAC Monthly Fellows Meeting. ADAC Education and Administrative Manager
conducted the monthly ADAC Fellows meeting, which included remote participation via Skype for
geographically dispersed Fellows. ADAC Executive Director participated, providing Center update on
current and projected activities. Fellows also received administrative updates on their respective
research assistance-ships.
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26 April 2018: ADAC Participation at Anchorage Arctic Research Day, part of the Municipality of
Anchorage’s “North by North” Festival. The second Annual Anchorage Arctic Research Day, and the
first time the Anchorage Museum hosted the event. ADAC Principal Investigator served as a panelist
describing current advances in Arctic Research, while ADAC Executive
Director moderated a panel of U.S. Federal
and State of Alaska titled “Operational Needs
Panel Discussion – Applied Research and
User Interests.” ADAC Education and
Administrative Manager conducted a student
roundtable exchange between ADAC Fellows
and other University students attending the
research day. DHS S&T OUP funds were not used to support this event.
Illustration: ADAC Principal Investigator addressing Anchorage Arctic Research audience on current initiatives in Arctic Research

1 May 2018: ADAC presentation at Multi-national Arctic Security Forces Roundtable, Halifax. ADAC
Executive Director presented on “The Importance of Information Operations and Domain Awareness
in the Arctic” at the
Arctic Security
Forces Roundtable
(ASFR), held at
Halifax Nova Scotia,
Canada. ADAC ED
also served as an
ASFR historical
subject matter
expert, based on
prior experience
serving as the ASFR
Co-Chair from
2013-2015. ASFR
participant nations
include Canada,
Denmark, Finland, Iceland, Norway, Sweden and the United States. The meeting in Halifax was the
first ASFR held in North America. DHS S&T OUP funds were not used to support travel for this event.
Illustration: Multinational Arctic Security Forces Roundtable aboard HMS Ville De Quebec, Halifax Nova Scotia, Canada. 1 May 2018.

9 May 2018: ADAC Monthly Fellows Meeting. ADAC Education and Administrative Manager
conducted the monthly ADAC Fellows meeting, which included remote participation via Skype for
geographically dispersed Fellows. Fellows also received administrative updates on their respective
research assistance-ships. ADAC congratulated Graduate Fellows Seth Campbell for concluding his
tenure as a Fellow and offered assistance to support his remaining efforts in completing his
Graduate Thesis.
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10-11 May 2018: WHOI CMR Defense Members Meeting, Woods Hole Massachusetts. Dr Jim
Bellingham, Director of the Center of Marine Robotics,
Woods Hole Oceanographic Institution and Project
Investigator for ADAC’s Propeller Driven Long Range
Autonomous Under Water Vehicle (LRAUV) hosted two days of discussions with marine technologists
and Department of Defense and Homeland Security Personnel regarding future innovations in
marine autonomous systems. ADAC Executive Director and ADAC’s DHS S&T OUP Program Manager
joined Dr Bellingham for the meetings to inform participants and gain insights in developing
autonomous systems and applying merging technology to reduce risk in challenging Arctic maritime
response environments.
16-18 May 2018: ADAC Participation at DoD S&T Synchronization Conference, U.S. Army Cold
Regions Research and Engineering Laboratory (CRREL), Hanover New Hampshire. ADAC Principal
Investigator, Executive Director and ADAC researchers from the University of Alaska Anchorage and
Fairbanks participated in this
Arctic-oriented defense and
security technology update.
As described by Conference hosts
at CRREL: “The 2018 Arctic Science
& Technology Synchronization
Workshop was sponsored jointly by
NORAD USNORTHCOM and
USD(R&E) to help represent DODwide science and technology with
Arctic relevance. In-depth
discussions of military-relevant Arctic
S&T and policy, provided a stronger
sense of potential requirements for
Arctic S&T work and strengthened
connections for DOD communities,
including operational communities,
who work in Arctic conditions and
conduct research related to them.” 1
Illustration: Photo of the 2018 DoD Arctic S&T Synchronization Conference, CRREL Hanover, NH.

ADAC participation at the venue was significant: ADAC was involved in the planning of the
conference starting in January 2018. ADAC Executive Director opened Day 2 of the conference as
the morning keynote presenter, and ADAC planned and conducted a panel of University of Alaska
Arctic-focused research construct entitled: described: “The University of Alaska Arctic Research
Collaborative.” At the close of the conference, NORAD/USNORTHCOM Science and Technology
Director, Mr Hal Moore indicated his support for the University of Alaska to host the next meeting of
this bi-annual forum.

1

Please see CRREL link: https://www.erdc.usace.army.mil/ArcticWorkshop/
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22 May 2018: ADAC Participation in U.S. Air Force Research Laboratory, Alaska and Northwest
Region “2030 S&T” workshop, hosted by College of Engineering,
University of Washington. ADAC Research and Executive Directors
participated in the Air Force Research Lab (AFRL) regional meeting
oriented to brainstorm future ideas for science and technology in
support of defense and security missions to address challenges in the coming decades. In addition
to the innovation discussion, the workshop provided AFRL senior leaders an introduction to DHS S&T
OUP Centers of Research and potential opportunities to collaborate. DHS S&T OUP funds were not
used to support travel for this event

30-31 May 2018: Alaska “National Laboratory Day”, University of Alaska Fairbanks, Alaska.
Organized by ADAC’s Research Director, Dr Larry Hinzman, (who also serves as the Vice Chancellor
for Research at UAF), the Alaska National Laboratory Day brought
representatives from the Department of Energy National
Laboratories across the U.S., along with science and technology
industry researchers to examine opportunities within the State of
Alaska. The conference achieved its goal of informing participants of
Alaska’s unique energy-related resources, infrastructure and
environment. Major themes of the event where:
Developing locally and globally relevant energy solutions
Navigating the changing Arctic
Exploring and accessing the energy field of the future
Enabling and empowering the energy of Alaska's entrepreneurs
Natural hazards and defense / aerospace
Energy and defense systems in the North.

30-31 May 2018: ADAC participation in DHS S&T Office of University Programs Center of
Excellence Summit. ADAC Executive Director,
Finance Director, Education and Administration
Manager, two ADAC Fellows, and a marine robotics
technician from Woods Hole Oceanographic
Institution participated in the “DHS S&T CoE
Summit.” The CoE Summit was hosted by the Criminal Investigations and Network Analysis (CINA)
CoE at George Mason University, Arlington, Virginia, ADAC Executive Director participated in a panel
entitled “National and Man-Made Disasters” and moderated the panel “Border Management in the
21st Century: an International Perspective.” ADAC’s Education and Administration Manager was a
key contributor to the development and execution of the Student Poster session, and guided the
participating ADAC Fellows in the development of their presentations. Meanwhile, ADAC’s Executive
and Finance Director operated the Center’s technology booth and provided information to Summit
participants about ADAC activities.
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Illustration: ADAC and WHOI Team members at CoE Showcase

Illustration: WHOI LRAUV Technician, ADAC ED and
HQ CG926 Director, Ms. Wendy Chaves

7 June 2018: ADAC Customer and Partner’s Roundtable via teleconference. ADAC conducted its
third Program Year 4 Customer and Partner’s Roundtable via teleconference to an array of
approximately 40 people from DHS S&T, USCG, other U.S. federal agencies, academic collaborators
and Canadian government and universities.

10 June 2018: Release of ADAC’s Program Year 4 MaLTE workshop report. Following a
comprehensive review and coordination period, ADAC published
the Center’s Program Year 4 Medium and Long Term
Environment (MaLTE) workshop report: “Arctic in the distant
future…gaining Alaskan Native Insights to challenges
anticipated across Maritime and Coastal Regions.” The report
reflected both the plenary and the details of the breakout
groups, while providing candid perspectives of participants
within an analytical context. The workshop report was timed to
be current and the content was intended to provide the “PhD in
Arctic living” perspective to coincide with the start of the U.S.
Coast Guard Arctic Strategy rewrite. The report reflected the 3rd
of 3 volumes of “futures” deliberations in support of HQ USCG
DCO-X “Evergreen” in trying to anticipate the challenges,
concerns and opportunities envisioned in the coming decades in
the Arctic.

Illustration: ADAC MaLTE Workshop Report

11-22 June 2018: Field portion of ADAC’s Summer Intern Project (ASIP): As described in detail in
the Education portion of the ADAC Program Year 4 Report, the ASIP project represented the Center’s
first endeavor to create an innovative program to provide students, both at the graduate and
undergraduate level, an orientation to Arctic coastal and maritime research. Following a week of
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student orientation at University of Alaska Anchorage, research and education leads conducted the
field portion of ASIP at the Barrow Arctic Research Center, Point Barrow Alaska. ADAC wishes to
express appreciation to NOAA and Sandia National Laboratories for their generous support in
providing housing for the project. ASIP’s field portion paired Minority Serving Institution (MSI)
students from University of Texas El Paso, with students from Tiffin University Ohio, University of
Alaska Anchorage and Fairbanks along with a Midshipman from the U.S. Naval Academy as part of
an overall ADAC hosted 10-week summer internship. During the program, students conducted field
activities, including observing coastal monitoring, conducted flora and fauna, plus sea ice sampling,
met with the leadership of the North Slope Arctic Borough, gained perspectives from several highly
experienced field researchers, met Search & Rescue teams, Borough Emergency Management and
NOAA observatory personnel. ASIP students then conducted follow-on reports tailored to individual
degree programs. Dr Craig Tweedie, University of Texas El Paso and Dr. Andrew Mahoney, University
of Alaska Fairbanks co-led the ASIP Field activity. ADAC Executive Director provided additional
support as well as served as the ASIP safety monitor.

Illustrations: ADAC ASIP Students and Co-Instructors on Chukchi Sea

28 June 2018: ADAC presentation to “Search and Rescue Europe” via Teleconference. ADAC
Executive Director served as the concuding
speaker for the Search and Rescue
Conference Europe confernce London,
United Kingdom. His presentation “A Case Study on Situational
Awareness: Supporting the Response to Complex Emergencies in
Remote (Arctic) Maritime Environments” focused on ADAC’s
development of research via structured workshops, particularly
Arctic IoNS. Conference attendees provided strong and encouraging feedback to the presentation.
As a result, ADAC anticipates providing a new presentation in June 2019.
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The remaining report maps ADAC’s results for the period of performance from 1 July 2017 through
30 June 2018 in comparison to the Center’s Program Year 4 Workplan approved by DHS S&T OUP.
Accordingly, the remainder of this report addresses the following:



II.

Center management efforts.
Performance reports on each project, including:
- Explanations of changes from the Workplan.
- Progress against milestones with explanations.
- Unanticipated problems and obstacles and how they were overcome.
- How outcomes will advance or impact current policy, plans, technologies, or
capabilities.
- Estimated Technology Readiness Levels (TRLs).

SUMMARY OF CENTER MANAGEMENT EFFORTS

The overall effort for ADAC leadership and research teams was compliance and vigorous execution to
meet objectives, schedules, milestones, metrics, and deliverables as described in the approved
workplan.
ADAC’s strategy and strategy implementation construct in the Center’s approved Program Year 4
Workplan drove Center leadership efforts enabling leadership to establish a series of “lines of effort”
to prioritize and comprehensively accomplish myriad activities with a very small Center staff. The
following material outlines the ADAC strategy implementation plan and subsequent summary results
for Center management activities.
ADAC Program Year 4 strategy implementation: As established in Program Year 3, ADAC leadership
continued practices, which formed a comprehensive “implementation plan” to deliver on the
Center’s Program Year 4 strategy. The following provides a summary of results from this strategy
implementation plan:






Success in ADAC’s efforts to investigate, develop approaches, resource and initiate new
research.
Solid execution of approved research work plans, which were appropriately resourced and
detailed.
Graduated and placed ADAC student fellows into the Homeland Security Workforce.
Matured and readied research for transition in accordance with U.S. Coast Guard Project
Champion direction to meet acquisition and/or commercialize needs.
Continued progress to adapt Center activities, management and communications to learn
and collaborate with an array of ADAC partners, expanding the reach of the Center across
U.S. and Canada to Arctic government, government operators, researchers, and industry
partners.

The following paragraphs outline associated personnel, management, and communications
summaries, providing additional details in support of overall ADAC management efforts.
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Center Personnel. ADAC’s leadership team had two transitions during the course of the Program
Year 4. In January 2018, ADAC gained Garett Bartgis, UAA Graduate Student in Engineering Project
Management and Kyle Alvarado (who completed tenure as an ADAC Fellow in December 2017
commensurate with graduating with a Bachelor of Science Degree in Engineering) as temporary
employees. Mr. Bartgis since has transitioned to full time status with the Center, while Mr. Alvarado
departed the Center for USAF Officer Training School.
ADAC continued with communications assistance via personnel assigned to UAA Business Enterprise
Institute (BEI) and BEI’s Applied Environmental Research Center.
As of the end of Program Year 4, ADAC accredited leadership is comprised of the following:








Douglas Causey, PhD, Principal Investigator, University of Alaska Anchorage (UAA).
Larry Hinzman, PhD, Research Director, University of Alaska Fairbanks.
Randy Kee, Maj Gen (Ret) USAF, MS, Executive Director, UAA.
Heather Paulsen, MBA, Finance Director, UAA.
LuAnn Piccard, MSE, PMP, Project Management Director, UAA.
Malla Kukkonen, MSS, Education and Administration Manager, UAA
Garrett Bartgis, BS, Senior Research and Communications Associate, UAA.

ADAC’s Executive Counselors—continuing a successful effort of external advisors for the Center.
ADAC continued its Executive Counselors team, which collectively and individually, proved very
helpful in support of Center activities. ADAC’s Executive Counselors participated in teleconferences
as a group and individually conducted additional engagement. The ADAC Executive Counselors
served in an unfunded/pro-bono status. The Executive Counselors advised ADAC leadership on
overall strategy for the Center efforts, connected ADAC to greater research collaboration (such as
invitation to participate in Arctic research workshops) and provided advice for individual Center
projects. Mid-way in Program Year 4, ADAC added two additional counselors. ADAC leadership
conducted two quarterly reviews, oriented to Strategic analysis of ADAC research projects with
Executive Counselors in Program Year 4. The first session was conducted on 16 August 2017 and
one on 23 Feb 2018. As individual schedules permitted, ADAC Executive Counselors participated in
ADAC hosted events across the program year. This included ADAC conducted events, in particular,
Arctic IoNS 2017 “Coping with the Unthinkable…an Arctic Maritime Oil Spill, the Office of Naval
Research’s supported International Cooperative Exchange-Program for Polar Research (ICE-PPR) in
October 2017, the ADAC Annual meeting in HQ USCG in November 2017 as well as supporting
ADAC’s Arctic Futures Workshop hosted in Nome in March 2018. As schedules permitted, Executive
Counselors participated in ADAC’s Customer’s and Partner’s Roundtables. Further, ADAC leadership
met individually with Executive Counselors throughout the program year to consult and seek their
advice, aligned to their respective, unique qualifications. One Executive Counselor, Dr John Farrell,
Executive Director of the U.S. Arctic Research Commission, provided supporting funds for ADAC’s
hosting of ICE-PPR and Arctic IoNS 2017. Following are ADAC’s Executive Counselors who
participated in the Center’s Program Year 4 efforts:
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Tom Barrett, VADM (Ret), USCG, President, Alyeska Corporation,
Anchorage Alaska. Admiral Barrett is a former USCG Vice Commandant
and USCG District 17 Commander.

Paul Hubbard, PhD, Director General, Director General at
Defence Research and Development Canada’s Centre for
Security Science (DRDC CSS) in Ottawa Canada Department of
National Defense, Ottawa Canada.
John Farrell, PhD, Executive Director, U.S. Arctic Research Commission,
Washington D.C.

Ruth Lane, CDR, USN, Director, U.S. National Ice Center, Suitland
Maryland.

Mike Faust, (Ret), Former Vice President of Exploration, ConocoPhillips Corporation, Anchorage Alaska.

Tom Case, Lt Gen, USAF (Ret), Chancellor Emeritus, UAA, Anchorage,
Alaska.

Roberta Quintavell, President & CEO, Sitnasuak Native Corporation,
Nome, Alaska,

ADAC Affiliated Researchers. ADAC maintained affiliations established in Program Year 2 with Dr.
Jeremy Mathis and Dr. Nicole Kinsman. Due to reassignment from NOAA to a Congressional
exchange program, Dr. Mathis transitioned to an inactive researcher for the Center. ADAC
maintained affiliated researcher status in Program Year 4 for Ms. Brenda Dunkle who is seeking a
Ph.D. and conducting research on Arctic related decision support processes. Dr. Mathis, Dr.
Kinsman and Ms. Dunkle receive no compensation for their affiliation.
ADAC Student Fellows. The Education and Workforce Development section of this report provides a
comprehensive review of ADAC student activities. Based on two distinct funding streams in Program
Year 4, ADAC had two categories of student Fellows: a small number funded via DHS S&T OUP
Supplemental Career Development Grant (CDG) and larger number resourced via Education
Outreach and Workforce Development, as part of the overall ADAC Award. ADAC Fellows participated
in projects associated with ADAC DHS S&T OUP approved Program Year 4 Workplan or directed
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studies managed via Center leadership. Upon graduation, ADAC Fellows seek employment within the
Homeland Security Enterprise (HSE).
ADAC Fellows participated in every aspect of the Center in Program Year 4. This included project
research, participating and presenting in ADAC hosted workshops, DHS S&T OUP, and/or USCG
forums. ADAC fellows were instrumental to a number of ADAC events, such as the Center’s Annual
meeting in Washington, DC. Arctic IoNS 2017, the ONR sponsored ICE-PPR international symposium,
or the Arctic Futures workshop conducted in Nome. ADAC fellows also participated in two poster
presentation seminars, one at the Alaska Marine Science Symposium and another at the DHS S&T
CoE Summit at George Mason University. At the close of fall semester 2017, two ADAC fellows
successfully graduated, both of which are now contributing to the Homeland Security Enterprise. At
the close Spring Semester 2018, three graduate fellows completed their academic programs and
are completing the remaining research for their thesis. The Center’s first graduating fellow,
completed the one-year obligation of service with the HSE (at the Transportation Security
Administration). ADAC’s Program Year 4 closed with all current Center fellows participating in one of
two required 10-week summer internship programs.
Summary of Center research management processes. ADAC executed the approved Program Year 4
Management Workplan. Included in this were weekly teleconferences between ADAC leadership and
DHS S&T OUP Program Manager and Program Coordinator. ADAC conducted weekly “all hands” calls
available to the entire ADAC research team also providing written products to inform members who
were unable to join the teleconference. ADAC leadership periodically joined research project leads
for project teleconferences with HQ USCG Project Champions. ADAC’s Finance Director conducted
monthly fiscal reviews and provided summary updates during ADAC’s Quarterly Review meetings.
During Program Year 4, ADAC did not conduct sub-recipient monitoring of awards, since no sub
awards established in Program Year 2, continued as active awards in Program Year 4. Additional
details are as follows:
Quarterly Reviews. ADAC Quarterly Reviews continued as critical meetings for Center leadership
oversight of research project’s activities allowing a long- range, scheduled opportunity for research
teams to present and discuss research, schedule, milestones metrics, and technology development.
ADAC’s Executive Counselors participated in ADAC’s Program Year 4 mid-year Quarterly Review.
ADAC originally established this mid-year review to help ADAC prepare for its first Bi-Annual review in
March 2016. In Program Year 4, ADAC conducted Quarterly Reviews on 9 Nov 2017, 26 Jan 2018,
(followed by the Mid-year review Executive Counselors strategic session on 23 Feb 2018), and 7
June 2018. Due to time and schedule constraints, the Center conducted an abbreviated review on
17 Apr 2018.
Transition Planning. As part of ADAC’s Quarterly Review process, (and in accordance with ADAC’s
approved Program Year 4 workplan) dedicated time between Center leadership and research teams
were conducted in transition planning activities. Throughout the course of Program Year 4, Center
leadership and respective research teams conducted transition engagement with USCG Project
Champions, planned destination “end-users” via teleconferences, and or electronic communications
to orient remaining planned research and to ensure the research was progressing in a manner
useful to the end-user and to the USCG “Customer”. Additionally, ADAC invested specific effort for
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discontinued or completed research to seek a viable transition pathway outside of DHS S&T OUP
funding.
As a result of transition planning activities occurring throughout Program Year 4, The following is a
summary of planned research destinations for ADAC funded investigations:
 Developing Sea Ice and Weather Forecasting Tools to Improve Situational Awareness and
Crisis Response in the Arctic: Planned research destination: National Atmospheric and
Atmospheric Administration, National Weather Service and Alaska Ocean Observation
System (NOAA/NWS and AOOS (a designated NOAA Affiliate)). Planned products are a
combination of knowledge products and software to support weather alerts/observations for
maritime weather notifications in Arctic Alaska and situational awareness for NOAA’s Arctic
Environmental Response Application (Arctic ERMA).
 High-Resolution Modeling of Arctic Sea Ice and Currents (HIOMAS). In Program Year 3, ADAC
was seeking U.S. National Ice Center in coordination with NOAA and U.S. Navy metrological
communities would incorporate HIOMAS within Navy’s developed sea ice and ocean current
program to create a complement/”suite” of Arctic ocean current and sea-ice modeling
operated by U.S. Navy and published to USNIC. However, at the ADAC Annual meeting, USN
decision-makers announced their decision to not incorporate HIOMAS, since it was
developed outside of USN requirements process. Accordingly, ADAC coordinated with NOAA,
NWS and AOOS to establish a new transition pathway where AOOS and its associated
computational center, Axiom Data Science to operate and publish HIOMAS modeled data to
NOAA, NWS, USNIC and NOAA programs (such as Arctic ERMA).
 Arctic Oil Spill Modeling (AOSM): Planned research destination: NOAA’s General NOAA
Operational Modeling Environment (GNOME). Through the course of Program Year 4, ADAC
researchers conducted teleconferences with NOAA GNOME POCs to provide designed
software coding (along with training and documentation) to be incorporated into GNOME to
create an operational AOSM capability to produce for USCG-led decision-makers in an Arctic
oil spill unified response command.
 Ice Condition Index (ICECON) for the Great Lakes: Planned destination: USNIC. Since
project inception, ICECON has been oriented by a counsel of experts to create a new
capability and software to operate via deterministic feeds, published by USNIC in support of
Great Lakes mariners (via USNIC’s public access website). Through the course of Program
Year 4, research refinement and transition planning has been accomplished via face to face
meetings and teleconferences with the Council of Experts and other personnel at USCG
District 9, USCG RDC, NOAA, NWS and Great Lakes Environmental Research Laboratory.
 Using Vessel Tracking Data to Prioritize Bathymetric Surveying in a Rapidly Changing Arctic:
Planned destination: AOOS, published to NOAA bathymetric survey teams and available to
Arctic mariners via public access website. From the initial accepted project, responding to
ADAC’s Arctic IoNS 2016, this project was aimed to create a series of Big Data analytic
knowledge products, developed in an interactive format published by AOOS, via
computational ability of Axiom Data sciences with support by the Alaska Marine Exchange.
Transition planning and customer feedback has been accomplished via a Steering
committee, including guidance of the assigned project champion.
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Development of a Propeller-Driven Long Range Autonomous Underwater Vehicle for UnderIce Mapping of Oil Spills and Environmental Hazards. Planned destination, yet to be
determined, but in on-going deliberation by HQ USCG project champion, USCG Pacific Area,
USCG District 17 and USCG RDC. Transition teleconferences were conducted in the course of
Program Year 4. While transition destination deliberations continue in Program Year 5,
LRAUV will underdgo additional development, testing and research into low cost
manufacturing concepts. Initial planning of a commericalization pathway of LRAUV to market
platform to oil spill response communities has been conducted, with inquiries planned once
vessel testing has proven satisfactory,

ADAC efforts to advance discontinued or completed research in Program Year 4. As a measure of
due diligence for research discontinued or completed at the end of ADAC Program Year 3, the center
accomplished the following:
 Persisted in meeting with USCG personnel to advocate for Ice Navigation “Arctic Training in
Education” Phase 1 and Phase 2 courseware developed at Maine Maritime Academy. Late
in ADAC Program Year 4, ADAC had agreement from USCG Forces Command to accomplish a
review of completed courseware (now taught at MMA to commercial mariners) for USCG
consideration to create an undergraduate Icebreaker operator program.
 Reviewed suitability of discontinued Integrated Ice Hazards software for Patent. Former
Project PI conducted research review to determine if former Ice Hazards project was suitable
for patent. Despite advances of software incorporated as a radar overlay in supporting ice
movement while underway in an icebreaker, PI determined advances were not unique
enough with new research developments to warrant patent submission.
 Onward research effort for ADAC autonomous Sensor network. ADAC created a team
consisting of former UAA Principal Investigator, ASRC Federal Mission Solutions and Harris
Corporation to seek advance the Center’s Sensor project discontinued at the end of ADAC
Program Year 3. However, due to a desire the research should return a profit (as opposed to
a cost neutral research project), Harris Corporation elected not to continue, resulting in a
temporary close of the research endeavors, as Harris provided a unique capability to conduct
the telecommunications activities of sensor operations in remote/austere locations.
Reporting. Integral to ADAC research management was significant involvement of Center leadership
with research project leads in drafting the ADAC Annual Program Report, preparing and presenting
for the Annual Meeting in Washington D.C. Further, close coordination was essential in preparing the
ADAC Program Year 5 Workplan. Accomplishing these tasks resulted in close collaboration between
ADAC research teams and Center leadership.
Continued monitoring and advocacy for ADAC completed or discontinued projects. ADAC leadership
continued to work with prior ADAC research teams on projects either concluded or discontinued, via
University of Alaska provided institutional support. The purpose of continued advocacy was to
continue efforts to seek successful transition of ADAC sponsored research to either new research
sponsorship or commercial transition.
Summary of ADAC’s efforts in communications. ADAC’s Program Year 4 communications have
continued to advance significantly. As presented in Section I of this report, ADAC conducted a
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sustained level of specific engagement to HQ DHS, across the USCG, other federal departments and
agencies, academic and industry research institutions, State of Alaska, local, tribal, and with
international collaborators.
Customers and Partner’s Roundtables. ADAC’s Customers and Partner’s Roundtable
teleconferences are principally an engagement opportunity from the Center to a number of
communities, Conducted on an “approximate” Bi-monthly basis, ADAC Customers and Partner’s
Roundtables serve to create an exchange opportunity between ADAC leadership to:
 The Arctic-focused community of USCG operators, (seen by ADAC as the Center’s
“customers;”
 An array of research collaborators across U.S. federal government;
 State of Alaska, principally, environmental response agencies;,
 Academic communities oriented to Arctic research;
 Arctic focused industry;
 International research collaborators (primarily oriented to Canada).
ADAC conducted these roundtables via Skype for Business/teleconference, with Center updates, and
each project providing a current and projected summary of activity. ADAC has found these
teleconferences highly useful and remarkably well engaged, often fielding multiple questions for
each project. Due to time and schedule constraints, ADAC elected to credit the Annual meeting,
conducted on 29-30 Nov 2017 as an equivalent Customer’s and Partner’s Roundtable. In Program
Year 4, ADAC conducted these teleconferences on 7 Sep 2018, 22 Feb 2018 and 14 Jun 2018.
Additionally, as requested by USCG, ADAC conducted two USCG RDC teleconferences providing
information similar to the Customer’s and Partner’s Roundtable (but oriented as a USCG RDC
technical exchange on 31 Aug 2017 and 8 Feb 2018. Simply due to a very high tempo of activities
for ADAC leadership and researchers, (in particular, due to numerous requests of ADAC leadership to
participate in Arctic-related conferences and workshops) the Center found it difficult to maintain a
strict bi-monthly schedule for these events in Program Year 4.
In addition to leadership and researcher engagement activities conducted via teleconference, in
person meetings, symposiums, workshops, etc., ADAC communications endeavors, describe Center
activities, research advancements, and individual accomplishments. ADAC believes it is excelling in
relating to a variety of audiences advances in research, technology development, student
achievement and relating the strategic importance of the Arctic. The below paragraphs provide
additional details for ADAC’s comprehensive efforts in communications.
ADAC video shorts. ADAC has continued to produce video shorts and publish them on “YouTube” in
order to highlight Center activities, research, and people. The inspiration for creating these videos
originated from reflecting on remarks made by DHS S&T OUP Director at the monthly OUP Director’s
call in January 2017, urging OUP Centers to work harder at messaging their research. These videos
have significantly helped advertise ADAC work to previously under-reached audiences, particularly
among university students. These videos have helped connect ADAC to students and additional
research collaborators. DHS S&T OUP Center of Excellence established leader for Communications,
Ms. Eleanore Hajian, has highlighted ADAC’s Video Shorts, as an effective communications approach
to all DHS S&T OUP CoE communicators. URL:
https://www.youtube.com/channel/UCnlcKAIpk7SvXyzL7_ToL4g
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Figure 1: Screenshots of ADAC YouTube Channel.

Social media. Throughout Program Year 4, ADAC has continued to advance messaging about Center
activities and research endeavors via Facebook. As many university students invest much of their
daily life in social media, advancing ADAC’s Facebook site allows increased access to students to aid
recruitment of Center Fellows, while serving as another outlet to communicate ADAC activities and
opportunities. URL: https://www.facebook.com/ADACAlaska/

Figure 2: Screenshots of ADAC Facebook Page.

IARPC Collaborative Network. In March 2017, Center leadership established an ADAC research
network at the U.S. Interagency Arctic Research Policy Committee
(IARPC) interactive collaborative portal. This collaborative network
serves to assist the Center in communicating about current and
future activities and opportunities. Achieving an IARPC Collaborative Network connects ADAC
research to the community of U.S. Arctic scientific research community, enabling ADAC to reach
audiences more comprehensively than before. Throughout ADAC Program Year 4, the Center has
leveraged the Arctic Domain Awareness Center Network established for the Center’s benefit on
IARPC Collaborations. Such access is important to further research idea generation, advertise ADAC
activities and opportunities and establishes the center as a recognized institution across the United
States.
Quarterly newsletters. ADAC published Quarterly Newsletters throughout Program Year 4 on a
scheduled basis. These publications featured significant Center activity by highlighting various
research projects, interaction with key ADAC customers and partners, and importantly “showcased”
ADAC student Fellows and their contributions. ADAC’s Quarterly Newsletters provide a scheduled
update to inform of recent Center activities, research updates and advertise coming events to the
community of ADAC’s customers, transition partners and research collaborators. In Program Year 4
ADAC published newsletters in July and October 2017, March and May 2018. The following is an
example of May 2018’s ADAC Quarterly Newsletter.
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Figure 3: ADAC Quarterly Newsletter, May 2018

Updates and improvements to ADAC’s web page. URL: http://adac.uaa.alaska.edu/
Throughout Program Year 4, ADAC made improvements to the Center’s “.edu” Web page. ADAC’s
webpage describes the Center, while serving as the repository of Center activities, reports,
workplans, specific research, current and prior newsletters, student events, and other items of
interest. This product is now a source containing the Center’s significant research documents and
associated research materials. The Webpage serves to provide details about ADAC to Center
customers, transition partners and collaborators, including prior and current endeavors.

Figure 5: ADAC Website Home Page.
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III.

ADAC PROJECT ACCOMPLISHMENTS

Theme 1 – Maritime Risk, Threat Analysis, and Resilience

Project: Developing Sea Ice and Weather Forecasting Tools to Improve Situational
Awareness and Crisis Response in the Arctic
Project Team and Champions
Project PI: Dr. Nathan Kettle
Lead Institution: University of Alaska Fairbanks
Supporting team: Dr.’s Hajo Eicken, Andy Mahoney, and Lawson Brigham (UAF).
Program Year 4 Project Champions: Dr. Jon Berkson, CG-WWM
Project Support: CAPT Tom Meyer, CG-761.
Project Advocates: Due to association with Arctic ERMA, ADAC acknowledges NOAA Office of
Response and Restoration (ORR) is a project advocate.
Project Description:
Abstract: This research provides USCG and other DHS Arctic maritime operator improved situational
awareness. The research project is a planned two-year research endeavor. The current findings
associated with investigations conducted in ADAC Year 4 are reflected in the following paragraphs.
The forecasting tools developed from this project improves crisis response by enhancing the support
for planning an emergency response to meteorological and environmental marine hazards in the
Arctic. In ADAC Program Year 4, Researchers advanced a decision support tool, grounded in
stakeholder interactions, to support weather and sea ice-sensitive decision-making. This included
facilitated and deliberate interactions among University of Alaska researchers, USCG emergency
responders, NOAA forecasters, and marine operators in the Arctic. Researchers focused investigation
on the waters surrounding Utqiaġvik (Barrow), Alaska; a sub region of the North Slope located on the
north coast of Alaska between the Chukchi and Beaufort Seas. The research project involves three
phases:
1. Preliminary tool development;
2. Stakeholder feedback and tool optimization;
3. Outreach, dissemination, and evaluation.
Phase 1: Prototype tool development with three steps. First, researchers assessed the decision
contexts of marine operators in the Arctic including: weather and sea ice-sensitive decisions, use of
weather and climate information, factors influencing information use, thresholds, and uncertainties
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via a series of literature reviews and interviews. Second, the team identified coastal hazards from
historical gridded ice velocity data from the UAF Coastal Sea Ice Radar system (CSIRS). Third,
researchers collaborated with the National Weather Service (NWS) and Arctic Environmental
Response Management Application (ERMA) to identify procedures for generating event notifications
and formats suitable for communicating information.
Phase 2: Findings used to develop a prototype-forecasting module. Researchers leveraged feedback
obtained from marine stakeholders via interactive webinar sessions to improve the projectforecasting tool. At the close of ADAC Program Year 4, development of a prototype-forecasting
module is commencing.
Phase 3: Researchers share project findings with a broader audience across Alaska and the Arctic
via outreach and project evaluation. This is pending research, planned for ADAC Program Year 5.

Figure 6: Developing Sea Ice and Weather Forecasting Tools to Improve Situational Awareness and Crisis Response in the Arctic.

Objective/Purpose: The proposed research address the following goals and objectives:
(1) Assess the decision contexts for marine operators in the Arctic, including weather and sea
ice-sensitive decisions, use of weather/climate information, factors influencing information use,
thresholds, and uncertainties.
(2) Enhance the usability of weather and sea ice forecasting tools to predict and respond to
environmental hazards threatening vessels and marine activities via the development of a
prototype-forecasting module.
(3) Identify lessons learned and best practices for supporting knowledge co-production of
decision support tools in the Arctic.
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Baseline: ADAC and other research endeavors investigate approaches to support key decision
makers involved in Arctic operations. Some tools provide information on existing environmental
conditions in the Arctic, which are useful in decision-making. However, there is a need to improve
decision support tools in a manner that directly serves operators. The enhancement of the operator
support tools includes the following: (1) understanding the tactical scales of data flow needed for
planning and response to sea ice and other marine hazards, (2) developing methods to automate
emergency responses from observations based on potentially hazardous conditions, (3)
understanding perceived uncertainties, and (4) identifying decision thresholds for tools. There is a
need to understand the best methods for sharing summaries of lessons learned from past rescue
and response efforts. Improving the opportunities for implementation and long-term costeffectiveness require leveraging existing infrastructure, observations, and partnerships.
Research Method: Using a model of action-oriented science, researchers consulted with key
stakeholders to develop and evaluate a sea ice-forecasting tool for Arctic operators. From
stakeholder engagement, researchers develop forecast tools, (which is currently in progress) to
address stakeholder needs with regard to hazards, planning, and operations.
The research advances via a phased process, which initiated with multiple iterations of stakeholder
engagement in the development, testing, implementation, and evaluation of the research product
(forecasting tool). This approach is within a total hazards framework, and built on the premise that
comprehensively accounting for different classes of hazards is preferable to considering these
hazards in isolation. Details of the research conducted are in ADAC Program Year 4 and planned in
future research are as follows:
Phase 1: The team develops a prototype weather and Sea Ice Hazard Tool following extensive
interaction with marine operators to accurately assess and understand decision context. This
includes an assessment of decision contexts derived from marine operators via a literature review
and interviews with key stakeholders (Phase 1a). This step focused on understanding the following:
(1) weather and sea ice sensitive decisions related to mitigating Arctic shipping hazards, (2) operator
use and awareness of forecasting tools, (3) information needs and decision thresholds, (4) key
uncertainties, (5) what planners and managers desired to learn about past emergency response
efforts, and (6) previous rescue and recovery efforts in the Arctic. Interviews targeted key decision
makers involved in shipping management decisions across Arctic Alaska (e.g., managers, operators,
responders across several agencies and organizations).
Findings from the literature review and interviews informed the development of the prototype hazardforecasting tool, which provide early warning capability for three classes of hazards (phase 1b). The
team identified coastal hazards from historical gridded ice velocity data from the UAF CSIRS. The
focus is on three classes of coastal ice hazards observed by the CSIRS and for developing early
warning systems (EWS).
For each EWS, the team initiated development of working prototypes using archived data and
knowledge of previous events. Once completed, researchers then prepare a series of
demonstrations for each EWS under different ice conditions and thresholds to present to project
partners and stakeholders for evaluation and refinement in later phases of the project. In parallel
with phases 1a and 1b, researchers collaborated with project partners at NWS and Arctic ERMA to
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identify procedures for generating event notifications detected by EWS’s and formats suitable for
communicating information (phase 1c).
Phase 2: Planned for future research in ADAC Program Year 5, once Phase 1 is completed, the team
presents a prototype-forecasting tool to the marine stakeholders to obtain feedback for tool
refinement. The research team elicits feedback via an interactive webinar, which specifically targets
prior interviewees, project partners, and additional stakeholders. The research team then optimizes
the prototype-forecasting tool based on the feedback obtained during the webinar and presentation.
Optimizing the tool require iterations with project partners to revise hazard notification formats and
procedures discussed in Phase 1c.
Phase 3: During the final phase of the project, (planned in ADAC Program Year 5) the team shares
project findings with a broader range of stakeholders across Alaska and the Arctic to evaluate the
tool. This includes presenting the tool to a broader audience via the following: a webinar, developing
a summary FAQ sheet for distribution to stakeholders (made available online), and presenting the
findings at peer review forums attended by both scientists and stakeholders to provide additional
opportunities for dialog and engagement.
The research team evaluates the action-oriented approach to creating useable forecasting tools
based on feedback obtained from a web-based questionnaire (following the webinar) to understand
how project outcomes met user needs. They also discuss lessons learned about knowledge coproduction with project partners, including barriers and enabling factors, to identify lessons learned
that might advise future collaborations.

Illustration: Project 3-phase research approach

Student Involvement in Program Year 4: ADAC Fellow Dina Abdel Fatah continued as a student
researcher. Ms. Fatah worked closely with the Principal Investigator to conclude interviews and work
with the technology development members of the project to assist realizing information gained from
the interviews into the applied tools. This research will further her PhD program and prepare her to
enter the HSE uniquely qualified as a social science researcher who can visualize technology
solutions.
Project Results:
Key Accomplishments in Program Year 4:
 Conducted a comprehensive assessment of decision context.
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Researchers developed literature review of the decision context for weather and sea
ice hazards in the arctic, including information needs, operator use of weather and
sea ice forecasting tools, available information, and weather and sea ice sensitive
decisions.
o Researchers conducted a total of 21 Interviews: local subsistence hunters (3);
climate service providers (3); tug and barge operators (2); USCG (4); local search and
rescue (1); academic researchers (8).
Conducted EWS Demonstrations for sea ice hazards using CSIRS.
o Researchers demonstrated and analyzed sea ice convergence and breakout events
from historical data were detected using Mat-lab simulations. Simulations described
sea-ice movement based on surface winds and localized ocean currents, creating a
detection construct useful to localized marine weather alerts and warnings.
o



Key Stakeholder Engagement in Program Year 4: Project team participated in ADAC “Customer’s
and Partner’s Roundtables, ADAC’s Annual meeting at HQ USCG, and routine engagement with HQ
USCG Project Champion. Additionally,
 Research team conducted a Project webinar with project partners. Served to introduce
partners and receive additional project feedback, such as additional key individuals to
interview and new potential collaborators to engage.
 Research team conducted interviews with key stakeholders (NWS Alaska Sea Ice Program,
Arctic ERMA, USCG, subsistence hunters, local search and rescue). Interview questions
focused on themes related to data and information needs, decision thresholds, challenges
information access and use, and challenges in developing decision support tools in the
Arctic.
 Research team conducted travel to North Slope Arctic Borough (specifically around Barrow
region) to meet local coordinator and interview Alaska Native hunters. The local coordinator
provided specific feedback on how to frame interview questions for local hunters, additional
individuals involved in search in rescue in Utquiagvik, and historical legacies research teams
should be aware of when developing decisions support in the Arctic.
 ADAC Research Fellow Ms Fatah, assigned to the project gained further insights for Alaska
Native marine operator decision context by participating in ADAC’s Arctic-related Medium and
Long Term Environment Workshop (Arctic MaLTE) at Nome Alaska on 26-28 March 2018 and
ADAC’s Arctic Summer Intern Project (11-22 June 2018).

Key publications (peer reviewed):
 Eicken, H. et al. 2018. “Sustained observations of changing Arctic coastal and marine
environments and their potential contribution to Arctic maritime domain awareness: a case
study in northern Alaska.” Arctic 71: 1-15.
Key presentations:
 Kettle, N. 2017. “Developing sea ice and weather forecasting tools to improve situational
awareness and crisis response in the Arctic.” NOAA’s Regional Integrated Sciences and
Assessments Annual Meeting. Washington DC. June 6-8.
41
Arctic Domain Awareness Center Year 4 Annual Report 1 July 2017–30 June 2018



Eicken, H. 2017. “Sustained, Integrated Observations for Arctic Maritime Domain Awareness
in a Hybrid Research-Operational Setting in Northern Alaska.” Presented at Oceans 17
Conference, Anchorage, Alaska, September 2017.

Changes from initially approved Workplan: None.
Project Progress against each milestone:
MILESTONE
Assessment of
decision context

PROGRESS
Missed

WHY NOT REACHED?
Milestone will be completed by the 31 July 2018. We
have nearly completed a literature review of the decision
context. We have also conducted 21 interviews across
each of our 5 groups. Interviews have been transcribed
and are undergoing analysis. Delays in conducting
interviews occurred due to challenges in arranging
interview times with subsistence hunters.
Convergence and breakout events detected. Anomalous
motion detection is in progress. Coding for convergence
events and validating accuracy was more time
consuming than anticipated. We are currently working
on anomalous event detection and anticipate this
demonstration will be completed by 31 July 2018.

EWS
N/A
Demonstrations
for sea ice
hazards using
CSIRS Note: This
is a planned ADAC
Program Year 5
milestone, but
research was
initiated in ADAC
Program Year 4

Project Progress against each metric:
Metric

PROGRESS

WHY NOT REACHED?

15 interviews across 5 groups

Complete.

3 prototype tools developed
from historical data. Note:
This is a planned ADAC
Program Year 5 milestone, but
supporting research was

N/A.

N/A, but further content: Researchers have
interviewed 21 individuals across all five groups.
However, we anticipate interviewing additional
individuals over the course of the second year of
the project to improve opportunities for successful
transitioning our product.
Convergence and breakout events detected.
Anomalous motion detection is in progress. Coding
for convergence events and validating accuracy
was more time consuming than anticipated. We
are currently working on anomalous event
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initiated in ADAC Program Year
4
Assessment of the quality of
the tool. Note: This is a
planned ADAC Program Year 5
milestone, but supporting
research was initiated in ADAC
Program Year 4
1 Peer reviewed publication

detection and anticipate this demonstration will be
completed by 31 July 2018.
N/A

As part of the overall two-year project, this task is
planned to be conducted in later phases.

Completed

One peer-reviewed manuscript has been
published. Researchers anticipate submitting
additional publications emerging from this project.

Outcomes/output and TRLs: Overall, the project’s key outcomes are improved situational awareness
and crisis response in the Arctic and enhanced Arctic marine safety and environmental protection.
Additional outcomes include the following: (1) enable an improved understanding of decision
contexts for marine operators in the Arctic and transition plan for year two, (2) enhanced usability of
weather and sea ice forecasting tools to predict and respond to environmental hazards, threatening
vessels, and marine activities, and (3) identification of best practices for supporting knowledge coproduction of decision support tools in the Arctic. As this project is a two-year research endeavor, the
following established both the first and second year planned outcomes (ADAC Program Year 4 and
Year 5). Planned outcomes include integration historical sea ice radar data into Arctic ERMA and the
development of procedures to integrate sea ice radar conditions for the three hazard prototypes into
National Weather Service products.
Research team anticipates completed tools to be TRL 7 for project-developed information products
and software applications.
Unanticipated problems and plans for addressing them: None.
Transition Activities:
Transition Plans and Progress Made: The research team disseminated project outcomes to
stakeholders through the project-specific presentations and webinars described above as well as
through regular customers and partners meetings and annual reports coordinated by ADAC
leadership. The team will also publish findings in peer-reviewed journal, One peer-reviewed
manuscript has been published. Researchers anticipate submitting additional publications emerging
from this project following completion of research in ADAC Program Year 5.
The team designed the workflow and partnerships underlying this research in a manner that sets the
stage for integrating the information tools and products directly into the operations of the NWS ASIP
information and advisory dissemination process and Arctic ERMA’s response management portal
and advisory framework. Both of these elements are tied directly into the formal response
frameworks, such as under an incident command, as well as for routine hazard monitoring and
mitigation operations by USCG and other DHS Arctic operators.
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Project: High-Resolution Modeling of Arctic Sea Ice and Currents (HIOMAS)
Project Team and Champions
Project PI: Dr. Jinlun Zhang
Lead Institution: University of Washington
Program Year 4 Project Champions: Dr. Jon Berkson, CG-WWM.
Project Advocates: HQ USCG, USCG RDC, USCG Pac Area, USCG D17, and NOAA/NWS.
Project Description:
Abstract: This ADAC project is completing an accurate High-resolution Ice-Ocean Modeling and
Assimilation System (HIOMAS) to simulate and predict sea ice and currents in the Arctic Ocean. This
system is calibrated and validated using a range of available sea ice and ocean observations. Once
validated, the system is used for near real-time hindcasting and daily to seasonal forecasting of the
Arctic Ocean currents, sea ice, and other environmental changes. The research pays particular
attention to: (1) the prediction of spatial distribution of ice motion and thickness, (2) the fraction of
thick-ridged or multi-year ice, and (3) the retreat and advance of ice edges. These are the sea ice
factors that are most relevant to Arctic operators.
Accurate high-resolution prediction of ocean currents and sea ice conditions enhance the Coast
Guard’s ability to prepare for and respond to oil spills in the Arctic Ocean. The prediction data is
useful to improve Coast Guard safety and consistency when conducting search and rescue missions.
The prediction data supports other stakeholders decision-making in planning and management of
economic activities. In addition, the data is useful for other modeling efforts, such as oil spill and
wave modeling. An inherent strength of HIOMAS is the ability to generate high precision models of
sea ice thickness, the movement of ice, and ocean currents across the Arctic Ocean. When focused
on a particular region of concern, HIOMAS is able to achieve even greater data precision. In ADAC
Program Year 4 research investigation concluded , pan-Arctic resolution has reached the limits of the
existing computing ability. Research in Program Year 4 concentrated on integrating validation of
modelling and integrating HIOMAS into a modelling service accessible to USCG operations in order to
aid in predicting Arctic sea ice and currents on daily to seasonal time scales. Complementing
research prediction for Arctic sea ice and ocean currents was assessing the HIOMAS model
predictability through skilled evaluation and uncertainty analysis as well as identifying areas for
further model improvement. In Program Year 4, ADAC coordinated model destination for HIOMAS to
the Alaska Ocean Observation System (AOOS), a NOAA Affiliate, with model execution provided by
Axiom Data Services, retaining long-term services of HIOMAS Project Investigator for technical
support. In conjunction with HIOMAS transition to AOOS/Axiom, ADAC continued coordination of
publishing modeled data to the U.S. National Ice Center as a transition outcome. Throughout
transition, ADAC continued to publish HIOMAS to Arctic ERMA and provide modelled data to users as
desired.
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Figure 7: High Resolution Modeling of Arctic Sea Ice and Currents (HIOMAS) Overview.

Objective/Purpose: This ADAC project is a robust numerical tool useful to conduct high-resolution
hindcast and forecast of Arctic sea ice and ocean currents. Research provides accurate, highresolution hindcast and forecast data to help enhance USCG’s ability to conduct search and rescue
missions more safely and reliably. HIOMAS data is also useful for other environmental factor
modeling, to include calculations for Arctic Oil Spill Modeling. Critical goal is modeling and publishing
HIOMAS on customer driven schedule at 2 KM resolution pan-Arctic and 1 KM resolution for the U.S.
Arctic Extended Economic Zone (EEZ) in the Bering, Chukchi and Beaufort Seas. Secondary goal is
providing completed HIOMAS to assist USCG, NOAA and other Arctic stakeholders to prepare and
respond to potential oil spills or to plan and manage economic activities.
Research Method: The research method is expert mathematical modeling of satellite provided data
of the Arctic Ocean basin to obtain sea ice thickness and sea ice and ocean current movement. In
ADAC Program Year 4, research project continued to advance the HIOMAS application to benefit
operational community needs, factoring appropriate Arctic meteorological conditions. Integral to
research method is scientific investigation of the following questions:


Is it necessary to change sea ice model parameters, constantly as higher and higher model
resolutions are used?



Are the sea ice properties in the 6 km resolution HIOMAS similar to those in the 2 km
resolution HIOMAS such that the 6 km resolution HIOMAS can be used for more rapid
response to urgent search and rescue needs.



Is it necessary to change the scope, frequency, and format of HIOMAS output to allow the
prediction data readily used by the U.S. National Ice Center?
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What is the impact of summertime heat storage in the upper ocean on the variability and
predictability of sea ice? Prior year research has yet to provide conclusive answer to this
important question.



How do Arctic cyclones affect the variability and predictability of sea ice and currents on daily
to seasonal time scales? Prior research indicates cyclones have an impact, but determining
the affect in daily and seasonal time scales needs further investigation.

Student Involvement in Program Year 4: No ADAC funded students are involved in this project.
Baseline: Research project developed HIOMAS from the Pan-arctic Ice–Ocean Modeling and
Assimilation System (PIOMAS, Zhang and Rothrock, 2003). PIOMAS is a well-established modeling
and assimilation system with advanced sea ice and ocean model components and is capable of
assimilating satellite derived sea ice concentration. Its realistic sea ice output is widely disseminated
worldwide by scientists, sea ice enthusiasts, interested bloggers, media organizations, and
government officials. Developed based on PIOMAS, HIOMAS has a much higher horizontal resolution
than PIOMAS, with 2 and 4 km resolution for the entire Arctic Ocean, depending on computing
resources.
Through prior research, the ADAC research team has developed three pan-Arctic versions of HIOMAS
with 6 km, 4 km, and 2 km horizontal resolution. These investigators note that none of these three
versions creates any false ice thickness buildup data associated with other modeling approaches.
With a 2 km pan-Arctic resolution, HIOMAS is too data intensive to run routinely on University of
Washington’s existing computer cluster. However, for most applications investigators have
discovered that a 4 km resolution HIOMAS is appropriately useful. Nevertheless, it is straightforward
to run 2 km resolution HIOMAS with more powerful computing equipment.
The science review for this project is extensive. U.S. National Ice Center (USNIC) provides short-term
numerical forecasts of sea ice extent and concentration using the Polar Ice Prediction System (PIPS),
combined with satellite observations (Cheng and Preller, 1999). PIPS uses forecast forcing from an
atmospheric forecast model to drive a coupled ice–ocean model to predict the future state of the ice
cover days in advance. PIPS was later replaced by the Arctic Cap Nowcast/Forecast System (ACNFS).
Most recently, ACNFS was replaced by the Navy’s Global Ocean Forecast System (GOFS), developed
at the Naval Research Laboratory at the Stennis Space Center (NRL-SSC). Like the PIPS and ACNFS
models, GOFS also consists of a coupled ice–ocean model driven by forecast forcing from an
atmospheric forecast model. Scientists at the NRL-SSC have been conducting hindcasts and shortterm and seasonal forecasts of Arctic sea ice using GOFS3.1. In addition, the Canadian Ice Service is
also providing short-term forecasts of sea ice in Canada’s navigable waters.
After the dramatic retreat of Arctic sea ice during the summer of 2007, the U.S. SEARCH and the
European DAMOCLES programs recommended a community-wide prediction effort — the September
Arctic Sea Ice Outlook. The focus of the Outlook is on the area of the overall Arctic sea ice extent and
hence different from the focus of HIOMAS forecast. This effort has been ongoing since 2008 with
increasing participation (Stroeve et al., 2014; http://www.arcus.org/search/seaiceoutlook/ and now
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http://www.arcus.org/sipn/sea-ice-outlook). For the September 2014 Arctic Sea Ice Outlook, 23
research groups worldwide participated, employing various methods that combined observations,
statistical and numerical models, and empirical analyses. Among the 23 contributions are 10
predictions from numerical models, including coupled ice–ocean models.
Community involvement in the Outlook (as discussed in the previous paragraph) has shed
considerable light on the predictability of the area of September Arctic sea ice extent. Most of the
numerical models participating in the Outlook have a coarse horizontal resolution (> 10 km). These
numerical models focus on the predictions of total September Arctic sea ice extent, and few predict
ice thickness and ice edge locations, which is not particularly useful for assisting the planning and
management of economic activities or USCG operational missions in the Arctic Ocean. Among these
numerical models, only ACNFS (later GOFS) has a high horizontal resolution (4 km) comparable to
the 4 km resolution HIOMAS. However, unlike HIOMAS, GOFS is primarily for hindcasts and shortterm forecasts. Its seasonal forecasts are mainly for scientific exercises, focusing on September
Arctic ice extent.
In addition, the sea ice model in GOFS is different from that in HIOMAS. The HIOMAS sea ice model is
adapted from PIOMAS, which has proven to simulate ice thickness with low mean bias and high
model-observation correlation (e.g., Schweiger et al., 2011). This is why PIOMAS sea ice output is
used extensively. ADAC and the research team believe the high-resolution HIOMAS results will be
even more Arctic operator-friendly and more broadly utilized. In addition, it is our hope that the ADAC
Program Year 4 experiment on 1 km resolution HIOMAS on a subset region covering the U.S. Arctic
EEZ will prove particularly useful to USCG Arctic operations in the Bering, Chukchi and Beaufort Sea
regions.
ADAC notes that to the HIOMAS researcher’s knowledge, no high-resolution (≤ 4 km) models are
used for daily to seasonal forecast of Arctic sea ice and currents. Daily to seasonal Arctic sea-ice and
ocean current forecasts correspond to USCG direct operational needs. Therefore, orienting HIOMAS
research will fill this operational gap.
Project Results:
Key Accomplishments in Program Year 4: A key adaptation for ADAC Program Year 4 research was
integrating forecast atmospheric forcing from the NOAA National Center for Environmental Prediction
(NCEP) Climate Forecast System (CFS) into HIOMAS. NOAA’s CFS consists of coupled atmosphere,
sea ice, and ocean model components with data assimilation. The CFS forecast ranges from hours to
months: there are a total of 16 CFS forecast runs every day, of which four runs go out to nine
months, three runs go out to one season, and nine runs go out to 45 days. These runs all create 6hourly forecasts of atmospheric data that are widely accessible in real time, and thus ideal for
forcing the HIOMAS forecast. Using the CFS forecast forcing, the researcher conducted daily to
seasonal forecast experiments on a monthly basis. Forecast results contributed to the researcher
investigation and address the previously stated science questions.
Throughout Program Year 4, Project Investigator continued to conduct calibration and validation
using various available sea ice and ocean observations (including meteorological data) to reduce
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model errors and improve applicability for Arctic operators, with a focus on the 4 km resolution
HIOMAS. Researcher regularly conducted (near) real-time and seasonal forecast of Arctic sea ice
and ocean currents and examined HIOMAS skills in (near) real-time hindcasts and forecasts.
The model errors are generally within the error range of the performance metrics.
During Program Year 4, ADAC received an inquiry about the possibility of HIOMAS to achieve finer
scale resolution, if focused on a scale less than pan-Arctic. Through inquiry to USCG stakeholders,
ADAC concluded a finer scale resolution could potentially be useful for ship ice transit planning. As a
result, ADAC challenged the researcher, who successfully developed a new version of HIOMAS with a
very fine 1 km resolution for the Alaska waters (the U.S. Arctic exclusive economic zone, EEZ). This
new work (and not originally planned in Year 4 Workplan) was in response to a relevant request from
Arctic stakeholders at meetings during the Alaska Marine Science Summit in January 2018. This new
version of HIOMAS, created in Program Year 4, provides higher resolution and limited model domain
(allowing finer scale with existing computing resources). At the close of Program Year 4, the new fine
scale version was functioning and showing details not previously observed even with the HIOMAS
pan-Arctic 2 KM version.
Key Stakeholder Engagement in Program Year 4: Project team participated in ADAC “Customer’s
and Partner’s Roundtables, ADAC’s Annual meeting at HQ USCG, and routine engagement with HQ
USCG Project Champion. The ADAC leadership worked with DHS, HQ USCG, NOAA, NWS, Alaskan
Command, State of Alaska National Guard, and USCG D17, highlighting HIOMAS modeling efforts to
an array of Federal and State of Alaska operators. The project PI obtained helpful feedback from Dr.
Jon Berkson, CG-WWM and Thomas Cuff, Director of Ocean Prediction Center, NWS on how HIOMAS
can better serve the Arctic operators. Such examples of feedback was recommendations in where
to seek HIOMAS model execution outside of original planned destination of model execution as part
of a “suite” of models operated by U.S. Navy (as a complement to Navy Research Laboratories
GOFS/HYCOM). Since HIOIMAS was developed outside of U,S, Navy operations requirements,
HIOMAS could potentially conflict with GOFS/HYCOM, specifically developed to support U.S. Navy,
and not necessarily, the overall pubic good.. Accordingly, ADAC determined that NOAA’s Arctic
oriented Affiliate, AOOS, which is dedicated to support the public good for operationally relevant
marine data, in the Arctic, would be a suitable transition destination to host and publish HIOMAS
data.
In support of the Public Good, the project PI provided sea ice thickness data to Mr. David Clarke,
Alaska Oil/Gas Project Management Consultant, for planning of economic activities in the Beaufort
Sea, which helped to assess the feasibility of exporting liquid natural gas (LNG) directly off the North
Slope of Alaska using DAS (double acting ship, a registered trademark of Aker Arctic Technology)
icebreaking tankers.
In July 2017, (due to a relayed request from the North Slope Arctic Borough Search and Rescue
Center), ADAC asked the Investigator to conduct a rapid HIOMAS model run to support search crews
to locate an overdue boat with one adult and several children lost off shore. The project PI quickly
responded by running HIOMAS and providing predicted location of the boat to assist the local search
and rescue team. Throughout Program Year 4, the project PI worked in close collaboration with
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scientists at the NOAA/NWS/NCEP Climate Prediction Center in an effort to improve NOAA’s daily to
seasonal Arctic sea ice forecast, and distributed HIOMAS modelled data to NOAA/NWS field offices
regularly. At the close of Program Year 4, ADAC gained agreement with NOAA’s Affiliate, AOOS
(supported by Axiom Data Sciences) to serve as HIOMAS transition destination at the close of ADAC
Program Year 5.

Key presentations: Zhang, J., H. Stern, A. Schweiger, M. Steele, and B. Hwang, “Seasonal evolution
of the Arctic marginal ice zone and its power-law obeying floe size distribution”, C33C-1205, AGU,
San Francisco, December 13, 2017.
Moore, K., A. Schweiger, J. Zhang, and M. Steele, “Collapse of the winter Beaufort High associated
with the pan-Arctic intrusion of North Atlantic cyclones: A response to thinning sea ice?” C31D-02,
AGU, San Francisco, December 13, 2017.
Changes from initially approved Workplan: Developed a version of HIOMAS with 1 km resolution for
the Alaska waters (the U.S. Arctic EEZ). This was an additional research task added to the approved
ADAC Program Year 4 workplan and accomplished with no additional investment of DHS S&T OUP
funds.
Project Progress against each milestone:
MILESTONE

PROGRESS
Achieved.

WHY NOT REACHED?
N/A.

Achieved.

Note: Figures support
HIOMAS manuscript for peer
review journal article. A
manuscript was submitted to
Geophysical Research Letters
(GRL)that has 4-page
limitation. The GRL editor
suggested to expand the
manuscript and submit it to a
different journal allowing more
pages in order to provide peer
readers needed context

Continue to conduct extensive calibration and
validation using various available sea ice and
ocean observations (including meteorological
data) to reduce model errors and improve
applicability for Arctic operators); continue to
conduct (near) real-time and seasonal forecast of
Arctic sea ice and ocean currents; examine
HIOMAS skills in (near) real-time hindcasts and
forecasts.
Gather figures to investigate scientific paper for
high-resolution predictability of sea ice.
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Project Progress against each metric:
Metric

PROGRESS WHY NOT REACHED?

Range of mean prediction error in ice
concentration percent): 0% to 30%; range of
mean prediction error in ice (thickness (m): 0 m
to 0.4 m, range of mean error in ice drift
estimates (m/s): 0 m/s to 0.02 m/s

Achieved.

N/A.

Collaborate with ADAC Leadership and other
ADAC researchers to determine improved
approaches to disseminate HIOMAS to USCG
and other DHS maritime operators.

Achieved.

Publish research results through journal
publications and scientific peer-review forums.

In
Progress.

N/A. Note: Collaboration resulted
in transition destination of
HIOMAS to AOOS & Axiom Data
Science to publish to NOAA and
USNIC.
One paper is in revision; and one
paper is in preparation for
submission. Manuscript was
submitted for peer review
publishing, A manuscript was
submitted to Geophysical
Research Letters (GRL)that has 4page limitation. The GRL editor
suggested to expand the
manuscript and submit it to a
different journal allowing more
pages in order to provide peer
readers needed context. Both
papers are expected to be
published in ADAC Program Year
5.

Outcomes/output and TRLs:
1. HIOMAS Models in 6, 4, 2 KM resolution via hindcast and forecast of sea ice thickness,
concentration, and velocity; fraction of thick ridged or multi-year ice; ice edge locations; snow
depth; and ocean velocity for pan-Arctic display.
2. HIOMAS Model in fine resolution (at or less than 1 KM scale) for U.S. Arctic maritime EEZ for
direct benefit to USCG Arctic operations in Bering, Chukchi and Beaufort Sea regions.
Researchers expect to achieve TRL 7/8 for project-developed information products and software
applications.
Unanticipated problems and plans for addressing them: None.
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Transition Activities:
Transition Activities and Progress Made: HIOMAS provides Arctic maritime operators via a model
publishing source, a pan Arctic model capable of 2 KM resolution pan-Arctic, plus a fine scale at or
less than 1KM resolution model of U.S. Arctic maritime EEZ. As discussed, ADAC’s transition focuses
in establishing HIOMAS as an operationally supported model to a credentialed service. Accordingly,
at the end of Program Year 4, ADAC coordinated the model destination for HIOMAS to the Alaska
Ocean Observation System (AOOS), a NOAA Affiliate, with model execution provided by Axiom Data
Services, retaining long-term services of Project Investigator for technical support. Throughout
transition, ADAC will continue to publish HIOMAS to Arctic ERMA and provide modelled data to users
as desired. Transition planning consists of confirming transition pathway establishing working
prototypes (at increasingly fine scale, based on significantly more suitable via AOOS and Axiom Data
Services computing host equipment capability), publishing HIOMAS modeled data from AOOS and
Axiom to other NOAA systems (including Arctic ERMA). Concurrent of HIOMAS transition to AOOS,
ADAC will continue to work with USNIC for the ability to receive and publish HIOMAS published data.
ADAC and HIOMAS researcher will transition of HIOMAS from ADAC and University of Washington, to
AOOS and Axiom in accordance with ADAC management plan.

Theme 2 – Maritime Domain Awareness
Project: Arctic Oil Spill Modeling (AOSM)
Project Team and Champions
Project PI: Dr. Tom Ravens and Dr. Scott Socolofsky
Lead Institution: University of Alaska Anchorage (UAA) and Texas A&M University (TAMU)
Supporting team: Michael Ulmgren (UAA), Kelsey Frazier (UAA), and a Postdoctoral researcher
(TAMU)
Collaborators: N/A
Program Year 4 Project Champions: Ms. Kirsten Trego, HQ USCG-MER.
Project Description:
Abstract: In support of the USCG marine oil spill response mission the research team advanced and
is finalizing an analytical model to estimate the spread of oil released in an ocean environment
under ice due to a well blowout, ruptured pipeline, or ship grounding. The approach for under ice oil
release from an offshore well blowout or pipeline rupture involved coupling output from the ocean oil
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plume model developed by TAMU with the UAA derived analytical density current models to forecast
oil spreading in an Arctic setting. These tools have in turn been included in the NOAA’s oil spill
forecasting model, the General NOAA Operational Modeling Environment (GNOME). For oil released
near the ocean surface, the project team has adopted approaches derived from the research
literature compatible with NOAA’s GNOME model, and at the end of ADAC Program Year 4, is
finalizing transition planning to have these algorithms included in NOAA’s GNOME.
The research goal has been to develop a tool to forecast the spread of oil in an Arctic marine
environment in the immediate aftermath of an oil spill event (i.e., within 24 or 48 hours of the spill).
Modeling accounts for the character of the oil spill (e.g., well blowout or pipe rupture), the release
rate or amount, the environmental conditions (ice concentration, water depth, water velocity (drift),
and salinity). Researchers prioritized near-surface releases of oil (e.g., vessel source) as there is a
greater risk of oil spills from a vessel source.
At the end of ADAC Program Year 4, Investigators are underway in transitioning the Arctic-capable oil
spill-forecasting tool to appropriate stakeholders by incorporating the tool into NOAA’s oil spill model
(the GNOME Suite, including both WebGNOME and PyGNOME). This approach improves NOAA
modeling environment used by USCG decision makers in oil spill response. The team further
advanced the tool by incorporating improved environmental data on Arctic conditions, and through
increased amounts of pre-formatted input data for Arctic applications.
Research included:
(1) Developing a user interface for the new elements of GNOME developed by ADAC. Coding has
been drafted by TAMU who has experience with JavaScript programing.
(2) Validation of the dissolution algorithms used by GNOME incorporating those in the Texas
A&M model;
(3) Coupling GNOME with available ice data, and;
(4) Preparing the transition of all ADAC algorithms to the GNOME environment.
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Figure 8: Arctic Oil Spill Modeling Overview

Objective/Purpose: Under USCG led Unified Command for an Arctic Oil Spill Response, USCG relies
on NOAA modelers to provide decision support data to guide the overall response. AOSM
incorporated into GNOME, provides NOAA modelers the needed tool to enable such USCG response
decisions. Accordingly, the research objective of AOSM is to develop new algorithms for oil fate and
transport in the Arctic environment, including the effects of temperature, salinity, ocean currents,
and ice cover. These new methods have been designed to fit an oil spill response paradigm,
meaning that they would be efficient calculations that can be run in a forecasting mode during a
spill.
Baseline: The USCG relies on NOAA operating the General NOAA Operational Modeling Environment
(GNOME) oil spill model and NOAA for expert guidance when responding to an oil spill. At the start of
this project, NOAA’s existing GNOME oil spill model was not Arctic-capable (e.g., it did not account for
Arctic Ocean unique characteristics such as sea ice). The existing GNOME oil spill model also did not
yet include an oil plume module so it could not readily address sub-surface well blowouts and subsurface pipeline ruptures. A new NOAA GNOME model, under development, deals with ice by
assuming if the coverage is 20% or less, the oil moves with winds and currents. If the coverage is
80% or more, then it moves entirely with the ice. For concentrations between 20% and 80%, it
interpolates linearly.
ADAC oil spill researchers have engaged with NOAA’s leading oil spill modelers to provide expert
advice to incorporate ice into GNOME. As a result, ADAC oil spill research has provided a GNOME
compatible model that will forecast the movement of surface and under-ice releases of oil and gas.
This model takes into account the under ice roughness that affects the oil spread within the first 24
– 48 hours of an oil spill. Recent ADAC research has created an Arctic oil spill calculator to serve as
an in-house platform for the development and testing of Arctic-capable oil spill algorithms. A

53
Arctic Domain Awareness Center Year 4 Annual Report 1 July 2017–30 June 2018

research success for the ADAC AOSM team was NOAA’s acceptance and incorporation of the AOSM
algorithms into GNOME.
One of the key and unique features of this project is the realistic accounting of Arctic under ice
roughness. As a part of prior Beaufort Sea oil exploration, Shell Corporation provided initial estimates
of Arctic under-ice roughness. ADAC oil spill researchers have advanced this analysis and added
further collaboration from ADAC’s prior Integrated Sea Ice Hazards PI, Dr. Andy Mahoney from the
University of Alaska Fairbanks.
Oil and gas plume modeling expertise developed by Texas A&M University (co-PI Scott Socolofsky)
also constitutes significant baseline data. Over the last five years, Dr. Socolofsky has developed the
Texas A&M Oil Spill Calculator (TAMOC), a comprehensive model for predicting the nearfield behavior
of subsea oil spills (Socolofsky et al., 2015), through funding from an array of sources. Contributors
to this prior work include the U.S. National Science Foundation, the Gulf of Mexico Research Initiative
(GoMRI), the Bureau of Safety and Environmental Enforcement (BSEE), Chevron Energy Technology
Company, and Shell Corporation.
When an oil and gas release occurs below the ocean surface, the chemicals rise and entrain ambient
seawater to form a plume. The nearfield region of a spill then extends until the buoyancies of the oil,
gas, and seawater mixture are in equilibrium. For the Deepwater Horizon accident, the nearfield
dynamics were responsible for effecting the intrusion layer that formed at a depth of 1100 m in the
Gulf of Mexico (Socolofsky, et al., 2011). These factors not only affected the intrusion layer, but also
were responsible for the transport of oil to the surface and close to the response zone (Ryerson, et
al., 2011). In shallow ice-capped regions, such as the Chukchi and most of the U.S. regions of the
Beaufort Sea, the nearfield plume will extend from the spill to the bottom of the ice surface. The
plume model will predict the mixture density of oil, gas, and seawater that will intrude laterally under
the ice. It will also predict the mass flow rate of oil and gas.
ADAC has successfully integrated algorithms developed and tested within the in-house ADAC Arctic
Oil Spill Calculator, and subsequently into the GNOME Suite. NOAA’s GNOME model is a nextgeneration oil spill model designed to incorporate a number of oil spill modeling updates, including
the Arctic-oriented updates produced by ADAC. It remains to test these algorithms carefully, continue
training of NOAA staff on their use, and to enhance the user interface to access these new
capabilities within the GNOME model.
Key Accomplishments in Program Year 4. In ADAC Program Year 4, the University of Alaska
Anchorage (UAA) and Texas A&M University (TAMU) engaged and gained agreement with the NOAA
Office of Response and Restoration (Mr. Chris Barker) to execute the Arctic Oil Spill Modeling (AOSM)
Roadmap, which had been defined in the Year 4 Work Plan. Elements of the Roadmap are listed in
table below. The Roadmap defines the elements of the Arctic Oil Spill Calculator (AOSC) and the
Texas A&M Oil Calculator (TAMOC) to incorporate into the General NOAA Operational Modeling
Environment (GNOME). A series of phone conferences were held to ensure that there was agreement
on the specific elements of AOSC and TAMOC that should be incorporated within GNOME.
Arctic Oil Spill Modeling (AOSM) Roadmap defined in the Year 4 Work Plan:
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Element of AOSC / TAMOC to add to GNOME

Programmer

Time
Line

Include shore-fast ice by implementing time-dependent shoreline
boundaries0. Update shoreline position data used by GNOME.

NOAA

Mar.
2018

Create a GNOME variable for ice storage capacity

NOAA

Jan.
2018

Develop algorithms to determine ice storage capacity1 based on
ice stage

NOAA / UAA

Feb.
2018

Transport under-ice oil in GNOME according to AOSC algorithms2
•

Smooth Ice: Mover is ice or water flow (if vel. Threshold
exceeded)

NOAA / UAA

Mar.
2018

•

Rough Ice: Mover is ice or storage overflow

NOAA / UAA

Apr.
2018

Transfer particle properties from TAMOC to GNOME3

TAMU

Jan.
2018

Train NOAA to simulate our four Arctic spill scenarios in GNOME
using the updated AOSC / TAMOC capabilities

UAA / TAMU

May
2018

Table Notes:
0 Need to determine refloat half-life.
1 Over flow from one grid cell to another is a mover to be incorporated within GNOME.
2 Element requires GNOME ingestion of ocean / sea ice data.
3 Generate particles for GNOME particle tracking algorithms based on TAMOC/AOSC.

In Program Year 4, UAA made progress in defining the under-ice oil storage capacity (m3/km2) based
on ice stage data (see the below “Illustration Graph”) which is readily available in near real time. The
under-ice storage capacity is the volume of under-ice oil that could be stored by sea ice considering
the cavities in the underside of the ice. In the event of an under-ice spill, the GNOME model will pull
ice stage data from NOAA (the Alaska Sea Ice Program, https://www.weather.gov/afc/ice) and use
the ice stage data to estimate under-ice storage capacity. In order to do this, it was necessary to
determine the relationship between ice stage and under-ice storage capacity. The under-ice oil
storage capacity at selected locations in the Beaufort and Chukchi Seas was estimated from ice
draft data that was available over a 4-year period (2010-2013). At the times and locations at which
the under-ice oil storage capacity was estimated, data on ice stage was sought (Figure 9). Ice stage
of sea ice is characterized using the “Ice Egg” code (Figure 10). The three numbers reported on the
x-axis in Figure 10 indicates the ice stage of the primary, secondary, and tertiary ice at a given site.
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Figure 9: Plot of the dependence of Under-Ice Oil Storage Capacity (m3/km2) versus ice stage.

Ice Egg
Code
Modified
Code
Thickness
(cm)
Description:

1

2

3

4

5

6

7

8

9

1*

4*

7*

8*

9*

1

2

3

4

5

6

7

8

9

10

11

12

13

14

3070.
1Y,
thin

3070.
1Y,
thin,
stage
1

3070.
1Y,
thin,
stage
2

70120.
1Y
Ice,
med

>120 >2m >2m >2m

0-10

10101530.
15.
30.
New, Nilas, Young Gray
Frazil, Ice
Slush, Rind
etc.

153030.
200.
Gray 1Y
White

1Y
ice,
thick

Old
1Y
ice

Figure 10: The ice egg code used to define ice stage.

The under-ice storage capacity is an “Environment Object” in the GNOME model, and it is a function
of latitude, longitude, and time. If oil is spilled under ice, the GNOME model will keep track of the
quantity of spilled oil under ice, considering the number of tracked particles in a given grid cell.
Normally, the ice will have sufficient capacity to store spilled oil. The oil will reside in the cavities and
move as the ice moves. However, if the under-ice storage capacity is exceeded in a given grid cell, oil
will overflow into adjacent cells. If overflow is going to happen, the first oil particle to overflow will be
the one that most recently entered the grid cell.
In Program Year 4, UAA AOSM researchers made progress in the development of a 3D Arctic oil spill
model capable of providing data on the distribution of dissolved oil concentration. This data was
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SY
ice

MY
ice

necessary in order to assist in the development of the ADAC’s Propeller-driven Long Range
Autonomous Underwater Vehicle (LRAUV) project. The modeling was conducted with Delf3D
software and the location of the modeling was the Burger site (46 m deep) in the Chukchi Sea. The
modeling assumed smooth ice, moving a 5 cm/s, as well as other scenarios (e.g., 10 cm/s flow
velocity). A particle tracking approach was taken with particles emitted from the underside of the ice.
Figure 11 (below) provides example output from the UAA ADAC AOSM modeling effort.

Figure 11: A visualization of a 2D distribution of particles (dissolved oil constituents). The actual model produced 3D output.

Work at ADAC’s AOSM researchers at Texas A&M University has focused on coupling the Texas A&M
Oil spill Calculator (TAMOC) to GNOME and on conducting new laboratory experiments for interaction
of a blowout plume with the ocean surface with and without ice cover.
TAMOC / GNOME Coupling. During Year 4, ADAC’s AOSM researchers at TAMU created example files
for the coupled TAMOC / GNOME modeling system that simulate each of the oil spill scenarios
studied by ADAC in Program Year 3. Work during Year 3 allowed TAMOC to be initialized by and
within GNOME using oil property data present within GNOME and the oil database within GNOME,
called ADIOS. Results from TAMOC could be passed back to GNOME, but continuing transformation
processes (dissolution, biodegradation, volatilization) were not active in the GNOME side of the
simulation.
Through the Year 4 coupling work, ADAC’s AOSM researchers at Texas A&M worked to pass all
information back to GNOME required to allow GNOME to model dissolution and other fate processes.
This required passing the gas and droplet composition, thermodynamic state, and dissolution rates
from TAMOC to GNOME. These activities were completed, and example simulation files for each of
the four oil spill scenarios studied in the ADAC Arctic Oil Spill Modeling project were created. Figure
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12 (below) shows an example simulation using the TAMOC / GNOME coupled system, with the
output shown using the GNOME visualization tools for oil distribution of the sea surface.
Currently, TAMOC is distributed within PyGNOME (see https://github.com/NOAA-ORR-ERD/PyGnome)
and the coupled model is being used by external users. ADAC’s AOSM researchers at Texas A&M
has authored a journal paper describing the TAMOC / GNOME has been drafted, and review of the
manuscript draft has now been completed by all authors, including co-authors from NOAA. The
paper was submitted to the Marine Pollution Bulletin in late June 2018. Progress toward Milestones
and Metrics related to the TAMOC modeling are reported below.

Figure 12. Example of a coupled TAMOC / GNOME simulation snapshot, showing the position of Lagrangian elements at the sea surface;
plot axes are latitude and longitude for a synthetic release. The situation simulated is a fictitious oil well blowout at 2000 m depth
releasing Louisiana Sweet Crude oil (ADIOS oil database) and natural gas (typical composition).

Laboratory Experiments for Multiphase Plume Interaction with the Free Surface. During Year 4,
ADAC’s AOSM researchers at Texas A&M also conducted new laboratory experiments to quantify the
interaction of a subsea oil spill with the ocean free surface with and without ice cover. Three
different experiments were planned: plume interaction with a free surface; plume interaction under
smooth ice; and plume interaction under rough ice.
Researchers completed the experiments for surface spreading and entrainment of ambient water for
a bubble plume interacting with the free surface (experiment a.) ADAC’s AOSM researchers at TAMU
created the bubble plume following methods in Socolofsky and Adams (2005) and visualize the
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plume using the Planar Laser Induced Fluorescence (PLIF) technique. Figure 13 shows an example
image of one instance of the experiment, where light gray pixels denote the injected fluorescent dye
tracer. Three gas flow rates (0.5, 1.0, and 1.5 standard L/min) were conducted to investigate the
range of parameter variability.
During the experiment, many individual camera frames are collected. These are time-averaged to
obtain the average dye distribution and plume dilution. Figure 14 shows an example, plotting the
normalized root-mean-square (RMS) light intensity map in each of the three experiments. The figure
also shows the calculated surface layer thickness and the plume width in the water column and
surface layer.

Figure 13: A sample image of a bubble plume impinging the free surface in the laboratory. Gray scale is dye intensity using the planar
laser induced fluorescence (PLIF) method.
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Figure 14: The root-mean-square (RMS) light intensity map normalized by the maximum intensity for three gas flow rates. Three
reference lines are shown: the centerline of the plume (solid black), the boundary of the plume width (solid cyan), and the edge of the
surface layer (dashed white).

During the 2017-18 academic year (September – May), Co-PI Socolofsky’s fluid dynamics laboratory
was forced to undergo renovations. Because of an unanticipated 4-month delay in the renovation
schedule, the remaining experiments for plume interaction with ice (experiments b. and c.) were not
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completed in ADAC Program Year 4, but will be accomplished early in ADAC Program Year 5. TAMOC
validation to the new laboratory data is also on going at the end of Program Year 4.
During the project period while the PI’s laboratory was under construction, ADAC’s AOSM researchers
at TAMU conducted investigations to validate the TAMOC model to literature data for oil jets in
crossflow, published in Murphy et al. (2016). These experiments were for oil discharged through a
nozzle into a laboratory flume from a towed source, simulating different lateral currents. These
experiments are very similar to what we might expect for a subsea oil spill in coastal Alaska.
Figure 15 shows an example comparison of the TAMOC simulation with the data published in Murphy
et al. (2016). The solid white line shows the edges of the plume of entrained water. Because
Murphy et al. did not inject dye tracer, the edge of the plume is not visualized in their data. The
white dotted lines show the trajectory of different sized oil droplets simulated by TAMOC. The oil
droplet size distribution at the source was measured by Murphy et al., and this size distribution was
used to initialize TAMOC. The dark gray / black plumes show the time-average image of the oil
droplets in the Murphy et al. experiments. In the upper, left panel, Murphy et al. included a
visualization of the droplet sizes passing a location near the top of the oil plume. This image shows
that droplets in the 1 mm to 5 mm diameter range occur in this region. TAMOC also predicted this
region to lie between the average paths for 2.3 mm and 5 mm droplets. Hence, based on these
experiments, TAMOC simulated the trajectories of oil droplets in oil spill plumes in crossflow quite
well.

Figure 15: TAMOC simulations (white lines) compared to time-average images of oil droplets for oil jets in crossflow reported in Murphy et
al. (2016). Solid white lines are the centerline and edge of the entrained water plume (not visualized in the experiments); dotted white
lines are the trajectories of oil droplets simulated in TAMOC for different droplet sizes (see labels in upper, left subplot). Subplots a.) to c.)
are for oil droplet jets; subplot d.) is a single-phase plume visualized by dye injection.

60
Arctic Domain Awareness Center Year 4 Annual Report 1 July 2017–30 June 2018

Key Stakeholder Engagement in Program Year 4: Project team participated in ADAC “Customer’s
and Partner’s Roundtables, ADAC’s Annual meeting at HQ USCG, and routine engagement with HQ
USCG Project Champion. Discussion with the USCG focused on how the NOAA GNOME model is used
during oil spills, elements that need to be included in GNOME, and updates on progress with
adapting the GNOME code. Because USCG relies on GNOME for oil spill forecasting during an oil
spill, project champions support updating GNOME and generally want to know the progress on how
AOSM will improve GNOME’s ability to characterize oil spill modelling in Arctic conditions. Further,
the ADAC Arctic Oil Spill Modeling team had a number of phone conferences with Chris Barker (lead
GNOME modeler for the NOAA Office of Response and Restoration). In these conferences, the details
of the implementation of the roadmap of AOSM to GMONE were discussed and agreed upon by
research team and NOAA ORR.
Key publications (peer reviewed):
Manuscript in review: Gros, J., Dissnayake, A. L., Daniels, M. M., Barker, C. H., Lehr, W., and
Socolofsky, S. A., “Oil spill modeling in the oceans: Estimation of pseudo-component properties”
This paper is complete and submitted (in final form) to Marine Pollution Bulletin on 1 Sep 2018.
Key presentations:
Frazier, Kelsey. “Oil Beneath Arctic Ice: Predicting Under-Ice Storage Capacity as a Means to Better
Anticipate Oil Slick Spreading under Ice.” IEEE Oceans 2018 Conference. Charlestown, South
Carolina, Oct. 22-25, 2018.
Gros, J., Jun, I., Dissanayake, A. L., Zhao, L., Boufadel, M. C., Reddy, C. M., Arey, S., and Socolofsky, S.
A., “The unobserved behaviors of petroleum bubbles and droplets during ascent towards the sea
surface: Lifting a corner of the veil with simulations,” Abstract published in Gulf of Mexico Oil Spill &
Ecosystem Science Conference, New Orleans, LA, 5-8 February, 2017.
Gros, J., Dissanayake, A. L., Jun, I., Zhao, L., Boufadel, M. C., Reddy, C. M., Arey, S., and Socolofsky, S.
A., “Predicting the behaviors of oil compounds within a few kilometers of the Macondo wellhead over
the course of the Deepwater Horizon timeline,” Abstract published in Gulf of Mexico Oil Spill &
Ecosystem Science Conference, New Orleans, LA, 5-8 February, 2017.
Socolofsky, S. A., “Thermo-fluid dynamics of oil and gas released from the Deepwater Horizon
accidental subsea blowout,” Invited seminar to the Water Resources and Environmental Engineering
Seminar Series, Zachry Department of Civil Engineering, Texas A&M University, College Station, TX,
April 18, 2018.
Socolofsky, S. A., “Thermo-fluid dynamics of oil and gas during a subsea accidental oil well blowout,”
Invited seminar to the Center for Thermo-Fluid Mechanics (CTFM) seminar series, University of
Houston, Houston, TX, April 6, 2018.
Socolofsky, S. A., “Dynamics of oil and gas during a subsea accidental oil well blowout,” Invited
seminar to the One NOAA Science Seminar Series, U.S. National Oceanic and Atmospheric
Administration, Silver Spring, Maryland (plus WebEx), November 28, 2017.
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Socolofsky, S. A., “Dynamics of oil and gas during a subsea accidental oil well blowout,” Invited
presentation, U.S. National Academies of Science, Committee on Dispersants, WebEx, November 27,
2017.
Changes from initially approved Workplan:
As requested by the ADAC Executive Director in support of the 3d modeling of ADAC’s propeller
driven Long Range Autonomous Underwater Vehicle (LRAUV), UAA developed the Arctic oil spill model
for the Chukchi Sea site. This task was not included in the original work plan. This additional work
was tasked to UAA portion of the AOSM research team. Texas A&M University operated according to
the approved work plan.
Project Progress against each milestone:
Project progress toward milestones at University of Alaska Anchorage is summarized in the table
below.
MILESTONE
Develop a roadmap that clearly defines the
requirements/gates that need to transition the
research into the various end user platforms.
Program the Arctic Oil Spill Calculator (AOSC) in
Python and test the code

PROGRESS
Completed

WHY NOT REACHED?
N/A.

Missed

Will complete in Program Year
5. ADAC leadership decided to
add the additional task, of
providing LRAUV 3D modeling of
based on a Chukchi Sea oil spill
scenario (named the Burger
site). This action delayed work
programming AOSC into Python
code (and then uploading into
PyGNOME, (which will still be
completed within the scope of
the entire AOSM project
planned to conclude in ADAC
Program Year 5).
The Chukchi Sea scenario
modeling task supports ADAC’s
Propeller-driven Long Range
Autonomous Underwater
Vehicle (LRAUV) project. LRAUV
is ADAC’s largest and highest
priority project and AOSM
provided ADAC a unique ability
to synergistically support
projects within the portfolio.
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Incorporate AOSC algorithms within PyGNOME
and test them

Missed

Train personnel from the NOAA Office of
Response and Restoration in the operation of
AOSC algorithms

Planned for
Year 5.

Generate ice dispersion data for representative
zones in the Chukchi and Beaufort Seas

Not
Feedback from NOAA’s GOME
undertaken. lead, Mr. Chris Barker indicated
that this is not a high priority
research area.
Missed.
The formatting of algorithms are
complete but an operational
HIOMAS model is not yet
available to feed the GOODS
website. Research team has
taken longer to incorporate
HIOMAS into GOODS due to a
longer than expected time to
complete algorithm formatting.
This is due to computationally
complexity of HIOMAS project.
ADAC anticipates this milestone
to be complete by mid-Program
Year 5.
Missed.
This task was delayed in order
to do the Arctic oil spill
modeling at Burger site for the
LRAUV project as previously
discussed. ADAC anticipates
this milestone to be complete
by mid-Program Year 5.

Development of algorithms for formatting
HIOMAS output for use in GNOME and providing
HIOMAS output to the GOODS website

Updating of Arctic nearshore bathymetry and
shoreline data within the GOODS website,

Will complete in Program Year
5. ADAC leadership decided to
add the additional task, of
providing LRAUV 3D modeling of
based on a Chukchi Sea oil spill
scenario (named the Burger
site). This action delayed work
programming AOSC into Python
code (and then uploading into
PyGNOME,
This task started in Program
Year 4 via consultations with
NOAA ORR, but this task will be
completed after the AOSC
algorithms are written within
PyGNOME.
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Project progress toward milestones at Texas A&M University is summarized in the table below. All
modeling milestones have been completed. The milestones related to the laboratory experiments
were missed. The missed milestones for these laboratory experiments resulted from the fact that
Dr. Socolofsky’s fluid dynamics laboratory planned renovation was delayed 4 months due to the
approved renovation plans failed to include water supply and power supply for the laser equipment.
The renovation contractor also damaged Dr. Socolofsky’s lasers, so that they had to be repaired
following completing of the power installation. The laboratory became fully operational again in May
14, 2018, and the experimentation plan resumed. Data analysis was completed and the laboratory
experiments for smooth ice were completed by 30 June 2018, while the rough ice experiments were
pushed to early in Program Year 5 in order to report at the ADAC Annual meeting in HQ USCG.
MILESTONE
Create sample scripts as templates in PyGNOME
for using TAMOC in each of the oil spill scenarios
tested during Year 3 of the ADAC project
Coordinate and train NOAA R&R to run Arctic oil
spill scenarios within PyGNOME that utilize TAMOC
for the subsurface fate and transport for a leak
from a wrecked tanker, a pipeline leak, and for an
oil well blowout
Perform experiments on oil plume interaction with
sea surface in shallow water for ice-free conditions
Perform experiments on oil plume interaction with
sea surface under smooth ice and rough ice
conditions

PROGRESS
Completed.

WHY NOT REACHED?
N/A.

Completed,

N/A.

Completed.

N/A.

Missed

Due to unanticipated 4-month
delay Dr. Socolofsky’s
laboratory renovation. The
smooth-ice experiments are
complete and the rough-ice
experiments are in progress.

Analyze experimental data and validate TAMOC to
experimental runs, including adding new
processes to TAMOC as needed to match the data.
Report results in a journal publication

Missed.

Establish the protocol to maintain TAMOC within
the PyGNOME distribution

Completed.

Due to unanticipated 4-month
delay Dr. Socolofsky’s
laboratory renovation. This
task will be completed as
soon as remaining (rough ice)
experimental data are
complete.
N/A.

Project Progress against each metric:
Project progress toward each metric at the University of Alaska Anchorage is summarized in the table
below.
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Metric

PROGRESS

WHY NOT REACHED?

The number of oil spill scenarios simulated in
GNOME that lead to similar results to those
currently achieved with AOSC

In progress.

The laboratory experiments
are mostly complete, with only
the rough ice experiments
missed due to renovation
delays in the PI’s laboratory.
These are expected to be
completed by 31 October
2018. Data analysis has
already been completed on
concluded experiments, and
we expect all unmet
milestones for ADAC Program
Year 4 to be completed by the
31 October 2018.

Number of NOAA personnel trained to operate the
AOSC algorithms within GNOME.

In progress.

TAMOC has been integrated
into GNOME, and two NOAA
personnel have been trained
to use it. Full integration with
the Web version of GNOME is
part of the Year 5 work plan.
Inclusion of AOSC algorithms
in GNOME is ongoing, and
training of NOAA personnel in
the final, web version of the
TAMOC / AOSC algorithms in
GNOME is part of the Year 5
plan.

The number of zones generating ice dispersion
data.

Not
undertaken,
due to input
from
Transition
Destination.

As previously discussed,
feedback from Chris Barker
indicated that this is not a
NOAA/GNOME high priority
research area.

The number of kilometers of Chukchi and Beaufort
Sea shoreline that needs to be updated within the
GOODS website because the shoreline position has
more than 100 m of error. The expectation is that
the team will replace at least 500 km of shoreline
in the Chukchi and Beaufort Seas;

Not
undertaken,
due to input
from
Transition
Destination.

As previously discussed,
feedback from Chris Barker
indicated that this is not a
NOAA/GNOME high priority
research area.
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The number of files with properly formatted data
that the team provides to the GOODS website such
as HIOMAS data, ice concentration data,
bathymetry data, etc. Resources permitting,
researchers will provide three file types including
monthly HIOMAS files, near real-time and
forecasted ice concentration data, and bathymetry
data.

Not
undertaken,
due to input
from
Transition
Destination.

Feedback from Chris Barker
indicated that this is not a
NOAA/GNOME high priority
research area.

Project progress toward each metric at Texas A&M University is summarized in the table below. Each
of the metrics related to incorporation of TAMOC within NOAA/GNOME have already been completed
and reached. The metrics related to the laboratory experiments were delayed by the renovations
described above (see section on Project Progress against each milestone). We expect to complete
all experiments in June 2018, and we anticipate that all project metrics will be reached before the
end of project year 4 on June 30, 2018.
Metric

PROGRESS

WHY NOT REACHED?

Technology transfer: The TAMOC model is
included in the PyGNOME (or GNOME2)
distribution for nearfield dynamics of subsurface
oil spills.
Technology transfer: The TAMOC / PyGNOME
distribution includes sample scripts to run the
Arctic oil spill scenarios tested during Year 4 of
the ADAC project.
The number of experiments conducted to validate
the TAMOC algorithms. The expectation is that
three different scenarios will be conducted with a
minimum of two replicates per scenario.

Completed.

N/A.

Completed.

N/A.

Missed.

The laboratory experiments
are mostly complete, with
only the rough-ice
experiments remaining.
Data analysis has already
been completed on
concluded experiments, and
we expect all unmet
milestones for ADAC
Program Year 4 to be
completed by the 31
October 2018.

The volume flow rate of entrained water predicted
by TAMOC at the water surface matches the
measured flow rates in the laboratory within 70%
for 80% of the experiments conducted.

Undetermined. Delayed due to
unanticipated construction
delays of Dr. Socolofsky’s
laboratory in 2018. Will be
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completed early in ADAC
Program Year 5.
The depth and flow rate of the surface intrusion
predicted by TAMOC matches the measured
values for these parameters from the laboratory
experiments within 70% for 80% of the
experiments conducted.

Undetermined. Delayed due to
unanticipated construction
delays of Dr. Socolofsky’s
laboratory in 2018. Will be
completed early in ADAC
Program Year 5.

Outcomes/output and TRLs: All of ADAC’s Arctic Oil Spill modeling algorithms are operational within
GNOME.
Researchers expect to achieve TRL 7/8 for project-developed information products and software
applications.
Unanticipated problems and plans for addressing them: As described above, the UAA team took on
the task of developing the Arctic oil spill model for the Burger site in order to support the
development of LRAUV. This delayed the AOSM team from accomplishing some of the tasks on our
original list of milestones. These tasks will be completed early in ADAC Program Year 5. In order to
expedite efforts, UAA’s AOSM team will gain support via Ms Dana Brunswick (who is the original
developer of the Arctic Oil Spill Calculator) and Dr. Caixia Wang who is a geospatial expert.
As explained above in the section on Project Milestones, renovations of Dr. Socolofsky’s fluid
dynamics laboratory at Texas A&M University were delayed by a total of 4 months compared to the
renovation plan approved in September 2017. This set back has delayed completion of some of the
laboratory experiments planned at Texas A&M for later portion of Program Year 4. The laboratory
became fully functional on 14 May 2018, and the experiments progressed smartly in the remaining
weeks of Program Year 4. The smooth experiments were completed by the end of the program year,
with only the rough-ice experiments remaining. The rough-ice experiments are expected to be
completed by 31 October 2018, and reported at the ADAC Annual meeting planned for 5 and 6
December 2018 at HQ USCG. ADAC Program Year 4 to be completed by the 31 October 2018.

Transition Activities:
Transition Plans and Progress Made: The TAMOC model has been adapted for Arctic conditions and
tested for four baseline scenarios of potential underwater Arctic oil spills. This model has been
successfully coupled to the UAA AOSC algorithms to handle surface spreading of oil in the presence
of ice. TAMOC has also been fully integrated with the GNOME model, and model test runs for each of
the four Arctic oil spill scenarios have been completed with TAMOC in GNOME. Algorithms for
surface spreading of oil in the presence of ice from the AOSC model have also been added to
GNOME. The main tasks remaining for complete transition of TAMOC and AOSC to GNOME are two67
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fold. First, standardized sources of ice data need to be available to GNOME so that the ice
algorithms can be used. This is currently underway as we work with NOAA to provide available ice
data through the GOODS website, which serves data formatted for GNOME. Second, while the
TAMOC and AOSC algorithms are integrated within GNOME, they are not yet operational through the
web user interface to GNOME. Creating the web user interface is a key element of the Year 5
workplan.
The implementation of all of ADAC’s Arctic oil spill algorithms within NOAA’s operational GNOME oil
spill model is at the heart of the transition plan. The training of NOAA staff in the use of the GNOME
user interface and algorithms contributed by ADAC is a second aspect of the transition plan. Both
these aspects will be concluded by 30 Jun 2019.

Project: Ice Condition Index (ICECON) for the Great Lakes
Project Team and Champions
Project PI: Dr. Tom Ravens and Dr. Andy Mahoney
Lead Institution: University of Alaska Anchorage (UAA) and University of Alaska Fairbanks (UAF)
Supporting team: Dr. Shawn Butler (UAA), Graduate student (UAA)
Collaborators: N/A
Program Year 4 Project Champions: CDR William Woityra (CG-WWM), replaced in Jan.-March 2018
by Jason Radcliffe.
Project Advocates: USCG RDC, USCG D-1, USCG D9, and USCG D17
Project Description:
Abstract: In collaboration with USCG and others, the project team developed and advanced an ice
condition index (ICECON) for the Canada-U.S. Great Lakes. ICECON is a decision support tool
combining vessel class with nowcast and forecast, lake ice conditions. ICECON forecasts up to 120
hours into the future, make use of the circulation and ice models developed by NOAA’s Great Lakes
Environmental Research Laboratory (GLERL). ICECON accounts for icebreaker activity and its impact
via nowcasts and forecasts. In parallel with the development of ICECON, the research identified and
adopted a vessel classification system to define a number of vessel classes and the ice-capability of
ships in those classes (in terms of ICECON). The ICECON system supports USCG to provide guidance
and appropriate decision support to Great Lakes marine vessels (for a given class) planning a given
transit.
ICECON’s workplan consists of six tasks. Collectively these tasks combine marine vessel size, gross
tonnage and hull strength to contrast against current and forecast ice of the planned route of sail, to
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provide USCG and shipmasters improved safe passage insight. In order to achieve effectiveness,
ICECON for the Great Lakes has advanced via an inclusive and iterative process principally with
meteorological, marine traffic, and safety experts. Accordingly, project researchers conducted
several workshops and seminars (using distant technologies as appropriate) in coordination with
USCG District 9 (USCG D9) to collaborate with ice and maritime transportation experts. This has been
realized via the formation of an ICECON “Council of Experts.” These experts included (but not
exclusive to): NOAA, the U.S. National Ice Center, the US Army Corps of Engineers Cold Regions
Research and Engineering Laboratory (CRREL), USCG RDC, USCG D9, Transport Canada, the
Canadian Ice Service, the Finish Meteorological Institute, and the University of Alaska.

Figure 16: Ice Condition Index (ICECON) for the Great Lakes Overview.

Objective/Purpose: The main objective of the research was to develop an ice condition index
(ICECON) and a corresponding vessel classification system to provide USCG decision support for the
management of winter maritime transit in the Great Lakes. The decision support system serves as a
maritime transportation management system as it accounts for the effect of icebreaker activity on
the ice conditions and serve as a tool for managing the deployment of the USCG Great Lake
icebreakers.
Baseline: Approximately fifteen years ago, Transport Canada developed the “Arctic Ice Regime
Shipping System” (AIRSS, Transport Canada 2003) in order to guide decisions on whether a ship (of
a given class) should travel in ice (of a given condition). The system integrates information on Vessel
Class (specifically the ice-capacity of ships) and ice condition (referred to as “Ice Regime” by
Transport Canada). AIRSS is a basis for ICECON. ADAC examined AIRSS in detail in a 2015 document
entitled: “AIRSS as basis for ICECON.” Briefly, application of AIRSS follows a 4-step process:
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Step 1: Define the ice regime based on ice conditions (in particular, ice thickness and stage of
development).
Step 2: Define vessel classes and ice multipliers (to define a set of vessel classes and a set of classdependent ice multipliers). Accordingly, positive ice multipliers indicate the vessel class is sufficient
to handle the ice condition and negative multipliers indicate that the vessel class is insufficient.
Step 3: Calculate the ice numeral IN, which integrates information about the ice regime, the vessel
class, accounts for the concentration of each type of ice in the region of interest as well as the ice
multiplier for the range of ice types for a particular vessel class. A positive ice numeral indicates that
the ship transit is safe for the ship class in question and considering the ice condition.
Step 4: Decide whether to proceed or to take an alternative route based on the Ice Numeral (IN).
A close examination of the AIRSS system revealed the system determined whether a ship (of a
specific class) can safely navigate for the ice (present or not). AIRSS failed to take into account
ocean/lake surface temperature (which would affect ice hardness and strength), ice pressure
(whether ice is diverging or converging), and the effect of ship traffic on ice condition. Further, AIRSS
did not explicitly include heat transfer calculations, which are useful in an ice-condition forecasting
system.
Fortunately, NOAA’s GLERL forecasts Great Lakes surface temperature and the surface wind vector
from which ice pressure can be determined. High resolution meteorological and limnology forecasts
for the Great Lakes provided the basis for heat transfer calculations. Additionally, AIS data is
available and is useful to determine the frequency of ship passage in constricted areas. Hence, for
the Great Lakes, data for building a more sophisticated decision support system for ship transit in
ice was available and leveraged by the research team.
Research Method: Through a sequential task driven method, the research integrates detailed marine
vessel information to advance a corresponding vessel classification system. This classification
system integrated with current Great Lakes meteorological data (including lake temperatures), and
Ice hardness model algorithms to develop a Great Lakes region ICECON. Implementing the method
in Program Year 4 was oriented to advancing work on the below research tasks for the project:
Task 1: Use of Monte Carlo optimization procedures for optimizing the ICECON algorithms.
Researchers used Monte Carlo optimization procedures to determine the best relationship between
the available ice-related environmental parameters and the ice condition index (ICECON). Ice-related
environmental parameters were available and utilized for forecasting ICECON include ice thickness,
ice concentration, lake surface temperature, ice type, and wind condition. The ice condition index
used in the Monte Carlo optimizations are observations of ICECON made by the crews of the US and
Canadian ice-breaking fleet. The environmental variables for the optimization was obtained from
observations from the crews of the icebreaker fleets, and based on output from GLERL models.
Task 2: Accounting for impact of vessel transit frequency on ICECON in constricted waterways. USCG
operators (e.g., CDR Maffia) and researchers (Ettema and Huang 1990) observed that ice is thicker
in ship channels in accordance with the frequency of traffic. Hence, when operating the ICECON
forecasting system (described below), researchers adjusted the ice thickness (and ICECON) to reflect
the frequency of ship traffic following Ettema and Huang (1990). Researchers used AIS data to
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estimate the frequency of ship traffic in selected channels at different times of the year. Where able,
researchers used real-time AIS data to inform the calculation of ice thickness in these ship canals.
Task 3: Develop an ICECON forecasting system. Researchers developed an ICECON forecasting
system sequentially via addressing:
(a) Environmental data (netCDF format) (derived from GLERL’s “thredd” server) via automatic
downloaded;
(b) Automatically writing environmental data to the ICECON database;
(c) Queried data to the ICECON algorithm to calculate the actual ICECON, and;
(d) Display and distribute computed ICECON data for operator reference.
Task 4: Developed a vessel classification system in terms of ICECON. Researchers based vessel
classification system on available data like ship horsepower, length, and type.
Task 5: Conduct an assessment of the relationship between ship performance and ICECON.
Researchers used AIS data in conjunction with “hindcasted” environmental data and inferred ice
condition index to examine and determine how the speed of a ship (with a given ICECON
classification) is affected the ice condition (measured with ICECON) in which it operates.
Researchers noted there are multiple reasons for why ship speed may slow besides ice condition.
Project Results
Key Accomplishments in Program Year 4. The project successfully advanced the following actions
in Program Year 4:
(1) Developed of the Monte Carlo code for optimizing the ICECON algorithms (relating the ice-related
environmental variables and ICECON);
(2) Created the application of the Monte Carlo code for both ship-based observations of
environmental variables and environmental variables generated by the Great Lakes Environmental
Research Lab (GLERL);
(3) Created the initial ICECON forecasting system (beta version) and provided to U.S. National Ice
Center for customer analysis.
Key Stakeholder Engagement in Program Year 4: Project team participated in ADAC “Customer’s
and Partner’s Roundtables, ADAC’s Annual meeting at HQ USCG, and routine engagement with HQ
USCG Project Champion. Additionally, important project leadership engagement in Program Year 4
included:
(1) Met with the U.S. National Ice Center (USNIC) on Nov. 30, 2017 to discuss the hand-over of the
ICECON forecasting system to the USNIC;
(2) Conducted meeting with the ICECON “Council of Experts” on Dec. 1, 2017 to address accounting
for vessel traffic in the ICECON forecasting system, and to discuss the use of satellite-based data on
ice type. The Council of Experts includes:
 Dr. Tom Ravens (Professor of Civil Engineering, University of Alaska Anchorage);
 Dr. Andy Mahoney (Research Assistant Professor, University of Alaska Fairbanks);
 Mark VanHaverbeke (Research Engineer, USCG R&D Center);,
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LT Jason Radcliffe (USCG D9 Waterways Management;
CDR William Woityra (HQ USCG-WWM-3, Chief, Mobility and Ice Operations Division);
CDR Anthony Maffia (USCG);
Dr. Jia Wang (NOAA Great Lakes Environmental Research Lab);
Caryn Panowicz (NOAA, National Ice Center);
George Leshkevich (NOAA Great Lakes Environmental Research Lab).

Project Progress against each milestone:
MILESTONE
Development of new ICECON algorithm based on
variables available as now-cast or forecast data,
including output from the Great Lakes Coastal
Forecast System.

PROGRESS
Completed.

WHY NOT REACHED?
N/A. However, additional
refinement continues to
Great Lakes ICECON
algorithm.

Validation of ICECON algorithm using historical AIS
data, GLFCS output and USNIC ice charts.

Missed.

Present to council of experts a feasibility
assessment for modifying ICECON now-cast and
forecast results to account for icebreaker activities.

Completed.

Delay in acquisition of
georeferenced ICECON
observations. Data on
ICECON observations
provided by USCG did not
include data on the location
and time of the observations.
Researchers will complete
validation early in ADAC
Program Year 5.
N/A.

Completed.

N/A.

Completed.

N/A.

Functioning python code for now-casting and
forecasting ICECON.
Present plan for operational implementation of
ICECON now-cast/forecast capability to council of
experts.

Project Progress against each metric:
Metric

PROGRESS

WHY NOT REACHED?
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In Progress
Accuracy of forecasted ice conditions – thickness
and concentration - determined by comparison
with post-forecast ice charts.

In Progress
Consistency of ICECON assessment and ship
performance.

Monte Carlo optimization
research and development
took longer than expected.
UAA CoE ICECON Project
graduate student tasked with
specific tasks for optimization
was delayed due to competing
demands in completing
university coursework, and
due to unique qualifications,
Project Co-PI was unable to
sufficiently shift tasks to
another researcher.
Researchers will complete
planned work early in ADAC
Program Year 5.
Researchers experienced a
delay in acquisition of
georeferenced ICECON
observations. Accordingly,
researchers prioritized the
development of the Monte
Carlo optimization approach.
In fact, partial assessment of
the relationship between ice
condition and ship
performance was achieved in
the program year.
Researchers will complete
planned work early in ADAC
Program Year 5

Outcomes/output and TRLs:


A finalized set of ICECON algorithms for the Great Lakes Region. Two sets of ICECON
algorithms for the Great Lakes Region have been developed. The first set of algorithms is
based on three environmental variables: ice thickness, ice concentration, and surface
temperature. Second set of algorithms includes a forth variable: ice divergence.



A finalized vessel classification system for the Great Lakes Region. Researchers developed
a simple vessel classification system for the Great Lakes Region based on ship tonnage.



A determination of the effect of ICECON on ship speed (for ships of various classes) for the
Great Lakes Region. The effect of ICECON and ice-related environmental variables on ship
speed for a number of vessel classes is partly complete.



USNIC operates ICECON for the Great Lakes region. A beta version of an ICECON forecasting
system for the Great Lakes region has been provided to the USNIC. The USNIC is in the
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process of implementing the system and we expect the system to be operational in the
coming ice season.

Illustration: Screenshot of ICECON Now-cast for Lake Erie, completed in April 2018. At the
end of ADAC Program Year 4, ICECON Now-casts were available for all five Great Lakes.
The Great Lakes ICECON Forecasting System has currently achieved TRL 6 and will reach TRL 7/8 by
the end of the project.
Unanticipated problems and plans for addressing them: None.
Transition Activities.
Transition Plans and Progress Made: As described in the Outcomes/output section, ADAC
researchers advanced the development of ICECON for the Great Lakes to create a functioning Beta
Version for all five lakes in Program Year 4. Overall, transition planning for ICECON from research to
an operationally relevant tool for USNIC has been underway via an ADAC to USNIC Plan of Action and
Milestone (POAM). USNIC has agreed to serve as the destination host of ICECON for the Great Lakes
region. In ADAC Program Year 4, project investigators provided USNIC an initial Beta version of
ICECON, (as a working prototype) in order to identify shortfalls and provide recommendations for
improvement. Transition planning includes ADAC researchers providing USNIC all associated training
and ICECON maintenance information.
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Project: Using Vessel Tracking Data to Prioritize Bathymetric Surveying in a Rapidly
Changing Arctic
Project PI: Dr. Carol Janzen
Lead Institution: Seward Association for the Advancement of Marine Science (a 501c3) on behalf of
the Alaska Ocean Observing System (AOOS)
Supporting team: Axiom Data Science LLC and the Marine Exchange of Alaska
Program Year 4 Project Champions: Dr. Jon Berkson, CG-WWM
Project Description:
Abstract: The Arctic Domain Awareness Center’s Arctic-related Incidents of National Significance
(Arctic IoNS) workshop in June 2016 highlighted the need to improve awareness and understanding
of nearshore bathymetry across the Arctic and, in particular, the North American Arctic. Accordingly,
this research project has advanced critical data related to vessel tracking and bathymetry that is
useful for existing and developing USCG mission databases.
The project team has created and continues to create products to improve domain awareness and
support decision-making concerning vessel traffic and vessel safety in a rapidly changing Arctic
environment. The research effort has developed the capability to reduce execution time required for
handling and analyzing exceptionally large collections of Automated Information System (AIS) vessel
tracking data. This capability has enabled the investigating team to develop AIS-derived data
products that identify marine vessel risk areas, such as those with outdated bathymetry or
insufficient coastal detail for safe passage of vessel traffic. Using and optimizing a high-capacity,
parallel compute workflow solves current data volume processing challenges by streamlining the
workflow to deliver valuable summaries of vessel density patterns from massive quantities of data
across multiple vessel types, environments, and locations.
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Figure 17: Using Vessel Tracking Data to Prioritize Bathymetric Surveying.

Objective/Purpose: The primary goal of this research and application project is to assist the U.S.
Coast Guard and NOAA with promoting safe transit and maritime operations in a rapidly changing
Arctic environment. The project team accomplished this goal by providing useable, customizable
summaries of extremely large-volume AIS vessel traffic data to inform the prioritization of areas in
the Arctic region U.S. Exclusive Economic Zone (EEZ) for bathymetric surveying. The research has
advanced investigations to include the following objectives:
1. Acquired and conducted a quality review of U.S. Arctic historical AIS vessel data using highperformance computing infrastructure, and advanced product development to make the data
available in an intuitive web-based tool.
2. Modified a proof-of-concept workflow from an existing NOAA OCS- funded pilot effort (NOAA
OCS: AIS Big Data Project) to upscale to include the U.S. Arctic EEZ and deliver the AIS data
in an application-ready format for prioritizing bathymetric surveys using the NOAA-OCS
Hydrographic Health Model for this region of particular focus.
3. Engaged decision-makers and maritime domain experts throughout the life of the project to
provide guidance and feedback from the user community, and to ensure the products and
outcomes of this project meet their operational and/or operational support needs.
Baseline: The U.S. Arctic is experiencing significant changes widely recognized by both Alaska
coastal communities and regulatory agencies across the region, including the U.S. Coast Guard
(USCG). Arctic Sea-ice coverage has decreased to the point that existing northern shipping lanes
around the world are open for longer periods and are projected to experience a continued increase
in marine vessel traffic. Recent ship groundings in the North American Arctic have occurred in areas
with outdated bathymetry that falsely reflected adequate water depth for safe passage. Such
occurrences demonstrate the importance of identifying areas where vessels are currently operating
and the state of the bathymetric information for those transit zones. It is also of interest to identify
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what type of vessels are frequenting these areas to ensure the availability of critical navigational
charts and bathymetric survey information that meet current and emerging standards.
In ADAC Program Year 4, this project built on previous NOAA OCS investments, including the
Integrated Ocean Observing System (IOOS)-funded special project the NOAA OCS: AIS Big Data
Project. The outcomes from that effort rapidly transformed 2015 AIS data for U.S. Exclusive
Economic Zone (EEZ) waters into “vessel density heat maps,” or raster images (geotiffs), that allow
visual and computational means for identifying high concentrations of ship traffic in the areas
summarized. The benefits of leveraging the pilot cloud-based cluster workflow developed during the
NOAA OCS effort are portability and scalability to larger datasets on larger compute clusters, and the
adaptability to summarize other high-volume datasets, such as the 5-year and spatially extensive
historical dataset being examined for this project. The research products developed on this project
collectively benefits agencies, communities, and industries in the U.S. Arctic waters. Research is
accomplished by applying proven technologies to establish bathymetric survey priorities for planning
and improving vessel traffic safety in a rapidly changing environment.
Research Method: This research project uses advanced data aggregation and computing
technologies to ingest exceptionally large historic and current marine vessel information (including
geospatial reference) to generate accurate vessel movement information for marine areas of
Alaskan and U.S. Arctic EEZ.
Automatic Identification System (AIS) is an internationally adopted tracking system required by most
commercial vessels to aid maritime safety, security and environmental protection. Vessels equipped
with AIS transponders transmit position reports, speed, and type of vessel, size, cargo, and
destination several times a minute. With funding from the State of Alaska, USCG, marine industry
and non-Governmental Organizations (NGOs), the non-profit Marine Exchange of Alaska (MXAK) has
built and operates an extensive AIS receiving network of over 120 terrestrial receiving stations
throughout Alaska, including the Arctic waters. Risk assessments, emergency response, and other
maritime applications leverage the MXAK real-time information on marine vessel operations.
The research method used for this project utilizes MXAK AIS information for application in the NOAA
Office of Coast Survey (OCS) Hydrographic Health Model to prioritize areas of the North American
Arctic (the U.S. Arctic, in particular) for new or improved hydrographic surveys. Theses hydrographic
surveys are data collection efforts required to inform on current bathymetric information for up-todate nautical charts. During initial investigations in Program Year 4, the Project Team successfully
processed and analyzed a very large dataset, which exceeded traditional database management
tools.
For the 48 terrestrial AIS receivers located in the Arctic, there are more than 3 million vessel
messages received and processed per day. That means AIS datasets contain tens of billions of
records for a single year. This immense volume of data vastly exceeds the handling capabilities of
traditional databases (such as PostgreSQL or Oracle Database) in a useful timeframe.
In order to overcome the limitations of traditional data storage and processing infrastructure, the
project team developed a cluster-computing stack using “Apache Spark” as the computing engine to
rapidly and cost-effectively process the AIS vessel data. (See Figure 18).
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Figure 18: Illustration of a cluster computing scenario on the left, and the Apache Spark computing flow chart for AIS data.

Apache Spark has allowed for parallel processing of data. This stack is horizontally scalable, has
high-availability, built upon a suite of high-performance open-source technologies that store, process,
and provide access to data.
In order to produce vessel traffic summaries for use in the NOAA OCS Hydrographic Health Model,
researchers ingested AIS messages into the scalable network file system. For this project, the initial
2013-2017 raw AIS messages have been fully vetted and quality controlled by the MXAK, though the
researchers also ingested other data sources that have not gone through the quality control step,
which includes the USCG Marine Castrade data.
Upon ingesting the MXAK vetted data, the research team processed the information via a series of
additional automated data vetting, cleanup and analysis stages using the computing
cluster. Researchers parsed final vetted and corrected AIS messages, filtering out any remaining
invalid data, and these messages are then joined with the Vessel Identification System (VIS) catalog
to link additional ship metadata. The result of completing this stage is a set of CSV files available on
the GlusterFS file system, and a directly sourced metadata file.
The second stage take these CSV files and use GeoTrellis, (an open-source library for performing very
large raster operations) in a distributed way, to generate “vessel density heat map” raster files
capable of graphically presenting the data based on the vessel type (tanker, cargo ship, research
vessel, etc.), draft and other features. These raster files are ready-made for input into the
Hydrographic Health Model.
In addition to creating these static products, researchers advanced investigations for users to have
the option of running queries on the computing cluster via interactive Python or Scala shells, or a
Jupyter notebook, allowing ad-hoc querying of the vessel traffic dataset to allow end users to work
with the vessel density data for their own applications. This includes being able to layer the ship
traffic density data with other information for cross-analysis, such as important subsistence hunting
areas, or sensitive ecosystem areas.
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Throughout ADAC Program Year 4, the research team produced data analysis products hundreds of
times faster than with a traditional database, while also providing users the ability to run ad-hoc
queries and apply decision-making for intermediate results.
Upon completion of the project, all project data products is available for USCG and other DHS
maritime mission use as well as public use. Researchers have presented data to the NOAA OCS
office throughout ADAC Program Year 4 to facilitate any necessary modifications to the outputs.
ADAC and project researchers have concluded data will be best served and made available to the
public on the AOOS Data Portal due to the mere size of the data set and required compute resources
required to process the data. Further supporting these conclusions is the unique status of AOOS,
status as a NOAA Affiliate, an organization with an existing coordination processes of AOOS hosted
information to support NOAA led bathymetric mapping).. Throughout Program Year 4, the
investigative team interacted with USCG Project Champion to determine appropriate USCG data use
training destinations for most appropriate USCG operator use.
In support of public safety (and the public good), the project team advanced a dedicated interactive
project data portal/website within the Alaska Ocean Observing System (AOOS) Arctic Data Portal.
This portal will be concluded early in ADAC Program Year 5. Public access to the underlying data for
each product is aggregated and anonymized. Arctic Data Portal provides data access along with the
associated metadata describing the dataset and the processes used in its correction, aggregation or
generation.
As the research requires manipulation of very large data files, the team created a disciplined data
plan to support the investigations. Accordingly, researchers manage the web-based applications
data storage for the vessel density data via the AOOS Data System. This system is the backbone of
the cyberinfrastructure that is leveraged for this project to acquire, archive, and share marine data
and information products. The infrastructure was developed to meet the guidelines and
specifications recommended by the NOAA-funded Integrated Ocean Observing System (IOOS). The
AOOS Data System infrastructure is endorsed by the U.S. Federal Interagency “Ocean Observation
Committee and Global Earth Observation” Program. The AOOS Data System also has the highcapacity compute capability to manage and process these large data assets.
Student Involvement in Program Year 4: ADAC Fellow Lonnie Young assisted investigators ingesting
AIS source data into the Axiom Spark cluster while also assisting in performing project spatial
temporal analysis.
Project Results:
Key Accomplishments in Program Year 4. Overall, this project successfully executed its approved
Year 4 Workplan. Investigators have successfully advanced the data aggregation and computing
technologies to ingest exceptionally large historic and current marine vessel information (including
geospatial reference) to generate accurate vessel movement information for marine areas of
Alaskan and U.S. Arctic EEZ. In detail:
1. Investigators created a scalable AIS data processing engine stood up within the AOOS
cyberinfrastructure by integrating and configuring Apache Spark, GeoTrellis and Alluxio software
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frameworks and deploying those systems to a 16 Node compute cluster with 368 cores, 1.5
terabytes of RAM and 90TB of shared disk storage.
2. Investigators designed a reproducible data processing pipeline broken into four stages described
below:
a. Processing raw NMEA format to vessel pings and removing bad data;
b. Processing vessel pings to vessel voyages describing daily movement paths by individual
vessels;
c. Classifying vessel types and characteristics by merging with information from vessel
databases describing ship type, size and draft associated with MMSI numbers;
d. Build vessel density heat maps

Figure 19: Investigators used the AIS data processing engine to process several large scale AIS datasets including the data focus for this
project, the Marine Exchange of Alaska (MXAK), 5-year Terrestrial records spanning 2013 – 2017.

Figure 20: Quality controlled and corrected MXAK Arctic AIS data vessel density heat map of for period spanning 2013-2017.

3. Created additional large-scale AIS datasets incidental to workplan objectives. These AIS datasets
may be of interest to DHS and other stakeholders. However, since these incidental data sets are
not core to the approved workplan, none of these data have been quality controlled or vetted.
They include USCG Terrestrial, 2015 and 2016 (not part of this project), NOAA OCS Satellite,
2015 and 2016 (not part of this project), and the USCG Marine Cadastre, Terrestrial, 2009 –
2014 (not part of this project) (Figure 21)
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Figure 21: Other large-scale AIS datasets vessel density heatmap for the lower-48 U.S. waters. These data are not part of this project.

4. The Project Team made results, data sets and documentation available via a project webpage
accessible at http://ais.axds.co/.

Key Stakeholder Engagement in Program Year 4: Project team participated in ADAC “Customer’s
and Partner’s Roundtables, ADAC’s Annual meeting at HQ USCG, and routine engagement with HQ
USCG Project Champion. The project team provided presentations to maritime-focused groups to
raise awareness of the project and in some instances receive feedback on potential applications and
access to other applications. Project information and summaries are included in ADAC and AOOS
outreach activities, including project website under development in Year 4. A critical aspect of the
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method is soliciting expert opinion from a select steering committee. As initiated in Program Year 4,
the project team convened the stakeholder steering committee. This steering committee of nine
members (noted below) who actively worked with the project team to help guide the following project
initiatives:







Determine an appropriate initial scope for the U.S. Arctic Hydrographic Health model to best
assign survey priorities in the Arctic;
Inform the specific input configurations of AIS vessel data attributes relative to the defined
scope;
Evaluate the feasibility of various platforms (e.g., the AOOS Data System Portal) for a userdriven, web-based tool developed to sort and display user-chosen data queries in the AIS
data archive. The tool will not only support bathymetric survey prioritization but management
decisions around increasing vessel traffic in the US Arctic;
Decide on key features and reporting metrics for the data products and web-based tool;
Inform on the communication and outreach strategy for the life of the project.

Details for the Project Steering Committee: The steering committee was formed to provide guidance
and input to project scope. Prior to convening a webinar-based meeting, the research team sent out
a development summary to invited steering committee members, to bring them up to speed on the
goals and objectives for this effort. The steering committee includes key stakeholder affiliates
interested in the AIS data and outcomes from this project for various applications, and is made up of
the following members: (Note: an earlier steering committee member, Greg Pavellas from Crowley
Fuels, has left the state of Alaska and is no longer able to be involved with this project committee).
 Jon Berkson, Marine Science Program Manager, U.S. Coast Guard (CG-WWM-1) and
designated ADAC Project Champion
 Randy “Church” Kee, (Maj Gen USAF Ret.), ADAC-UAA Executive Director
 Paul Webb, U.S. Coast Guard, CIV, District 17 (Juneau, AK)
 Patrick Keown, Geospatial Data Manager, Coast Survey Development Lab (CSDL), Office of
Coast Survey (OCS), NOAA
 Bart Buessler, Navigation Manager, Alaska Region 10, OCS, NOAA
 Guillermo Auad, Senior Advisor and Ocean Coordinator, Bureau of Ocean Energy Management
(BOEM)
Research team conducted a webinar-based steering committee on March 9, 2018 to provide
information about the project, to give data demonstrations, and to solicit input from the steering
committee and others attending the webinar. The committee guided the project scope to identify
priority regions within the Arctic, advise on content of data visualization products, and provide
suggestions for implementation of the web-based tool. Project team received feedback for the
product development including Matt Forney, OMAO/DOD/Interagency Liaison, OCS, NOAA; Leland
Snyder, NOAA Chart geographer and AIS data user; and, Christina Fandel, Office of Coast Survey
(OCS), NOAA who is using AIS data during implementation of the Hydro Health Model during winter of
2017-18.
Late in ADAC Program Year 4, several meeting participants began using the AIS data being
processed by the Project Team, and provided valuable feedback during and following the webinar.
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One important feedback message was regarding the significance of being able to process these
large data sets and make them available for use in a consistent and useable format, as this project
is allowing. All the different AIS data sources have inconsistent data formats and are riddled with
errors, so the end user has to perform substantial preprocessing to get these data into consistent
and useable structures. This takes a very long time, thus having the capability to download data that
are well-documented (including any QC performed on the data) and consistently formatted in
addition to having a set of uniform tools to handle the data, for example, with plotting or data
transfer, is providing a beneficial service to the AIS data user community.
Even more important is having data that are vetted and corrected to contain more complete records,
as the 5-year record of Marine Exchange data are specifically for this project. Note, the other sources
of AIS data have only had basic automated QC applied, and therefore, contain errors not identified by
the automated processes. The importance of the additional manual quality control step as well,
illustrated by comparing the 2014 continental US dataset from Marine Cadastre (USCG) versus the
5-year period vetted data from Marine Exchange of Alaska.
One of the applications the team is working on with the NOAA OCS is using max draft for vessels
combined with bathymetry to calculate under-keel clearance. The team has created some sample
heatmaps with max vessel draft per cell in the grid and shared those with NOAA OCS for feedback.
However, of the 8,233,065 voyages in the Marine Cadastre data set for 2014, only 2,441,225 of
those are associated with ships that reported draft data, about 30% of the total traffic in 2014 alone.
The Marine Cadastre data have not been vetted or corrected by the USCG, whereas, Marine
Exchange AIS data being utilized for this project have been both manually vetted and corrected and
do provide max draft information where available. In most cases, fishing vessels do not have
draft information listed anywhere, so it is difficult to get the draft data for about 4% of the vessels
Marine Exchange reports on across Alaska, versus the 70% missing this information in the Marine
Cadastre data set.
Project researchers at Axiom Data Science developed an AIS Data Project page that includes
multiple sources of AIS data. A public weblink allows users to explore how various AIS vessel
tracking information is being processed, managed and used for this project (and potentially
other/future projects). The page provides background information on AIS data, data products in
development, available datasets (in addition to those being assessed for this project), geographic
regions covered, vessel catalog data and information on the methodology The page provides
background information on AIS data, data products in development, available datasets (in addition
to those being assessed for this project), geographic regions covered, vessel catalog data and
information on the methodology. The link to the page is: http://ais.axds.co/. In ADAC Program Year
5, researchers will cross-link web-portal access to ADAC’s web-portal.
At this link are several AIS Data sources including the 5-year MXAK data record (the focus of this
project) spanning years 2013 – 2017 (go to Pages 10-13). Data sets are listed by year and vessel
type for these preliminary data plotting demonstrations. The data previews provide examples of
geotiff “heat map” vessel density images that represent cumulative vessel traffic in an area over a
given period of time. These are raster data that may also be downloaded now as GeoTIFF or NetCDF
files, in various resolutions and projections.
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The research team conducted further engagement with the scientific and operator communities
during ADAC Program Year 4 via the two below presentations:


American Geophysical Union (AGU) Ocean Sciences conference. Jessica Austin, an Axiom
Data Science Programmer and Engineer, presented at the AGU Ocean Sciences meeting held
in Portland, Oregon in February 2018. Her oral presentation was presented in a session for
Big Data for a Big Ocean: Progress on Tools, Technology , and Services. Her presentation was
titled: Developing Big-Data Infrastructure for Analyzing AIS Vessel Tracking Data on a Global
Scale.Carol Janzen, the project lead, presented at the Indigenous People’s Council for Marine
Mammals (IPCoMM) Spring Meeting conducted in Anchorage April 11-16, 2018. Eighteen
marine mammal commissions, councils and other Alaska Native organizations, plus one
observer, are members of IPCoMM. IPCoMM plans meetings twice a year during which
members discuss issues of common concern regarding marine mammal conservation and
subsistence. Dr. Janzen presented to the council on the efforts being made as part of this
project to synthesize historical AIS data from the Arctic into useful information and decision
support products. She demonstrated some examples of the types of data visualizations that
are now possible on the AIS data webpage cited above. The Council members are particularly
interested in being able to look at seasonal ship traffic patterns in areas where subsistence
activities take place. They are also interested in the possibility to track trends in ship traffic
patterns through the Bering Sea and Bering Strait regions. They asked if these data would be
available for viewing to the public, and are looking forward to these data being available for
visualization with other important spatial information on the AOOS Data Portal System.
Janzen has agreed to present to this group again, to demonstrate the products that are
under development at future IPCoMM meetings in the fall of 2018 and spring of 2019.

Key publications (peer reviewed): N/A.
Key presentations:
 Jessica Austin, Axiom Data Science February 15, 2018. American Geophysical Union (AGU)
Ocean Science Meeting 2018, Portland, Oregon February 11-16, 2018: Session: Big Data for
a Big Ocean - Progress on Tools, Technology, and Services III. Presentation Title: Developing
Big-Data Infrastructure for Analyzing AIS Vessel Tracking Data on a Global Scale.


Carol Janzen, IPCoMM Meeting April 11, 2018. Title: Using Ship Tracking Data for Decision
Making

Changes from initially approved Workplan: N/A.
Project Progress against each milestone:
MILESTONE
Convene Steering committee meetings (teleconference,
webinar)

PROGRESS
Completed.

WHY NOT REACHED?
N/A.

Prepare and quality review AIS data

Completed.

N/A.
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Transfer AIS data
Optimize high-computer cluster workflow
Develop plan to transform AIS data into application
ready NOAA-OCS Hydro Health Model format
Implement cluster parallelization of U.S. Arctic EEZ AIS
data to assess vessel density patterns

Completed.
Completed.
Completed.

N/A.
N/A.
N/A.

Completed.

N/A.

Project Progress against each metric:
METRIC

PROGRESS

WHY NOT REACHED?

Complete AIS data quality review and processing.

Completed.

N/A.

Complete configured AIS data transfer.

Completed.

N/A.

Complete optimization of the high-computer cluster
workflow for high quantity data handling

Completed.

N/A.

Initiate development of vessel density maps generated
from the transferred AIS data

Completed.

N/A.

Document and curate AIS metadata throughout the
project (in preparation for data archival)

Completed.

N/A.

Develop technical documentation of data ingestion and
prioritization processes utilized on the project to
facilitate re-use and workflow scaling for other big-data
analysis projects. This metric will continue into Year 2.

Completed.

N/A.

Outcomes/output and TRLs: This project will produce downloadable data products and graphical
presentations of 5-years of documented ship traffic density in the U.S. Arctic. The web-based tool
used to visualize the data includes options to filter data by different types of vessels and attributes.
The AIS data products is used by NOAA to prioritize allocation of limited surveying capabilities to
improve navigational charting information in the U.S. Arctic. Highest priority for surveying and
charting will likely be for the routes historically sailed by deeper draft vessels that present the
greatest consequences if they ground in Arctic waters. These vessels are large passenger vessels
and tankers.
In ADAC Program Year 4, all milestones were met, and application-ready geotiffs describing AIS
vessel densities for use in the NOAA-OCS Hydrographic Health Model were completed and
transferred to NOAA OCS ahead of schedule. Feedback provided by NOAA OCS reported success of
the file formats as inputs to the model. The Steering Committee also provided valuable feedback
that complimented the success of the meeting the milestones in Year 4.
The AIS Vessel Traffic Data Products website was developed in Year 4 and was made available to the
public in March 2018. The Project Steering Committee was referred to this products page for initial
review and feedback during the Year 4 Steering Committee meeting. Results, datasets and
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documentation are all available on this AIS products website. A dedicated interactive project data
portal/website within Alaska Ocean Observing System (AOOS) Data System was under development
in Year 4, and will provide public access to the underlying data and will include instruction and
resources used for visualization on project webpage/data portal. This webpage/data portal will be
launched in Year 5. AOOS being a regional association of the NOAA funded Integrated Ocean
Observing System (IOOS) will ultimately act as the transition target for the raw and processed AIS
data.
AIS datasets were instrumental in the current PARS for Bering Strait, and will be equally important in
the Arctic PARS. USCG's routing measures emphasize areas where there is high confidence the
soundings of the waters reflect adequate depth of water for the types of vessels using the route, and
accommodate traditional routes of vessels when the traditional routes are verified to be in wellcharted waters and do not present environmental threats. Once these routing measures are
established, an outcome will be the USCG watch standers increased capacity to advance "Arctic
Marine Domain Management.”
Secondary outcomes include:


Improved efficiency in vetting, processing and analyzing AIS data that can be used for new
research and AIS data applications.



Use lessons learned from vetted data corrections to improve automated processes for future
QC implementations on AIS data.



Improved access to the types of AIS data most useful to stakeholders, and the capability to
make this information public and visually accessible to those who need or would like access
to it.



Currently, the AIS data are not available in useful formats to most end-users and the public.
This project optimizes a process to take these large datasets and provide outputs in a
consistent, application-ready format, regardless of the source.



Data will be made available to the public through the public AOOS website and via links on
primary stakeholder websites.



Expanded capacity nationwide for AIS data handling for similar projects.



Feedback for the USCG where the AIS system needs improvement, which could be used to
guide USCG efforts at implementation processes and requirements.

Researchers expect to achieve TRL 7/8 for project-developed information products and software
applications.
Unanticipated problems and plans for addressing them: The Steering Committee meeting was
challenging to get coordinate in terms of scheduling. All of our members are exceptionally busy. As
such, project team will address and collect feedback individually. This adjustment will start via a
product update and survey questionnaire, asking specific questions we need answered to continue
with the product development, and to also solicit inputs on how to improve functionality and usability
of the data products for other applications.
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Transition Activities
The project team provided application-ready, gridded files describing AIS vessel densities for use in
the NOAA-OCS Hydrographic Health Model to NOAA OCS. Results included formatted inputs to the
Hydrographic Health Model whilst making those inputs readily accessible for other applications as
discussed during webinar.
The expected launch date of a dedicated interactive project webpage/data portal within the AOOS
Ocean Data Explorer early October 2018 (ADAC Program Year 5).
Transition Plans and Progress Made: As per the original workplan, transition destination for this
project is NOAA’s Affiliate, the Alaska Ocean Observation System (AOOS). According to DHS S&T
OUP approved ADAC workplan, researchers are conducting relevant quality review of AIS vessel
datasets and configuring accordingly for final delivery of the application to AOOS, which provides the
completed research data as a service to NOAA, USCG, and the public.
Application-ready geotiffs describing AIS vessel densities for use in the NOAA-OCS Hydrographic
Health Model were in development in the second half of ADAC Program Year 4.
The scale of the computational capacity required to process these AIS data using the methodology
developed here and the ongoing AIS data updates makes this tool best served and hosted by the
AOOS data system going forward. That said, the methodology used by the AOOS web-based user tool,
which processes raw AIS data within an HPC (high-performance computing) environment, can be
transitioned to any facility with the necessary compute capacity to support the analysis workload.
Researchers developed all project software components from open source software. Accordingly,
the software is portable to other data processing facilities. In support of the public good, the source
code developed is suitable and capable as a technology transfer product. The methodology that
drives the tool is a series of processing scripts that go from one stage of the process to the next, and
these scripts can be run against an Apache Spark cluster, (an open source, big analysis framework)
that can be stood-up by an organization with the appropriate resources (human and
infrastructure). If there is outside interest to access project methodology, project researchers
recommended that organizations to interested, determine if the proposed facility has suitable
compute infrastructure and personal with the necessary skills on how to use the HPC resources. In
sum, personnel must understand how to work with the project’s open source code and address the
intensive computational requirements.

Theme 3 – Maritime Technology
Project: Development of a Propeller-Driven Long Range Autonomous Underwater Vehicle
for Under-Ice Mapping of Oil Spills and Environmental Hazards
Project PI: Dr. James Bellingham (WHOI PI), Amy Kukulya (CO-PI) (WHOI), Brett Hobson (MBARI)
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Lead Institution: Woods Hole Oceanographic Institution
Supporting Team: Dr. Chris Reddy (Project Scientist), Amanda Besaw (Project Admin), Sean Whelan
(Project Tech/Operator), Daniel Gomez-Ibanez (Project Engineer), Mike Jakuba (Project Engineer).
Proposed Collaborator: USCG Research and Development Center (USCG RDC)
Project Champions: HQ USCG-MER (Primary). HQ USCH-255 and USCG District 9 (Secondary)
Project Description:
Abstract: The increasing level of commercial marine activity in high latitudes creates an ever-growing
risk of oil spills. Even in logistically accessible, ice-clear oceans, characterizing the extent and nature
of a spill can be difficult as the 2010 Gulf of Mexico Deepwater Horizon incident highlighted.
Increasing level of commercial marine activity in high latitudes creates an ever-growing risk of oil
spills. Characterizing oil spills in remote and austere Arctic locations is a daunting challenge to the
U.S. Coast Guard. Led by the LRAUV project PI, Dr. Bellingham, the laboratories at Monterey Bay
Aquarium Research Institute (MBARI) developed a small long-range system called the Tethys
Autonomous Underwater Vehicle (AUV). The Tethys AUV is a helicopter-portable system that functions
as a rapid response solution to incidents occurring in the maritime environment, and aims to
increase the situational awareness of first responders. Through the course of ADAC Program Year 4,
researchers successfully fabricated the specifically Arctic oil spill configured LRAUV platform.,
equipped with state of the art oil sensors and navigation systems, and readied the platform for
onward testing. Researchers advanced the creation of a simulator to assist USCG and other marine
operators in creating operating procedures in support of AUV spill deployments. Gaining an
autonomous underwater capability to survey oil spills at long range, high latitudes, and under ice
answers an unmet need for DHS and the USCG,
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Figure 22: Development of a Propeller-Driven Long Range Autonomous Underwater Vehicle for Under-Ice Mapping of Oil Spills and
Environmental Hazards Overview.

Objective/Purpose: Throughout ADAC Program Year 4, researchers finalized design, acquired
materials, refined and incorporated operating, characterization and navigation software. and
fabricated a Long Range Autonomous Underwater Vehicle (LRAUV). LRAUV provides a unique
capability to observe and sampling dynamic processes in the Ocean in order to characterize oil spills
and other environmental hazards under ice. Researchers have determined an autonomous
underwater vehicle capable of under-ice oil detection that is portable and has long-range endurance
and variable speed capability is not available. Not only is there a void in the available technology for
under ice baseline surveys that require minimal resources for launch and recovery, but there is also
a lack of a platform with advanced capabilities for navigational accuracy and data transfer capable
of remote and austere marine locations.
Throughout program Year 4, researchers advanced investigations and constructed material solutions
to meet the project’s objective is to provide high-value, relevant, and timely observations of dissolved
hydrocarbons and oil drops to oil-spill responders using the LRAUV. At the close of Program Year 4,
researchers conducted initial bench testing and preparing the vehicle and control systems for
testing. The specifically designed LRAUV has the capability to observe and sample dynamic
processes in the Ocean in order to characterize oil spills and other environmental hazards under ice.
Baseline: PI Dr. Bellingham’s prior laboratories at MBARI originally created the Tethys platform
specifically to carry biological and chemical payloads for long distances and extended durations. The
vehicle is small, about 30 cm (12 inches) in diameter, and requires no special handling equipment.
Prior deployments ranged from a few days to over three weeks, and conducted without the direct
supervision of surface escort vehicles. The longest-range mission to date was over 1,800 km at a
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speed of 1 meter/second (m/s) off the coast of Moss Landing, California. The vehicle operated as far
as 500 km from shore independent of any escort. However, achieving ranges two to three times
greater is possible. Maximizing the vehicle range is achievable by operating at a speed of 0.5 m/s,
using the buoyancy engine, shifting internal weight, trimming the vehicle to neutral buoyancy, and
drifting at zero propeller speed while using minimal sensors.
The vehicle is typically shore-launched and recovered. A small boat can readily be used to tow the
vehicle. The Tethys is also helicopter transportable to remote areas, and subsequently hand
launched and recovered without special handling equipment.
The Tethys system occupies the design space intermediate between underwater ocean gliders and
the current generation of propeller-driven AUVs. Existing ocean gliders such as the Teledyne Webb
Slocum, the Scripps Spray, and Kongsberg Seaglider have a sufficient operational range to achieve
the desired range goals needed by USCG. However, they do not have the payload capacity or power
to carry the chemical and biological sensors that are required, and cannot operate at higher speeds
without redesign. Typical gliders operate at speeds of about 0.3 m/s, and utilize a power source
equivalent to 1W of energy with minimal power consumption.
In contrast, existing propeller-driven AUVs such as those manufactured by Hydroid, Bluefin,
OceanServer, and Teledyne Gavia consume more power, resulting in a shorter endurance. These
commercial propeller-driven systems can operate for a period typically up to 24 hours at speed of
1.5 m/s, and providing ranges of less than 130 km. As a result, Tethys is uniquely capable in its
combination of payload capacity, range, and endurance for remote under-ice oil detection.
Mission-level control of the Tethys is achieved by using an architecture called ‘state-configured
layered-control'. This is an improved variant of the layered control architecture developed by Dr.
Bellingham (1991) and implemented on vehicles ranging from Webb gliders to the Dorado AUVs.
State-configured layered control supports autonomous adaptive operations for long periods. The
software building blocks of the system are behaviors, or control laws, that can be combined to
accomplish tasks. These control laws are conditionally connected to the AUV to complete missions
that are more complex or respond to certain contingencies. For example, vehicle software is able to
detect faults in critical components and respond appropriately, greatly improving the reliability of the
AUV. In some cases, through configuration changes, the Tethys may continue a mission after a
component failure. For example, depth control of the submersible is a redundant system. If the
elevator actuator fails, the vehicle can continue to control depth by shifting internal weight.
Operators interact with the vehicle via an Iridium satellite link by recovering data snippets in near
real-time and sending new mission commands to the vehicle as desired. Communication with the
vehicle is possible when it surfaces, and interpreted at operator-determined intervals.
Over several years of operation, a web-based operator portal for the Tethys has been developed
which includes a display of science and engineering data.2 On a secure portion of the site, users can
access a command interface and a variety of utilities, (such as an alert page that operators can
configure to send mission data via email or mobile phones based upon certain criteria.3) Prior
research has established a design, created operating and navigation software, investigated the
2
3

http://aosn.mbari.org/TethysDash/
http://aosn.mbari.org/TethysDash/data/daphne/realtime/sbdlogs/2012/201211/20121127T053258/
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range of capabilities associated with critical components, implemented a systems integration plan,
and conducted successful field-tests to validate research. Further research has developed an
advanced LRAUV design package with first article fabrication to allow subsequent full platform
fabrication. Completed research to date provides a design for platform fabricators to construct an
LRAUV platform to meet stated parameters in navigation, mission performance, and operator ease of
use.
Research Method: In Program Year 4, research team employed a task-oriented team of expert
marine mechanical and electrical engineers to create a readily deployable, easily handled, variable
speed, and long range AUV capable of detecting and mapping oil spills under ice. The team
leveraged prior investments in AUV research, oil sensor technology development, and under-ice
operations. The overall objective is to use mechanical and electrical engineering to test and fine-tune
the specifically fabricated LRAUV (a modified Tethys platform with sensors, navigation, and chemical
mapping to operate under ice. Additional research objectives developed in ADAC Program Year 4,
were future research and development for navigation and communication buoys to support LRAUV
under ice operations, marine operator LRAUV training support and conceptualizing research in
support of advanced additive material printing in support of reduced cost LRAUV fabrication.
Researchers planned and fabricated LRAUV re-design of Tethys to meet the following capability:
observe and sample dynamic processes in Arctic marine environments, to characterize oil spills and
other environmental hazards under ice. Sensor focus is to detect and acquire mapping of dissolved
hydrocarbons and oil drops. Developed technology is useable in other regions (such as the CanadaU.S. Great Lakes). LRAUV research team investigates sensing and mapping information relay needs
to get data quickly from the platform to on-scene operators.
In ADAC Program Year 4, the research team integrated prior ADAC sponsored investigations in
systems software, AUV simulator, chemical detection sensors, navigation, and mapping to design
and then fabricated a specifically designed Tethys platform for oil spill characterizations Arctic
conditions. Research activities included refinement of design specifications, documenting the
redesigned vehicle, acquiring materials, incorporating previous software developments and
constructing the platform. ADAC Program Year 4 concluded with research team conducting bench
testing (which included assessment of electrical and wire assemblies, software interfacing and oil
spill sensor functions of the vehicle.
Follow-on research currently associated with the project is testing the fabricated platform, finalizing
marine user training (leveraging the prior developed oil-spill survey simulator), plus designing and
fabricating an Arctic buoy system that will allow the LRAUV to precisely navigate via Long-BaseLine
(LBL) and Ultra-Short BaseLine (USBL) navigation methods. Finally, future planned research will
provide a study of marine AUV suitable additive manufacturing processes.
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Figure 23: The Long Range Autonomous Underwater Vehicle animated breakdown (left) and actual vehicle (right).

Student Involvement in Program Year 4: Paul Nekhamin, an “ADAC-WHOI Research Intern” from
Massachusetts Maritime Academy. Mr. Nekhamin served as a LRAUV technician, supervised by
Project Investigator Amy Kukulya and performed the following tasks:
1. Built two simulator vehicle boxes
2. Built a spectrometer and modeled his own in Solidworks, developed a BoM
3. Developed concepts and modeled low cost, low power underwater cameras
4. Built vehicle wiring harnesses
5. Built and painted a 3D printed AUV
6. Pressure tested different resins for underwater housings
7. Learned how to use all the equipment in WHOI’s Maker Space, DunkWorks
8. Assisted in AUV operations using REMUS AUVs to learn how vehicles work
Project Results:
Key Accomplishments in Program Year 4. LRAUV Project Team implemented engineering research
design, assembled and installed subcomponents, software development, and prior testing to
fabricate and conduct initial tests of the base vehicle at MBARI, Monterey Bay, California. Project
team completed design and implemented simulator software to train LRAUV operators. Research
team also conducted significant work in refining oil spill sensing in the project year. This represented
a major effort for the project investigators. In detail LRAUV project team:
 Completed LRAUV Bill of Materials and engineering designs for vehicle and mission payload.
 Completion of augmented AUV simulator and test scenarios addressing high-risk elements,
including navigation and sensing systems, demonstrating capabilities in Alaskan waters.
 Completed engineering designs of LRAUV for specific Arctic operations (Arctic Payload).
 Constructed all subassemblies of vehicle and fabricated vehicle carts and transportation
containers.
 Fabricated the base LRAUV Vehicle via a WHOI-MBARI collaborative effort. This was a
significant task due to WHOI’s location on the Atlantic and MBARI located on the Pacific
Coast. Fabrication involved careful integrating of a significant number of components and
sub-assemblies to the vehicle.
 Successfully completed bench tests located at MBARI. This included assessment of
electrical and wire assemblies, software interfacing and oil spill sensor functions of the
vehicle.
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●

Prepared vessel to initiate open water tests, to include vessel navigation and sensor
employment.
Completed design and development to gain a functioning LRAUV operator simulator (with sea
ice geographically situated in Alaska’s Cook Inlet). This simulator integrates softwaremodelling code from ADAC’s Arctic Oil Spill model (to include TAMOC oil plume modeling).
Conducted extensive oil spill sensing research and development in support of LRAUV
employment for spill response. This included collaboration with Bureau of Safety and
Environmental Enforcement (BSEE) for AUV (WHOI’s REMUS) observations at Gulf of Mexico
(MC20 Site). PI Kukulya conducted these observations in August 2017. LRAUV Project
Investigator, Amy Kukulya collaborated with NOAA, BSEE and NOAA to use a WHOI AUV
(REMUS-100) to test an oil-mapping algorithm and the Sea-OWL ecopuck in order to gain
hands-on knowledge of AUV response in a real oil spill. NOAA supported this effort as part of
a growing collaboration.

In sum, in ADAC Program Year 4, due to a coordinated team effort between WHOI and MBARI, LRAUV
moved from the design board to become a fabricated vessel. LRAUV successfully completed initial
tests and is ready to undergo an extensive employment tests in the coming research year.
Key Stakeholder Engagement in Program Year 4: Project team participated in ADAC “Customer’s
and Partner’s Roundtables, ADAC’s Annual meeting at HQ USCG, and routine engagement with HQ
USCG Project Champion. Project team supported USCG RDC, New London, Connecticut, for LRAUV
static display and information materials for DHS S&T OUP and USCG distinguished visitor meetings in
February 2018. Project team provided LRAUV technician, Mr. Sean Whelan to participate in ADAC
technology booth at DHS S&T CoE Summit at George Mason University. From among a large
number of engagements across the community of collaborators of marine science and technology in
the U.S. Federal government, the LRAUV project team engaged members of the Bureau of Ocean and
Energy Management, Environmental Protection Agency, Bureau of Safety and Environmental
Enforcement, U.S. Office of Naval Research, and U.S. Navy Submarine Laboratories. The research
team continued ongoing technical collaborative discussions with Dr. Lisa Dipinto NOAA Senior
Scientist, NOAA Office of Response and Restoration; Dr. Robyn N. Conmy, Research Ecologist, EPA.
Dr Dipinto has become a project supporter and has actively sought (but not yet realized) funding and
opportunities to work with ADAC and WHOI in order to access AUV oil sampling/mapping technology.
Dr. Dipinto is leading the scientific effort of new instrumentation on REMUS-600 which can be also
used on the LRAUV platform if LRAUV is with follow-on funding. Dr Dipinto and Dr Conmy are also
leading oil science activities on several project activities with Kukulya including vehicle oil sampling
test missions planned for ADAC Program Year 5.
Further, the PI Bellingham engaged a cross section of government and marine industry collaborators
in hosting the 10-11 May 2018 “WHOI CMR Defense Members Meeting” at Woods Hole
Massachusetts.
Key publications (peer reviewed): Kukulya, A.L, Bellingham, J.G., Stokey, R.P, Whelan, S.P., Reddy,
C.M., Woods Hole Oceanographic Institution, Woods Hole MA, and Conmy, R.N. Office of Research
and Development, U.S. Environmental Protection Agency, Cincinnati, OH, Walsh, I. Seabird Scientific,
Philomath, OR: “Autonomous Chemical Plume Detection and Mapping Demonstration Results with a
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COTS AUV and Sensor Package.” Oceans 18 IEEE/MTS Conference, Charleston, South Carolina,
September 2018.
Key presentations: N/A.
Changes from initially approved Workplan: N/A.
Project Progress against each milestone:
MILESTONE
Overview briefing to OUP PM, USCG Project Champion,
USCG R&D center representatives, CG-926, others on
overall research effort, including other funding sources
and stakeholders involved in effort (past and present)
(October 2017). Briefing should include discussion of
viable transition plan and likely programmatic risks to
completion (commercialization).

PROGRESS
Completed

Completed fabrication of a Tethys AUV and tracking
equipment with high-latitude navigation and oil sensors.
(April 30, 2018)

Missed

Complete water testing of LRAUV vehicle and systems

Missed

WHY NOT REACHED?
Briefing presented at
ADAC Annual Meeting
by Project Investigator,
Dr Bellingham, Nov
2017. Briefing was
slipped to Nov from Oct
17 to align with ADAC
Annual meeting.
Note: LRAUV
fabrication as designed
in Program Year 3 was
accomplished, minus
mechanical
nose/capture
assembly. LRAUV was
completed as a
functioning vessel by
30 June 2018, the
nose/capture assembly
allows for mechanical
retrieval and lift when
such lift is available . At
the end of Program
Year 4, team was
awaiting payload
mechanical parts for
LRAUV capture nose.
Task will complete early
in Program Year 5.
Note: due to delays in
receiving components
and sub assemblies
(due to longer than
anticipated arrival of
components and sub94
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Process the data and tune navigation algorithms from
the testing missions

Missed.

assemblies, completing
fabrication, LRAUV
team could not conduct
water tests in Program
Year 4. LRAUV bench
tests as previously
discussed were
accomplished by the
Project team. Extensive
testing is planned early
in Program Year 5.
Delayed since project
team only has
simulated and modeled
data to work with until
testing missions are
complete. Software
focus has been on
developing drivers for
new sensors and
mission simulation
data and algorithms
development from
ADAC’s AOSM (and
TAMOC). Milestone will
be accomplished in
Program Year 5.

Project Progress against each metric:
METRIC

PROGRESS

WHY NOT REACHED?

Navigation performance.
 Drift rate: percentage of distance traveled.
Target: < 0.5%
 Error bounding: can navigation drift be
constrained, e.g. by ranging from a fixed
beacon.

Undetermined.

Awaiting open water
tests of fabricated
vehicle.

Performance-specific measures.
 Detection level of oil: measured in terms of
minimum sensitivity Target: < 80 ppb.
 Range and endurance: Target: 300 km on
secondary batteries, twice that on primary.

Undetermined.

Awaiting open water
tests of fabricated
vehicle.
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Adaptive sampling performance- mapping of spill
extent: Target: Area coverage 1000 km2 per
vehicle deployment.
Operator ease of use.
 Logistical footprint: number of operators required
on site, number of kilograms to be transported.
Target: 2-3 and < 600kg.
 Ease of mission configuration: time to specify grid
survey: Target: < 1 hr.
 Ease of remote interaction: training time required
for operators: Training: < 1 week.

Undetermined.

Awaiting open water
tests of fabricated
vehicle.

Outcomes/output and TRLs.
In ADAC Program Year 4, ADAC, WHOI and MBARI research teams completed the AUV simulator,
engineering designs for an Arctic capable, oil spill response equipped, and then fabricated the
LRAUV platform via assemblies of components and sub systems. Further, the research team
conducted investigations with expert members of the oil spill response community in order to
develop operational concepts of operations for LRAUV in an Arctic response environment. At the end
of ADAC Program Year 4, fabricated LRAUV represents a platform with TRL 5/6 capability.
Completed and tested LRAUV, along with Arctic navigation and communication buoys with
documentation; training and associated materials represent a TRL 7/8 Arctic system ready for lowrate manufacturing.
Unanticipated problems and plans for addressing them: Some manufacturing delays occurred with
changing shops between WHOI and MBARI due to long lead times and double the normal lead times
on marine cabling from vendor (Impulse industries). Researchers delayed final design and
machining of the Capture Nose for line docking and navigation in order to focus limited manpower in
finalizing the baseline fabrication at MBARI. Project team completed the baseline vehicle and initial
water tests and moving full integration of the Capture nose early in Program Year 5. This adjustment
in the workplan will be a more realistic timeline for successful completion of the vehicle especially
with the construction of the Arctic buoys (also planned for Program Year 5). LRAUV Capture Nose
and Arctic buoy fabrication complement each other further aligning the schedule shift.
Transition Activities:
Project team conducted calls with LRAUV Project Champion on a periodic basis in Program Year 4 to
discuss USCG desired options for transition of project at the completion of Program Year 5. Further
information on project progress and concepts of suitable transition destination was provided to
USCG Project Champions and USCCG stakeholders at ADAC Customers and Partners Roundtables
and ADAC Annual meeting. Additionally, WHOI's PI’s Dr Jim Bellingham and Amy Kukulya met with
USCG RDC leadership to discuss vehicle transition in February 2018. In discussing transition with
HQ USCG Project Champion and USCG Stakeholders, ADAC and LRAUV project team have related a
number of potential options for LRAUV transition. This ranges from the followings sets of possible
transition destinations:
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Following completion of LRAUV research, continued operation and refinement of LRAUV at
WHOI, with the understanding the platform and navigation/communication buoys would be
available for deployment (along with WHOI technical support) to support USCG Arctic oil spill
characteristics.
Transition LRAUV system to USCG RDC in a continuing research status. Due to proximity,
WHOI provides on call/technical support.
Transition LRAUV system to a USCG operational response team such as a USCG District or
USCG led Strike Command.
Work with USCG CG9 to establish a low rate manufacturing capability to support a HQ USCG
determined number of platforms. This could involve securing commercialization of LRAUV to
construct needed vessels.

Transition Plan: At the close of ADAC Program Year 4, ADAC and LRAUV research team have related
to HQ USCG, pending decision of HQ USCG Project Champion and USCG key stakeholders, WHOI
research team will continue to operate and continue advancing LRAUV in compliance with DHS S&T
University Programs-ADAC Cooperative Agreement Terms and Conditions.

Theme 4 – Integrated Education Outreach (and Workforce Development)
Program overview. An important goal of the Arctic Domain Awareness Center is to foster the next
generation of scientists and engineers devoted to the discovery, development and improvement of
technologies and applications for Arctic Maritime Domain Awareness, Response, and Resilience.
Through attracting talented undergraduate and graduate students to join the ADAC Fellows program,
the Center is contributing towards the next generation of Science, Technology, Engineering, and
Mathematics (STEM) professionals offering their Arctic expertise for the benefit of the Homeland
Security Enterprise (HSE).
In accordance with DHS S&T OUP Program Year 4 approvals, ADAC Education and Workforce
Development program was adjusted to reflect the following categories of student fellows associated
with ADAC research:
1) Career Development Grant (CDG), a student fellow program funded via a DHS supplemental
award;
2) Workforce Development Program (WFD), a student fellow program funded in the overall ADAC
Program year award since fall 2016;
3) Minority Serving Institution (MSI) Summer Internship Program and Arctic Summer Internship
program; a student summer internship program for students from underrepresented classifications
funded in the overall ADAC program year award.
Combined, these three different program components make up the ADAC Education and Workforce
Development program, also referred to as the ADAC Fellows program, which brings together
undergraduate and graduate students from the University of Alaska system and beyond. During
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Program Year 4, the Center supported 16 student fellows (11 undergraduate and five graduate) from
six different institutions. This is an increase of two students from ADAC Program Year 3.
University of Alaska (UAA and UAF) was the home institution for ten fellows (six undergraduate and
four graduate) followed by University of Texas at El Paso (UTEP) that had two undergraduate students
supported by the Center. In addition, the ADAC supported one undergraduate student from Tougaloo
College, MS, one undergraduate student from Tiffin University, OH, and one undergraduate student
from Massachusetts Maritime Academy, MA. In Year 4, ADAC increased its minority serving
institution student involvement in the Fellows program from one student to three students by
enrolling two students from UTEP and one from Tougaloo College, Mississippi.
During Year 4, ADAC Education and Administrative Manager Kukkonen in collaboration with ADAC
leadership continued to further refine and develop the Fellows program activities. The following is a
summary of the Education Program activities completed in Year 4:












Monthly mentoring meetings (September 2017 through May 2018) that were attended by
fellows either in-person or remotely via telephone/Skype for Business.
Participation in ADAC’s quarterly Customer and Partners teleconference meetings.
Continued support for fellows on their monthly reports and ADAC research project related
activities during Year 4.
Assisting fellows on their summer internship search and placement for an internship during
the summer of 2018.
In September, a small number of ADAC fellows volunteered to assist with the organization of
the Oceans 17 event held in Anchorage, Alaska, 18-21 September 2017. See event website
here: http://www.oceans17mtsieeeanchorage.org/. ADAC fellows also took part and one
CDG graduate fellow, Mr. Leif Hammes, presented in ADAC hosted “Town Hall” that were part
of the conference program on 20 September 2017.
In October 2017, ADAC fellows supported the organization and follow-on of two workshops
hosted by ADAC in Anchorage, AK. The workshop were: 1) The 2017 Arctic IoNS workshop
focused on oil spill response 23-25 October 2017 at UAA, and 2) The International
Cooperative Engagement Program for Polar Research (ICE-PPR) 25-27 October 2017
primarily at the Hotel Captain Cook in Anchorage, Alaska. ADAC fellows provided invaluable
assistance in preparing literature reviews for the events, assisted in running of the
workshops, and acted as note takers for breakout groups and plenary sessions. After the
completion of the workshops, ADAC fellows also worked closely with ADAC staff in preparing
the final reports from these events.
In December 2017, ADAC fellows received a visit from Senior Security Manager Nelson and
two of his staff from Transportation and Security Administration (TSA) at the Anchorage
International Airport. The visit served as an opportunity for ADAC fellows to learn about the
work of TSA and the daily duties of a TSA Security Officer. The visit was a good experience for
both the fellows and the TSA staff, and a future site visit to TSA facilities at the Anchorage
International Airport is planned for ADAC’s Program Year 5. This exchange was useful as it
provided ADAC Fellows a broader view of DHS operational mission needs, beyond that of the
USCG.
In early January 2018, graduated ADAC CDG undergraduate fellow Kyle Alvarado began
working as a temporary Communications and Research Associate at ADAC while he waited
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for his commissioning to the U.S. Air Force Officer Training School (OTS). Mr. Alvarado was
accepted to start his OTS training in June 2018 and concluded his employment with ADAC in
early June to prepare for his transition into this new role.
On 23 January 2018, two ADAC graduate fellows, Mr. Leif Hammes and Mr. Seth Campbell,
showcased their student research at the 2018 Alaska Marine Science Symposium poster
session. Mr. Hammes’ research poster was focused on Coastal erosion in Elson Lagoon,
Alaska (Near Point Barrow Alaska) and Mr. Campbell’s poster on his contributions to ADAC’s
ICECON project focused on the Great Lakes area.
In March 2018, ADAC Finance Director Paulsen hosted a mini resume workshop for ADAC
fellows to assist students with their resume development and fine-tuning.
On 26-27 March 2018 ADAC Work Force Development (WFD) graduate fellows, Ms. Jessica
Faust and Ms. Dina Abdel-Fattah, supported the organization of ADAC led collaborative
workshop titled “Arctic in the distant future… gaining Alaskan Native insights to challenges
anticipated across Maritime and Coastal Regions” held in Nome, Alaska. In addition to
supporting the event organization prior and during the event, both fellows also closely
worked with event organizers in pulling together a final report from the event.
On the week of 16-20 April 2018, ADAC undergraduate fellows participated in UAA Honors
College hosted 2018 Undergraduate Research & Discovery Symposium. The primary
research poster session was held on April 20 at UAA and the student posters were displayed
at the UAA/APU Consortium Library for the week of 16-20 April 2018. See event website
here: https://www.uaa.alaska.edu/academics/honorscollege/ours/symposium/symposium.cshtml
Both ADAC undergraduate and graduate students attended the Anchorage Arctic Research
Day hosted at the Anchorage Museum on 26 April 2018 and presented as well assisted in
managing the event. See event website here: https://nxnfestival.com/program/arcticresearch.
ADAC fellows had five student research posters (three graduate and two undergraduate)
showcasing ADAC student research at the 2018 DHS Summit held at George Mason
University, VA on 30-31 May 2018. One graduated ADAC CDG undergraduate fellow, Mr. Kyle
Alvarado and one graduate WFD fellow, Ms. Dina Abdel-Fattah attended the event in person
along with ADAC leadership and staff.
In June, five ADAC fellows (and one USNA Midshipman) took part in ADAC’s first Arctic
Summer Internship Program, which included a two-week fieldwork component in Utqiagvik
(Barrow), Alaska.

Throughout the year, ADAC fellow monthly meetings were well attended and served to provide ADAC
fellows information of overall Center activities and ADAC research endeavors. ADAC Fellows monthly
meetings assisted in further developing essential connections between the previously enrolled CDG
fellows and new WFD fellows joining the program from different disciplines and institutions.
Attending quarterly Customer and Partners teleconference meetings offered fellows insights into the
tangible questions that the U.S. Coast Guard personnel and research project Principal Investigators
were dealing with as they carried on their research for Year 4.
ADAC’s student research symposiums in Year 4 were organized as part of larger events to allow for
larger exposure of ADAC’s student research efforts as well as offer the fellows an opportunity to
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develop and practice their public speaking skills in a larger event setting. Overall, all fellows were
happy to take the opportunity and present on their research in these larger spring events after
working very hard on their research in the months prior. ADAC Education and Administrative Manager
Kukkonen worked with all fellows on their research posters, which were technically finalized by ADAC
Communications staff for best printing quality prior to each event.
The Undergraduate Research & Discovery Symposium, hosted by UAA Honors College is a large, UAA
campus-wide event that annual draws approximately 90 submissions. This week-long event is a
wonderful opportunity for undergraduate students to highlight their research achievements to the
public as well as University of Alaska system students. The event coordinator estimated that 112
students attended the poster session and reception on 20 April 2018.
The Anchorage Arctic Research Day, organized by Arctic Research Consortium of the U.S., UAA, the
Anchorage Museum, and the Institute of the North later in April was part of a week-long “North by
North” event hosted by the Institute of the North in Anchorage, Alaska. The event drew participants
from around the world, including representatives from eight Arctic nations in the various events in
the course of the week. Participation in an international event like the Anchorage Arctic Research
Day allowed the fellows to gain exposure to a wide audience of Arctic experts from different
academic disciplines and Arctic minded researchers and students alike.
The announcement of the May 2018 DHS Summit in late 2017 added another event in the ADAC
Fellows Year 4 activity calendar. The timing of the Summit at the end of May was not ideal to include
in-person student participation in the event. In the end, ADAC supported two students to present
their research at the event. In addition, ADAC had three student research posters highlighting the
wonderful work completed by fellows earlier in the year.
In addition to the student research showcase opportunities, important culmination points for Year 4
Education and Workforce development activities were the three workshops hosted and co-hosted by
ADAC during the 2017- 2018 academic year. ADAC fellow’s involvement in these events was critical
in making them successful. Each event also offered unique opportunities for fellows to learn firsthand about the everyday and long-term challenges that Arctic operators, state and federal agencies,
and local stakeholders alike face in planning, operating, and living in the rapidly changing Arctic.
ADAC fellows activities for spring 2018 concluded with a final monthly meeting held at the ADAC
office in May. With finals completed, most fellows were ready for a short break before diving into
their summer internships. Overall, Year 4 was a superb year for the Center in continuation of the
Education and Workforce Development work begun in previous years. This is assessed by ADAC
program leadership by noting the milestone of the first CDG fellows transitioning into the workforce,
new fellows joining ADAC’s education programs via the ADAC research network, and the successful
execution of ADAC’s inaugural Arctic Summer Internship Program (ASIP) in June 2018, Year 4,
Carrying on the good work and further developing the mentoring of the students that will soon
graduate from the program will be important points of focus for Program Year 5. Equally important is,
however, to continue looking for new educational and mentoring opportunities to engage our existing
and future fellows in the various Homeland Security Enterprise opportunities in Alaska and beyond
by utilizing ADAC’s continuously developing network of Arctic operator, industry, and research
partners.
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The following provides details of ADAC education program.

Project: Career Development Grant Scholarships
Project Team and Champions
Project PI: ADAC Education and Administration Manager, Ms. Malla Kukkonen
Lead institution: University of Alaska Anchorage administers resources and project; open student
competition provided they meet DHS criteria.
Supporting team: ADAC Industry Partners
Collaborators: DHS Marine Security Center of Excellence, Stevens Institute of Technology
Program Year 4 Project Champion: N/A. However, project is subject to joint approval of DHS S&T OUP
ADAC Program Manager, Mr. Theo Gemelas and DHS S&T OUP Education POC, Ms. Stephanie Willet
(Note: Ms. Willet retired from her position late in Program Year 4).
New Project Champions established by DHS S&T OUP and HQ USCG at end of Program Year 4: N/A
Student Involvement: Program is 100% focused on students.
Project Description.
Abstract: An important goal of the Center is to foster the next generation of scientists and engineers
devoted to the discovery, development and improvement of technologies and applications for Arctic
Maritime Domain Awareness, Response, and Resilience. The Center proposed to award four
scholarships for full time support for both undergraduate and graduate students who will contribute
to an essential role for the center’s mission.
The Center intends to mentor and develop CDG students to be capable of competing for future
opportunities in DHS and/or DHS enterprise careers. Center leadership will put a particular focus in
connecting CDG students in applied areas of science and technology. Center leadership will also
seek to provide CDG students opportunities to connect with research sponsored by DHS and/or the
USCG.
Baseline: ADAC seeks to attract the highest caliber undergraduate and graduate students that are
contributing towards ADAC sponsored science and engineering programs. ADAC seeks CDG fellows
to be the vanguard of the ADAC Fellows program, which will also include ADAC student researchers/
interns in addition to CDG fellows. Consequently, Center leadership will seek to award CDG
fellowships to qualified students who are seeking degrees from across academic disciplines related
to Advanced Data Analysis and Visualization, Communications and Interoperability, Community,
Commerce, and Infrastructure Resilience, Emergency Preparedness and Response, Maritime and
Port Security, Natural Disasters and Related Geophysical Studies, and Decision Sciences.
As described in Education Outreach and Workforce Development, ADAC will mentor CDG fellows as
part of the overall ADAC Fellows program over the course of the planned program year for student
enrichment. In particular, events such as the planned annual ADAC Student Research Symposium,
or other similar opportunities, summer interns and research needed in association with Incidents of
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National Significance (IoNS) workshops, provide useful opportunities to incentivize CDG
productiveness.
Objective/Purpose: DHS Career Development Grant fellows program provided fiscal resources,
substantial mentoring and professional development for openly recruited, qualified students in
science, technology, engineering, and mathematics disciplines in order to gain useful preparation for
careers of substance across the DHS enterprise.
Research Method: CDG fellows and the overall ADAC Fellows program are a planned particular focus
for ADAC leadership. Accordingly, students who focus in science, technology, engineering and
mathematics (STEM) fields are most likely the candidates who have interest in connecting with many
of the projects the Center is pursuing. ADAC plans CDG fellow’s involvement in as many projects as
practically possible as well as with other Center tasks such as Arctic related Incidents of National
Significance workshops and White Paper development calls/cycles. ADAC Education and
Administration Manager assesses CDG fellows research interests and strengths to match with a
suitable research professor and Center research.
Accordingly, the ADAC Fellows program seeks to invest CDG fellows as well as ADAC research interns
to advance and present their ADAC related/supported research at the planned ADAC Student
Research Symposium, Annual ADAC Partners meeting, and research needed in association with
Incidents of National Significance Workshops. CDG fellows participate in summer research in
support of ADAC projects.
ADAC CDG Scholars will comply with DHS Approved Safety as coordinated with the University of
Alaska Anchorage procedures. DHS approved safety procedures apply to all ADAC sponsored
academic, government and industry institutions and be applied in both field and laboratory
conditions.
Coaching and mentoring of ADAC CDG fellows and other ADAC fellows as described in Education and
Workforce Development will be intentionally conducted to orient these students to careers in
government service across the DHS enterprise as well as science and technology industry.
Part of the professional coach and mentoring will include leadership and management as
complimentary aspects apart from STEM courses of study. ADAC conducts an annual performance
review of CDG fellows and mentors and mentoring program at the conclusion of the program year.
ADAC will appropriately host an awards event at the close of the academic year. ADAC tracks CDG
fellows until successfully connected to placement into a DHS careers following graduation.
Project Results:
Key accomplishments in Program Year 4: Five CDG scholars started Program Year 4 in student
internships, which included three CDG fellows participating in the summer program hosted by the
Maritime Security Center at the Stevens Institute in Hoboken, New Jersey. ADAC supported the
participation of two fellows, Mr. Kyle Alvarado and Mr. Matthew Ahlrichs, in the summer program
while MSC fully supported the participation of Mr. James Matthews. Mr. Leif Hammes worked at the
Center supporting ADAC’s mission. Ms. Christina Hoy, who continued as a volunteer without any
fiscal support from ADAC in the Fellows program, continued working on her studies and was engaged
in employment outside the Center. Ms. Hoy also continued as a volunteer in the Fellows program for
the Academic year 2017 -2018 without any financial support from ADAC.
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In the beginning of Year 4, all four CDG fellows were expected to graduate from the program in
December 2017 after the conclusion of the fall semester. The two undergraduate students, Mr.
Alvarado and Mr. Matthews, completed their degrees as expected. At the time of graduation, both
Mr. Alvarado and Mr. Matthews had career plans for their next steps into the Homeland Security
Enterprise: Mr. Matthews had accepted a civil engineer position with the U.S. Army Core of Engineers
starting in early 2018. Mr. Alvarado, in turn, had plans to seek commission to Officer Training School
with the United States Air Force as early as possible in 2018. In the course of 2018, both graduates
successfully processed with their plans. In Year 5, ADAC Education and Administrative Manager
Kukkonen will continue to stay in regular contact with both program graduates.
Due to delays in finalizing their graduate thesis research, neither of the two graduate students, Mr.
Hammes and Mr. Ahlrichs, were able to complete their degrees in December 2017. Based on his
own decision, Mr. Hammes elected to complete his involvement in the ADAC Fellows program at the
end of December 2017 and finalize his thesis without additional financial support from ADAC. In
comparison, Mr. Ahlrichs continued to be involved with the Fellows program but ADAC did not
support him with CDG funds. Instead, Mr. Ahlrichs worked as a research assistant at the Center and
was supported in this capacity via institutional funds provided to ADAC by UAA. Both Mr. Hammes
and Mr. Ahlrichs successfully defended their thesis research in June 2018 and graduated with their
engineering degrees in August 2018. ADAC Education and Administrative Manager Kukkonen will
continue to work with the graduates as they transition to the Homeland Security Enterprise workforce
in the course of ADAC’s Program year 5.
With the graduation of the two undergraduate CDG fellows, ADAC had two openings for new
undergraduate CDG fellows to start in the program in the spring 2018 semester. One new student,
Mr. Paul Nekhamin from Massachusetts Maritime Academy, Massachusetts joined the CDG program
in February 2018. Another student, UAA undergraduate student Mr. Richard McElmurry enrolled in
the program in May 2018. Mr. Nekhamin graduated with his Bachelor of Science in June 2018 and
has successfully transitioned into the workforce. ADAC Education and Administrative Manager
Kukkonen will continue to stay in regular contact with Mr. Nekhamin. ADAC’s newest CDG fellow, Mr.
McElmurry will continue in the ADAC Fellows program through the 2018-2019 academic year with an
anticipated graduation with his Bachelor of Science degree in May 2019.
ADAC’s Program Year 4 annual meeting took place at the U.S. Coast Guard Headquarters in
Washington, D.C. on 29-30 November 2017. ADAC graduate fellows Matthew Ahlrichs and Leif
Hammes (both from UAA) travelled with Center leadership and ADAC led project Principal
Investigators to the event. At the event, the fellows both presented and assisted in the running of the
event. ADAC’s Education and Administrative Manager Kukkonen coordinated the preparation of the
fellows’ presentations on the second day of the meeting. In his presentation, Mr. Hammes’ reflected
on his experience as an ADAC fellow as he prepared to transition into the workforce after completing
his graduate thesis research on coastal erosion in Elson Lagoon, Alaska. Following his student
colleague, Mr. Ahlrichs’ presentation focused on his graduate research centered on an assessment
of the life cycle and cost of an autonomous sensor network. The fellows’ presentations were well
received by meeting participants and both fellows later on discussed their research and fellowship
experience with meeting participants.
ADAC Program Year 4 CDG fellow participation included:
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Monthly mentoring meetings (September 2017 through May 2018) that were attended by
fellows either in-person or remotely via telephone/Skype for Business.



Participation in ADAC’s quarterly Customer and Partners teleconference meetings.



Continued support for fellows on their monthly reports and ADAC research project related
activities during Year 4.



Assisting fellows on their summer internship search and placement for an internship during
the summer of 2018.



In September 2017, a small number of ADAC fellows volunteered to assist with the
organization of the Oceans 17 event held in Anchorage 18-21 September 2017. See event
website here: http://www.oceans17mtsieeeanchorage.org/. ADAC fellows also took part and
one CDG graduate fellow, Mr. Leif Hammes, presented in ADAC hosted “Town Hall” that were
part of the conference program on September 20.



In October 2017, ADAC fellows, including CDG fellows James Matthews, Kyle Alvarado and
Leif Hammes, supported the organization and follow-on report writing of two workshops
hosted by ADAC in Anchorage, AK. The workshop were: 1) The 2017 Arctic IoNS workshop
focused on oil spill response 23-25 October 2017 at UAA, and 2) The International
Cooperative Engagement Program for Polar Research (ICE-PPR) 25-27 October 2017
primarily at the Hotel Captain Cook in Anchorage, AK. ADAC fellows specifically offered
invaluable assistance in preparing literature reviews for the events, assisted in running of the
workshop, and acted as note takers for breakout groups and plenary sessions. After the
completion of the workshops, ADAC fellows also worked closely with ADAC staff in preparing
the final reports from these events.
In early January 2018, graduated ADAC CDG undergraduate fellow Kyle Alvarado began
working as a temporary Communications and Research Associate at ADAC while he waited
for his commissioning to the U.S. Air Force Officer Training School (OTS). Mr. Alvarado was
accepted to start his OTS training in June 2018 and concluded his employment with ADAC in
early June to prepare for his transition into his new role.





On 23 January 2018, two ADAC graduate fellows, CDG fellow Mr. Leif Hammes and WFD
fellow Mr. Seth Campbell showcased their student research at the 2018 Alaska Marine
Science Symposium poster session.



Both ADAC undergraduate and graduate fellows, including Mr. Matthew Ahlrichs and
graduated CDG fellow Kyle Alvarado, attended the Anchorage Arctic Research Day hosted by
the Anchorage Museum on April 26, 2018 and presented as well assisted in the running of
the event. See event website: https://nxnfestival.com/program/arctic-research/
At the end of May, 2018 ADAC CDG fellow Matthew Ahlrichs participated and assisted in the
organization of the Alaska National Labs Day at the University of Alaska Fairbanks. ADAC
supported Mr. Ahlrichs travel and lodging for the event with institutional funds.





In June, five ADAC fellows, including CDG fellow McElmurry, took part in ADAC’s first Arctic
Summer Internship Program, which included a two-week fieldwork component in Utqiagvik
(formerly Barrow), Alaska.
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While ADAC CDG fellows were very busy during the fall 2017 semester, the December 2017
graduation and volunteer conclusion of their fellowship of three of the five ADAC CDG fellows in the
program left room for new CDG fellow recruitment in the spring of 2018. The enrollment of Mr. Paul
Nekhamin from Massachusetts Maritime Academy as a new undergraduate CDG fellow in February
2018 allowed a unique opportunity for him to work at the world renowned Woods Hole
Oceanographic Institution (WHOI), specifically as part of ADAC’s LRAUV project led by Dr. Jim
Bellingham from WHOI. or ADAC, this was the first time an ADAC fellow worked on the LRAUV project.
While working at WHOI, Mr. Nekhamin was mentored by Ms. Amy Kukulya, one of the lead engineers.
As reflected in ADAC LRAUV project accomplishments, through this experience, Mr. Nekhamin, (who
graduated in June 2018 with his Bachelor of Science degree) was able to obtain some highly
valuable hands-on engineering experience by contributing to the completion of the LRAUV project in
a meaningful way.
The enrollment of Mr. Richard McElmurry as a CDG fellow in May 2018 added a new CDG fellow in
the group of students taking part in ADAC’s inaugural Arctic Summer Internship Program (ASIP). After
completing the ASIP program, which Mr. McElmurry described as a wonderful overview of Arctic
research. In June 2018, Mr. McElmurry continued to work at the Center to complete his 10-week
internship requirement for the summer. Over the summer, Mr. McElmurry’s work focused on
assisting ADAC prepare for its next Medium to Long-term (MaLTE) workshop co-hosted by ADAC and
Trent University from Peterborough Ontario, Canada at the University of Alaska Anchorage in
September 2018. Mr. McElmurry will continue his involvement with the workshop hosting and followon report writing throughout the fall 2018 semester.
In addition to the student research showcase opportunities starting in January 2018, important
culmination points for ADAC’s Year 4 Education and Workforce development activities were the three
workshops hosted and co-hosted by ADAC during the 2017- 2018 academic year. ADAC CDG fellows’
involvement in these events was critical in making them successful. Each event also offered unique
opportunities for both CDG and WFD fellows to learn first-hand about the everyday and long-term
challenges that Arctic operators, state and federal agencies and local stakeholders alike face in
planning, operating, and living in the rapidly changing Arctic.
ADAC Fellows activities during the spring 2018 concluded with a final monthly meeting held at the
ADAC office in May. With finals completed, most fellows were ready for a short break before diving
into their summer internships. As previously discussed, overall, Year 4 was a good continuation of
the Education and Workforce Development work begun in previous years. The maturation and
successful transition into the Homeland Security Enterprise by two of the four CDG fellows thus far
are success stories that ADAC will seek to continue accomplishing with all students enrolled in the
ADAC Fellows program in Program Year 5 and beyond. In Year 5, ADAC Education and Administrative
Manager Kukkonen will continue to work with the two CDG graduate fellows that graduated with their
degrees in August 2018 to ensure their successful transition into the HSE as well.
Key stakeholder engagement in Program Year 4: CDG fellows as well as ADAC WFD fellows
participated in three workshops hosted by ADAC during the 2017-2018 academic year:



ADAC Program Year 4 Annual meeting at U.S. Coast Guard Headquarters in Washington, D.C.,
ADAC’s inaugural Arctic Summer Research Internship Program (ASIP),
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Two student research poster sessions, one of which was the 2018 DHS Centers of
Excellence Summit at George Mason University, VA.
Additionally, ADAC fellows also participated in the quarterly Customers and Partners
roundtable meetings and the quarterly project reviews with Project PIs.

Key publications/developments/presentations:




Student research/research poster presentations at:


Oceans 17 held in Anchorage, Alaska, 18-21 September 2017.



Alaska Marine Science Symposium, Anchorage, Alaska, 28-31 January 2018.



Anchorage Arctic Research Day, Anchorage, Alaska, 26 April 2018.



2018 DHS Center of Excellence Summit, 30-31 May 2018, George Mason University,
Arlington, Virginia.

ADAC reports/workshop reports/literature reviews with CDG fellow contributions:


Arctic Deep Draft Port Assessment and the Future of the U.S. Coast Guard and the U.S. Navy
Arctic Capabilities (draft manuscript).



Workshop report for the Arctic-related Incidents of National Significance (Arctic IoNS) 2017
workshop: “Coping with the Unthinkable… An Arctic Maritime Oil Spill”, University of Alaska
Anchorage, 23-25 October 2017.



Event summary report for the Anchorage, AK meeting of the International Cooperative
Engagement Program for Polar Research (ICE-PPR) 25-27 October 2017.



Literature review prepared for the North American Arctic Maritime and Environmental
Security workshop “Assessing Concern... Advancing Collaboration.” Scheduled to be held
on18-20 September 2018.

Changes from initially approved work plan: DHS S&T OUP decision to offer additional CDG
supplemental awards changed ADAC plans to award additional CDG scholarships. Once the current
CDG supplemental award is exhausted, student funding will proceed via Education and Workforce
Development management and funded via the main ADAC award from DHS S&T OUP.

Project progress against milestones:
MILESTONE

PROGRESS

WHY NOT REACHED?

Scholars will conduct tailored
research work during the
academic year with schedules
mutually determined by CDG
Scholar and assigned mentor,
with appropriate Center
leadership overview (normally
conducted by Education and
Administration Manager).

Completed. Each ADAC fellow had a
workplan and conducted student
research tailored to the individual
student. CDG fellows were either
assigned to an established, ADAC
funded project or were assigned to
work on individual research
assignments aligned to Arctic maritime
science research.

N/A.
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CDG Scholars will participate in
two, ten-week summer
internship, with ADAC or industry
hosted research (one per
summer).

CDG Scholars will join ADAC
Customers and Partners
Roundtables in order to gain
insights to operator driven
research requirements.
CDG Scholars will participate
coaching and mentoring sessions
hosted by ADAC Education and
Administration Manager.

CDG Scholars will participate in
planning, execution and follow-up
administration of ADAC
sponsored research Arctic IoNS
and MaLTE workshops.

Two CDG Scholars (who have not
previously participated) will join
the ADAC Annual meeting in
Washington.
CDG Scholars will participate in
ADAC planned outreach activities
(in particular, Oceans 17 and
Alaska Marine Science
Symposium 18).

Completed. In year 4, CDG fellows
participated in a 10-week summer
internship. In the summer of 2017,
three CDG fellows participated in the
MSC’s Summer Intern program, at the
Stevens’ Institute in Hoboken, New
Jersey, while the remaining one
completed their internship with the
Center in Alaska. One additional fellow
continued in the program on volunteer
basis without financial support from
ADAC and worked outside the Center. In
the summer of 2018, the newest CDG
fellow completed their 10-week
internship by participating in the ASIP
program in June and continued to work
at the Center through July and August.
Completed. Late in Program Year 3,
meetings switched to monthly to
accommodate student schedules. ADAC
continued to host these meetings on
the same schedule in Year 4. CDG
fellows participated when their
schedules allowed.
Completed. Late in Program Year 3,
meetings were switched to take place
monthly to accommodate student
schedules. ADAC continued to host
meetings on the same, monthly
schedule in Year 4. CDG fellow
participation in the meetings was good
throughout the year.
Completed. ADAC Fellows supported
Arctic IoNS 2017 “Coping with the
Unthinkable, an Arctic Maritime Oil
Spill” workshop in Oct 2017 (along with
ADAC’s hosting of the U.S. Office of
Naval Research International
Cooperative Exchange – Program for
Polar Research (also hosted in Oct
2017. ADAC Fellows supported ADAC’s
hosting of its Arctic-related Medium and
Long Term Environment (MaLTE)
workshop focusing on Arctic Futures
from an Alaskan Native vantage at UAF
Northwest Campus in March 2018.
Completed. Matt Ahlrichs and Leif
Hammes participated at ADAC Annual
Meeting.

N/A.

Completed. ADAC CDG Scholars
participated in Oceans 17 in Sep 2017,
Alaska Marine Science Symposium in
January 2018. One CDG fellow took
part in the Anchorage Arctic Research

N/A.

N/A.

N/A.

N/A.

N/A
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CDG Scholars will participate in
ADAC Annual Student Research
Symposium
In coordination with assigned
mentor, ADAC leadership
conduct an annual performance
evaluation of CDG Scholars and
the scholars program at
conclusion of the program year.
ADAC conducts this evaluation at
the final ADAC Quarterly Review
for the program year
CDG Scholars will participate in
end of academic year recognition
program

Day and another, graduated CDG fellow
participated in the 2018 DHS Summit.
Completed. ADAC CDG Scholars
participated at UAA Honor;s College as
the Annual Student Research
Symposium.
Completed. ADAC’s Education and
Administrative Manager Kukkonen
conducted the performance review

Center leadership conducted the end of
Academic Year ADAC Fellows meeting
at the ADAC office on May 9, 2018. This
meeting was also carried via Skype.

N/A

N/A

N/A

Project progress against metrics:
METRICS

PROGRESS

WHY NOT REACHED?

Comparing student’s grade point average vs
DHS required minimum (3.3 of a 4.0 scale).
Success is 100% of students above 3.3.
Caution is two students performing below
standard. Failure is three or more students
maintaining required GPA;

Completed.

Comparing CDG Scholars completion of
required 10-week summer internships vs DHS
required of two minimum prior to graduation.
Success is 100% of all students achieving two
internships prior to graduation. Caution is two
students achieving one, but not two internships
before graduation. Failure is three students
achieving one, but not two internships, or two
students failing to accomplish at least one
summer internship prior to graduation;
Comparing CDG scholars assigned vs
participating in ADAC Annual Student Research
Symposium. Success is 100% of all students
participating at each ADAC Annual Student
Research Symposium. Caution is two students
failing to participate in one Annual Student
Research Symposium. Failure is three or more
CDG scholars failing to participate in one or
more Annual Student Research Symposium
while under contract;
Comparing graduated CDG Scholars accredited
to DHS enterprise careers vs graduates who

Completed.

N/A. Note: ADAC uses a 1
semester probationary period,
retaining CDG scholars in an
unpaid voluntary basis. Failure to
return grades to acceptable GPA
following the probationary
semester results in dismissal and
subsequent efforts to achieve
recoupment of awarded funds;
N/A.

Completed.

N/A.

In Progress.

N/A. Note: ADAC CDG fellows
have graduated four of the
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are unable to gain employment in HSE.
Success is 100% of graduates who obtain one
or more year of service within the HSE. Caution
is two CDG graduates who are unable to obtain
a minimum of one year of HSE service. Failure
is three or more CDG graduates who are
unable to obtain employment of a minimum of
one year of HSE service.

original five fellows. By the end of
Year 4, two of the four have
transitioned into a HSE related
career. ADAC Education and
Administrative Manager will
continue to work on this goal in
Year 5.

Unanticipated problems and plans for addressing them: N/A
Transition plans.
Transition plans and progress made: In program Year 4, CDG fellows continued their course of study
and executed their assigned workplans. ADAC was delighted to see the first CDG graduates
successfully transition into Homeland Security Enterprise related employment.

Project: Minority Serving Institution (MSI) and Significant Minority Enrollment (SME)
Integrated Arctic Summer Intern Program (ASIP)
* Note: For Program Year 4, MSI was integrated with ADAC’s Arctic Summer Intern Program
Project Team and Champions
Project PI: ADAC Education and Administrative Manager Ms. Malla Kukkonen
Lead institution: University of Alaska Anchorage
Supporting team: Dr. Craig Tweedie, UTEP (overall support), Dr. Andrew Mahoney, UAF (Utqiagvik,
formerly Barrow, field team) and ADAC Executive Director Randy Kee (Utqiagvik field exercise lead)
Collaborators: N/A
Program Year 4 Project Champion: N/A
New Project Champions established by DHS S&T OUP and HQ USCG at end of Program Year 4: N/A
Student Involvement: Program is 100% focused on students.
Project Description.
Abstract: In Program Year 4, ADAC will conduct the inaugural Arctic Summer Intern Program (ASIP).
ADAC’s ASIP will integrate visiting Minority Student Summer Interns with participating ADAC fellows in
a comprehensive orientation and mission focused education experience. ASIP included visits to U.S.
Federal agencies based in Anchorage (concerned with Arctic issues), a maritime disaster response
table-top exercise, focused time with ADAC researchers at UAA, individual research concept
development to generate new approaches to addressing Science & Technology solutions to USCG
Arctic mission needs and a 2-week Arctic field work experience in Utqiagvik (formerly Barrow) Alaska.
Included in the focus of this project is to establish a summer Internship geared at recruiting for
underrepresented classifications.
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Baseline: DHS S&T OUP Cooperative Grant Terms and Conditions require ADAC to conduct two 10week summer internships for all Center student fellows during the tenure of their association with
ADAC. Accordingly, ADAC proposes to create an innovative summer Internship program for ADAC
Fellows and students from under-represented classifications.
Additionally, the Center seeks to integrate minority students awarded paid internships from ADAC’s
Minority Summer Interns to ASIP. Specifically, ADAC has established a project to provide
scholarships for five Minority interns recruited specifically to gain an introduction to Arctic research
and the Homeland Security Enterprise.
Anchorage Alaska is home to a myriad of U.S. federal agency field offices focused on Alaska and
Arctic Alaska. The staff employed in these federal agencies are either directly or indirectly
associated with the Homeland Security Enterprise. Anchorage is also home to State of Alaska offices
and a number of Arctic-focused Native Alaskan Foundations. Furthermore, Anchorage hosts a
number of Arctic focused commercial enterprises, and a critical seaport.
Anchorage’s Joint Base Elmendorf Richardson (JBER) is home to a U.S. Northern Command subUnified Command (Alaskan Command) and an array of U.S military forces oriented for the defense of
Alaska and power projection into the Pacific region. JBER also hosts U.S. Coast Guard District 17,
Anchorage Sector, Alaska’s Department of Military and Veterans Affairs (and the Alaska National
Guard) and Alaska District U.S. Army Corps of Engineers.
ADAC’s leadership team includes a retired USAF General Officer with extensive operational
experience, including disaster response and humanitarian assistance missions, plus prior service as
a Joint Exercise Director at a U.S. Unified Command.
University of Alaska Fairbanks (UAF) and University of Texas El Paso (UTEP) conduct considerable
field research near Utqiagvik (Barrow) Alaska. Both universities support student activities in this field
research. The two proposed field leads provide complimentary and extensive experience in Arctic
research. Based on existing logistics, the field team is well suited to handling up to 7 student
researchers.
ADAC’s ASIP will leverage the attributes of the Anchorage area in a comprehensive introduction to
the Arctic challenges faced by government and commercial enterprises. ADAC will leverage the
expertise of its staff based in Anchorage to conduct a meaningful guided seminar to facilitate
student understandings of the challenges faced by U.S. Coast Guard Arctic operators. ADAC will
leverage the skills of UAA based researchers to guide students in understanding research oriented to
support the Arctic operator. Lastly, ADAC will tap the unique experiences of expert field researchers
and established locations at a critical Arctic location to provide students a safe developmental field
research experience.
Objective/Purpose: The integrated MSI/MSE and Arctic Summer Internship Program (ASIP) is
planned to provide fiscal resources, mentoring and unique Arctic research focused professional
development for ADAC Fellows and students from under-represented classifications. Students with a
background in STEM disciplines who go through the program will gain useful preparation for careers
of substance across the DHS enterprise.
Research Method: ADAC led a 50-planned days of activity guided by ADAC’s Education Manager, and
overseen by Executive Director for the Anchorage based portion of the internship. UTEP and UAF
110
Arctic Domain Awareness Center Year 4 Annual Report 1 July 2017–30 June 2018

Supporting leaders will conduct the field portion of the internship program and will contribute to an
orientation of students at UAA prior to student departure for Utqiagvik (Barrow). ADAC will screen
and select a student leadership team to support detail planning and execution the program. ADAC
will in process visiting minority students and participating ADAC Fellows into ASIP, conduct and
conclude the program as detailed in schedule and milestones.

Project Results.
Key accomplishments in Program Year 4: During Program Year 4, ADAC successfully executed the
inaugural, integrated MSI and SME component with the Arctic Summer Internship Program (ASIP).
The initial ASIP had six student participants, two of which. Mr. Roberto Garcia and Mr. Sebastian Ruiz
were undergraduate MSI students and ADAC WFD fellows from the University of Texas at El Paso
(UTEP). One of the participants, Mr. Ethan Blough was an ADAC summer intern, and one, Ms. Dina
Abdel-Fattah an ADAC graduate WFD fellow. The fifth participant was Mr. Richard McElmurry, an
ADAC CDG fellow. The sixth participant was a Midshipman Michael Wegner, undergraduate student
at the U.S. Naval Academy. Regarding gender, the student group had one female and five males.
The staff involved in the inaugural ASIP in summer 2018 included Drs. Craig Tweedie (UTEP) and
Andy Mahoney (UAF) who were the primary staff leading the fieldwork component of the program.
ADAC Education and Administrative Manager Kukkonen planned the program for the week of June 4
– 8 in Anchorage and assisted in coordination of lodging and meals for all participants for the
Anchorage component. ADAC Finance Director Paulsen coordinated the fiscal aspects of the housing
and meal arrangements. In addition, Finance Director Paulsen was the primary point of contact for
all matters related to the participation of Midshipman Wegner. ADAC Executive Director over saw the
entire program, including traveling up to Utqiagvik for the duration of the fieldwork component.
The program of the 2018 ASIP started in Anchorage on Monday June 4, 2018. With the exception of
the two MSI students from UTEP, ASIP participants residing outside the state of Alaska arrived in
Anchorage prior to June 4. UTEP students Mr. Garcia and Mr. Ruiz traveled to Anchorage together
with Dr. Craig Tweedie. They all arrived in the afternoon of June 4. Ms. Abdel-Fattah, based in
Fairbanks, arrived in Anchorage on the morning of June 4.
ADAC covered the roundtrip travel to and from Anchorage to Midshipman Wegner, and Ms. AbdelFattah. As an ADAC summer intern, Mr. Blough covered his own travel to and from Anchorage with
ADAC providing $1,000 as travel assistance for his travel as part of his summer internship support.
As previously agreed, Dr. Tweedie covered the round-trip travel for himself and the two UTEP
participants to and from Anchorage.
Based on the agreement with the U.S. Naval Academy, ADAC sponsored lodging and food for
Midshipman Wegner for the duration of his participation in the ASIP program. ADAC sponsored food
and lodging in Anchorage for Mr. Blough and Ms. Abdel-Fattah for the duration of their stay in
Anchorage prior to the team’s travel up to Utqiagvik. Dr. Tweedie was responsible for covering the
lodging and food in Anchorage for himself and the UTEP participants. For the week of June 4 – 8,
ADAC also sponsored all lunches for Anchorage based ASIP participant Mr. McElmurry.
Lodging in Anchorage was provided at UAA’s summer housing located on UAA campus. All housing
arrangement were made ahead of time by ADAC for Ms. Abdel-Fattah, Mr. Blough and Midshipman
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Wegner. The students staying at the UAA housing had their meals at the Creek-Side cafeteria, which
is located in close proximity to the summer housing. As previously mentioned, Dr. Tweedie took care
of breakfast and dinners for the two UTEP students and ADAC covered their lunches. The choice of
housing for Dr. Tweedie and his two students was one of the local hotels in mid-town Anchorage.
ADAC secured a large vehicle from another UAA department that was used as group transportation
for different activities in Anchorage during the week of June 4– 8. Dr. Tweedie and the two UTEP
students had a rental vehicle for their use for June 4 -6. Outside the program, ASIP participants
utilized taxis (at their personal expense), such as Uber to get around Anchorage.
According to ADAC’s approved Year 4 workplan, the program for the week in Anchorage was planned
to introduce ASIP participants to ADAC and its work and mission to serve the USCG. In addition, the
program oriented participants to some of the unique characteristics of the state of Alaska, the Arctic
environment, and what are the challenges in operating in the high north, for example in response to
an oil spill. At the end of the week, students worked through a mini-workshop that asked the
students’ to work through the best and worst case scenarios for the Arctic, as well as to spend some
time considering what would happen if the status quo remains. To balance the information surge,
the program also included social activities such as a visit to the Alaska Native Heritage Center, and a
hike at one of the popular outing locations, Flattop Mountain in the Anchorage area.
While ADAC Education and Administrative Manager Kukkonen arranged all the site visits and guest
speakers, Dr. Tweedie led the orientation for the fieldwork portion. This included a briefing on safety,
climate, and gear to ensure everyone’s safety in Utqiagvik. A key task assigned to students as part of
the orientation was to plan all the meals for the fieldwork portion. With the guidance of Dr. Tweedie,
each student was assigned the responsibility to cook two dinners for the group over the course of
their stay in Utqiagvik. Based on the planned menu, Dr. Tweedie composed a shopping list for the
students to follow to obtain required supplies and food items for their stay in Utqiagvik. With the help
of Dr. Tweedie and ADAC Education and Administrative Manager Kukkonen, students completed the
majority of all food supply purchases in Anchorage prior to departing for Utqiagvik. Additional small
purchases to supplement existing food supply were also made in Utqiagvik during the team’s stay.
Dr. Tweedie traveled to Utqiagvik ahead of the team on June 6. ASIP participants Mr. Ruiz and Mr.
Garcia traveled to Utqiagvik on June 8 to assist Dr. Tweedie with preparations for the fieldwork. The
rest of the team, including Dr. Andy Mahoney from Fairbanks, traveled to Utqiagvik on Monday, June
11 and proceeded to begin the fieldwork component of the ASIP. ADAC covered the round-trip airfare
Anchorage-Utqiagvik for ASIP staff based in Anchorage, as well as for Mr. Blough, Mr. McElmurry and
Midshipman Wegner. Airfare Anchorage-Utqiagvik-Fairbanks was provided by ADAC to MS. AbdelFattah, who returned to her residence in Fairbanks on June 22. ADAC also covered round-trip airfare
Fairbanks-Utqiagvik for Dr. Mahoney, who was the second on-site instructor for the fieldwork portion.
Dr. Tweedie was responsible for airfare for the UTEP team.
Working with its federal partners, ADAC was able to secure free lodging for ASIP participants in
Utqiagvik for the period of the fieldwork component. In Utqiagvik, the group stayed in housing kindly
provided by NOAA and Sandia Laboratories, who both maintain facilities in Utqiagvik to serve their
on-going research projects. The NOAA facility is open to non-U.S. citizens without additional
background check. In comparison, Sandia Laboratories require a background check on non-U.S.
citizens prior to permitting entry into their housing. ADAC was able to work with Sandia Laboratories
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on this requirement and all ASIP participants were cleared to enter and/or reside in either housing
for the duration of their stay.
Logistics planning for all activities in Utqiagvik was done by Dr. Tweedie, who has years of experience
conducting research in and around Utqiagvik. As described above, all meals for the group were
provided by ADAC and cooking duties for two dinners were assigned to each students. For other
items to bring along, students were provided a gear list as part of their orientation materials.
Due to the activities in Utqiagvik being subject to the weather and environmental conditions, Drs.
Tweedie and Mahoney planned the program in Utqiagvik around concepts rather than offering the
participants a detailed finalized schedule for each of the days in Utqiagvik. The program for example
included field instruction on sea on the Chukchi Sea, a visit to a permafrost site, and visiting with the
North Slope Mayor’s office to learn about the challenges faced by Utqiagvik residents in their daily
lives.
The 2018 ASIP concluded on June 22 when staff and participants returned to their residences.
Midshipman Wegner needed to return to this duty station on June 20, a few days ahead of the rest
of the team. Students were asked to fill out an assessment form of their ASIP experience. Without an
exception, all ASIP participants found their ASIP experience an educationally eye opening and
professionally unique, once-in- a lifetime experience to experience the Arctic and Arctic research at
first-hand.
Key stakeholder engagement in Program Year 4: As part of the ASIP experience, participants in
Anchorage engaged with U.S, Coast Guard, District 17, Sector Anchorage, the National Weather
Service, and Alaska Department of Environmental Conservation. While attending the fieldwork
portion in Utqiagvik, ASIP participants engaged with When fitting in their schedule, ADAC fellows also
participated in the quarterly Customers and Partners roundtable meetings and the quarterly project
reviews with Project PIs.
Key publications (peer reviewed): N/A
Key publications/developments/presentations:


Student research papers (all as draft manuscripts) as part of ASIP:


Arctic deep draft port assessment and the future of U.S. Coast Guard and U.S. Navy
Arctic capabilities



The U.S. and Canadian claims for the Northwest Passage

Changes from initially approved work plan: N/A
Project progress against milestones:
MILESTONE

PROGRESS

WHY NOT REACHED?

1. Recruit five students from
under-represented classifications
to participate in ADAC Arctic
Summer Intern Program (ASIP),
integrated with participating
ADAC Fellows.

Completed with two MSI students and
one Midshipman recruited to take part
in the inaugural ASIP program.

Staying within the budget of
the 2018 ASIP, ADAC
recruited two MSI students
to take part in the inaugural
ASIP program.
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2. Outline expectations and
opportunities for recruited
students, providing advance
preparation information and
associated materials
3. Recruited students will travel
to Anchorage and participate in
ADAC’s ASIP
4. In process interns and attend
ADAC overall program review,
internship overview, expectations
of the program, safety briefs,
detailing both Anchorage and
Utqiagvik (Barrow) portions.

Completed.

N/A.

Completed.

N/A.

Completed.

N/A.

5. Engage University researchers
associated with ADAC to learn
the breadth of Center research
efforts and association with other
university research enterprises
6. ADAC Outdoor leadership
laboratory. One day to prepare,
followed by two 1-day hikes in
Chugach State Park for ASIP
team building and leadership
mentoring by ADAC staff.
7. Depart for ASIP Utqiagvik
(Barrow) trip for field research.
Team proceeds to Utqiagvik
(Barrow) for 12-day field
research and returns to
Anchorage.

Completed.

N/A.

Completed with one day-hike in the
Chugach State Park during ASIP
orientation in Anchorage.

The ASIP program was
adjusted to include just one
day-hike to better
accommodate other ASIP
orientation activities.

Completed as total of 10 field days and
two days for travel. The team was in
Utqiagvik from June 11- 22, 2018.

Adjustment for days was
based on instructor
availability and ASIP budget
needs.

8. ADAC UAA team conducts
Anchorage area Arctic focused
HSE and associated government
visits.
9. Summer Intern Research
White Paper development.
10. Interns participate in ADAC
Customer’s and Partner’s
Roundtable
11. ASIP groups reintegrate to
conduct an Arctic-focused
maritime region Disaster
Response tabletop guided
seminar.
12. Interns conduct research in
support of capstone presentation
(goal is to create a full research
proposal capable of execution.
13. ASIP Interns present
research proposal via a 1-day
student-ADAC research network
symposium

Completed as part of ASIP orientation in
Anchorage June 4 – 8, 2018.

N/A.

Completed.

N/A

Completed.

N/A.

Completed.

N/A.

Completed (as a team presentation as
part of ASIP at Point Barrow Alaska)

N/A

Completed (as a team at Point Barrow
Alaska via the Barrow Arctic Research
Center).

N/A
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14. Complete out-process, obtain
survey feedback and conclude
Internship.

Completed.

N/A.

METRICS

PROGRESS

WHY NOT REACHED?

Recruiting five students from
under-represented
classifications. Success is 100%
fill rate, caution is four students
and failure is three or less
students recruited

Missed.

Upon assessment, ADAC
determined it could not afford
beyond 3 total MSI students.

Completed

N/A.

Visiting minority students who
follow-on through a student
relationship to a DHS CoE who
successfully graduates and then
enters the HSE. Success is one
student over the duration of the
ADAC MSI program
Recruiting MSI metrics as
previously described.

Completed.

N/A.

Completed.

Executing Outdoor leadership
and Field research program
100% safely.

Completed.

N/A. Note: Staying within the
budget of the 2018 ASIP, ADAC
recruited two MSI students to be
part of the inaugural ASIP (plus
one prior MSI continued across
ADAC Program Year 4.
N/A.

Feedback from ASIP participants
accomplished at end of course
survey.

Completed.

N/A.

Project progress against metrics:

Visiting minority students who
then decide to compete for a
DHS CoE student intern program,
because of participating in the
ADAC MSI. Success is one
student who considers pursuing
a follow on intern with a DHS
CoE;

Transition plans.
Transition plans and progress made in Year 4: ASIP participants completed the inaugural ASIP and
their related, assigned tasks. ADAC was delighted to see the first ASIP participants to complete the
summer experience and obtain very positive experiences in experiencing life in the high North. ADAC
will continue to work with the students on their fellowship and eventual transition into Homeland
Security Enterprise related employment.

115
Arctic Domain Awareness Center Year 4 Annual Report 1 July 2017–30 June 2018

Project: Arctic-Related Incidents of National Significance (Arctic IoNS) & Arctic-focused
Medium and Long Term Environment (MaLTE) workshops

Project Team and Champions
Project PI: ADAC Executive Director, Randy “Church” Kee, Maj Gen, USAF, (Ret)
Lead institution: University of Alaska Anchorage
Supporting team: Arranged based on USCG designated research topic.
Collaborators:
Arctic IoNS 2017
 Alaska Clean Seas, Anchorage, Alaska.
 Alaska Maritime Prevention and Response Network, Juneau, Alaska.
 Arctic Research Consortium of the U.S., Washington, D.C.
 Arctic Slope Regional Corporation Federal Mission Solutions, Mt. Holly, New Jersey.
 Bureau of Ocean Energy Management, Anchorage, Alaska.
 Canadian Department of National Defence and Canada National Research Council,
Ottawa, Canada.
 Center for Coastal Response Research Center, at the University of New Hampshire
 Department of Defense Alaska Command and Alaska NORAD Region, Joint Base
Elmendorf-Richardson, Alaska.
 Institute of the North, Anchorage Alaska.
 NOAA and National Weather Service, Anchorage Alaska, Seattle, Washington and
Washington, D.C.
 Office of the Assistant Secretary of Defense for Research and Engineering (ASD R&E),
Office of the Secretary of Defense, Department of Defense, Pentagon, Washington D.C.
 Sandia National Laboratories, Albuquerque, New Mexico.
 State of Alaska Department of Environmental Conservation, Anchorage, Alaska.
 U.S. Arctic Research Commission, Washington D.C.
 U.S. Army Corps of Engineers Cold Regions Research and Engineering Laboratory
(CRREL), Hanover New Hampshire.
 U.S. Coast Guard Academy and their Center for Arctic Study and Policy (CASP), New
London, Connecticut.
 U.S. Department of Fish and Game, Anchorage Alaska.
 U.S. Office of Naval Research International Cooperative Exchange Program for Polar
Research (ICE-PPR).
 U.S. National Ice Center, Suitland, Maryland.
 USCG Headquarters, USCG Pacific Area, USCG Research and Development Center, and
District 9 and 17.
Arctic MaLTE 2018
 Arctic Research Consortium of the U.S., Washington, D.C.
 Bering Straits Native Corporation, Nome, Alaska.
 Center for Resilient Communities, University of Idaho, Moscow, Idaho.
 City and Port of Nome, Alaska.
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Department of Defense Alaska Command and Alaska NORAD Region, Joint Base
Elmendorf-Richardson, Alaska.
NOAA and National Weather Service, Anchorage Alaska, Seattle, Washington and
Washington, D.C.
Sea Grant, Nome Alaska.
Sitnasuak Native Corporation, Nome, Alaska.
Kawerak Incorporated, Nome, Alaska.
U.S. Arctic Research Commission, Washington D.C.
U.S. Coast Guard Academy and their Center for Arctic Study and Policy (CASP), New
London, Connecticut.
University of Alaska Northwest Campus, Nome, Alaska.

Program Year 4 Project Champion:
Arctic IoNS: HQ USCG-5PW (Primary). HQ USCG-CPE and USCG District 17 (Secondary)
Arctic MaLTE: HQ USCG DCO-X (Primary) and HQ USCG-5PW (Secondary).
Student Involvement: ADAC Fellows provide preparation and administrative support. In Program
Year 4, the following ADAC fellows supported either Arctic IoNS 2017, Arctic MaLTE 2018 or both:
Jessica Faust, Kyle Alvarado, Dina Abdel-Fatah, James Matthews, Leif Hammes, Seth Campbell and
Kelsey Frazier.
Project Description.
Abstract:
Arctic IoNS: ADAC conducted one Arctic-related Incidents of National Significance (IoNS)
workshop in October 2017. ADAC plans Arctic IoNS workshops in close coordination with USCG
District 17, and partners planning with relevant subject matter experts. Based on identified operator
concerns, Arctic IoNS assembles assemble expert academic and industry research professionals to
work with select Canada and U.S. Coast Guard Arctic operators, along with U.S. and Canada
government security officials in a structured workshop to understand gaps and shortfalls in science
and technology and to provide corresponding research questions to address. ADAC publishes a
corresponding workshop Rapporteurs report addressing research questions. Following report
publishing, ADAC prepares and conducts a funded call for proposals, follow-on scientific evaluation,
providing analysis to DHS S&T OUP. Meanwhile, DHS S&T OUP coordinates with HQ USCG CG926 for
proposal evaluations based on customer relevancy. Following science and customer evaluation
relevancy, DHS S&T OUP notifies ADAC of accepted proposals, which initiates Center efforts to work
with accepted proposal team to create workplans for DHS S&T OUP approval. The products (in
sequence) for Arctic IoNS is a Rapporteurs report, funded solicitation, accepted proposals,
completed workplans and conducted research.
Arctic MaLTE: ADAC conducted one Arctic focused Medium and Long Term Environment
(MaLTE) workshop to understand and address the medium and long-term research needs specific to
the Arctic. ADAC plans Arctic MaLTE in close coordination with HQ USCG Future Concepts Division
(HQ USCG DCO-X, “Evergreen”) and HQ USCG 5PW. Arctic MaLTE is a structured workshop involving
select academics, industry researchers, and government officials, who explore longer, range
challenges comprehensively, from policy, governance, and science & technology. Arctic MaLTE
employees Delphi research techniques to support workshop participation and associated topic
investigation. The product of Arctic MaLTE is a coordinated Rapporteurs report.
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Objective/Purpose: Arctic IoNS: Conduct focused workshops with select researchers/paired with
USCG and other suitable operators to discern USCG shortfalls in a Commander, USCG D17 mission
area, to create a relevant knowledge product, and use the product to which then a funded
solicitation is created to address the identified shortfalls in science and technology. Arctic MaLTE:
Conduct focused workshops to meet medium and long-term strategy, planning and policy problems
as determined by HQ USCG (specifically, HQ USCG Arctic advisor to the Commandant and HQ USCG
DCO-X).
Baseline: During a national incident, the public (including academia) offers technology solutions to
the incident commanders to assist in the response. ADAC believes such an approach, while
ultimately may assist in a successful outcome, often generates ad hoc solutions that prove to be sub
optimal to capabilities developed by well-planned and researched processes.
Arctic IoNS: During the Center’s history, ADAC has completed two Arctic IoNS workshops.
Late in Program Year 2, ADAC conducted a workshop to address shortfalls in science and technology
associated in responding to a disabled cruise ship in Arctic waters (specifically along the Canada-U.S
border in the Beaufort Sea. This first Arctic IoNS workshop resulted in two funded projects for the
Center. In Program Year 4, ADAC conducted its second Arctic IoNS workshop, corresponding to a
tanker-based oil spill in the Beaufort Sea. ADAC partnered the workshop “Coping with the
Unthinkable…an Arctic Maritime Oil Spill” with the Coastal Response Research Center (CRRC) Center
for Spills and Environmental Hazards at the University of New Hampshire.
Arctic MaLTE: In order to complement Arctic IoNS near term operator-driven research,
ADAC’s MaLTE workshop looks towards the 10-20-year time horizon to investigate potential mission
needs based on projected technology gaps driven by the anticipated Arctic operational environment.
Based on prior planning with HQ USCG DCO-X and HQ USCG 5PW, USCG concurred with creating a
uniquely focused workshop to gain Arctic Alaskan Native perspectives in projecting challenges,
concerns and opportunities to the future Arctic. HQ USCG agreed such an approach would
complement the two prior Arctic “Futures” workshops conducted in May 2017 by ADAC and RAND
Corporation’s Homeland Security Operations Center (HSOAC) at UAF and HSOAC’s effort at HQ USCG
in Sep 2017.
Research Method: These two Arctic-focused workshops exercised a similar development
methodology. Each workshop developed broad planning teams, created comprehensive literature
reviews, constructed expert plenary panels, provided composed and well-facilitated breakout groups
carefully recorded in order to develop useful knowledge products summarizing the workshop. Each
workshop sought to identify research gaps and define research questions. Specifically:
Arctic IoNS method is expert research, operator and government official structured seminar
oriented to provide follow-on research to address discovered shortfalls. Arctic IoNS development
begins with the Arctic operators providing specified areas of concern to investigate. ADAC conducts
a comprehensive literature review through Center Fellows to establish a baseline of published
experts. ADAC solicits and assembles an appropriate panel of select researchers from the baseline
to present to invited operators and government officials in Canada and the U.S. their research
findings a comprehensive plenary session. After the plenary, ADAC divides participants across
facilitated breakout workshops to discover and gain understanding of knowledge gaps and shortfalls
in science and technology. Equipped with this understanding, participants develop research tasks
and questions to address shortfalls. ADAC then creates a Rapporteur’s report, with prioritized
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research questions and prepare an open RFP to address research approaches. The output of each
workshop are workshop proceedings, relevant research tasks and questions, and request for
proposals (RFPs), solicitation addressing specific research relevant to USCG mission needs leading
to solutions related to gaps and shortfalls.
Arctic MaLTE workshops seek to investigate future scenarios, based on literature review and
developing scenarios based understandings by futurist researchers in terms of economic, security
and physical environment of the future Arctic. Guided by the Literature Review, expert opinion of
selected and polled researchers, and the strategy documents, an invited team of researchers,
operators and government officials assemble to analyze the preparatory materials to investigate
alternative scenarios to determine needed policy, governance, and science & technology to realize
DHS and USCG strategic goals and objectives. ADAC then publishes the findings of the research in a
coordinated, comprehensive report and advantage relevant research questions for calls for research
within the Arctic community of research.
Key accomplishments in Program Year 4:
Arctic IoNS. The Arctic IoNS 2017 “Coping with the Unthinkable…an Arctic Maritime Oil Spill”
workshop was held 23-25 October 2017 at the University of Alaska Anchorage. Arctic IoNS
development began with ADAC conducting queries to USCG D17 Arctic operators 6 months in
advance of the workshop to determine specified areas of concern to investigate.
In developing the workshop scenario, ADAC worked with USCG D17 Disaster Response planners and
the community of Arctic Oil Spill response, including key members of the Alaska Oil Spill Regional
Response Team to create a useful and actionable scenario. The Director of Interagency
Coordinating Committee on Oil Pollution Research (ICCOPR), Ms Kirsten Trego, provided critical
leadership. As part of the planning process, Mr. David Kennedy, NOAA Senior Arctic Advisor
connected ADAC planners to Dr. Nancy Kinner at the Coastal Response Research Center at the
University of New Hampshire. Dr, Kinner joined ADAC Executive Director in co-planning and
facilitating the overall workshop. The Arctic IoNS workshop planning team quickly
developed to include USCG D17 (expertly led by Mr. Mark Everett), D17 Sector
Anchorage, USCG RDC (and in particular, Mr Mark Vanhaverbeke) NOAA and
National Weather Service (including Mr. Kennedy in Washington D.C. and Ms. Amy
Holman in Anchorage), plus a number of contributors across academic and
research communities. The resulting plan created a blend of targeted plenary
panels and USCG determined breakout groups, focused on USCG identified
concerns in responding to an Arctic maritime oil spill.
Arctic IoNS 2017 Plan

ADAC conducted a comprehensive literature review through Center Fellows, providing participants
suitable materials to prepare for the conference. The Literature Review also served to establish a
baseline of published experts to participate in the workshop.
In conjunction with preparing the review, ADAC solicited and assembled a panel
of select researchers to present to operators and government officials in Canada
and the U.S., their research findings via plenary panel sessions. After the
plenary sessions were completed, ADAC divided participants across facilitated
breakout workshops to discover shortfalls in science and technology in
addressing an Arctic maritime oil spill.
Arctic IoNS 2017 Literature Review
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The workshop was attended by approximately 75 participants, arranged in six breakout groups
organized to address USCG specified science and technology shortfalls in preparing and responding
to an Arctic maritime oil spill. ADAC planners synchronized with the workshop to coincide just in
advance of the Center’s hosting of the Office of Naval Research sponsored “International
Cooperative Exchange Program for Polar Research (ICE-PPR). This sequential workshop approach
resulted in gaining expert participants to benefit both Arctic IoNS and ICE-PPR. ADAC developed
workshop report and follow-on RFP in the weeks following the workshop.

Illustrations from right to left Arctic IoNS 2017 Workshop 23-25 Oct 2017

Following an extensive period of coordination and approval with DHS S&T OUP and HQ USCG, ADAC
released the Rapporteurs Report and Funded solicitation on 21 March 2018 and received 22
proposals when solicitation period closed on 7 May 2018.
ADAC estimates the Center will conduct 5-7 new projects addressing the shortfalls in science and
technology from the workshop. Arctic IoNS development began with ADAC conducting queries to
USCG D17 Arctic operators 6 months in advance of the workshop to determine specified areas of
concern to investigate. In developing the workshop scenario, ADAC worked with USCG D17 Disaster
Response planners and the community of Arctic Oil Spill response, including key members of the
Alaska Oil Spill Regional Response Team to create a useful and actionable scenario.
Equipped with
understanding shortfalls
in science and technology,
participants developed
suitable research tasks
and questions to address
shortfalls in order to end
the conference. ADAC
then created a
Rapporteurs report, with
prioritized research
questions and prepared
an open RFP to address
research approaches.
Illustration: Arctic IoNS 2017 Workshop Report and Follow-on Funded Solicitation

Arctic MaLTE. ADAC conducted the Program Year 4 Arctic MaLTE via the Arctic Futures Workshop at
UAF/NWC in Nome, Alaska. ADAC worked with HQ USCG 5PW and HQ USCCG DCO-X to re-orient the
prior “Arctic Futures” workshops conducted in May and September 2017 to tailor a discovery
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workshop specifically focused in gaining local and place-based expertise of Alaska Arctic Natives and
other select participants. Both HQ USCG 5PW (Mr. Shannon Jenkins and Mr Zach Schulman) and
HQ USCG DCO-X (CDR Eric Popiel and LCDR David Smith) served provided key input to ADAC in
orienting workshop planning, needed participants and desired outcomes. ADAC worked closely with
USCG D17, Sitnausak Native Corporation (in particular and Kuwarek Incorporated) to invite key
Alaska Native Leaders to participate in the forum. Sitnausak Native Corporation’s Mr Ukallaysaaq
Okleasik served superbly as the co-chair for the Workshop.
In order to support workshop preparation, ADAC developed a literature review to present a baseline
of understanding by futurist researchers in terms of economic, security and physical environment of
the future Arctic. ADAC discerned that breakout group participation was pivotal for the success of
the venue, as/such the team leveraged careful composition in
constructing and moderating these teams.
Starting with considerable planning and coordination, ADAC
leadership and team hosted the 2018 Arctic Futures workshop,
titled “Arctic in the distant future…gaining Alaskan Native insights to
challenges anticipated across Maritime and Coastal Regions.” Coled by the Sitnasuak Native Corporation, in Nome, Alaska, the “Arctic
Futures workshop enlisted a significant planning team to coordinate
participants and logistics.
Illustration: Arctic MaLTE 2018 Literature Review

Workshop planners took advantage of the University of Alaska Fairbanks Northwest Campus’
(UAF/NWC) hosting of the Western Alaska Interdisciplinary Science Conference (WAISC) as a way to
gain expert participants, already planning to travel to Nome.
The workshop was conducted 26-27 March at UAF/NWC in Nome Alaska. Through a Delphi-driven
process, workshop planners gained insights from Arctic Alaska Local & Place-Based Knowledge as
regards to future concerns, opportunities, recommendations and inquiries to address anticipated
challenges to the future Arctic in coming decades. Notes taken during the meeting were formed into
a comprehensive report, with considerable coordination across the community of planners.

Illustration: Arctic MaLTE 2018 Workshop 26-27 March 2018
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The finalized report was provided to U.S. Department of Homeland Security, Headquarters U.S. Coast
Guard, U.S. Coast Guard District 17, along with ADAC’s and CASP’s
Arctic Research Community of Interest on 10 June. The timing of the
report was intentional to provide HQ USCG relevant insights from Arctic
Alaska on the Future Arctic to coincide with the initiation of the rewrite
of the USCG Arctic Strategy.

Arctic MaLTE 2018 Workshop Report, 10 June 2018

Key publications (peer reviewed or in-review). N/A.
Key publications/developments/presentations: For Arctic IoNS 2017 and Arctic MaLTE 2018, ADAC
developed Literature Reviews, conducted plenary session presentations and produced
comprehensive workshop Rapporteur’s reports. For Arctic IoNS 2017, ADAC also produced a funded
solicitation notice to request proposals responding to workshop identified shortfalls in science and
technology to address an Arctic maritime oil spill.
Changes from initially approved Workplan. None.
Project progress against each milestone: (Arctic IoNS)
MILESTONE

PROGRESS

WHY NOT REACHED?

Work closely with DHS, USCG and
Canadian counterparts on the
workshop scenario.
Conduct research to identify the
universe of SMEs (international,
domestic, in/out government,
etc.); conduct research to
determine what research is
underway to address the likely
challenges posed by the scenario
and those challenges most
relevant to USCG.
Organize workshop (securing
facility, inviting participants,
developing agenda etc.)
1. Completed workshop
participants’ selection;
2. Completed workshop
participants’ invitations;
3. Completed logistics
arrangements;

Completed.

N/A.

Completed.

N/A.

Completed.

N/A.
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4. Completed workshop
announcement;

5. Completed workshop
program.
Make a determination to identify
appropriate SME speakers to
discuss relevant research
activities across disciplines that
likely address USCG challenges
relevant to the scenario.

Completed.

N/A.

Complete panel selection and
invitations.

Completed.

N/A.

Execute workshop – Research
Questions developed and
provided to USCG.
Complete report/proceedings
and slides deck representing the
workshop discussions and
submitted to USCG for review.

Completed.

N/A.

Completed.

N/A.

Publish rapporteurs
report/proceedings, including list
of participants, and slides deck
will be publically posted (website)
with the ADAC RFP.
Prepare RFP.

Completed.

N/A.

Completed.

N/A.

Project progress against each milestone: (Arctic MaLTE)
MILESTONE

PROGRESS

WHY NOT REACHED?

Work closely with DHS, USCG and
Canadian counterparts on the
workshop scenario.
Conduct research to identify the
universe of SMEs (international,
domestic, in/out government,
etc.); conduct research to
determine what research is
underway to address the likely
challenges posed by the scenario
and those challenges most
relevant to USCG.

Completed.

N/A.

Completed.

N/A.
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Organize workshop (securing
facility, inviting participants,
developing agenda etc.)
6. Completed workshop
participants’ selection;
7. Completed workshop
participants’ invitations;
8. Completed logistics
arrangements;
9. Completed workshop
announcement;
10. Completed workshop
program.

Completed.

N/A.

Make a determination to identify
appropriate SME speakers to
discuss relevant research
activities across disciplines that
likely address USCG challenges
relevant to the scenario.

Completed.

N/A.

Complete panel selection and
invitations.

Completed.

N/A.

Execute workshop – Research
Questions developed and
provided to USCG.

Completed.

N/A.

Complete report/proceedings
and slides deck representing the
workshop discussions and
submitted to USCG for review.

Completed.

N/A.

Publish Rapporteurs
report/proceedings, including list
of participants, and slides deck
will be publically posted (website)
with the ADAC RFP.

Completed.

N/A.

Prepare RFP.

N/A for Arctic MaLTE.

N/A.

Unanticipated problems and plans for addressing them: None.
Outcomes/Outputs: Arctic IoNS 2017: The outcomes/outputs (in sequence) for Arctic IoNS 2017
was a well-planned and coordinated workshop, comprehensive Literature Review, post workshop
Rapporteurs report, release of a coordinated funded solicitation (containing the DHS S&T OUP and
USCG Research Questions), accepted proposals, completed workplans and conducted research. At
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the end of Program Year 4, science and customer relevancy reviews where underway, with expected
completion of reviews in August 2018.
Arctic MaLTE 2018: The outcomes/outputs (in sequence) for Arctic MaLTE was a well-planned and
coordinated workshop, comprehensive Literature Review, post workshop Rapporteurs report
A collateral outcome was to provide USCG with a directory of subject-matter experts (SMEs) likely to
understand the scope of challenges posed by Arctic IoNS and Arctic MaLTE. In addition, such a
directory will provide a current research and expertise to help develop support future needs
associated with the USCG Arctic mission set.

IV.

BUDGET AND JUSTIFICATION

Year Four Budget Analysis – Summary for Center
This summary includes all sources of funding (carryforward from Year Three Work Plan, Year Four
Work Plan, CDG Ed Scientific, and Workshop Series funding) from the Department of Homeland
Security (DHS), Science and Technology Directorate (S&T), Office of University Programs (OUP).
Projects awarded as a subaward are listed as a contractual object class in the roll up as they are a
procurement action on the part of the University of Alaska (UA). The Other object class is noted as to
how the money was utilized with an appropriate designee such as “(Reserved Funding)”.
Additionally, because of the number of subawards and partners involved in the ADAC Center, the
below presented financials are subject to change and noted as such in cases where they may
change. This situation is caused because the invoices for the year four closeout of the budget are
due after the annual report (annual report is due 60 days after the end of the budget period and final
Federal Financial Reporting is due 90 days after); therefore, not capturing all final invoices and costs
in this below analysis.
Budget Analysis by Object Class:
Object Class
Yr 4 Initial Budget
Salary & Fringe Benefits
$
514,381.00
Travel
$
46,799.00
Contractual (Include Subawards)$ 1,832,672.00
Commodities
$
1,412.00
Equipment
$
Other (Student Support/RFP) $
169,057.00
Other (RFPs)
$ 1,523,965.00
Other (Transition)
$
Indirect
$
427,181.00
Total
$ 4,515,467.00

Adjusted Budget
$
554,649.00
$
60,689.00
$ 1,841,179.00
$
4,200.00
$
$
184,057.00
$ 1,410,000.00
$
$
460,693.00
$ 4,515,467.00

Yr 4 Expenses
$ 603,032.66
$ 62,527.33
$ 1,046,194.16
$
1,204.75
$
$ 94,060.89
$
$
$ 464,658.80
$ 2,271,678.59

Yr 4 CF Request
$ 139,683.27
$
5,121.21
$ 246,937.82
$
1,500.00
$
$ 1,729,071.56
$
$
$ 111,005.92
$ 2,233,319.78

Adjusted Yr 4 CF Request
$
126,194.59
$
5,121.21
$
766,174.98
$
1,500.00
$
$
51,436.56
$
1,050,299.00
$
75,931.99
$
167,128.08
$
2,243,786.41

Ending Balance Burn Rate
$ (88,651.66)
$ (15,728.33)
$ 786,477.84
$
207.25
$
$ 74,996.11
$ 1,523,965.00
$
$ (37,477.80)
$ 2,243,788.41
50%
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