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DoD 2018 Arctic Science & Technology Synchronization Workshop

I 17-May

0800 - 0900 Registration
CRREL Main Auditorium (72 Lyme Rd., Hanover, NH 03755)
0900 - 0930 Overview: Arctic S&T and the Arctic Domain Awareness Center
Maj. Gen. Randy "Church" Kee USAF (Ret.), Director, Arctic Domain Awareness Center
University of Alaska
0930 - 0950 All Domain Situational Awareness S&T
Blair Passant
Defense Research and Development Canada
0950 - 1010 Research for Operational and Domain Awareness
Dr. Mark Moran, Technical Director
Cold Regions Research and Engineering Laboratory
1010 - 1030 Arctic Research and Operations: Geophysical Institute, UAF
Dr. Robert McCoy, Director Geophysical Institute
University of Alaska Fairbanks (UAF)

1030 - 1100 Break

1100 - 1120 Health Risks and Human Performance in the Arctic
Wendy Sullivan-Kwantes, Defence Scientist
Defence Research and Development Canada

1120 - 1140 Biomedical Performance Optimization in Cold Environments

Dr. Stephen Muza, Deputy Director Science & Technology, Strategic Science Management Office
US Army Research Institute of Environmental Medicine

1140 - 1200 Multi-Purpose Individual Heating Technology for the Meal Cold Weather
Peter Lavigne, Combat Feeding Directive
US Army Natick RD&E Center

1200 - 1220 Weathering the Cold: DND-NRC R&D for Successful Arctic Operations
Geoff Stone, Soldier System Project Manager
CANSOFCOM

1220 - 1320 Lunch

Lunch Talk: University of Alaska Arctic S&T Research Collaborative
1240 - 1320 Maj. Gen. Randy "Church" Kee USAF (Ret.), Director, Arctic Domain Awareness Center
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DoD 2018 Arctic Science & Technology Synchronization Workshop

1/7-May

1320 - 1340 Training and Troop Movement in the Arctic
COL Nathan Lord & CPT Mathew Hefner, 86" IBCT (MTN)
Vermont Army National Guard
1340 - 1400 Synthetic Aperture Radar for Cold Regions Hazard and Surveillance Monitoring
Martin Thompson, Radar Intelligence, Surveillance and Reconnaissance Center
Sandia National Laboratories
1400 - 1420
Advancing the DOD Arctic Strategy: Recent Advances in UAS Technology and Regulations
Dr. Cathy Cahill, Director, Alaska Center for UAS Integration
Geophysical Institute, University of Alaska Fairbanks
1420 - 1440 Atmospheric Research for Arctic Regions at the Naval Research Laboratory
Dr. Neil Barton
US Naval Research Laboratory
1440 - 1500 ONR Arctic and the Global Prediction Program and AMOS
Dr. Scott Harper, Program Officer, Code 32, Ocean Atmosphere and Space Research
Office of Naval Research
1500 - 1520 Development and Utilization of the Navy's Environmental Models to Support Polar
Operations
Dr. David Hebert
US Naval Research Laboratory
1520 - 1540 Overview: USCG Research and Development Center
Brian Dolph, Surface Branch Chief
USCG Research and Development Center
1540 - 1600 Building a Modern Heavy Icebreaker: Balancing Security and Science Capabilities
CDR Kenneth Boda
USCG Cultter Forces, CG-751

1600 - 1620 Break
1620 - 1730 Small Group Breakouts: Facilitated Gaps and Solutions Discussions
1600 - 1830 Posters available for viewing (IEF)

No-host Dinner at Jesse's Steaks, Seafood & Tavern

1830
224 Lebanon St., Hanover, NH 03755
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ADAC Informatlon Brief to DoD
Arctic S&T Synchronization
Workshop

A presentation by

Arctic Domain Awareness Center
University of Alaska Executive Director
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ADAC Information brief to DoD Arctic Synchronization Conference

Advancing Arctic Domain Awareness...
In Support of the Arctic Operator

* It begins with: “What keeps the
Commanders up at night?”

e The Arctic...impacts of time and
distance!

* Few resources...smart investments!

e Information and awareness to
support and potentially...drive
operations.

e Solutions need to be reliable,
reduce risk and increase decision
precision.

ARCTIC DOMAIN
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ADAC Information brief to DoD Arctic Synchronization Conference

University of Alaska’s Arctic Domain Awareness Center

ADAC is hosted by the University of Alaska, with work conducted at UA campuses in Anchorage and Fairbanks...and conducts
research across a growing network of academic and industry partners

Vision: The U.S. Department of Homeland Security Center of Excellence (DHS), providing networked and mission-focused support
to the U.S. Coast Guard Operator in the High North.

Mission: 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: Advance knowledge in relevant science and technology through conducting research and development in close
collaboration with mission agencies’ end users.

The Center also develops future leaders for the DHS enterprise through structured education programs

ADAC’s principal customer: U.S. Coast Guard...in support of their Arctic search & rescue, disaster response, law enforcement and
assistance missions.

ADAC works with an array of International, federal, state, local, tribal, industry and academic partners to advance domain
awareness of the Arctic region.

ARCTIC DOMAIN
’hﬁ;\ s
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In brief...ADAC activities include/have included: —

* Autonomously controlled underwater and under-ice platforms for environmental sensing (in particular, oil spill characterization).
Arctic Environmental modelling (with increasing fine scale):
* Arctic oil spills.
* Arctic Ocean, Sea-ice presence, thickness, movement and ridging.
* Western Alaska coastal surge and flooding.
* Operator decision support tools.
* Ice Conditions Index for Great Lakes mariners and soon for Bering, Chukchi and Beaufort Seas.
* Sea-lce and Weather Forecasting Tools to Improve Arctic Situational Awareness & Crisis Response.
* Using Vessel Tracking Data to Prioritize Bathymetric Surveying in a Rapidly Changing Arctic.
e Support research to improve Arctic communications and other technologies.
* Evaluation of Potential U.S. Coast Guard Use of Cube Satellites.
* Low cost sensors for Arctic monitoring.
* Maritime Domain Awareness and environmental factors information fusion.
 Smart Camera Research in Arctic maritime regions.
* Research of suitability of High Fidelity Observers to support USCG information needs in Arctic waters/shorelines.

e Create and conduct workshops that advance research needs or targeted knowledge products for Arctic, Science and Technology,
Future Strategy, and Arctic Security/Environmental Security.

. Develop the next generation for the Homeland Security Enterprise.

ADAC: Research for tiiﬁpgerator... For Today and For the Future

‘i -!\ ARCTIC DOMAIN “Operator driven” Science and Technology research...focused on the USCG Arctic Operator
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Thinking about “needed capabilities” for the Arctic...

What's needed?

Increased Domain Awareness across the Arctic.

Improved ability to operate and communicate (and technologies
that reduce risks to the operator).

Smart infrastructure investments to enable “right sized” security

presence to serve and protect...and secure U.S. Sovereign territory.
Presence and ability to patrol and enforce U.S. laws across the U.S.

Extended Economic Zone.

Ability to know the hazards beneath the waves as marine traffic
increases.

Ability to protect ports and infrastructure investments in light of
physical/environmental changes.

Improved ability to respond to search and rescue, humanitarian
assistance and disaster response...from small to large scale.

C: Research fort-h%erator For Today and For the Future
UNIVI(SI'IY \m
o ALAS K:
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Understanding Drivers...Diminishing Sea Ice = The Arctic Catalyst

 |Impact: Reduced
Seasonal Barrier

Allowing for
increased human
activity at lower
threshold costs

Yet, an even more
Complex and
Difficult Physical
Environment

https //nsidc. org/cryosphere/sea|ce/|ndex html

ARCTIC DOMAIN
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“So, What is Domain Awareness?” (from a

physical environment perspective) Three Distinct Perspectives:
ADAC: is a Center of Maritime | Surface to High
Research...focused to advance domain Altitude ) i
awareness...ultimately to Pan-Arctic 3d Column
“Theater wide”

One illustration...a basic algebra equation
of environmental factors:
a+b+c+.., etc. = “Approximate” Domain ) i
Awareness — Sp_ecn:lc

region’...

) , (such as the

Note...each environmental factor variable Bering Straits)

is changing, at an increasingly dynamic
rate
...all across the High North!

Sea-bed to surface

C: RgLs'eaaVrch for%erator... For Today and For the Future
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How can researchers best help the Arctic
operator?

Understand...it’s about increasing mission
success and reducing operator risk.

Let operators drive.

Listen and apply.

Partner and collaborate.

Seek a balanced research portfolio.

Think in both near and long term.

Integrate human factors and social science into
S&T.

Seek to adapt to the Arctic that is presenting itself.
Deliver and transition.

It is much more than a new and/or better widget...

: : ; ;’; ; -
¥ q, N ' { 4 L.
ARCTI C DO MAI N . A polar low northeast of Scandinavia in the Barents Sea. Credit: Erik Kolstad/flickr
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Board of
Directors

Principal Customer:
U.S. Coast Guard

ARCTIC DOMAIN

AWARENESS CENTER

ADAC
Research
Network

HOMELAND SECURITY UNIVERSITY PROGRAMS

TODAY'S RESEARCH & EDUCATION, TOMORROW'S SECURITY

DHS S&T OUP PM E
UNIVERSITY
of ALASKA
President
.—/
Chancellor &
Provost
ADAC B " B
Leadership ARCTIC DOMAIN
Team LMeBEviLL oDl
ADAC Executive
Counselors
(External Advisors
Board)

ADAC Research Projects

DAC: Research for thtor... For Today and For the Future

= ARCTIC DOMAIN
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ADAC Organization and
“werb of control and coordination”

ADAC Leadership Team Composition:

Principal Investigator.

Research Director.

Executive Director.

Finance Director.

Project Manager.

Education and Administration Manager.
Communications Officer.

ADAC’s Executive Counselors. U.S and Canadian Leaders from

Research.
Academics.
Government.
Industry.
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ADAC’s Research Network...of both current and completed
investigations...contribute to building bridges and partnerships!

* ADAC’s Research Network has been crucial in
helping the Center advance in Building Agency
Partnerships

NOV A

CORPORATION

,Tq | TEXAS A&M

MHI‘]I‘]E UNIVERSITY
&2 Exchange
- EMBRY-RIDDLE ( of Alaska
AERONAUTICAL UNIVERSITY

UNIVERSITY of ALASKA

UAA Business ANC

Enterprise Institute
UNIVERSITY of ALASKA ANCHORAGE

THE UNIVERSITY of

'8 NEW MEXICO

AppLiED PHysics LABORATORY
University of Washington

W CENTER FOR ARCTIC STUDY & POLICY

UNITED STATES COAST GUARD ACADEMY

S — S ASRC FEDERAL

DAC: Research for thw\erator... For Today and For the Future
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a2 v

Presenting to the community of

Arctic and Maritime Research 85 lomat
MARITIME RISK —
« ADAC Leadership and research investigators SIS A A ishing Ar
iCi - ‘ ARCTIC "Mariti
presented and or par‘quated ina Iarge T aval’and Maritime Operations
number of notable Arctic and/or Maritime SYMPOSIUM : 18:207uly 2017
Research or operator forums to advance Safety Naval Heritage (entef

and Security over the past year. atthelloNavy Memorial

- Maritime Risk Symposium
COASTAL -

RESILIENCE
CENTER

MAR ME SECURITY WEST

L : ARCTIC GIRCLE
T Sertemier 2022, 2017, Tocoma, W e ks e il MRAALHHOR FORM

MARITIME
FORUM

2016

Leading innovation in the design, development and use of collaborative systems
that support regional operations for security, safety and resilience.

DAC: Research for thwerator... For Today and For the Future
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U\I\,RQIIY w AWARENESS CENTER 12-18 MARCH | FAIRBANKS, AK, USA
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The Mission...Prosecuting Research

 ADAC has a comprehensive approach to
conducting research,

e Led by project teams executing DHS S&T
OUP Approved Workplans.

e Guided by Center leadership.

e Communicated with the community of key
stakeholders across the U.S. and
Canada...Federal, State, Local, Tribal,
Academic and Industry.

* Advised by the Center’s Executive
Counselors.

 Driven by Project Champions at HQ USCG. R amyTeoom

e Administered by DHS S&T OUP. et "

“Coping wi Hh rheumh nkable...,
n Ar

retic m,
23.25 0ct 2019 ard mme ol spilp

University of alag ska Anchors,
age

DAC: Research for thtor... For Today and For the Future "
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Achieving Transition...Success Should be a Shared Endeavor

Vital to gain consensus for research destination, & incorporate into research workplan.
Engage destination team (in coordination w/USCG Project Champion) for acceptance.
Equipped with destination requirements...establish overall “Plan of Action and Milestones
(POAM)...and gain concurrence of the destination leadership team.

Identifying and accounting for Intellectual Property is critical.

Plan remaining research agenda to incorporate acceptance requirements and sequence of
actions needed to achieve transition.

* This includes items such as validation testing/accreditation, research documentation,
operator training and onward tech support as desired by destination leaders and
operators.

* Milestones include research review to ensure conformance of current research
approved plan.

e Longer term transition allows for a partnership between the research and receiving
teams.

POAM...

Intended to help
better invest the

P A m% customer!

DAC: Research for thiMerator... For Today and For the Future
ARCTIC DOMAIN
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Research to Capability Process...Current Internal ADAC actions

ADAC’s DHS S&T OUP Annual workplan: ldentifies specific research activity overall
and for a given period of performance (normally a year at a time).
* Approved Management, Individual Project, Education and Financial
Accounting.
* Management section details how accomplishes overall program and project
research.
* Key component for leading research progress: Center Quarterly Reviews.

Each project assessed against approved workplan schedule, milestones metrics.
As research accomplishes established transition readiness level.

Center leadership along with research team seek to transition capability to end
user in accordance with end-user’s stated transition requirements.
* Includes training, documenting, validating, and supporting transition in
accordance with destination user requirements.

ARCTIC DOMAIN
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ADAC’s Summary Strategy on Transition

e Collaborate and gain consensus for research destination.

Engage destination team (in coordination w/USCG Project Champion) for acceptance
requirements.

Equipped with destination requirements...establish overall “Plan of Action and Milestones
(POAM)...and gain concurrence of the destination leadership team.

Identifying and accounting for Intellectual Property is critical.

ADAC Leadership and
* Plan remaining research agenda to incorporate acceptance requirements and sequence of actions Project Investigators
needed to achieve transition. are committed to
* This includes items such as validation testing/accreditation, research documentation, deliver!
operator training and onward tech support as desired by destination leaders and operators.
* Milestones include research review to ensure conformance of current research approved
plan.

e Longer term transition allows for a partnership between the research and receiving teams.

C: Research forM&ﬁor... For Today and For the Future
‘ ﬁ‘ ARCTIC DOMAIN
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Arctic [oN§

Arctic Incidents of National Significance
(Arctic IoNS)...0il Spill Workshop

“Coping with the Unthinkable...an Arctic Maritime Oil Spill” Workshop = m._, |
on 23-25 Oct 2017. ADAC’s second Arctic loNS venue

. Arctic-related Incidents of National Significance (Arctic IoNS)
A total of 87 participants across Federal Govt, State of Alaska, Canada, Workshop 2047:
“Coping with the Unthinkable...an Arctic Maritime Oil Spill”

Academics, Industry and Tribal organizations.

A partnered workshop conducted by

.. . 3 | The Arctic Domain Awareness Center, a U.S. Department of Homeland Security Center of
S u pe rb pa rtl Cl patl (0] by D 17 an d D 17 SeCtO r An C h ora ge ' Excellence in Maritime Researcl:\,,‘l:)s’::d by the University of Alaskay
Re p o) rt com p I eted . Re searc h Q u eStl ons d eve I 0 p e d i : The Center for Spills and Environmental Hazards, hosted by the University of New Hampshire |

RFP readied and released.
Next steps...Processing responses on 7 May 2018:
* A parallel review for science and customer relevancy.

» Science Review Panel planned 19 Jun 2018.
* Projects starting late Summer 2018.

23-25 October 2017, University of Alaska Anchorage

Planning a new Arctic IoNS workshop...Winter 2019

ARCTIC DOMAIN
“!h\ CTIC DO
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Arctic Futures Workshop,
Nome, 26-27 Mar 2018
insights to challenges

ADAC'’s follow-on to the May 2017 “Arctic S UAF | anticipated across Maritime
2030...Needs of the North” conference at UAF. N ALRSKA VCTCOONAN and Coastal Regions”

“Arcticin the distant
future...gaining Alaskan Native

. Apartnered workshop
- 26-27TMarch2018

Workshop: “Arctic in the Distant future...gaining =
Alaskan Native insight to challenges anticipated
across Maritime and Coastal Regions” 26-27
March 2018.

Event preceded the Western Alaska
Interdisciplinary Science Conference.

WMdMsmmmm
~ Website: hitp.//.
- Workshop Registration: adac@uas.slasks.edu
, : . = I e ———ESE -
Goal achieved: Listen, learn, and compile a : i

workshop knowledge product useful for DHS, mm&mmmfxgmm“mw - | ol
USCG and other Federal agencies working Arctic higlignting capability.needsto cope with anicipated challengss. = -

strategy and policy.

il 60 + participants facilitated by a multi-disciplined planning team

ARAC: Research for twrator.. For Today and For the Future Remarka ble Support from C|ty Of Nome
ARCTIC DOMAIN
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ADAC’s “Arctic Environmental
Security” Course (BIOL 490/690)

Experimental course co-instructed by ADAC Principal
Investigator and Executive Director at UAA Spring
Semester 2018.

Topics include:

* Ecological Dynamics.

e Social Resilience.

e Subsistence and Food Security.
* Environmental Conservation.

* Regional and National Security.

e 25 Students.
* Seminar style.
* On-line participation, including guest lectures.

C: Researgh forihi@rator... For Today and For the Future
ARCTIC DOMAIN
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ADAC’s understanding of Operator Concerns in the Arctic

° Communications_ https://www.nasa.gov/feature/goddard/2016/ ° Understanding Marine
2016-arctic-sea-ice-wintertime-extent-hits- . )
e Multi-dimension information another-record-low mammal and fish dynamics.
fusion. =  Understanding changes in the

water column.
* Discerning dark targets.

e Arctic bathymetry.

* Understanding sea-ice
dynamics. 2 * Arctic mariner compliance with

new IMO Polar Code.

* Ability to respond proactively
across the range of missions.

* Oil spill response.

.w"/

* Precision weather (including e
. - '
sea-ice formation and accurate 5
sea-states).

* Vessel Safety. o wiggs. ‘% The following is a snap-shot of
* Waterways management of }' fi%* ‘§g ADAC activities addressing these

concerns...

C: Research forwator For Today and For the Future
‘ ﬁ‘ ARCTIC DOMAIN
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ADAC Activities Update
Maritime Domain Awareness RFP

U.S. Coast Guard approved Maritime Domain Awareness Request for
Proposal (RFP).

Released 19 Sep 2017.
Received 17 responses on 31 Oct 2017.

Science Review: Jointly conducted by ADAC and Borders Trade and
Immigration (BTI) University of Houston.

Customer Relevancy: Conducted by CG-926.

So far: Two new Projects Selected:
1. The Arctic All Hazards GIS Platform, led by University of Maryland.

2. Arctic Vessel Monitoring Geofencing/Alert Awareness, led by the
Alaska Maritime Prevention and Response Network.

Next steps: Constructing projects for approval.
D A SRR

DAC: Research for thiw\erator... For Today and For the Future
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Arctic Domain Awareness Center (ADAC)
A US. Department of Homeland Security
Center of Excellence

September 19, 2017

Request for Proposal (RFP)

Seeking solutions to advance maritime spatial understanding, resilience, and awareness
to achieve safety and security in the maritime domain

A. Introduction and summary

The Arctic Domain Awareness Center is a U.S. Department of Homeland Security (DHS), Center
for Maritime Research (CMR), led by the University of Alaska Anchorage. ADAC seeks to
develop and transition technology solutions, innovative products and educational programs to
improve situational awareness and crisis response capabilities related to emerging maritime
challenges posed by the dynamic Arctic environment. The ADAC research network comprises
of academic and industry teams focused in delivering solutions to problems faced by the United
States Coast Guard (USCG) and other DHS mission operators across the Arctic maritime region.

ADAC announces a competitive search to address research challenges associated with the
maritime domain. Specifically, this RFP responds to DHS and USCG maritime awareness and
information fusion-related research questions provided by DHS S&T OUP. In particular, this RFP
seeks proposals “to advance maritime spatial understanding, resilience, and awareness to
achieve safety and security in the maritime domain.”

On behalf of DHS S&T OUP and USCG, and in accordance with the terms and conditions of the
DHS-ADAC Cooperative Agreement, this RFP is released to a wide audience and solicits
proposals that will focus only on the research questions described within this document.

Additionally, applicants should understand and articulate the various missions conducted by the
USCG generally utilizing the “Surveillance, Detection, Classification, Identification (“SDCI") as
the key aspect of Maritime Domain Awareness and the enabler to actual mission prosecution.
An extract of SDCI accompanies this document as an annex, and also is found at ADAC's website
at: http://adac.uaa.alaska.e

As a DHS S&T OUP CMR, ADAC conducts unclassified science and technology research.
Accordingly, ADAC requests only unclassified responses to this RFP. ADAC principally seeks

ADAC: Research for the Arctic Operator...For Today and For the Future
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Arctic Oil Spill Modeling (AOSM)

Project assists U.S. Coast Guard and the NOAA Office of Response and

Restoration with the development of an Arctic-capable oil spill model that

can be leveraged via NOAA's General NOAA Operational Model

Environment (GNOME).

«  Working with NOAA to develop a new variable within GNOME: under-ice / R
storage capacity. e RS 0 0 IO [\ on s

* |ce storage capacity has been estimated at several locations in the '
Chukchi and Beaufort Seas, based on ice draft data.

3 D model support for LRAUV.

* Improving integration of TAMOC with GNOME to include all oil fate
processes.

* Training NOAA staff to use TAMOC and AOSC algorithms within GNOME.

e Capable of “On-demand” support (such as Cook Inlet Methane Leak).

Transition: NOAA’'s GNOME.

= ARCTIC DOMAIN

UNIYERSITY Mﬁl‘ AWARENESS CENTER
M drndi e lndn A DEPARTMENT OF HOMELAND SECURITY CENTER OF EXCELLENCE






ADAC Information brief to DoD Arctic Synchronization Conference

Propeller Driven Long Range

?-N‘OGR‘G»%

400DS "°<4~
Yoy s

Autonomous Underwater Vehicle

LRAUV is helicopter portable, carrying an
environmental mapping payload, allowing rapid
response to provide situational awareness and
damage mitigation for first responders/USCG.

Initial Capabilities (expandable):

Transition: CG-926, USCG RDC & or
Commercialization.

My s e itk A DEPARTMENT OF HOMELAND SECURITY CENTER OF EXCELLENCE

Ability to map in 3D. Tethys testing deployment
Extended unattended deployment (days to fff;‘;a;yciﬁﬁsrf;“ﬁ] cpeites
wee kS) . Monterey Bay California
600 KM range...under ice.

Detection and quantification of dissolved
particles and fluorescent material (with
current sensor package).

Environmental characterization.

ARCTIC DOMAIN Vehidle cart and

 AWARENESS CENTER Nbell/chassis Thrusterassembly

E
J

g Monterey Bay Aquarur
CENTER FOR MARINE s

Research nstitute

Variable Ballast Assembly

Google Earth

Plume mapping auto
detectionand 2 D
mapping proof of concept
mission Buzzard Bay MA,
November 2016)
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High resolution Modeling of
Arctic Sea Ice and Currents

HIOMAS (High-resolution Ice-Ocean Modeling and
Assimilation System)

* Aforecast system that can distribute the forecast data
to the Coast Guard and other Arctic stakeholders.

* Developed 3 versions of HHOMAS with 6, 4 and 2 km
horizontal resolutions.

* Assimilate satellite sea ice concentration in HHOMAS
hindcast to improve initial conditions for forecast.

* Calibrated and validated HIOMAS hindcast using sea
ice observations; no excessive ice thickness buildup in
areas such as the Beaufort Sea.

* Conducted (near) real-time hindcast and daily to

seasonal forecast of Arctic sea ice and currents. 4 km resolution HIOMAS

Transition: In development with NOAA. _ _
Note: Still publishing to Arctic ERMA. Just created a 1 KM resolution version for the US. EEZ

for Bering, Chukchi and Beaufort Seas

DAC: Research for thwerator... For Today and For the Future
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Using Vessel Tracking Data to
Prioritize Bathymetric Surveying

Project creates products that inform decision-making about vessel
traffic and vessel safety in a rapidly changing Arctic environment.

* The research effort is develop the capability to reduce execution
time for handling and analyzing exceptionally large collections of
Automated Information System (AlS) vessel tracking data.

* Alarge data analytics effort.

W Ausavicrony

* Gridded files provide the extracted AlS information needed for
decision makers and stakeholders in the U.S. Arctic area.

Transition: A set of knowledge products useful for USCG and NOAA to
apply to survey/mapping efforts for Alaska (including Arctic Alaska).
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Crisis Response Sea-lce and
Weather Forecasting tools

Research project strives to improve USCG and other DHS
Arctic maritime operator situational awareness and crisis
response by enhancing support for planning and emergency
response to meteorological and environmental marine
hazards in the Arctic.
* Literature Reviews and interviews with a host of marine
operators.
* Identification of hazardous ice events using coastal
radars:
* Ice Convergence, Landfast ice breakout and
Anomalous ice motion.

Transition: Researchers will develop a decision support tool,
grounded in stakeholder interactions, to support weather and
sea ice-sensitive decision making. Destinations include
GNOME, future ADAC decision support research or as
determined by USCG Project Champion.

m S - NGO

ADAC: Research for t%erator... For Today and For the Future
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Stakeholder Outreach

1a: Assess decision context

1b: Develop early warning systems
for coastal ice hazards and

1c: Define hazard notification formats _Tt_ml _ and
and procedures optimization Evaluation
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A .

Creating an Ice Conditions Decision Index for the Great Lakes region

g/ v

maritime operations

Developing an ice condition index (ICECON) for the Great Lakes for USCG
operators and lake mariners that can use available data to forecast ICECON
up to 3 days into the future. Creates important ship safety, potentially
reducing number of ship rescues for vessel ice entrapment.

With ice parameters collected by USCG and Canadian Coast Guard crews
operating in the Great Lakes in the 2016-2017 time frame, team conducting
Monte Carlo simulations to determine the most predictive relationship
between the ice parameters and ICECON.

* Using ice-data from the 2013-2017 period in conjunction with AIS data to

determine which parameters affect vessel speed and are important to  aa
ICECON. P |

* Pulling nowcast and forecast data in real-time (every 6 hours), compute = B s A
the ICECON nowcast and forecast, and display it on a project website. ' | |, qume

Available Heatmaps ‘éxf

Color Thickness finches)

S
P

Transition: USNIC to project ICECON and create an Arctic version if approved.
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Exploring Enhancements to Arctic Communications and Domain
Awareness using the ASF CubeSat Antenna Farm Experiment (CAFE)

Project is direct USCG award, that partners ADAC
and University of Alaska Fairbanks’ Alaska Satellite
Facility to conduct cube satellite research in
support of USCG Arctic Communications shortfall
research via a Mobile CubeSat Command and
Control (MC3) antenna system and radome at the
Alaska Satellite Facility. Research will increase
USCG knowledge on Arctic communications and
viability of Cube satellites to improve maritime
communication in Bering, Chukchi and Beaufort
Seas.

Transition: Depends on success of experiment.

? C: Research for'ﬂi@erator For Today and For the Future
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Completed Research: Mariner Ice Navigation
Courseware for IMO Polar Code

With the implementation of the new International Maritime Organization (IMO)
Polar

Code in Jan 2017, there is a requirement for training in ice navigation and
operation of ships in Polar environments.

 ADAC’s partner, Maine Maritime Academy (MMA) has developed a basic ice
navigation class and has just completed an advanced ice navigation class to
meet this knowledge gap.

* Following USCG Office of Navigation certification, ADAC and MMA seek to
provide courseware for commercial application to shipping industry, mariner
academies and mariner technical training locations.

* Now in work for Private Sector application with Merchant Marine Academies.

 ADAC awaiting words on Advanced course SCTW Certification...due shortly.

* Transition: Courseware currently being instructed at MMA. Seeking other
mariner academies and USCG icebreaker crew member training.

C: Research for%erator... For Today and For the Future

= ARCTIC DOMAIN

L\HHWIV m AWARENESS CENTER

A DEPARTMENT OF HOMELAND SECURITY CENTER OF EXCELLENCE






ADAC Information brief to DoD Arctic Synchronization Conference

Prior Research: Integrated Ice Hazards and Sensors

DGVG'OD framework for |dent|fy|n g’ trackin g 1. Under-way data from 2. DoE ARM radar in Barrow, 3. ESA Sentinal-1A/B satellite
. . . USCGC Healy AK SAR data

and communicating sea ice-related hazards

utilizing existing Arctic observing assets.

Project enhances capability of surface-

based radar (either coastal or ship-borne for

monitoring sea ice hazards). Now

Investigating commercial application with

vessel radar industry.

Transition: Now seeking a commercial
application...for Shipborne radars.

Sea ice

Radar energy /
 Signal
7 Shadow
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Prior Research: Low Cost Sensors

Develop low-cost wireless sensors for use in remote
monitoring, asset management, surveillance, and
security, particularly in Arctic and marine environments.

Robust network design with rapid deployment capability
for situational tactical awareness.

Transition: Now preparing a journal article and planning
new research sponsorship, seeking to support U.S. Navy
ICE-EX 2020.

DAC: Research for twmtor... For Today and For the Future
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Prior Research: AIFC

Arctic Information Fusion Capability (AIFC). Project seeks to support operational
decision makers in the maritime domain ranging from operational commanders to
tactical operators to community-based observers. AIFC advanced research for
two-dimensional geographic orientation of precision mapping data, near-real-time
and high-resolution satellite imagery incorporated with available modeling,
sensors, web-based communications and appropriate social networking feeds to
gain domain awareness in support of operational decision making and interface
with humans and responders in the field.

Following the Biennial Review, this project was discontinued. USCG subsequently
provided a series of Maritime Domain Awareness Questions, which were released
inan RFP in early Sep 2017 and resulted in 17 submissions which are being
evaluated by ADAC or BTI at University of Houston for Science merit and DHS S&T
OUP and USCG for Customer relevancy.

Transition: AIFC is being evaluated for commercial application by ASRC Federal
Mission Solutions.
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Prior Research: CBON-SA/CBONS-FIST

Researching the construct that High fidelity observers (HFOs) who submit
quality assured and coordinated observations on biophysical variables that
can be integrated with data from other observing systems. Connected to =
USCG Command via Austere environment comms, CBONS data adds to g oo 00
Arctic Information...from the tactical edge. Rty

Transition: Following the conclusion of Year 3 of the CBON-SA project the
community-based observing effort has been evolved and refined into TAOS-
S6 (Technology Amplified Observing System - See Something, Say
Something, Send Something). Prior research now being leveraged in this
new initiative to serve maritime domain awareness needs for a range of
stakeholders across Federal, State, Local, Tribal and Territorial (FSLTT)
Partners as part of broader federal security efforts.

ARCTIC DOMAIN
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Prior Research: Monitoring Intentional and Unintentional
Catastrophic Events: Detecting sea ice and oil spills
through measurement of the H20 and C isotope

geochemistry in winds

Primary aim is to provide ship or vessel captains real-time data of
sea ice conditions (open water, light sea ice, heavy sea ice and total
sea ice coverage) and presence of oil chemicals in @ marine
environment that will be displayed at the helm of vessels that are
fitted with the detection systems as well as making sea ice
conditions estimates available from shore/platform-based systems.

Transition: TBD. ADAC believes there is merit to the research...what
is needed is further investigation into the application.

ARCTIC DOMAIN
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Prior Research: Smart-Camera research

Project designed a power efficient (less than
10 Watt peak) three channel (visible + long
wave infrared) camera system. The SmartCam
integrates all off-the-shelf optics, computing
and detectors, so it is defined by software and
the system design.

Transition: Research Pl at Embry Riddle
University has continued investigation via other
academic oriented sponsorship.

? C: Research forihi@rator For Today and For the Future
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Prior Research: Real-Time Storm Surge and Coastal
Flood Forecasting for Western Alaska.

ADAC developed high resolution, nearshore forecasts of storm surge, coastal
flooding, and wave conditions at two sites on the West Coast of Alaska - the
Yukon Kuskokwim river delta and Norton Sound. The Delft3D and SWAN
models were used for the storm surge and wave modeling, respectively. The
ocean boundary of the SWAN wave model came from nowcasts and forecasts
from NOAA’'s Wavewatch Ill wave model.

Transition: UAA College of Engineering has continued investigation in this
topic...and leveraged a portion of the prior work for Coastal Erosion
Forecasting in support of U.S. Army Corps of Engineers project on North
Slope.

Legend
=

ADAC: Research for thj@emtor... For Today and For the Future
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Preparing the next generation

for HSE..ADAC Fellows

ADAC Student Fellows Program. ADAC’s
Fellows are undergraduate and graduate
students across the ADAC Research Network
that supports Operator Driven research for
the Center. This includes:

UNIVERSI'TY
W ALASKA

ey Urisions Une Atska

Approved project research support.
Center activity research (such as
workshop reports and literature
reviews).

Individual research activity (with
assigned ADAC mentor)

Minority Serving Institute
participation.

Summer Internships.

C: R(vaas'eﬂrﬁqpforwr... For Today and For the Future
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ADAC...steadily advancing to provide operator
driven S&T research

e ADAC’s efforts...can help to reduce risk,
improve safety, increase awareness, increase
decision precision.

e ADAC will continue to seek research that
addresses shortfalls and gaps as the priority.

* ADAC will seek to leverage prior investments
to find suitable futures as practically as
possible

e ADAC will prosecute approved investigation to
develop, and transition ...in order to field
capability.

1 SR ol TR
\, ,F mmrmhlhﬁﬁé.‘ Q!J

* We believe in our mission...and sincerely
strive to deliver.

C: R(vaas'eﬂrﬁqpforwr... For Today and For the Future
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Ready for Questions &
~ Discussion

...Thank you for your attention!
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Research for the Arctic Operator...
For Today and For the Future

http://adac.uaa.alaska.edu/
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Concluded/Discontinued research...ADAC’s perspective

#1: Always strive to be the best steward of each and every provided research dollar
* |f there is a way to leverage conducted research...we should practically strive to so leverage.

#2: Conducted research may have an application not considered or planned in the initial
investigation.

* The inventors of sticky pages had thought they had failed!

#3: Different research sponsors...have different needs.

* If the original sponsors felt the research was not useful to meet their requirements, should
not preclude an opportunity for different research sponsorship.

* Perhaps modifying the investigation to a new plan and objective...can meet or exceed what
was originally planned.

#4. If the project was worthy to fund in the first place...analysis is needed to determine if a different
path, process or method would have made a difference in meeting the original objective. /

. FoIIowmg the analysis...then see #1! f

ADAC: Research for t%erator For Today and For the Future /
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52 Active
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Major Facilities/Operational Programs
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Alaska Volcano
Observatory
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Alaska Center for Unmanned  Research Computing Services Wilson Alaska High frequency Active

Aircraft System Integration (former DoD HPCC) Te(ClmirZ?OEsg)ter Auroral Research Program





Gl Research Across the State






OPERATING gep ver 4 oo
IN ARCTIC
EXTREMES






O*NMWMWWWMMWW
M, 7.9 Offshore Kodiak Earthquake
J 23, 2018
anuary ot AN NN e






Alaska Earthguake Center (2017)

Reported 43,000 earthquakes (new annual record)

50 earthquakes > M5, 6 > M6 (largest M6.7)

Tsunami hazard maps published for 7 Alaska communities: Juneau, Kodiak, Sand Point,
Chignik, Chenega, Unalaska and Akutan

EarthScope in Alaska & Western Canada is

complete — 193 statioms
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* Remote Sensing of Natural Phenomena:

—\Volcanoes
—-Seismic Events
-Lightning
—-Aurora

Manmade Phenomena:
—Nuclear Events e,
—Explosions B -
—Vehicles (cars, boats, planes, rockets)
— Generators; Underground (mining) Activity






PERMAFROST 101

25% of Earth’s land
surface is permafrost
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Alaska Satellite Facility

Polar Orbits

11/14 Orbits/day
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OVERVIEW

Unclassified Data Sources

Commercial, Government
(incl. NGA Source), Open
Source, Scientific

Satellite, Airborne, UAV,
Terrestrial

Imagery, DEMs, Vectors

Social Media, OSINT

Fairbanks, AK

GEON+I - SRASKA
&Y FACILITY

= 100% automated

= Workflow management

= Data Aggregation and
Normalization

= Facilitation of Analytics and
Algorithm Development

Analytic Services
* Permanent civilian analyst staff
* Ready-to-go work envirenment
+ Space for reservists to work side-by-side with
Arctic SMEs
+ Solve problems in related work environments
+ Attracting new technalogy, analytic
applications focused on machine learning and

DoD/Arctic Mission
NORTHCOM/ALCOM

Operational Support

Search & Rescue

Mission Planning
Maintain/Update Foundation
GEQINT (Maritime, Aeronautical,
Topo, 2d/3d)

GEOINT Services

Partner Ecosystem

Technology Development

Algorithm Development

New Sensor Evaluation

Rapid Feedback/Intel Questions
Commercial, Government, Open
Source, Scientific

Domains

Unclassified/Open Source
Eventual inclusion into Classified
Workflows (SIPR/JWICS)

ARCTIC GEODATA COOPERATI
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HAARP, Open for Business Under New Managemen
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HAARP Compared to EISCAT, Sura & Arecibo
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Wave-Particle Interactions

Particles mirroring below
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Alaska Center for UAS Integration «-"'—-

Flights: 171 hours 350 operations over 180
days this year

New Griffon Aerospace record for altitude
(15,000’ with SeaHunter)

Beyond visual line of sight in Canada
NASA UAS Traffic Management Campaigns
River Watch in Circle Alaska I





Oliktok Point Research Station

UAF & Sandia

*R-2204 restricted air space

National L andneighboring facilities

. at Oliktok
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v 3 48

Proposed Oliktok Arctic Research Station
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Bob McCoy

Geophysical Institute
University of Alaska Fairbanks

(907) 474-7282
rpmccoy@alaska.edu
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% ARMY MEDICINE
Serving To Heal...Honored To Serve

Biomedical Performance
Optimization in Cold Environments

Dr. Stephen R. Muza
Stephen.r.muza.civ@mail.mil
Deputy Director Science & Technology
US Army Research Institute of Environmental Medicine
(USARIEM)
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gopinions or assertions contained herein are the private views of the author(s) and are not to be construed T”Uiﬂm
as official or as reflecting the views of the Army or the Department of Defense. —
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Outline

» USARIEM Research Mission, Organization, Capabilities
= Cold Injury Prevention Research Program Overview
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U.S. Army Research Institute of Environmental Medicine

(USARIEM)

Mission:

Provide solutions to optimize Warfighter
health & performance through medical
research.

Organization:

Laboratory within the US Army Medical
Research & Materiel Command (MRMC)

Locations:
* Natick Soldier Systems Center, Natick, MA.

* High Altitude Research Laboratory, Pikes
Peak, Colorado

USARIEM
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USARIEM ORGANIZATION

Commander | ST Performance Physiology
COL Raymond Phua Dr. Karl Fried|
Deputy Commander Strategic Science Management Office
LTC Glen Manglapus Dr. Stephen Muza

Research Support
Division
MAJ Paul Henning

Military Detachment
CPT Gevar Bingham

Biophysics & Military Nutrition Thermal & Military
Biomedical Division Mountain Medicine Performance
Modeling Division Dr. Scott Montain Division Division
Dr. Reed Hoyt Dr. Lisa Leon Dr. Susan Proctor

Federal Civilian Personnel: 106
Military Personnel: 43
Interns, Contractors: 58
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=%, USARIEM’s Roles in Military Operational Medicine
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Knowledge Products and
Materiel Solutions to the Warfighter

Occupational & Environmental Exposure

Limits and Health Risk Prediction &

Strategies to Enhance Warfighter Assessment Models Biomedical Strategies to Sustain
Readiness & Resilience Performance in Continuous Operations

Headquarters

STANDARDS

Interventions and tools for
Soldiers and family members to
attain and maintain fithess and
healthy weight

Nutrient Specifications
for Rations

Biomedically-Based Design Criteria for
Individual Protection Systems

Physiologically-Based Guidelines for
Performance Optimization and Injury Prevention During
Training & Operations
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Biophysics & Biomedical Mod'éliag ¢
o X L

o Biomedical Modeling
¢ Non-Combat Injury
Prevention Modeling

o Physiological Monitoring

e Biomedical Sensors

Thermal & Mountain Medicine

-

o Heat Stress Physiology 1»’%5 ')

« Cold Stress Physiology % , //’; ‘

o Altitude and Hypoxia Stress ,.1 % f i '.

e Protective Equipment and
Microenvironment

e Hydration

Stephen R Muza / (508) 233-5665
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a USARIEM Research Divisions & Programs

Military Nutrition

UNCLASSIFIED Slide 7 of 20

Nutritional Physiology &
Metabolism

Dietary Requirements

Eating Behavior & Food Choic

Nutritional Evaluation of FleL
Rations

Dietary supplements

Physical Performance
Optimization

Injury Reduction/Bone Health
Military Biomechanics

Cognitive/Neurological
Performance

Prevention of Injury Reoc urrence
Injury Epidemiology

26 April 2018





Research Capabilities

* Doriot Climatic Facility (Arctic & Tropic)

* Human & Animal Thermal Chambers

* Water Immersion Laboratory

* Human Performance Laboratories

* Nutrition Laboratory

* Manikins for Heat Transfer Biophysics

* Hypobaric Chambers (100 — 30,000 ft)

* High Altitude Research Laboratory
(Pikes Peak, CO, 14,115 ft)

* Bone Health Laboratory

* Military Biomechanics Laboratory

* Cognitive Performance Laboratory

* Engagement Simulation Trainer Lab

* AAALAC Accredited Vivarium and
Surgical Suite

* Biochemistry and Molecular Biology
Labs
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2 A
5&’ USARIEM Cold Research Facilities

Water Immersion Facility:
B~ ~ 10x10x14 ft pool

N | - 5t041°C

= | 2 adjustable depth platforms

Underwater treadmill, cycle ergometers

Thermal Manikins:
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USARIEM Cold Research Facilities

Hypobaric Chamber Facility:

2 research chambers, 1 airlock
& 370 ft?

8 0 — 9150 m altitude

-15to 40°C

0 to 80% Rh

Slide 10 of 20 26 April 2018
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USARIEM Field Studies
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USARIEM Cold Weather Guidance

TB MED 508
Prevention And Management Of Cold Weather Injuries
Department of the Army, 2005
www.usariem.army.mil

Prevention of Cold Injuries During Exercise
ACSM Position Statement
Castellani et al.,

Med. Sci. Sports Exerc., 38: 2012-2029, 2006.

Management of Heat and Cold Stress — Guidance
to NATO Medical Personnel
Spitz et al.
USARIEM Technical Report T13-3, 2013
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_
Cold Injury Prevention

5

Focused Heating & Manual Dexterity

Thermal & Mountain Medicine Division

POC: John Castellani, Ph.D.
john.w.castellani.civ@mail.mil

Stephen R Muza / (508) 233-5665 Slide 13 of 20 26 April 2018





Cold Exposure Effects

e

Acute problems:

- decreases manual dexterity
- gloves protect against injury, but 60-70% reduction in dexterity

60 -

50 -
X Torso Heating - Bare Hands
\

40 -

30 -

% Dexterity

20 -

10 -

Minutes
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Focused Heating to Improve Dexterity

Methodology
Exploit Physiological Reflexes
Apply Direct Heating

Forehead

Cheeks
Forearm

Set point:
42°C
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2
5% Results - Temperatures

Hand and finger temperatures at min 90

Hand Temperature Finger Temperature

COMB & ARM differ from CON and FACE (P<0.01)

0 - 20 - COMB differ from CON and FACE (P<0.03)

20 - 18 A -
~ o
g <
5 181 o 16 -
S 2
2 5
L 16 o 14
3 5
P -
o i 5 i
g 1 g 12
= £

L
12 A 10 -
10 - 8 -
CON ARM FACE COMB CON ARM FACE COMB
Trial Trial
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:
Results - Dexterity

Purdue Pegboard Assembly (# pieces) Magazine Loading (# cartridges)

COMB & ARM differ from CON and FACE (P<0.04)

'go’? 5 - COMB differs from CON (P<0.03)
g 0 5 O
g £ 51
5 & -10 | ﬂ
S -15 - 3
£ Pl =m T
fa| T V] Ao
g -25 . . . . . . -20 . . . . . .
0 20 40 60 80 100 0 20 40 60 80 100
Time (min) Time (min)
% change: % change:
CON: -35 * 20% CON: -23+5%
ARM: -14 £ 20% ARM: -17 £ 9%
FACE: -31227% FACE: -19% 13%
COMB: -14 £ 10% COMB: -14 £ 10%
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Focused Heating to Improve Dexterity

Next Steps:
Laboratory and limited field testing of prototype forearm heating device
currently being made at Edgewood Chemical and Biological Center

Thermal & Mountain Medicine Division

POC: John Castellani, Ph.D.
john.w.castellani.civ@mail.mil
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Nutraceutical Countermeasure

Are there countermeasures that can increase peripheral blood flow and
overcome the effects of cold-induced vasoconstriction?
Bioflavanols?

WINTER poNT | T
j .I!.?N OUTIN TEHAQIEJ&]

i
{F

L-arg

|
Arginase

l 4O | Heiss et al., 2003;
- Fisher et al., 2003;

Heiss et al., 2005;
Schnoor et al., 2008;
Fraga et al., 2011
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USARIEM POSTER

USARIEM Biomedical Research Efforts in
Cold Environments

Expanded overview of USARIEM research projects and products to
prevent injury and sustain performance in cold environments

Catherine O’Brien, M.S.
Thermal & Mountain Medicine Division
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USARIEM POSTER

Performance Nutrition Research in the Arctic

Are combat rations effective when they are the only source of food during strenuous training in
cold-weather environments?

What's more effective at preventing physiological and performance declines? More
carbohydrate to offset the energy deficit?

Or, an equal amount of energy from protein to leverage the anabolic properties of amino
acids?

Scott Montain, Ph.D.
Military Nutrition Division
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USARIEM POSTER

Biophysical Evaluation of Four Military
Cold-Weather Clothing Systems

* Four clothing systems were evaluated by the Biophysics and Biomedical
Modeling Division:
— US Army’s Extended Cold-Weather Clothing System (ECWCS)
— US Marine Corps (USMC) cold-weather clothing system
— Canadian military cold-weather clothing systems
— Norwegian military cold-weather clothing systems
* Thermal and evaporative resistances were measured on a thermal manikin
— Each individual garment in all four systems
— Five or six ensemble configurations of each system
* First systematic study of military cold weather ensembles

— Provides a comprehensive database on current clothing thermal
properties

— Helps improve current system and design next generation clothing

Timothy Rioux, B.S.
Biophysics & Biomedical Modeling D|V|S|on
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USARIEM POSTER

Science-Based Tools for Arctic Operations:
Health Risk Prevention and Evaluation

* Extreme Arctic weather often creates health hazards during field operations
* Common cold injuries are frostbite and hypothermia
* |Innovative and science-based tools have been developed to help manage these risks

— Cold Weather Ensemble Decision Aid: assist in selecting appropriate clothing
ensembles according to mission scenarios

— Probability of Survival Decision Aid: estimate survival time during cold-water

Immersion to improve search & rescue operation effectiveness
|

[
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The opinions or assertions contained herein are the private views of the author(s) and are not to be construed
as official or as reflecting the views of the Army or the Department of Defense.
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'»ﬁﬂj’_:c@ Meal, Cold Weather (MCW)

Special Purpose Operational Ration

. Designed to meet the Joint Service requirements of the
. United States Marine Corps (USMC) and the Army
/‘(/ Special Operations Forces (SOF)
?’f‘ ’,

» :'/ y1 Specifically suited for use in extreme cold environments
2 7.2 that require a restricted calorie ration with a long shelf life E
: « that can be wused during initial assault, special #
§ operations, and long-range reconnaissance missions. -
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rOECOM ) Multi-purpose Individual Heating Technology

CONCEPT
Meal, Cold Weather (MCW)

Alternative hegt source

2 %’t‘\h,“

Full in-package capability to prepare complete hot meal

DESCRIPTION

» A Multi-purpose Individual Heating Technology (MIT) is being
configured to provide a low cost, lightweight, disposable in-package
heating capability for the Meal, Cold Weather (MCW)

» The MIT would enable Warfighters to prepare a complete hot meal
and beverage in remote locations or where access to or ability to
prepare hot water is limited or unavailable

Transition Partners: Equipment & Energy Technology Team,
Combat Ration Engineering & Support Team (CREST),
Defense Logistics Agency — Troop Support (DLA-TS)

POCs: Peter Lavigne, EETT, 508-233-4939
Barbara Daley, CREST, 508-233-4937

Leveraged Funds/Efforts: OSD Foreign Comparative Testing Office/
DoD Combat Feeding Program (JSN 09-14)

DESIRED CHARACTERISTICS

Capability Performance Objective

In-package heater
Acceptability

Heat 32 oz water by 140 F <20 min
Greater than 6.0 on hedonic scale

Logistic footprint < 6 o0z and fits in MCW menu bags
Activation Method Ignites in/sustains 12 mph wind
Shelf Life Greater than 3 years

Cost <$2 (required) / <$1 (desired)

Safety Suitable for use with food / food-safe

Transport/disposal Unrestricted/unregulated

May 2018

SCHEDULE

Action [O] [ [T]

Conduct market survey 4QFY15 2QFY16
Validate feasibility/safety 20QFY16 3QFY16
Test candidates/down-select  4QFY15 2QFY17
Complete ATEC safety test 4QFY17 1QFY18
Optimize combustion efficiency 1QFY18 2QFY18
Conduct operational assess. 2QFY18 3QFY18
Transition to Adv. Development 4QFY18 4QFY18
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RDECOM ) Overarching Characteristics

Deliverables:

» Develop a disposable, lightweight heating mechanism to rapidly heat and reconstitute freeze-dried ration
components as a low-cost product insertion for the Meal, Cold Weather (MCW)

Risk/Barriers:

« The MCW is a lightweight, restricted calorie ration that contains a freeze-dried entrée, beverages and ready
to eat components. To fully prepare hot entrées and beverages, as much as 32 ounces (one quart) of water
may be needed and when water is not available, melting snow/ice is also desirable.

» The heating method must be suitable for inclusion within the meal bag and not pose transport restrictions.

» The heat source and heating assembly or package must be low cost, compact and suitable for field use.

« It is preferable that the heating method facilitate heating two 16 ounce portions of water and the method of
ignition or activation be suitable for use in sub-freezing conditions and a 12 mile per hour wind.

Risk Mitigation Plan:

+ Alternative heat sources include bio-based heat tabs and chemical heat sources that are safe for use with
food and intended to provide a convenient, fully disposable method to heat water remotely.

» Operational ration surveys assessing user needs and preferences will be administered to forces operating in
cold regions to identify the optimum characteristics and performance, and address required attributes.

» Collaborative transition of MIT with CREST will ensure that an improved heating method for dehydrated
rations can be seamlessly and cost-effectively integrated within the MCW.

Leveraqging/Collaborations:

* An OSD Foreign Technology (and Science) Assessment (FTAS) initiative was initiated in FY15 to assess
combustible heat sources from Standard Brands (UK) and BCB International (UK). Flameless heaters from
Luxfer Magtech, NY and Nex-Xos, FL, and MCW assemblers.

« Coordination/approval of perf specification with CREST/JSORF/DLA-TS for implementation with MCW.
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| ﬁﬂ'kc@

Exit Criteria
Multi-purpose Individual Heating Technology (MIT)

per MCW

MCW

Technical Variance
Capability | Performance Objective Threshold Actual | (+/- Actual-
Measure Threshold)
Heat 32
Heat water for Heat 32 ounces or ounces of
In-package rehydration of ration 2 x16 ounces of Heat 32 0z water by 135°F water to New capabilit
water heating | and hot beverage water by 140°F (35°F to 170°F) in 20 - b y
o o o . near-boil in | for MCW
method preparation in cold (35°F to 175°F) in | minutes or less 20 minutes
weather operations 20 minutes or less
or less

Warflghte_r_ Acceptgnce rate > 7.0 on hedonic > 6.0 on hedonic scale TBD TBD
Acceptability | (hedonic scale) scale

Less than 5

- <6ounces | (Fits in

Logistic : ounces .
footprint Weight/cube oes than 3 o4 MCW menu | 3 cubic in. -

i ' <5 cu.in. bags)

Ignites in 12 lanites in 12 mph wind
Activation Self-contained mph wind or ngonr:-?rselenzin rgcrz)tiv\;\{[lir(])n °" | Ignites in 11 TBD
Method activation non-freezing packet 9 mph wind

activation packet
Shelf Life 3 years 3 years 3 years 3 years -
Cost Heating method cost $1 or less per < $2 per MCW TBD TBD

T =Threshold O = Objective

May 2018
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RDECOM))  Cold Ambient Heater Performance Testing

Doriot Climatic Chamber Conditioning Room

Door is 60"
wide
x 84"tall

CONDITIONING
ROOM

11'-10"

Ceiling is
10' high

PLENUM

N

11' 10" by 27' by 10' or 3195 cubic feet

Arctic Tent
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| RODECOMWT Multi-purpose Individual Heating Technology (MIT) Concepts

NEX-X0OS Canteen Cup with

Stand/Sleeve MIT product insertion to the

Meal, Cold Weather (MCW)
W e il i =

FLAMELESS \
WATER HEATER

B -

zz Luxfer Magtech Inc. FIREDRAG 9N

GREEN & CLEAN GEL FUEL

a

A

MCW NSN: Mealé
8970-01-467-1753 | “==

S 1 HIROAT

Flameless Heat Sources Combustible Heat Sources Target Performance

« Luxfer Magtech® / Nex-Xos® * ZIP - Standard Brands (UK) / Fire Dragon BCB Characteristics

o Self-contained heating package with (UK) « One cube heats 16 ounces
zipper-seal 16 ounce pouch 024 grams (~1 ounce) of water to a near-boil

o Two 40-50g heaters (16 oz portion) o Non-hazardous, air-transportable solid cube/block « Heating time: 15 min.

o Saline / water activated o Suitable for use with food « Safe for use with food

o Non-hazardous, air-transportable o Compact, fully disposable « Long shelf life (>3yrs)

o Suitable for use with food o For use with standard issue Canteen Cup (NSN « 2 cubes heat 32 ounces of

o Compact, fully disposable 8465-00-165-6838) and Canteen Cup Stand (NSN water for hot beverage and

o Insulated heating bag with tape or zip 8465-01-250-3632) or fold-out stand, or packaged meal preparation
closures with alternative disposable foil cup
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BBEG@ Carbon Monoxide Exposure Limits (OSHA/NIOSH)

* OSHA PEL

The current Occupational Safety and Health Administration (OSHA) permissible exposure limit (PEL) for
carbon monoxide is 50 parts per million (ppm) parts of air (55 milligrams per cubic meter (mg/m(3))) as an
8-hour time-weighted average (TWA)

concentration [29 CFR Table Z-1].

* NIOSH REL

The National Institute for Occupational Safety and Health (NIOSH) has established a recommended
exposure limit (REL) for carbon monoxide of 35 ppm (40 mg/m(3)) as an 8-hour TWA and 200 ppm (229
mg/m(3)) as a ceiling [NIOSH 1992].

*ACGIH TLV

The American Conference of Governmental Industrial Hygienists (ACGIH) has assigned carbon monoxide a
threshold limit value (TLV) of 25 ppm (29 mg/m(3)) as a TWA for a normal 8-hour workday and a 40-hour
workweek [ACGIH 1994, p. 15].

* Rationale for Limits
The NIOSH limit is based on the risk of cardiovascular effects [NIOSH 1992]
The ACGIH limit is based on the risk of elevated carboxyhemoglobin levels [ACGIH 1991, p. 229].
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ﬁﬁ”kc@ Zip® Combustible Heat Source

24 gram solid cube with Canteen Cup / Stand

Fuel: Zip Cube Max Water Temp (F): 148.81 Water Starting (ML): 500
Stove: Foil Foldable Max Time (M/S): 13:57 Water Ending (ML]): 475
Air Temp (F): -26

CO Testing

Test 1: 6 min 11 Samples 1 Baseline CO Max (PPM):

Test 2: 17 Mins CO Avg (PPM): 85.6 After 2 cube
Fuel: Zip Fuel Max Water Temp (F): 172.26 Water Starting (ML): 500

Stove: Foil Foldable Max Time (M/S): 12:22 Water Ending (ML]): 500

Air Temp: -22

CO Testing

Test 1: 6 min 12 Samples 2 Baselines CO Max (PPM): 90.0 After 2 cube
Test 2: 16 Mins CO Avg (PPM):  60.5
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ﬁi"i”kc@ Zip® Combustible Heat Source

May 2018

24 gram solid cube with Canteen Cup / Stand

——— STEP 1: STEPS 2-4:

1. Use only in a well ventilated space. Com-
bustible heat source consumes oxygen
and can generate carbon monoxide and
displace cxygen. Do not use in enclosed
space. List cup at white insulated strip.

2. Open flame can burn skin and other
materials. Use only on the ground, rock
or other non-combustible material.

Burning heater can char the area under
and around the heater.

3. Hot water can burn skin and cause
cold-weather injury. Use caution when
handling cup after heating, as cup and
wiater will be very hot (scalding).

- Ignite Zip™ Cube heat tab and place  Only one cube is to be burned at a time.

. Separate Canteen Cup and Stand

. Invert Sleeve and firmly seat Canteen
Cup in Stand bottom

. Fill cup with water, snow or ice
and place on ground or non-
combustible surface

CAUTION HOT:

Cup/Stand assembly directly over A second 16-ounce portion of water may Open flame and scalding hot water

. ) . can burn skin.
burning cube to heat water. be heated using the second Zip™ Cube.
The water will be heated to a Canteen Cup MSM: B4565-00-165-5838
near-boil in about 10 minutes. Stand, Canteen Cup NSN: 8465-01-250-3632
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RDECOM ) Zip® cube Combustion Analysis

Multi-Purpose Individual Heating Technology (MIT)

Toxic Gas Analysis of Combustion Byproducts
Carbon Monoxide

3000

2500

Canteen Style Cup and Stand
Peak CO Levels Ranged
From 1500to 2500 ppm

2000

1500

1000

500

Carbon Monoxide Concentration (parts per million, ppm)

0 5 10 15 20 25 30

Elapsed Time (minutes)

—(Canteen Style Trial 1 ——Canteen Style Trial 2 —— Canteen Style Trial 3
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ﬁﬁ”kc@ Dragon Fire® Combustible Heat Source

28 gram block with Canteen Cup / Stand

FIREDRAG®

GREEN & CLEAN GEL FUEL

Fuel: Fire Dragon Max Water Temp (F): 133.53 Water Starting (ML): 500
Stove: Canteen Cup Flat Stand Max Time (M/S): 12:40 Water Ending (ML): 460
Air Temp: -25

CO Testing

Test 1: 6 min 12 Samples 2 Baselines CO Max (PPM):  60.0

Test 2: 16 Mins COAvg (PPM): 429

Fuel: Fire Dragon Max Water Temp (F): 166.10 Water Starting (ML): 500
Stove: Canteen Cup Sleeve Max Time (M/S): 11:32 Water Ending (ML): 480
Air Temp: -25

CO Testing

Test 1: 6 min 12 Samples 2 Baselines CO Max (PPM):  60.3

Test 2: 12 Mins CO Avg (PPM):  34.7
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Dragon Fire® Combustible Heat Source
28 gram ethanol block with Canteen Cup / Stand

ﬁﬁ”kc@

WARNING STEP23:
1. Use only in a well ventilated
space. Combustible heat source
consumes oxygen and can
generate carbon monoxide and
displace oxygen.
Do not use in enclosed space.

2. Open flame can bum skin and
other materials. Use only on
the ground, rock or other non-
combustible material. Burning
heater can char the area under
and around the heater.

1. Separate Canteen Cup and Stand.

2. Invert Stand and firmly seat
Canteen Cup in 5tand bottom.

3. Fill cup with water, snow or ice and place
on ground or non-combustible surface.

4. Peel off foil lid from Dragon Fire Block.
Remove block from plastic tub and
discard both lid and tub.

5. Ignite Dragon Fire Block and place Cup/
Stand assembly directly over burning
block to heat water. The water will be

3. Hot water can burn skin and
cause cold-weather injury.
Use caution when handling cup
after heating, as cup and water
will be very hot (scalding).

Only one block is to be burned at a time.
A second 16-ounce portion of water may be
heated using the second Diragon Fire Block

May 2018
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heated to a near-boil in about 10 minutes.

STEP 5:

CAUTION HOT:
Open flame and scalding hot water
can burn skin.

Canteen Cup MSM: 8465-00-165-6838
5tand, Canteen Cup N5N: 8465-01-250-3632





ﬁﬁ”kc@ Dragon Fire® Combustible Heat Source

28 gram block with Canteen Cup / TRAYBAR / Stand

Fuel: Fire Dragon Max Water Temp (F): 147.5 Water Starting (ML): 500
Stove: Canteen Cup Flat Stand Max Time (M/S): 15:15 Water Ending (ML): 490
Air Temp: -22

CO Testing

Test 1: 6 min 12 Samples 2 Baselines CO Max (PPM): 249

Test 2: 16 Mins CO Avg (PPM):  21.0

Fuel: Fire Dragon Max Water Temp (F): 145.0 Water Starting (ML): 500
Stove: Canteen Cup Sleeve Max Time (M/S): 15:30 Water Ending (ML): 480
Air Temp: -24

CO Testing

Test 1: 6 min 12 Samples 2 Baselines CO Max (PPM):  30.2

Test 2: 12 Mins CO Avg (PPM):  27.7
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ﬁﬁ”kc@ Dragon Fire® Combustible Heat Source

28 gram ethanol block with TRAYBAR / Stand / Canteen Cup

WARNING 1. Separate Canteen Cup and Stand. STEP 1:
. - 2. Invert Stand and place Wire Rack on top
1.Use onlyin a WE“ ventilated as shown in Step 2-3. Place Canteen Cup N
space. Combustible heat source on top of Rack. !
consumes oxygen and can 3. Fill cup with water, snow or ice and place
generate carbon monoxide and on ground or non-combustible surface. #.1 =
displace oxygen. 4. Peel off foil lid from Dragon Fire Block. !
Do not use in enclosed space. Remove block from plastic tub, and place oo
into aluminum Lra:.t%iscani both lid and

2. Open flame can burm skin and

tuk
other materials. Use only on 5. Ignite Dragon Fire Block and place Cup/ .
y ﬁna.nd assembly directly over burning STEP 4:

the gl‘ﬂ-LJI_'Id, rock ":'r_":'ther non- block to heat water. The water will be
combustible matenal. Burning heated to a near-boil in about 10-15
heater can char the area under minutes.
and around the heater.
STEP 5:

. CAUTION HOT:
3. Hot water can bum 5_.I:|_n and Open flame and scalding hot
cause cold-weather injury. water can burn skin. .

Use caution when handling cup
after heating, as cup and water

will be very hot (scalding). Omly one block is to be burned at a time.

A second 16-ounce portion of water may be
heated using the second Diragon Fire Block.

Canteen Cup N5N: 8465-00-165-6838
Stand, Canteen Cup NSN: 8465-01-250-3632
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m’fcf’) Luxfer Magtech Flameless Heater Performance

Luxfer Magtech® Flameless Heat Source

Luxfer Magtech Inc.

o Self-contained heating package with zipper-seal 16 ounce pouch
o Two 40-gram heaters (16 ounce portion)

o Saline / water activated

o Non-hazardous, air-transportable

o Suitable for use with food

o Compact, fully disposable

o Insulated heating bag with tape or zip closure

Luxfer Magtech Fiber-based Package Heating Performance
Water Temperature of 16 oz bag

Ambient Temp « Water Temp

[y
(=]
(=)

[=]

Temperature (F)

30 40

Eleapsed Time (Minutes)
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| BDEC@ Nex-Xos® Flameless Heater Performance

Nex-Xos® Flameless Heat Source

o Self-contained heating package with zipper-seal 16 ounce
pouch

F
o Two 40-gram heaters (16 ounce portion) 1t \J E x — X L _J C;
o Water activated reas o
o Non-hazardous, air-transportable
o Suitable for use with food
o Compact, fully disposable
o Gusseted-bottom heating bag with zipper closure

o Utilizes MRE Hot Beverage Bag with additional 16-0z marking

Nex-Xos Zipped Foil Package Heating Perfromance >

g o
Water Temperature of 16 oz bag e e

Ambient Temp « Water Temp . . -

FLAMELESS |
| WATER HEATER

i
peratgre (F) 9

Tem
o

15 20
Eleapsed Time (Minutes)
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"RDECONT)) MCW-MIT Pack-out Evaluation

The Wornick Company ® Assembly Trial

o Projected assembly scheduled in May 2018

o Production/assembly contractor for Meal, Cold Weather

o 12 Menus with various meal and accessory components

o Combination of vacuum packed, individually packed and
accessory meal components, as well as long-handled spoon

o Heating packet proposed as a product insertion to MCW

o Alternate heater sources and packet profiles to be evaluated

o Priority to maintain 12 meal per case and 48 cases per pallet

o Pallet dimensions 40 x 48 x 43 inches

Individual & Group Rations Weights and Cubes

SrvngsIUfl per|Srvngs|Case Case Case Cs per] Ul | Ul [Cs per Unit Load Unit Load|Unit Load |Pallet perPallet per

Ration/ltem |per Ull|Pallet|per Pit|{Cube] |/w/h (in.) [Wt{lb)] UI [Cube |[Wt(lb)|Pallet l/w/h (in.) Cube |Avg. Wt(Ib)|20' Cont. |40' Cont.
MRE 12] 48] 576 1.02 17x9.6x10.8] 22 111.02] 22| 48| 44.5x51.75x42.2 56.1 1098 16 36
FSR 9] 48| 432|099 17x9.6x10.8] 29 110.99] 29| 48| 44.5x51.75x42.2 54.7 1434 16 36
MCW/LRP 12| 48] 576 1.02 17x9.6x10.8] 15 11 1.02| 15| 48| 44.5x51.75x42.2 56.1 758 16 36
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RDECOM ) MCW-MIT Field Survey / Evaluation

Operational Ration Questionnaire

Thank you for participating in this study. All of the information you provide will be kept confidential.
Please respond to each question by filling in the selection that best corresponds with your answer.

Additional comments may be added at the end of this questionnaire. o Field user Su rvey/reports Com pleted by

Privacy Act Statement
Purpos: ()T valuate clothing, individual equipment ai d p tona\ratons nder development or consideration by the Army; to determine

of ¢l \ thing. items and ons of, . To locate individual/s who ina ] .
assessmet r evaluatio o he andl o the toatperad, 1o complste & quealionnaita on the tes 1o S era |Ona Or( ;eS n e a(:e
ull of records ma intai d in the system, including categories of rs an e pury es such uses: In addition to those
in

generallyp ermitted ul d 5 U S.C. 552a(b) of the Privi yA( Th t ined therein will not be disclosed

RIS ST Group (OFIG) with 305 respondents
during cold region operational exercises
e o ewe with Soldiers stationed at Fort

R Wainwright, AK

What is your unit?

——— e On-going Doriot cold chambers
Duty Posion validation testing to support optimization
How long have you been in the military? ______ years Of Concepts

:Ug ﬂxﬁ

What is your gender? Fill in one circle. ®

What was your last real-world deployment (not FTX)? Fill in ONE.
® Have not deployed yet

© o e Following down-select, heater concepts

- il , will be formally evaluated in cold weather

mm—— operational environment to confirm user
vc\:,:: :eﬁ:;::f::se ?::::l;;“:e:rees F)?  Cold Weather Military Training/Operations? acce pt a b | I |ty

® None ® None
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DND-NRC R&D for Successful
Arctic Operations

Anne Barker — Arctic Program Leader, National Research Council of
Canada (NRC)

Geoff Stone — Project Manager — Department of National Defence (DND)
Jonathan Power — Marine Safety Technologies Research Leader (NRC)

*
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Why Safety R&D?

Equipment often
tested/certified In
benign conditions.

Poor performance In
real world conditions.

Results in a knowledge
gap — expected vs
Calm water (control) test at NRC — aCtuaI performance_

conditions not often found outside of the
laboratory.






How Knowledge Gaps Are Created \

Regulatory LSA Manufacturers
Body and Policy Makers

|
{ Surprisingly poor

Human Poor LSA ! _
Responses » Ignore » Poor Specs » oo » performance in a
e marine accident
s Policies

Factor Action Outcome

_ Good LSA Expected
Consider » Good Specs » Enod performance in a
’ paliciae marine accident
- Poor S isingl
Environmental = o urprisingly poor
Conditions . gRare » AR Policles » performance in a
Poor LSA marine accident

Adapted from: Tipton MJ (1995). Immersion fatalities: hazardous responses and dangerous discrepancies. J R Nav
Med Serv. Summer;81(2):101-7.
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Marine Safety Research at NRC

Marine Safety Technologies for
Extreme Environments (MSTEE)

* Increase safety and improve
performance in harsh conditions —
land and sea

4 NC-CNC





Harsh Environment Safety R&D at NRC »

MSTEE uses NRC
facilities and expertise
to test In realistic
conditions to measure
actual performance.

If actual performance is
lacking, work with
stakeholders to
Investigate new
technologies.

5 NC-CNIC





Harsh Environment Safety R&D at NRC






Who iIs CANSOFCOM?

The Canadian Special Operations Forces —
Command (CANSOFCOM) is a high-readiness
organization, able to deploy special operations
forces on very short notice to protect Canadians
from threats at home and abroad.

We provide National Defence
and the Canadian Armed Forces
with agile, highly specialized
forces.






* Extreme conditions in the Arctic make operations
more challenging and costly.

* Increased reliance on PPE to allow for soldiers to
perform required duties.






New technologies are only effective If their
operators can function in harsh conditions






CANSOFCOM Collaboration Background »

y

» Rapid development of equipment and PPE has
resulted in a wide variety
of items that claim to
meet the required

performance. (g
* To quantify

performance, |

and matchwith Ty .y

appropriate user needs,
testing and evaluation must occur.
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CANSOFCOM — NRC Collaboration

Performance evaluation of:
* Cold weather clothing
« Sleeping bag systems
Objective:

« Asses equipment performance to allow
CANSOFCOM to choose appropriate
equipment for extreme conditions.

& NC-CNC





Methodology

All tests took place In
Thermal Measurements Lab
(TML).

TML Is a temp controlled
facility (5-30°C) with
Immersion tank.

23 zone, immersible thermal
manikin (NEMO) used.






NEMO is a useful tool for
measuring insulation.

Cost effective alternative
to some human testing.

Standardized procedures

When used with other
NRC faclilities can
account for accurate
measurements of clothing
In the harshest conditions
(e.g. wind and waves)






Cold Weather Garments






Sleeping Bag Systems 2

15 HC CHC





Sleeping Bag Systems - Saturated

16 Hc OHC





Outcomes

1. Amore accurate appreciation of clothing ’

performance vs relying on manufacturer
marketing.

2. Optimizes the soldier to minimize impairment
on the battlefield.

17 NMC-CNC





Future Work

CANSOFCOM ClOthlng Decision Tool: "/

Enables decision making for team leaders to maximize
human performance through the selection of the best
clothing for a specific environment.

Environment \

Anth tri ISI
nthropometrics  ——_ | DeCISIOn —*> Recommended clothing
—

Level of activity TOO I

/'

Duration

18





Looking Ahead

Rapid advancement in technologies (phase
change materials, “smart” clothing, etc.) may
significantly change performance.

To achieve optimal performance, technologies
need to be evaluated in real world conditions —
results are then applicable and useable Iin the
field.

Examine non-confidential areas of research that
can be shared between organizations, where
prioritization of personnel health and
performance are at the forefront.






Summary

20

Arctic conditions are some of the harshest
on planet.

Arctic sovereignty operations will require
equipment to meet those challenges.

Equipment must be tested In
representative conditions to avoid
knowledge gaps.

Once equipment performance established -
best can be selected for use with
knowledge on how to use them effectively.

NC-CNC





Overall R&D Outcome

Personnel equipped and prepared
for optimized operations in harsh
environmental conditions.

21 MC CMC
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Questions?

Contact:

Anne Barker, P.Eng.

NRC Arctic Program Leader

Email: anne.barker@nrc-cnrc.gc.ca
Tel:1-613-990-2511
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University of Alaska S&T Arctic
Research Collaborative
...A Developing Construct

Presented to

UN‘I‘«Jr RSITY "AF
Department of Defense Arctic S&T Conference, e aa—  ATASKA

U.S. Army Cold Regions Engineering and Research Laboratory,
Hanover N.H.
17 May 2018





2 University of Alaska S&T Arctic Research Collaborative

Start with Why...
#1: The US is lagging in developing Arctic capabilities.

#2: The US Federal System of sponsoring research to generate
innovation is cumbersome, and certainly less agile than our
adversaries.

...and may or may not generate the research actually sought

#3: A trusted research relationship that taps a capable and
credentialed network...where emerging Arctic relevant research
needs can quickly generate task orders

...iS likely faster and more likely to generate specific research sought by the
User UNIVERSITY

of ALASKA
ANCHORAGE
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2 University of Alaska S&T Arctic Research Collaborative

e First...a review and update of the current research centers and
entities associated with the University of Alaska

* Principally focused on University of Alaska Anchorage and University
of Alaska Fairbanks

* Followed by... a brief discussion of the Research Collaborative
Construct.

* A developing construct, intending to support “unity of effort” in
research collaboration for DoD, leveraging a remarkable amount of
Arctic research expertise contained or connected with the University of

Alaska

UNIVERSITY
of ALASKA
ANCHORAGE
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Research capabilities potentially available within the
collaborative

* Research to advance Arctic Maritime Domain Awareness (MDA).

 Marine related robotics and unmanned (aerial, surface and under-ice vehicles
* (suitable for Arctic operating regimes).

* Maritime afloat research.

e Arctic/polar space launch.

e Arctic Communications.

» Arctic physical environment monitoring technologies.

e Cultural Domain Awareness and Cultural Intelligence Research.
* Arctic geophysical and maritime focused engineering.

* Environmental Prediction and Security Research.

 Research support to DoD and participating departments in policy assessments & strategy
development.

* Access and analysis of a wealth of Arctic Data via the emerging “Arctic GeoData U ALASKA |
Cooperative-” ANCHORAGE
 “On demand” Research support for DoD and participating U.S. Federal agencies. "ﬂF
ALASKA

Today’s brief is intended to gage interest for advancing and formalizing the Collaborative UNIVERSITY Y

of ALASKA of ALASKA

Wany Traditions Owe Al SOUTHEAST
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| University of Alaska S&T Arctic Research Collaborative

A Panel Overview of associated capabilities:

Dr Hajo Eicken, International Arctic Research Center, UAF
Dr Bob McCoy, Geophysical Institute, UAF
Dr Cathy Cahill, Alaska Center for Unmanned Aircraft Systems (UAS)

Integration, UAF

Dr George Roe, Alaska Center for Energy & Power, UAF

Dr Brad Moran, College of Fisheries and Ocean Science, UAF

Dr Aaron Dotson, College of Engineering, UAA

Dr Doug Causey, College of Arts & Sciences, UAA, and ADAC, UA
Maj Gen (Ret) Church Kee, Arctic Domain Awareness Center, UA

UNIVERSITY
of ALASKA
ANCHORAGE
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Brief overview of DoD-relevant work at the
International Arctic Research Center (IARC),
University of Alaska Fairbanks

==5 [
s = (=== Hajo Eicken
LR International Arctic Research Center
ST University of Alaska Fairbanks
kg

Fairbanks, AK
= a-mail: heicken@alaska.edu

= www.iarc.uaf.edu
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International Arctic Research Center (IARC),
University of Alaska Fairbanks

* Roughly 90 Scientists, analysts,
- students, professional staff that span
=T the physical, biological, and social
e s e i, sciences (ca. 1/4 w/ PhD)

%m_?:_,i == * Roughly 150 research projects
e R e Byl : : o
ol sy inliar i o ogin 2N« Major research units within IARC:
- mﬁ;d? ‘. : =|:~- :1 A

- Alaska Climate Science Center

- Alaska Center for Climate
Assessment and Policy

- Scenarios Network for Alaska +
Arctic Planning

- Cooperative Institute for Alaska
Research
.11 - Alaska Fire Science Consortium

i 3'7' - Center for Arctic Policy Studies

3{}?? 'Wpaww nddPﬂ i





Key IARC program elements & activities

() Analysis, synthesis & provision of Arctic climate
iInformation, incl. Arctic Ocean hydrographic
Information for scientists, stakeholders & public;

(1) Support & coordination of Arctic system modeling
and environmental prediction — providing a nexus for
process parameterization, model validation &
assessment;

(i) Service as a “gateway” or Arctic Climate Science
Coordination Center for the Arctic research
community through conferences, secretariat
functions, & workshops.





Transformative Arctic Ocean change

« Changes and trends in Arctic
sea ice extent

 Major changes in the ice-covered
Eurasian Basin: NABOS

Long-term changes in length of
operations season

IARC Experimental Arctic
Prediction Initiative

Conclusions





near-real-time data

Sea Ice Concentration Trends, Sep 2017

fodl -

[C] Area not imaged by sensor

National Snow and Ice Data Center, University of Colorado Boulder

20%
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16%
14%
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110%

8%
6%
4%
2%
0%
2%

-4%

-10%
-12%
-14%
-16%
-18%
-20%

per decade

e Large swath of

reduced summer
IcCe concentration
In Pacific Arctic
sector

Impacts on
operating
environment
Links to land
surface warming

& loss of
permafrost





|JARC collaborations in the Bering & Chukchi Sea to improve ice
iInformation products & forecasts

Regional sea ice
outlook (SIWO)

Wz Sea Ice Prediction
gy Network (SIPN)

7 czedeone 1f:m

Community-based
Ice observations (A-
OK)

Historical ice atlas
Downscaled
reanalysis data &

climate model
output

Arctic storms
analysis






Historical sea ice atlas:
Record low Bering Sea winter ice 2017/18

Square miles
of seaice

The graph below compares the amount of sea ice this February to the past 168
years based on information gathered from recent satellites (over the last 40
v years) and historic ship logs (from shipping, whaling vessels, and the U.S. Coast

Guard). You can learn more about historic sea ice conditions in the Bering Sea at
http://seaiceatlas.snap.uaf.edu/.

Average amount of sea
ice from 1979-2017

= about 270,000

square miles

200,000 —

2001

previous
100,000 record low ‘

2018
| I I I I I I
1850 1875 1900 1925 1950 1975 2000 Year






Nansen-Amundsen Basin Observing
System (NABOS)

ey ©  lgor Polyakov (IARC)

R lead in collaboration with
| Qs B2 numerous Arctic & non-
Amerasian &  Arctic research centers

e Sustained observations
(2002-today) to capture
transformative Arctic
Ocean change In the
Eurasian Basin

e QOceanic drivers of Arctic
sea ice loss & shoaling
of Atlantic water layer

e = — L

Polyakov et al. (2017)

31 32 33 34 Science, 356:285ff.





Nansen-Amundsen Basin Observing
System (NABOS)

o “Atlantification” of
Eurasian Basin

* Winter convection (WC)
penetrates through Cold
Halocline Layer (CHL)
releasing Atlantic Water
(AW) heat

e Heat flux increase by up
to one order of
magnitude - ice loss

« Implications for Arctic
operations

Depth (m)

Depth (m)

Polyakov et al. (2017)
Science, 356:285ff.






IARC-Kongsberg Partnership to develop Carbon Dioxide

Seaglider
« Changes and trends in marine » Autonomous high-resolution pCO,
carbon system sampling throughout water column
e In response to ONR’s call to and across large range of spatial
“Improve Technology Readiness and temporal scale

Levels (TRL) of Emerging
Autonomous In-situ Ocean
Sensors”






Environmental prediction at IARC

 Several IARC units
Involved — Alaska Center
for Climate Assessment &
Policy, Climate Science
Center, Scenarios
Network for Alaska +
Arctic Planning

 Research to Operations:
Partnering with NOAA

 (Goal: Comprehensive
experimental prediction
service to test models,
guide observations,
Improve communication

Focus beyond current NOAA
product suite: snow cover, sea
iIce, freeze-up/break-up timing,
vegetative metrics & wildfire

Prototype activities:
— ACCAP Analog Forecasts

— North Slope industry ice road
support

— USN Arctic Submarine Lab
|ICEX support

— Sea Ice Prediction Network
(SIPN)





Dynamically downscale to include more local detail

O 1 [
! i in degrees Celsius
24 22 20 98 M6 M4 A2 W0 B 6 4 2 0 2 4

https://www.snap.uaf.edu/news/climate-adaptation-model

GCM/reanalysis data are often too coarse for local
planning: downscaling helps provide the scale of
information needed

WRF downscaling for Alaska: 20km daily temperature,
precipitation, humidity, winds, and radiative and turbulent
fluxes (Bieniek et al. 2016, JAMC) suitable for evaluation of
extremes and complex processes

=
Downscaled CCSM4
RCP8.5 Nov-Mar rain-on- g
snow days/decade 2006-
2100 change
T ]
5 4 -3 -

e Example uses:

Completed Downscaled Products:

e ERA-Interim (observations):
1979-2015

e GFDL-CM3 and NCAR-CCSM4
(CMIP5 future scenario) RCP8.5:
1970-2100

— Rain-on-snow/icing events (Bieniek et al. 2017,
in prep)

— Climate change attribution of fire danger
(Partain et al. 2016, BAMS)

— Temperature/Precipitation extremes (Lader et
al. 2017, JAMC)

— Glacier modeling (Kienholz et al. 2017, Frontiers

Contact SNAP or P Bieniek for more info!

in Earth Science)





National Multimodel Ensemble (NMME) seasonal modeling

& forecast system
NOAA CFS: Oct forecast—->Dec 2017

2m Temperature Anomaly (° C)

 9-month ensemble forecasts
from multiple GCMs
coordinated by NOAA

e Monthly forecasts of
atmosphere and ocean
variables available

e O-hr data available for sub-
seasonal processes

e 1982-2011 hindcast data
avallable for calibration &
testing

« NMME output & single column
model to predict ice road St. dev. of ensembles (m)
season in Prudhoe Bay area 1 02 03 04

Temperature anomaly (° C)

4 321012 3 4






Seasonal forecasts from monthly climate analogs

B. Brettschneider
J. Walsh
ACCAP-IARC

o ieow

Based on statistical
pattern matching

e Look for matches in red
0]0)

 Base forecast for target
region on observed
evolution in years with
best match

) 0 7 L]

o0 -75 60 45 -30 -5 0 15 3 45 60 75 90






Support of USN ICEX Ice Camp 2018

. . _ Camp Skateﬁ%
Dartnershlp Wlth UkpeagV|k (Photo: USN/WlIIett-? .

nupiat Corporation (UIC) to
orovide support services to USN
Arctic Submarine Lab

Seasonal to synoptic predictions &
outlooks tied in with on-ice
evaluation & support services






e Fractures & leads forming
ESRL Dally Matches for 3/23/2018 12Z GFS Run (+0 hours) _
Matches for Lat: 70N to 75N and Lon: 155W to 140W In Barrow ArCh pattern

Using a 20 Day Search Window Centered on Current Date.

User Selected Weighting was -> SLP: 100 , Air Temp: 0, and 2500 Height: 0 () An al O g fo re CaSt : Stro n g

match with ICEX 2014 &

1.Current

w "8 2016 break-up conditions

Conditions

Click to

. <l - | cad pattern prediction:
| il B e gl High likelihood of new
% et | | cracks forming

SLP

(=
n
w

Match 1:
310/1961

RMS = 0.251

== A s 2 <
Match 2: N B e . \ N
3/15/1992 o X \\

RMS = 0.259 i £ . '&\ \





__.: Arctic Research & Operations
" At the Geophysical Institute

Research in Geophysical

Hazards & Aerospace
Dr. Bob McCoy, Director






Alaska
Geophysical

Hazards

Arctic Impacts on DoD: -
* Buildings, Runways, Missile Silos
e Earthquakes & Permafrost
e Global Warming
e Aviation
e Volcanic Ash
e Comm/Nav
* Space Weather

£43,000 Earthquakes/yr

52 Active Volcanoe

3 Eruptions/yr
80% Asian Air
Traffic, 70,000
Passergers/day

Ice Free Arctic Ocean

>M?7 Every 2 years y gy
e T

o
b - =%
o 3 o
&
i |
| ¥ : .I ) .
-t
t_ ‘.'.
=

00,000 Glaciers;
3.5M Lakes & 60% of
US Surface Wate






~Aerospace Facilities - AR
In Alaska N et

Su"borbital

o PN e Rocket - Satellite
W, ;3\ ; Range Dowinhifk::
DoD Relevance e P
 Domain Awareness i, s PR,
e Satellite Downlink s : e
* UAS, HAARP (OTHR) e Vg 8 v SEE—
« Communication | A : UASH - i T

e HAARP, CubeSats
« Comm/Nav Mitigation

e HAARP, Sounding Rockets
* Geophysical Detection of Nuclear Proliferation P .

* Infrasound Precision Geolocation, HAARP |~ - =

Hp"’h
TN

-

’ Alaska Aerospace Corp






GEOPHYSICAL INSTITUTE

Major Facilities/Operational Programs

-""" Ak -.ﬂ., d '
A N iy S [}
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Alaska Volcano Alaska Earthquake Center
Observatory

Poker Flat Research Range

Alaska Center for Unmanned  Research Computing Services Wilson Alaska High frequency Active

Aircraft System Integration (former DoD HPCC) Te(clwf]irgilaﬁr?(rj];[er Auroral Research Program






Alaska Center for Unmanned Aircraft Systems (UAS)
e Integ8ration (ACUASI)

University of Alaska’s Center of Excellence for UAS Research e

17 years experience operating UAS in Alaska, the Arctic, and
elsewhere around the globe

Highly operational - fly approximately 180 days a year

Lead for one of the FAA’s UAS Test Sites, the Alaska Test Site, a.k.a. the Pan-
Pacific UAS Test Range Complex (includes AK, HIl, KS, MS, and OR)

e Conducting true Beyond Visual Line Of Sight (BVLOS) operations
e Testing Command and Control (C2) links and Detect And Avoid (DAA)

technologies in areas with poor GPS, no cellular coverage, and poor satellite L

communications (7 minute gaps in Iridium coverage) wcionace
* Developing and testing CONOPS for conducting safe UAS operations in H{}!f

the National Airspace System (NAS) at remote airports in the Arctic -

UNIVERSITY  uuvesmy
of ALASKA of ALASKA
Mawny Traditions One Alagka T





Alaska Center for Unmanned Aircraft Systems (UAS)
Integration (ACUASI)

Strengths
e Highly experienced operational team

e All UAS pilots are also manned aircraft pilots,
many are retired military flight instructors and
UAS operators (Predator, ScanEagle, Raven, etc.)

 UAF owns modifiable UAS up to 300 Ibs and 12-hr
endurance for testing payloads and conducting
scientific, domain awareness, and other missions

e Scientists and engineers for payload development
e Experience operating in harsh, remote environments, including the maritime

UNIVERSITY

Arctic and cold continental regions Ry

* Access to the NAS for testing (including up to 130,000’ in specific locations "AF
and almost anywhere in the U.S. at low levels)

AAAAAAAAA
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| Alaska Center for Energy & Power

Mission: Fostering development of practical, innovative and cost
effective enerqy solutions for Alaska and be ond )

Applied energy research program
Technology testing & optimization
Energy systems modeling & analysis
Knowledge network creation
Commercializing energy innovation

® Industry % Communities
@ Utilities % Practitioners
% Policy makers ® Students

Department of Defense

acep.uaf.edu





Alaska has >250 microgrids & 70 communities served by hybrid renewable-diesel systems





Microgrids...integrate & manage

sssssssss

Renewable Energy
Diesel Power Plant Resources

N N

System

Control Diversionary

Loads

Managed
Customer Loads

Energy Storage >

Lab recreates a microgrid at full power levels (500 kW) and facilitates technology
Integration testing, control systems development and highly realistic training
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| Research Vessel Sikuliaq

e Sikuliaq is the first ice-capable vessel in the United States academic research
fleet, able to cut through first-year sea ice up to 2.5 feet thick.

 The ship can accommodate up to 24 scientists and students at a time, providing
researchers an opportunity to learn more about marine life and our oceans,
atmosphere and global climate.

e Sikuliaq is owned by the National Science Foundation and operated by the
University of Alaska Fairbanks.

UNIVERSITY
of ALASKA
ANCHORAGE
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Northern Gulf of Alaska
Long-term Ecological Research Site

e Based on over two decades of data collection on the Seward Line, a set of
stations between Resurrection Bay and the continental slope 140 miles

offshore of Seward, AK.

e At these stations, researchers:
e Measure ocean nutrients, chlorophyll, &, temperature and salinity
* Collect and study phytoplankton and zooplankton
* Count seabirds and marine mammals

UNIVERSITY
of ALASKA

Many Tradirions One Aladka
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Arctic Shelf Growth, Advection, Respiration and
Deposition (ASGARD) rate measurements project

 With faster ice retreat, does the ecosystem redistribute the spring bloom’s
biomass into different parts of the food web?

e Will the food available for seals, whales and walrus remain the same or
change?

« Sampling on R/V Sikuliaq in June 2017 and 2018

UNIVERSITY
of ALASKA
ANCHORAGE

NIVERSITY
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Stratified Dynamics of the Arctic Ocean (SODA)

e How do changes in atmospheric forcing (wind and solar radiation) and

inflowing waters from Bering Strait alter upper ocean stratification in the

Beaufort Sea?

 How does the changing response to atmospheric forcing impact the evolution

of sea ice?

« Sampling on R/V Sikuliaq in September 2018

"'+ Proposed Sikuliaq DRAFT cruise
57 plan, 2-30 September 2018

UNIVERSITY
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Chukchi/Beaufort Sites

Funded by AOOS
5 MHz systems

Alaska’s High Frequency Radar Sites

Wainwright, Point Barrow, Cape Simpson
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1. ICECON algorithm

Ice concentration
Ice thickness

Surface
temperature

Ice divergence

Ice type

2. Vessel classification in terms of ICECON

Vessel Class = f(horsepower,

length,type)

N b W N =

Ice Condition Index (ICECON) for the Great Lakes

zoomo —|

3. ICECON Forecasting System

UNIVERSITY
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| Arctic Oil Spill Modeling

Collaboration with the NOAA Office of Response and Restoration
to develop an Arctic-capable GNOME oil spill model.

 Modeling surface spills accounting for the effect of ice
concentration on oil movement and spreading. VMR
* Modeling spills under sea ice accounting for the effect of NI T S
under-ice roughness on under-ice oil movement and oy L
spreading.
_ice
'buoyant density .
plume ——> e Screen shot of GNOME modeling
of surface spill in Chukchi Sea
UNIVERSITY
of ALASKA
ANCHORAGE
ALaskA
Depiction of oil plume and buoyant '

. : . UNIVERSITY  yuversiry
density current on underside of ice f ALASKA of ALASKA

SOUTHEAST

Many Tradirions One Aladka
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Deployment /. — -

[ 1 o (<] (<]

Research Question: Can we develop robust, power aware, and

cheap sensor network architecture to detect/predict the events
important to the Arctic (ice breakup and a perimeter breach)?

(] :.' Qe RenE snGy

gfﬂﬂ’ﬂfﬂlﬂﬂm @$10 per sensor

e @3x AAA batteries = 7 months
@Range 100yard — 40km

@Add-ons: solar panel, wi-fi,

@antennae, GPS, microphone

L=}

i i -!E—r'—.'—'ﬂ":f
0DDODEOOODRE

Testing Architecture

...........

111111
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Integrated Arctic Environmental Security Studies

UAA College of Arts & Sciences, UAA College of Health Sciences, UAF College of
Fisheries & Ocean Sciences

* International educational and research
outreach to remote communities and
organizations

 Interdisciplinary approaches to
complex environmental security issues
of the Arctic

e Local, place-based, community level
data and analysis that informs policy
at all levels






Integrated Arctic Environmental Security Studies

e Targeted monitoring, surveillance, and research on dynamics of
change in status of the environment, health, and community resilience
in the Arctic

* Partnered with Battelle, High Arctic Institute
 High Resolution detection of eDNA, water-, ice-, soil-based pathogens
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Bl University of Alaska’s Arctic Domain Awareness Center

ADAC is hosted by the University of Alaska, with work conducted at UA campuses in Anchorage and Fairbanks...and
conducts research across a growing network of academic and industry partners.

Vision The U.S. Department of Homeland Security Center of Excellence (DHS), providing networked and mission-focused
support to the U.S. Coast Guard Operator in the High North.

Mission: 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: Advance knowledge in relevant science and technology through conducting research and development in
close collaboration with mission agencies’ end users.

The Center also develops future leaders for the DHS enterprise through structured education programs.

ADAC’s principal customer: U.S. Coast Guard...in support of their Arctic search & rescue, disaster response, law
enforcement and assistance missions.

ADAC works with an array of International, federal, state, local, tribal, industry and academic partners to advance
domain awareness of the Arctic region.
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ADAC activities include/have included:

e Autonomously controlled underwater and under-ice platforms for environmental sensing (in particular, oil spill characterization).

* Arctic Environmental modelling (with increasing fine scale):
e Arctic oil spills.
e Arctic Ocean, Sea-ice presence, thickness, movement and ridging.
* Western Alaska coastal surge and flooding.

e Operator decision support tools.
* |ce Conditions Index for Great Lakes mariners and soon for Bering, Chukchi and Beaufort Seas.
e Sea-lce and Weather Forecasting Tools to Improve Arctic Situational Awareness & Crisis Response.
e Using Vessel Tracking Data to Prioritize Bathymetric Surveying in a Rapidly Changing Arctic.

» Support research to improve Arctic communications and other technologies
e Evaluation of Potential U.S. Coast Guard Use of Cube Satellites for Arctic Communications.
* Low cost sensors for Arctic monitoring.
e Maritime Domain Awareness and environmental factors information fusion.
* Smart Camera Research in Arctic maritime regions.

» Research of suitability of High Fidelity Observers to support USCG information needs in Arctic waters/shorelines.

* (Create and conduct workshops that advance research needs or targeted knowledge products for Arctic, Science and Technology, Future Strategy,
and Arctic Security/Environmental Security.

* Develop the next generation for the Homeland Security Enterprise.

B A\ ARCTIC DOMAIN

AWARENESS CENTER  ADAC: Research forthe Arctic Operator...For Today and For the Future

A DEPARTMENT OF HOMELAND SECURITY CENTER OF EXCELLENCE






e A brief discussion of the
esearch Collaborative
onstruct.

e A developing construct, intending
to support “unity of effort” in
research collaboration for DoD.

e Leveraging a remarkable amount
of Arctic research expertise
contained or connected within
the University of Alaska.

UNIVERSITY
ALASKA
Asfof 23 Feb 2018

Framing a University of Alaska Response to the DoD S&T Request for
Information (RFI-2018)

Introduction.

The Arctic is strategically vital to U.S. National interests. The region is rich in resources making it
geographically and geopolitically essential for the nation. At the same time, the Arctic rema
remote and conducting operations there safely and effectively pose re significant challenges for

arctic operators. . Preserving and protecting U.S. national interests, to include securing borders
and ensuring safety and security in adjoining Arctic waterways, remains an important task but
also resource challenge for U.S. federal agencies.

The U.S. Federal government has both established and emerging needs in providing safety,
security and defense in the Arctic. As implied by the December 2017 National Security Strategy
and the January 2018 National Defense Strategy, securing and defending the U.S. Arctic region

is an important, if not vital, national interest

In order to reduce operational risk and increase mission effectiveness in the Arctic, U.S, Federal
departments leverage government, industry and academic led research and development
entities. Improving collaboration between Arctic research entities reduces potential for
duplication of efforts. When feasible and mission appropriate, conducting joint investigations

n to gain synergy in
the produced knowledge/technology/innovation development and affords the agencies across

with shared responsibilities between research entities will assist the
the board an opportunity for smarter resource investments.

Proposal: Create an Arctic Science & Technology, Research Collaborative by leveraging the
current/existing Research Centers and participating colleges of the University of Alaska
Specifically, this Arctic 5&T Research Collaborative serve as a framework for the participating
University of Alaska Centers and Colleges to source research teams and existing facilities and
equipment, in order to conduct a series of projects approved and funded by Department of
Defense. Each project would establish the Principal Investigator(s), and tailored team to
prosecute the associated research, Research support to DoD and participating departments in
policy assessments and strategy development, “On demand” Research support for DoD and
participating U.5. Federal agencies.

Research administration for the Collaborative, is envisioned as a composite group from
participating UA Centers and Colleges, selected by UA President, Vice President for Research and

University of Alaska Arctic S&T Research Collaborative: A Comprehensive Team for DoD 1
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Proposal: University of Alaska S&T Arctic Research
Collaborative

Create an Arctic Science & Technology, Research Collaborative by

leveraging the current/existing Research Centers and participating colleges
of the University of Alaska.

e Specifically, this Arctic S&T Research Collaborative serve as a framework
for the participating University of Alaska Centers and Colleges to source
research teams and existing facilities and equipment, in order to conduct
a series of projects approved and funded by Department of Defense.

e Creating a standing collaborative with a credentialed set of research

teams provided task orders as needed...when needed by participating
DoD sponsors.

e Each project would establish the Principal Investigator(s), and tailored =
team to prosecute the associated research. i
!n 3
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= Administering the UA collaborative

Research administration for the Collaborative...

...IS envisioned as a composite group from participating UA Centers and
Colleges, selected by UA President, Vice President for Research and University
Chancellors

...guided by approved Terms of Reference.

The Collaborative would first serve to unify UA Arctic S&T endeavors by the
framework

....While also encouraging research partners from participating universities and
industry....join the Collaborative for specific research projects (and funded via
standard sub award protocols). o,
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Way forward

Depending on interest...
 Refine the construct and establish the terms of reference.

e Establish proof of concept with willing customer(s) by means of
agreement and task order.

 Analyze research performance in meeting customer

satisfaction.

 Key metric...Evaluate timeline from request to delivery compared to
standard funded solicitation process.

 Adapt and evolve...responding to the advancing research needs.

UNIVERSITY
of ALASKA
ANCHORAGE

...something to consider...a collaborative...can also include a community of research customers
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== Conclusion

Arctic warming is driving opportunity and challenge.

As sea-ice diminishes, people are advancing to discover, collect, extract, transit
and regrettably, exploit.

Ensuring Safety, Security and Defending the U.S. Arctic is an important, if not,
vital National U.S. Interest.

Collaboratively arranged Arctic Research can reduce risk faced by mission
agencies and increase effectiveness in mission accomplishment.

The combination of Arctic-focused research entities associated with the
University of Alaska provides a potentially powerful and diverse team to help

meet DoD Arctic S&T investigation needs.
Our adversaries are less constrained in leveraging instruments of innovation. ALAZKA
We can and should find ways to increase velocity and agility of research. E
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| University of Alaska S&T Arctic
Research Collaborative
...A Developing Construct

. . UNI RSITY "AF
Thank you for your kind attention

...Ready for questions





University of Alaska S&T Arctic Research
Collaborative
...A Developing Construct
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Research needs and providers network

...An illustration
Customers Providers

National

e Each entity of the
Labs

customer and research
community plays a key
_role in creating Research &
innovation and g 5 Development Centers
advancing science & '{;. §

technology. - g

e Strategically...Is point
to point the best way to
advance research?

Federally Funded

Industry
conducted
research

University

2 conducted/led oNVERSTTY
researCh ANCHORAGE
Non-Profit ALASKA
Organizations / .~
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Synthetic Aperture Radar Cold Regions
Hazard and Surveillance Monitoring

Douglas L. Bickel, Billy C. Brock, Dale F. Dubbert,
Armin W. Doerry, Ann M. Raynal, Judd A. Rohwer,

Martin E Thompson

Sandia Airborne ISR: www.sandia.gov/radar/
May 17, 2018

Martin E. Thompson
Sandia National Laboratories, ISR Real Time Processing
mthomp2@sandia.gov; (505) 844-9835

SNy ULE- DEEARTHRSEED Y AR =y Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering
1,@_!‘ ENERGY i W!_!;’_‘ﬁ Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s
National Nuclear Security Administration under contract DE-NA0003525. SAND2018-4753 PE

(1) Sandia National Laboratories
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General Outline

m Finding Crevasses in Antarctica with CDR
- Considerations — how do you detect crevasses with SAR?
- What we learned
- What we wanted to do, but didn't get to

m FARAD - Facility for Advanced RF and Algorithm
Development
- Capalbilities
- Coherent Modes of Diversity
- Arctic Applications and Limitations

= SO what?
m Potential Novel Arctic Radar Applications

‘1 Sandia National Laboratories





Operational Crevasse Detection Radar

LC130 on Ice
Ramp

CDR Imagery
K_Iein'GIacier

(1) Sandia National Laboratories






RF Remote Sensing 101

Plane wave reflection, refraction,

diffraction, and scattering

Reflection at boundary
between two regions having
different dielectric properties

Example: Air to Snow

n2>nl
E e B,
/ ‘ jof?
8. .
Pl

Regian 1 [
e AN a,
Regian 2 i‘m
A6g. 1o

A

Some g’s: 0\

Ice =3.2 e ;
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3 <Soil <10 Y b
2<Veg<15
Water = 81

Note: Refractive index n = sqrt(e,)

Backscatter coefficients
Point scatter: ¢ [m?]
Areascatter:  o,=0d. /A [m?/m?]
Volume scatter: n =o,./V, [m?/m3]
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Scattering Mechanisms

Reflection off a smooth surface
The angle of incidence, 1, equals the
angle of reflection

\v},
A R N

Scattering off a rough surface
The variation in surface height is on
the order of the incoming signal's
wavelength.

Double Bounce
One possible natural occurence -
reflecting off two smooth surfaces,
grass and a freshly-cut tree's stump

N

Yolumetric Scattering
In this example the incident radiation is both
reflected and refracted/transmitted through a
layer of dry snow. The refracted radiation then
reflects of f underlying ice, scatters off a chunk
of ice in the snow, and finally refracts back
toward the receiver.

Double Bounce
(Corner Reflactor)

N\

Yolumetric Scattering
Example scattering in a tree

02
R
0 P B, —— S |
0 20 40 60 80
Bideg.)
cos 8, / Uy Mg
o= e
cos 8, vz M

From ESA’s “The ASAR User Guide”
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Surface smoothness and
wavelength (Area Scatter)

Smooth surface — specular reflection

RF Remote Sensing 101

L S C X Ku K Ka

F GHz
Acm
A.cm

1-2 24 48
30.0 150 7.50 3.75 250 1.67 1.11
150 75 375 25 167 111 .75

8-12 12-18 18-27 27-40

Rough surface — diffuse reflection

Quantify “smoothness” with the phase difference A®
between 2 reflected waves from heights differing by h.
A® = 2h - 2m/A - cos 6,

Rayleigh criterion:

AP <mt/2 > stdth) <A/ ( 8cosH)

Frauenhofer criterion: A® < /8 - std(h) <A / (32 cos 6,)

Example: X band, 6, = 60,

Rayleigh: std(h) < 0.75cm
Frauenhofer: std(h) < 0.19cm

_—Coherent Component of
Slightly Rough Surface

|
‘i\(MBdium Rough Surface

N

Noncoherent Component of
Slightly Rough Surface

\?“"--. Very Rough
\‘\,\\‘( Surface
-

S
N

Backscattering Coefficient g°(e}

0 0 60 9%
Angle of I ncidence e (Degrees)

Fig. 7. Angular varation of backscatter for different ronghness
conditions (Ulaby et al., 1982h).

X-Band (3 cm) L-Band (25 cm)
Reflected
Incident Wave (Specular)
(‘ (\ Component
Smiooih \/ \/ Smooth
Back-Scattered
('\ (Diffuse)
Component

Rough

(\

Very

Rough ;Zggm . I
(\
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Smooth

FH
14

Rough

Very
Rough
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... Antarctic Snow & Ice Scattering Model

m Dielectric properties of snowl/ice

= Function of wavelength,
temperature, volume % ice

m Determines transmittance,
reflectance, and absorbance

- Relative amount of reflected and
transmitted energy

- Penetration

Antarctic Glacial Ice Core Densities
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S L Presumed Scatter Mechanism

s —— 1

_ S y
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Beneath the snow bridge — hoar frost

(1) sania National Laboratores
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Optical comparison

Some Empirical Results

Changing resolution

1m
(3.3 ft)

Resolution trumps
grazing and
aspect angle

Can detect at all
aspect angles
Low to mid
grazing angles
seem better

Scatter model
seems reasonable
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Exploring Deeper

—-f

lop \ayor depth

\

fa——— =} d, A ;
snow bridge layer ‘ Siop

Penetration
Study

Simulated
6m x 6m
Array:

.

ra— I
«

2m below:

C
18in

8in

smooth. flat fractal

Bridged Crevasse Simulation

1.5m wide crevasse, 2m thick snow bridge

C, X, Ku, 18inres, ; i
30°grz, -90° az " , a A -
VV Pol : . *:

ERE

X, 8in res, 30° grz
0°, -30°, -60°, -90° az
VV Pol

Ku, 8in res, 30° grz
0°, -30°, -60°, -90° az
VV Pol

snow bridge

top surface

absorbing walls
crevasse surfaces

view fiom above view from inside and below
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CDR Comments and Conclusions

m During our proof of concept mission on 2006 we performed
experiments to try and determine the optimal resolution, grazing and
aspect angles for detecting crevasses

= Unfortunately, once CDR utility was demonstrated, R&D on RF remote
sensing of snow, ice, and crevasses took a back seat to fielding the
CDR on the LC-130

m We did model and simulate the scattering mechanism
- C-band results were limited to FCC allowed BW (18”)

- Long simulation run times limited the simulation to the 1 crevasse model, with no
snow bridge sag, and snow bridge surface rougher than adjacent glacier

- Simulation results suggest that the scattering from the bottom of the snow bridge is
predominant, and the return from the glacier walls is negligible (doesn’t quite
match the empirical results)

= We did not get to research SAR modes exploiting polarization or phase
diversity, particularly polarimetry, CCD, or interferometry

Sandia National Laboratories





Facility for Advanced RF and

Algorithmic Development

(FARAD)
X-Band (9.6 GHz)

- Fully polarimetric

- Fully integrated dual-channel
front end

Ku-Band (16.8 GHz)
- Quad-phase-center antenna
- 4-channel front end
- Dual receive channel
Ka-Band (35 GHz)
- Ultra-fine resolution
- Azimuth monopulse antenna

- Low-minimum detectable
velocity simultaneous
SAR/GMTI

DeHavilland DHC-6

Twin Otter Airborne/_PIaLfoj*_m___

i

Sandia National Laboratories





Multi-Mode Functionality

Spotlight
SpotDwell

Circle

Stripmap
Arbitrary Stripmap
CCD/NCP

IFSAR
VideoSAR/VICTR
GMTI/DMTI

Wide Area Search

High Range Resolution

uuuuuu

As new radar modes are developed they can be integrated into existing Sandia radars
during product improvement phases without redeveloping the entire system

QL

Sandia National Laboratories





Real World Applications

Maritime & L|ttoral Vehlcle and Dlsmount Tracklng

C-IED & Route Reconnaissance GMTI 3D Change Detection

Sandia National Laboratories






Polarimetry

m Compared to single polarization SAR, polarimetric SAR provides additional
information on:

- Type of target: trihedral, dihedral, dipole etc. Eo=5E The scattering matrix
. . . . . Ble o T contains information on
- Orientation of the target about the radar line of sight [#n}e‘ {* *]T} the nature and
Eol 7 LSn Sullfa characteristics of the

- Ellipticity: degree of target symmetry

- Entropy: significance of the polarimetric information

- Many, many polarization decompositions and parameters to exploit
= Examples:

5, =5, |C)wﬁ. target

@ wets

Ireland Forest Cover [1] Victoria Strait Sea Ice Classification [2]
HH-red, HV-green, HH/HV ratio-blue Green FYI, Red MYI.

m Arctic Applications:

- Land classification: forest, tundra, permafrost, marsh, G St

moisture content T e BT
P . . g g Blue - Double Bounce
- Ice Classification, Ice edge detection S
y ] . g FARAD X-Band Polarimetric SAR,
- Ship detection & classification Multi-look, Yamaguchi decomposition,

New Mexico Veterans Memorial
- Ocean surface state

[1] Devaney J, Barrett B, Barrett F, Redmond J, O Halloran J (2015) Forest Cover Estimation in Ireland [2] Dabboor, M.; Montpetit, B.; Howell, S. Assessment of the High
Using Radar Remote Sensing: A Comparative Analysis of Forest Cover Assessment Methodologies. Resolution SAR Mode of the RADARSAT Constellation Mission for First m 1 1 1
PLoS ONE 10(8): e0133583. https://doi.org/10.1371/journal.pone.0133583 Year Ice and Multiyear Ice Characterization. Remote Sens. 2018, 10, 594. sand- Natlonal laboratmes






%

~ .« Interferometry (INSAR) — Terrain Mapping

m Arctic Applications:
High resolution DEM generation (general SA, development, etc.) .
Crevasse, fracture, lead detection

- 3D change detection / differential interferometry
- Glacial accretion/depletion, snow and ice melt S
.+ Permafrost melt and subsidence ”
+ Coastal erosion

m FARAD Capabilities USGS 3L EM
- 2 pass InSAR at X, Ku & Ka
- Single pass InSAR at Ku

m Limitations & Issues
Image registration, tie points?
- 2 pass - surface temporal decorrelation DTED IV
between passes (snow blowing around)

Penetration and volumetric scattering
- random phase - reduced coherency

Need to know INSAR baseline length and orientation very accurately
+ 2 pass solution at X & Ka band, limited by Navigator (GPS & IMU) accuracy
- Possible degraded GPS performance at high latitudes

Existence of lower resolution “bootstrap” DEMS for scale & tilt corrections
Not real time — post processing required

DTED Ii éi.,‘\

11| Sandia National Laboratories
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Bistatic Radar

X-Band, 9.6 GHz

700 MHz RF bandwidth
Dual Channel

1.6 Gb/sec/channel

2nd system being
integrated and tested

includes X, S, and C-
Bands

Multiple collects done
with satellite (COSMO-
SkyMed and TerraSAR-X)
and airborne (SNL
FARAD X-Band)

FARAD Bistatic

illuminators
Arctic Applications: 5 Vi
- Low cost, stealth SA TSX Bistatic  TSX Monostati

from a temporary
encampment or
forward operating base

Issues

- Need a high point for
passive receiver

111! Sandia National Laboratories





Coherent Change Detection (CCD)
Normalized Coherent Product (NCP)

Will this work in the Arctic?
SRS R e A e * Image registration, tie points?
- PASS 1: Before activity = Foot paths  Penetration & Volume scattering?
el «  Max inter pass At?
* Other issues?

Hor o s = Tire tracks

o = Bicycle tracks

= Ground disturbances
Often the changes cannot be seen at visible wavelengths

_ é"" . Potential Arctic Applications:
A « Treaty Verification / Border Security
ke + Law Enforcement

e Search & Rescue
« Wildlife tracking

17





Inverse or Unchanged Detection

Conventional 15-GHz SAR Image of Two Mobile Targets in a Tree Line (left) and After ICCD Processing (right)
Will this work in the Arctic?

Potential Arctic Applications:
Image registration, tie points? « Search & Rescue
Other issues?

« Finding drifted over / buried man
made objects

1) Sandia National Laboratories





Computed Tomography

Date: June 2000

Place: Hardin Field, Kirtland AFB,
Albuquerque, NM

Center freq.: 16.8 GHz
Resolution of imagery: 10 inches

Span of depression angles: 30.76 to 31.21
deg (0.45 deg spread)

Number of planes of PHD collected: 16

Vertical resolution: 2 meters

Concept for FOPEN Employing 3-D Tomographic
Reconstruction of Spotlight-Mode SAR Imagery

Datacollectedon  ~
these planes

Phase History Domain

Results of 3-D Tomographic Imaging with Sandia Labs Ku-Band 4-Inch SAR
Multiple-Plane Data Collected Against Housing Area Near Hardin Field

Sandia National
Laboratories

Conventional SAR Image

Reconstruction of Slice at 3-m Above Ground Shows Rooftops
Becoming Visible Beneath Trees

%

Reconstruction of Slice at 3-Meters Above
Ground Elevation Showing Rooftops
Now Appearing Through Trees

Courtesy Daniel E. Wahl, Sandia ISR Advanced Exploitation





What makes Sandia/FARAD Special

m So what? There are plenty of SAR assets available today (L, C & X mostly)
- L-Band: JAXA — JERS (6,44), ALOS (5,7), ...
. . Space based
- C-Band: ESA - ERS, Envisat (10,3), Sentinal (9,12); CSA — Radarsat (8,9), -..| - very large swath
- X-Band: DLR — TerraSAR/Tandem X (1,11); ASI - Cosmo SkyMed (1,5), ... - Coarser resolution
) : - No ground tether
- Ka: JPL/NASA — GLISTIN (airborne)

m FARAD Advantages in the Arctic

: : Airborne
- Frequency diversity | | | " Reduced coverage
+ Ka - almost no penetration, less volumetric scattering - Finer resolution
=>» better coherence, better INSAR, better CCD; - Airstrip/FOB required
very sensitive to surface roughness, very fine resolution - Coverage limited by

tether to FOB

+ Ku - less penetration, high roughness sensitivity
+ X —full polarization, moderate penetration and roughness sensitivity
+ S —more penetration, less roughness sensitivity Resolution Matters
- High resolution capability (sub meter) :
- Multi-channels — more phase centers, simultaneous collection
- Total collection control
+ Shorter revisit time — less temporal decorrelation
+ Geometry not orbit constrained, larger incidence angles
+ Less atmospheric unknowns
- National Security / ISR Focus

Sandia National Laboratories





Some Arctic National Security Applications

Power/Force Projection — Setting up a Forward Operating Base

- High res recon for site selection with: flat, smooth, hard area, aligned with
the predominant winds for landing & offloading equipment (LC-130);
stable, flat area for camp and power generation sites

- Bi-Static for passive SA; GMTI & MWAS from tethered balloon
Sea ice: extent, burghs, floes, depth, and ice free waterways
Search & Rescue

- High res recon for damage assessment, hazards, landing sites, and
evacuation routes

- Inverse CCD to find wreck in very bad weather
Monitoring facilities and borders, Treaty Verification

- Ensuring people and things are where they’re supposed to be and not
where they aren’t (mining, fishing, encampments, shelters, buildings)

- Threat awareness - keeping tabs on what adversaries are up to.
- Border Security & Law enforcement (smuggling, lllegal immigration)
- Environmental protection (petroleum, mining development)

Sandia National Laboratories





Conclusions and Comments

m Advantages of SAR Remote Sensing extend to the Arctic
- All weather*, day and night operation; limited effect of dust, smoke, and pollution
- Sensitivity to dielectric properties (water content, biomass, ice)
- Sensitivity to target structure (polarimetry)
- Sensitivity to surface roughness
- Sensitivity to man made targets
- Subsurface penetration, enables crevasse detection, and (?)
- Coherent, enables exploitation of coherent phase diversity
+ CCD, Interferometry, Tomography
m Disadvantages of SAR Remote Sensing
- Complex interactions
- Speckle effect
Penetration (surface ambiguity, volumetric scattering)
- Topographic effects (SAR range/angle image geometry issues)
+ Foreshortening, layover, and shadowing
= FARAD’s frequency diversity, polarization diversity, and multi-channel

capability are well suited for researching advanced remote sensing applications
in the Arctic

) |

*Small sensitivity to clouds and light rain with increasing frequency, esp. Ka-Band UL Sandia National Laboratories






Questions?

Douglas L. Bickel, Billy C. Brock, Dale F. Dubbert,
Armin W. Doerry, Ann M. Raynal, Judd A. Rohwer
Martin E. Thompson

Sandia Airborne ISR: www.sandia.gov/radar/
May 17, 2018

Martin E. Thompson
Sandia National Laboratories, ISR Real Time Processing
mthomp2@sandia.gov; (505) 844-9835

Sania National Laboratores
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PhoeniX

9.6 GHz center frequency

3 GHz RF bandwidth

4-inch resolution (spot mode)

1-foot resolution (contiguous stripmap)
300 Watt TWTA

Single hardware RX channel

Fully polarimetric (4:1 multiplex)

12 km single-pol, 8 km full pol max range at
finest resolution*

Real-time image formation on single
polarization

Operating modes:

- SAR (spot circle, straight-line spot,
stripmap)

- VideoSAR

- Exoclutter GMTI

- Single or quad-polarization on all modes

- Bistatic modes with ground-based
RX/acquisition system

*Assumes < -25 dB noise reflectivity maintained at far
corners of image with max image size (4k pixels range, 3
dB beamwidth azimuth)

Legend:

Red - Bragg Surface

Green — Volumetric -,{_’a
Blue — Double Bounce - N\ ST

Multi-look X-Band Polarimetric SAR, Yamaguchi

decomposition, New Mexico Veterans Memorial

QL

Sandia National Laboratories





Ku-Band

16.8 GHz center frequency
3 GHz RF bandwidth
70 Watt MPM*

4-inch resolution (spot mode and
contiguous stripmap)

Dual hardware RX channels

2:1 multiplexing each channel (4 data
channels)

Quad phase center antenna
8 km max range at finest resolution

Real-time image formation on two
channels

Operating modes:
SAR (spot circle, straight-line spot,
stripmap)
- VideoSAR

Endoclutter GMTI Ku-Band 4-inch resolution SAR image, Tijeras Arroyo Golf
Course, KAFB, New Mexico

*L-3 Comm Microwave Power Module

111! Sandia National Laboratories






Ka-Band

35.6 GHz center frequency
5 GHz RF bandwidth
Ultra-fine spot-mode resolution

1-foot resolution (contiguous
stripmap)

50W NanoMPM®

Single hardware RX channel
Azimuth monopulse antenna

2:1 multiplex (Z/A)

6 km max range at finest resolution

Real-time image formation on
single channel

Operating modes:

SAR (spot circle, straight-line spot, Ka-Band 4-inch resolution SAR interleaved stripmap,
stripmap) UNM Golf Course, overlay on Google-Earth.
VideoSAR

Endoclutter GMTI

VICTR

® L-3 Communications, Electron Devices Division

111! Sandia National Laboratories
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The Opptum ies for Advancing
the DoD Arctic Strategy Resulting
from Recent Rapid Advances in
Dr. Cathy Cabhill

UAS Technology and Regulations






What is the Alaska Center for UAS
Integration (ACUASI)?

» ACUASI is the University of Alaska’s
Unmanned Aircraft System (UAS)
research program

 ACUASI leads the FAA’s Alaska Test Site

(a.k.a. the Pan-Pacific UAS Test Range
Complex)

* The University of Alaska Fairbanks (UAF)
is a core member of the FAA’s Center of
Excellence for UAS Research (ASSURE)

trce [T/ i





ACUASI’s Military Experience

o Approximately 125 years of combined military
service on the ACUASI team

e Over 27,250 combined hours flying and operating
military aircraft, approximately 8,000 of that is
combat hours

e On the ACUASI team are crewmembers qualified
on over 30 different manned and unmanned
military aircraft

o ACUASI is a place that military skills are a direct
transfer to civilian employment

trce [T/ i





ACUASI’s Role in the Arctic

* We provide a perfect environment for
testing and evaluation under Arctic
conditions

* We are developing techniques and
equipment for use in adverse conditions
(cold, poor communications, etc.)

* We, in conjunction with, the scientists
and engineers at UAF are developing
state of the art payloads for use on UAS
(remote sensing, aerosol, etc.)

tnce (17





ACUASI’s UAS Fleet

evolution in action






Operational Need

——
The lack of infrastructure and
population in the U.S. Arctic means
that key missions need to be conducted
using remote sensing techniques:

 Persistent surveillance for Arctic
domain awareness

 Remote infrastructure monitoring
 Data collection for Arctic science
 Search and Rescue

tnce (17
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Solution

Long-endurance UAS have the ability to
achieve many of these missions without
putting human lives at risk

MQ-1C Gray Eagle Unmanned Aircraft System (UAS)

http://asc.army.mil/web/portfolio-item/aviation_gray-eagle-uas/





Operational Challenges

Cold and dark

Poor GPS

Poor satellite coverage (lridium)
Icing of airframes and payloads
Exposed pilots and observers
Battery life is significantly degraded
Gravel and icy runways

Significant manned aircraft activity in
surprising areas

trce [T/ i





SeaHunter Launch on Icy Runway

tnce [ 7/ 7





SeaHunter - Night Landing











Biggest Challenges for Flying
UAS in the U.S.

» Regulations

— Beyond Visual Line of Sight (BVLOS), night
ops, ops over people, time to get COAs

* Cost
— Hardware, deployment, personnel
» Rapid Technology Development

* Technical experts vs. pilots (e.g. Uber)

trce [T/ i






UAS Opportunities

* Most of the commercial UAS n
industry is focused on small %
and medium UAS due to costs "

* Many of the industry’s proposed missions
require the same capabilities as defense
related missions: multiple

hour endurance with
BVLOS and night capability =






Beyond Visual Line of
Sight (BVLOS) -
Trans-Alaska Pipeline

Monitoring of critical infrastructure, the Trans-Alaska
Pipeline, BVLOS of the Pilot in Command in Class G

airspace.

e Complex COA process mcluded coordinating airspace
with military, using ADS-B transponders and requiring
.dalsy chalned observers .

s
e






Biggest Opportunities

* UAS industry is rapidly developing low
size, weight, and power systems for:
— Communications, command, and control
— Sense and avoid
— Data transmission
— UAS identification and tracking

* UAS industry is developing highly capable
systems far faster and less expensively
than DoD

trce [T/ i






Opportunities

* Many of these civilian missions produce
imagery so small, high-resolution
cameras, including multispectral and

hyperspectral, and other payloads, such
as lidar, are developing quickly

FLIR Duo Pro R.

4K RGB camera. Velodyne
7.5-13.5 ym, 640 x 512 Puck Lite
pixels. Lidar
45° FOV. Visible and LWIR ~9cm
together.

trce [T/ i





Biggest Civil Opportunities

Integration Pilot Program

NASA Systems Integration and
Operationalization Demonstration

Legislative and Executive Branch pushes to
accelerate integration (FAA Reauthorization)

Rapid technology development by
commercial entities

FAA Test Sites and Center of Excellence
Development of standards

trce [T/ i






Arctic Opportunities

 Arctic missions require flying UAS BVLOS
at night because the missions must occur
year round, including the depths of
winter and over the Arctic Ocean

* DoD can take advantage of the testing
and evaluation of commercial systems
and payloads to improve their concepts
of operations, technology, and time to
deployment of new technologies

trce [T/ i
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Recommendations

* DoD should take advantage of the
changing FAA regulations and rapid
commercial UAS technological
developments to advance their UAS
capabilities

» Use ACUASI’s work for Transport
Canada and others to develop
CONOPS for operating in the Arctic

trce [T/ i






Recommendations (cont.)

* DoD must routinely fly updated UAS systems
in the Arctic, outside of restricted airspace,
BVLOS, under real-world conditions, from
icy and gravel runways, and under airspace
jamming scenarios like Red Flag in Alaska

* DoD must harden the systems and develop
CONOPS for securing the U.S. Arctic
— Leverage civilian activities
— Test in the Arctic, not in warmer climes

trce [T/ i






How Do You Successfully Operate

in the Arctic?

Plan, test, and practice

Many operators would like to take a
commercial off the shelf systems and

operate them under extreme conditions

—Don’t do it! This will lead to failures
Talk with arctic practitioners
Modify your equipment and SOPs
Plan, test, and practice some more

 Be creative when all of the above fails

trce [T/ i






Aialik Glacier

SMAAAAAAAAAAAAAAAAAAAAAAAA/

Kenai Fjords
National Park

Responder operation
Launch and recovery

from moving 18.5° by
12’ deck
Mapped Aialik glacier
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Questions?

cfcahill@alaska.edu
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Atmospheric Research for Arctic
Regions at the Naval Research
Laboratory

Neil Barton?
Naval Research Laboratory
Marine Meteorology Division

James Doylel, Ronald Ferek?, Dan Eleuterio?

INaval Research Laboratory- Marine Meteorology Division
20Office of Naval Research






usnavaL | \NNRL Marine Meteorology Division

LABORATORY

* Mission
» Conduct a broadly based multidisciplinary program of scientific research and advanced
technological development directed toward environmental information superiority for the
Navy/Marine Corps and DoD
« Support development and upgrades of numerical atmospheric systems and related user products
* Model Development:
* Global
«  NAVGEM (NAVy Global Environmental Model)
* Mesoscale
« COAMPS® (Coupled Ocean/ Atmosphere
Prediction System)
* Operational Partner
«  FNMOC (Fleet Numerical Meteorology and
Oceanography Center).

U.S. Naval Research Laboratory 2





usNavaL | Global Model Development at NRL

LABORATORY

The Navy Earth System Model (NESM)

Global Ocean Forecasting System (GOFS) 3.1

Ocean: Sea Ice:
HYCOM, CICE,
1/12°, 41 layers 1/12°, 5 cat
4
| Mediator/Coupler (ESMF, NUOPC)

Strong collaboration between Marine Meteorology and Oceanography Division

Currently used in seasonal (Sea Ice Outlook) and subseasonal intercomparision (NMME-SubX)
projects

U.S. Naval Research Laboratory 3





usnaval | UNiqueness of NESM: Global High Ocean

RESEARCIH Resolution

layer=01 salinity Nov 23, 2017 00Z [92.9H] GLBb0.08-92.9 Ice Thickness (m): 20171127
38 = 5.
¥ 2017112212 —a
4o | i 0.070ps 4.
8/68 to 37.57 ~
34
33 , sl 4.
32 y i 2 ' l\|
- S ) v 3.5
=" “.:5-.; &:&f CELB SN, 25
? E %‘ ‘?'\' , Ay, 2.
, L." f \
4 15
gﬁ ly 1.
:\{\ 0.5
L a-l?? 0.

N 4l
85W 80w 75W 70W B65W 6OW 55W S0W

« High fidelity forecasts needed for Atmosphere, Ocean, and Sea Ice

U.S. Naval Research Laboratory 4





nepavatl NESM Compared to NAVGEM

LABORATORY

NAVGEM NESM minus NAVGEM
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version 1.4 5 s
* Few Differences 500.0 w
« Lower low-level temperatures in E'”I
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» Better comparison to radiosondes g0, -1.0
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U.S. Naval Research Laboratory 100085—65 10 1.5 20 25 3.0 35 40 45 3
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usnavaL | NNESM participating in Sea Ice Outlook (SIO)

LABORATORY

September Mean Sea Ice Edge Predictions for the 2017 Sea Ice Outlook

May Ensemble June Ensemble July Ensemble

160°W 180 160°E 160°E

(black) observations from NASA; (light color) NESM ensemble; (bold color) NESM mean

« Ensemble range (light color shaded) captures observed ice edge (black contour)
« Ensemble range shrinks, and ensemble mean (bold color contour) becomes more accurate, as lead

time decreases.






ONR’s Departmental Research
Initiative on Prediction of Polar
Cyclones FY18-22

Title: Overcoming the Barrier to Extended Range
Prediction over the Arctic: Understanding and

Predicting the Impact of the Tropopause Polar
Vortex (TPV)






MENT OF Tgyy,
o V1

usnavaL | Notivation R
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Multi-Model Ensemble Predicts New Observations aid in Predicting
Weak TPV Arctic Cyclones
40 EPS forecasts without
35 sir wemoouro s ASRECIal radiosonde obs
30 S—— i —— 28
25 High resol 5 : ‘ / —=
20 ERA-interim

SLP [hPa]
°
3

ascenemome EP'S fOrecasts
CTLeps mems

Intensity error (Kelvin)

] p—_y with specfal
. ore ERAIdps SN |
o 2 4 6 8 10 12 14 16 ora orione radiosondes
Forecast lead time (Days) T T S P, o T—"

Yamazaki et al. 2015 (JGR-atmospheres) Ana ] ys l S

Average forecast error of about 10 K _ _
around 3 days Strength of TPV is low in all forecasts

Intensity forecast diverge around 1 week New radiosonde data lead to an

Best forecast is the high resolution improvement in the forecast






usnavaL | Notivation

LABORATORY

*  NWRP skill in Arctic is lacking compared to other regions
« Inadequate observations
« Lack of understanding of key processes and limited representation in models
« The Tropopause Polar Vortex (TPV) dominates the circulation over the pole
» Long-lived feature-> offers the possibility of extended range predictability
« Barrier to extended range prediction
Downstream Consequences of Miss-Representing TPVs
* TPV controls Polar Lows (small, short-lived intense storms)
* Genesis not well predicted or understood
« Greater than 25% of polar lows can be missed in forecast systems
» Connection with mid-latitudes
» Limits the ability to predict seaice
» Seasonal behavior of TPV may explain annual variability in sea ice cover
« Small number of poorly predicted but energetic summer and fall stores
* Coupled atmosphere/ocean/ice issue
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“EsEﬁXéL Tropopause Polar Vortex (TPV)

LABORATORY
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K

U.S. Naval Research Laboratory

Tropoppause potential temperature (K)
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UgégﬁgéL Poor Model Prediction of Polar Lows @@

LABORATORY
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“ésEﬁXéL Key Science Questions

LABORATORY

TPV Dynamics, Processes, Predictability

What are the key processes that influence TPV development and intensification? How important are
cloud-radiative processes? What allows TPVs to be long lived events?

What processes link TPVs to extreme arctic cyclones and sea ice changes?

How do air-sea-ice interaction processes occurring at the lower boundary respond to the influence
of high-latitude cyclones?

Can new multi-scale models (MPAS, NEPTUNE) be used to bridge the climate/weather domain
inhabited by TPVs and increase predictability of this seasonal driver of smaller scale forcing events?

Arctic Cyclone Dynamics, Processes and Predictability

What is the relationship to the larger-scales and TPVs?

What are the key genesis processes? How does the ice edge influence genesis? What are the
instability mechanisms? Is Wind-Induced Surface Heat Exchange (WISHE) operating? PV
instabilities?

What processes contribute to the intensification, properties, precipitation, and evolution of Arctic
cyclones and their interactions with clouds & boundary layer?

What factors influence the predictability of high-latitude cyclones and what are the most important
parameters and observations required for skillful forecasts of high-latitude cyclones and polar lows?

U.S. Naval Research Laboratory 12





“égEﬁXéL NSF proposal: THINICE

LABORATORY

Troposphere High latitude INhibitors to multi-scale sea ICE Predictability

Pls: Steven Cavallo and David Parsons (both from University of Oklahoma)

Objectives:
« Overcome the barrier to extended range prediction over the Arctic
« New understanding of the key processes governing the development and evolution of Arctic
cyclones, and their influence on coupled air-sea-ice processes.
Multi-Agency Programmatic Components:
« Office of Naval Research Department Research Initiative (FY18-22) (already funded); observing
campaign planned for FY19/20
* NSF Program with observing campaign in FY20 (to be proposed)
* Possible collaborators:
* UK Scientists (U. East Anglia, U. Reading) (to be proposed):
«  NOAA/NASA Global Archer Program (Summer of 2018 or 2019)
* NASAARISE II; NASA-Langley EVS-3; European AC3
*+  MOSAIC (2019/20), YOPP (2018-20), CEASAR/COMBLE (winter 2020)

U.S. Naval Research Laboratory 13





usNavaLl Conclusions

LABORATORY

Navy Earth System Model (NESM)
« Atmosphere and Ocean Centric Model
» Very high resolution ocean and sea ice model, eddy resolving
* Currently used in subseasonal and seasonal prediction intercomparision
» Initially transferred to operational centers in 2018. Full upgrade of system around ~2022
ONR DRI: Overcoming the Barrier to Extended Range Prediction over the Arctic
» Motivated by models inability to predict polar lows and subseasonal prediction in sea ice
»  Will examine relationships between Tropopause Polar Vorticities (TPV) and polar lows
* Funded and started
NSF THINICE Proposal
» Multi-agency collaboration to observe Arctic region with the goal to improve the
understanding of polar storms and sea ice

Neil Barton, NRL-MRY
email: neil.barton@nrimry.navy.mil @

U.S. Naval Research Laboratory EARTH SYSTEM PREDICTION CAPABILITY
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Development and Utilization of
the Navy’s Environmental Models

to Support Polar Operations

David Hebert?, Rick Allard2, Pam Posey2?, E. Joseph Metzger?, Alan Wallcraftaf,
Ole Martin Smedstad®, Julie Crout®, Michael Phelps¢, Li Lid, William Johnstone,
Neil Barton9

aNaval Research Laboratory, Stennis Space Center dNaval Research Laboratory, Washington, DC
bVVencore Service Solutions, Inc., Stennis Space Center ¢Computational Physics, Inc., Fairfax, VA
¢Jacobs Technology Inc., Stennis Space Center Florida State University, Tallahassee, FL

9Naval Research Laboratory, Monterey, CA
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Model Systems

— GOFS

— NESM

Recent Utilizations

— ICEX 2018

— SUBX — McMurdo Resupply

— USCGC MAPLE 2017 Northwest Passage
Model development

— VIIRS

— CryoSAT-2

Future Plans

— Landfast ice, tides

— Regional, High Resoultion Arctic

16-18 May 2018 2018 DoD Arctic Science & Technology Synchronization Workshop 2





usNavaL | Global Ocean Forecast System (GOFS 3.1)

ESEARC
LABORATORY
system with data assimilation https://mww7320.nrlssc.navy.mil/GLBhycomcice1-12/skill.html
* Ice Model: Community Ice Code (CICE) 1 gb0.08-92.9 Ice Concentration (%): 20170925 GLBb0.08-92.9 Ice Thickness (m): 20170925

e Qcean Model: HYbrid Coordinate Ocean
Model (HYCOM)

» Data Assimilation: Navy Coupled Ocean
Data Assimilation (NCODA)

Resolution 1/12° (3.5 km at the pole)

Forced with NAVY Global Environmental Model
(NAVGEM) atmospheric products

GOFS 3.1 produces nowcast/7-day forecasts of
ice concentration, ice thickness, ice drift, SST,
SSS and ocean currents for Full Globe

Products pushed daily to NOAA and the U.S.
National Ice Center (NIC)

. GLBB0.08-929 lce Speed and Drift: 2018021200
w3 7 i)
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ICEX 2018 — Camp SKATE Drift

U. S. NATIONAL ICE CENTER

ICEX18 - REGIONAL
PRODUCED: 24 MAR 2018
165'W WGOI‘W 150°W 75°N

145'W
RADARSAT-2: 0301Z 24 Mar
MoDIs:

2335Z 23 Mar

74N

Radarsat-2 Imagery Copyright © 2018
MacDonald, Dettwiler and Assaociates

U. S. NATIONAL ICE CENTER
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Green arrows are GOFS 48 HR ice drift
Used to help predict future camp drift
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U.S.NAVAL

Seomatorr ICEX 2018 — Camp SKATE Fracture

U.S. NATIONAL ICE CENTER

ICEX-18: REGIONAL ICE STRAIN AND FRACTURING RISK

PRODUCED: 23 MAR 2018

Regional Fracturing Risk Code

03/24 00 UTC 03/25 00 UTC 03/26 00 UTC 03/27 00 UTC 03/28 00 UTC 03/29 00 UTC
03/23 16 AKST 03/24 16 AKST 03/25 16 AKST 03/26 16 AKST 03/27 16 AKST 03/28 16 AKST
T MODERATE MODERATE wooerate | ok

Ice Strain

GOFS |ce Openings Strain Rate - Floe Position i Barrow,
Model Run: 23 Mar 2018 23 Mar Alaska Nautical Miles
: 0 125 250 375 500
Low High Alaska/Canadian - Deadhorse/Prudhoe, LRSS S (N Sl |
lce Strain lce Strain Coast Alaska
. . i ; Analyst Notes
Regional Fracturing Risk Code Guide V, ; , , o
Current imagery is showing numerous leads in the vicinity of
Low risk of new fractures: No sign of ice strain in environmental SKATE. Winds are strong breeze to near gale out of the east as
Low conditions AND model data. this will continue to cause more fracturing in the region. From the
03/25 at 00 UTC through 03/28 at 00 UTC things should settle into
Moderate risk of new fractures: Environmental conditions indicate 8 cons!slent ”'3““"‘. of iedsterly w_inds g dult The_ Sirain ol
MODERATE ice strain developing OR mode| data suggests elevated ice strain, g€l s only showing moderate risk through the region due the
many leads and cracks in the region that already exist and will re-

High risk of new fractures: Environmental conditions AND model ROSEWIR s oo STUIONmED:

data indicate high ice strain.

Fracturing imminent or underway: Environmental conditions AND
model data indicate fracturing OR fracturing has been observed.

16-18 May 2018 2018 DoD Arctic Science & Technology Synchronization Workshop
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https://kcaw-org.s3.amazonaws.com/wp-content/uploads/2017/07/NWPassage Edit.jpg
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“ésEﬁXéL Navy Earth System Model (NESM)
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HYCOM

HYbrid
Coordinate
Ocean Model

CICE \ f WW3
Community Ice

CodE Mediator/Coupler
(ESMF, NUOPC)

Wave Watch Il

™~

16-18 May 2018 2018 DoD Arctic Science & Technology Synchronization Workshop 7





Researcil  NMME-SubX

LABORATORY

Leveraging NMME-SubX Forecasts
NESM real time forecasts were leveraged to provide the NIC with 45-
day forecasts of sea ice concentration, thickness and drift for long-range
planning guidance for 2018 Operation Deep Freeze (McMurdo resupply
mission) and ICEX (Beaufort Sea) field campaign support.

15 Jan 2018 NRL NESM 15-day sea ice fraction forecast (color shading)
compared to 15 Jan 2018 NIC Outlook (green line) for the Ross Sea, Antarctica

16-18 May 2018 2018 DoD Arctic Science & Technology Synchronization Workshop 9





Model Development
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RESEARCEE  Ice Concnetration - VIIRS

VIIRS (Visible Infrared Imaging Radiometer

(S;gtg)scurrently not assimilated into operational VIRS | Ice Goncentration (%) | 20160101

Pros

* High Resolution (375-750 meter)

e Available near real time

 No issues with low concentration in summer
Cons

« Data only when visible light available (i.e.,
not in winter months)

e Cannot see through clouds

Can we utilize this satellite data in our model?

0 10 20 30 40 50 60 70 80 90 100

16-18 May 2018 2018 DoD Arctic Science & Technology Synchronization Workshop 11





U.S.NAVAL

Researcill [ce Edge Analysis - VIIRS

Pre-operational GOFS 3.1 Total improvement
GOFS 3.1 SSMI/AMSR2/ over pre-
SSMI/AMSR2 VIIRS operational
GOFS 3.1

Barents
Okhotsk Laptev | KaraSea

Greenland 30.9 21.2 31%
Barents 24.3 22.4 8% - Greenland/
0 Berlng/_ Norwegian
Chukchi/
Laptev 27.6 23.2 16%
Sea of Okhotsk 19.8 18.3 8% E
Canadian
Bering/Beaufort 23.7 21.6 9% Archipelago
Can Arch 31.2 24.6 21%
Average improvement over 1 year test Nov 2016-Oct 2017
GOFS 3.1 16%

Pre-operational GOFS 3.1 Total impr¢@ m

GOFS 3.1 SSMI/AMSR2/ over pre

SSMI/AMSR2 VIIRS operational Adding VIIRS
S improved Ice Edge

e = = o by 16% in Arctic,
Sha;:Zton ji; 2:: zi ' 10% in Antarctic
Amundsen 37.2 33.8 9% .

Bellingshausen —_ _— 0% Similar results when on

Weddell 46.2 e 199 tested with ACNFS

Average improvement over
GOFS 3.1 10%
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LABORATORY

a) ACNFS b) CSZ NASA c) CSZ CPOM

70 DN

—2013F
—2014B
—2014C

120

EREEL 2013F | Ice Thickness

——CRREL

—— ACNFS

——NASA
CPOM

[e)]

05 1 15 =2 25 3 35 4 45 5
Ice Thickness (m)

Ice Thickness (m)
'S
5<

>0 M

pri4  Juli4  Octl4 Jan15 Apri5  Julls

* Model Ice Thickness re-initialized with March Monthly CRREL 20148 | Ico Thickness

—— CRREL

Ice Thickness from CryoSat-2. E 8—ars
« Thickness available by NASA and CPOM g
I_E 2 e ~ | 1
 Comparison to CRREL IMBB show improvement N = Tt \
lasts for almost full season, regardless of CryoSat-2 CHRELZ014G) | foeiThicknssa
Source B —zavs
24 CPOM
o Used to initialize spin-up of next update to GOFS 3.5 ﬁ?

o

Apri4 114
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‘ U.S.NAVAL \
ESEARC

Moo Future plans

2015-09-30
Ice Concentration Ice Thickness
High Regional Modeling i%
« 2 km regional model usedto = ¢ * ¥
support USCGC Healyand = ) &%
ONR Sea State DRI 2015 o o %

+ Working to test sub-km, fully = i} ¥
coupled regional arctic DR

i
"\':i%.m?’ /J/‘—Cﬂ:&, ) 4 fﬁ—(l
o Ad 0 : o fd 0

Landfast Ice, Tides
 New implementation of CICE code will have
landfast ice parameterization.
 New version of GOFS 3.5 includes tides
(1.75 km resolution at the pole)

16-18 May 2018 2018 DoD Arctic Science & Technology Synchronization Workshop 14





‘ U.S.NAVAL \
ESEARC

Meomone oUuMmmary

GOFS 3.1 provides modeled polar condition forecasts to NIC daily.

» Utilized for ICEX March 2018, USCGC Maple Northwest Passage August
2018.

Navy Earth System Model (NESM) fully coupled global model in initial testing
stages

* Provides sub-seasonal (45 day) forecasts of polar conditions.
* Used for long range planning to McMurdo Resupply

Model development by adding new arctic data sources for assimilation
» Adding VIIRS ice concentration improved modeled Ice Edge by 16%-20%

* Re-initializing with CryoSat-2 ice thickness improved modeled ice thickness
throughout the summer season.

* High resolution ice models being tested now.
* |nvestigate adding landfast ice.
* Next Generation GOFS 3.5 will have tides

16-18 May 2018 2018 DoD Arctic Science & Technology Synchronization Workshop 15
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Presentation Agenda

« RDC Organization

 CG Arctic Strategy

o Partnerships/Research Team

o Arctic RDC Initiatives (2008-2018)
e Future Collaboration/Partnerships
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USCG RDC Organization

Program Manager o Commanding Officer
Wendy Chaves(CG-926 CAPT Greg Rothrock (RDC)
- X Command Attorney
Executive Director .
Syed Hussein
Bert Macesker
Partnership Director
Dr. Joe DiRenzo k

Technical Division Support Division Contracting Division
Timothy Girton Susan Stevens Diane Christensen (CG-9121-3)

Aviation Branch

o LCDR Aaron Dahlen (Acting)

| C4ISR Branch
Al Arsenault L

Environment & Waterways Branch

James Fletcher Joint Maritime Test Facility (JMTF)

Surface Branch

| Brian Dolph

Systems & Unmanned Tech. Branch
Tim Hughes

Robotic and Autonomous System Test Annex (RASTA)

M&S Center-of-Expertise

CDR Erich Stein






USCG Arctic Strategy — MAY 2014

e Improving Awareness
 Modernizing Governance

e Broadening Partnerships
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" Research & Development Center






RDC Arctic Initiatives 2008-2012

| Acquisition Directorate

" Research & Development Center

FY08 Arctic Operations
Summary Report

DISTRIBUTION LIMITED:
INTERNAL 11,5, COAST GUARD ONLY.|
a5 directed by the USCG

Arctic Operations
Summary Report
(4170) complete

Research and

Arctic Strategic
Investment Team

Workshops

Response to Oil-in-
Ice (4701) project
commissioned

Anti-Icing
- \ Acquisition Directorate Investi ation
Acquisition Directorate e E S Mievelupment Center g
Research & Development Center (6 507)
o commissioned
f;"(];lﬁ;‘:llli"“ {orEepaie 3;;(:::1 Craft Investigation
=== Response to Oil-in- | Arctic Craft
.| lce Gap Analysis market research
T complete complete
2012

(6204) commissioned

Arctic Craft Investigation

15t Great Lakes
Oil Recovery
Exercise

Hunt for Bear

o Dir Y

fewy Acquisition Directorate

& Research & Development Center





RDC Arctic Initiatives 2012-2013

2nd Great Lakes Qil-in-
Ice Tech Demo from
CGC HOLLYHOCK

Arctic Shield 2012 Oil- Arctic Craft Tech Demo
in-lce Tech Demo from in Barrow, AK
CGC SYCAMORE

4 Acquisition Directorate
7 Research & Development Center






RDC Arctic Initiatives 2013-2014

h' - — % g
3 and final Great o Arctic Shield 2013
e Oil-in-Ice Joint Tech
Demos from CGC . Demos from CGC
HOLLYHOCK S SR S HEALY 2014

Alternative Asset
2 S Iceberg
- @-i’;‘iﬁﬂ‘l&fﬁ : Reconnaissa_nce
W S Demonstration
I = — (6502)
(R =
N

B Lateral Range Curve Icing Management fi H -
Visual Search-W=2.1 nm Coast Guard Assets: & Evaluate NaV|gat|0n,
3 1.0+ Technology Capabilities Road Map T - -
S | = gsg; ~ - TS Communications, and
- bR 2 N et - - - .
Search Objects E \ —d ANti-Icing Study Detection Equipment
on Ice Testing o/ =i | | (6507) complete for Ice Rescue Teams
-20 15 -10 05 00 05 10 15 20 I

(1204)

LeftSide LateralRange Right Side
(nm)
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Arctic Shield ‘14: Tech Demos

Next Generation
Nav Safety Info

(6211)
/""‘/

Communications
Testing (6208)

=my Acquisition Directorate
W Research & Development Center






Arctic Shield ‘14: Tech Demos

Comms Testing (6208)

* Validate Comms Models
e VHF, UHF, HF, and DoD’s MUQOS
Satellite Coverage Evaluation

Next Generation Arctic

Navigation Safety Info (6211)
e Transmit AIS, Nav, & Wx Data

Arctic Craft (6204)
» Assess Cutter Boat Modifications

=3 Acquisition Directorate
Research & Development Center






Arctic Shield ‘14: Tech Demos

Oil/lce Interaction (4701)

 Collect Surface and Water Column Oil
Movement Data with Respect to Ice

 Demonstrate 48 Hour Simulated Ol
Spill Monitoring Capability

* Provide On-Scene Weather

PUMA (7804)

e Demonstrate deck landings

* Demonstrate 48 Hour Simulated Oil
Spill Tracking Capability

gwy Acquisition Directorate
R 7 Research & Development Center





Arctic Shield ‘14: Tech Demos

UAS - Scan Eagle (7804)

 Shore Launch to Shipboard Operator
Control

AUVs - REMUS/GAVIA (7808)

* View Oil From Beneath Ice Assessment

ROV (9994)

« Comparative ROV Testing (diver
replacement tools)

USV - Wave Glider (7808)

 Persistent Surveillance Tool Assessment

gy Acquisition Directorate
R 7 Research & Development Center





RDC Arctic Initiatives 2015-2018

ATE 2017
AV Puma AE being
launched from CGC
Healy.

ATE 2015
ScanEagle launched
and recovered at the
DOE’s ARM Mobile

Facility in Oliktok
Point.

ATE 2016
Used Tropo Scatter
and Inflatable ATE 2018
UAS and AUV

Internet antenna )
— Demonstration

\ Acquisition Directorate

11
Research & Development Center






Arctic Technology Evaluation 2015

SAR Exercise (SAREX)

2015 Arcti /Demol B
Multiple UAS Opevals 2015 Arctic Tec;1r1§;ch3I Demaonstration
ity ; U };

Underway UAS Net Captures
Arctic COMMS evaluations
NOAA Buoy deployments

NOAA & SPAWAR
Unmanned Surface Vehicles

Ice tracking (ADAC)
Oil Sniffers (ADAC)
Boat shore transfer evaluation

Anti Icing systems testing
(NASA/NOAA)

¥ Acquisition Directorate

12
,,,L-., Research & Development Center






SAREX — UAS Pitch-N-Catch 2015

—7=

REA —W-220A[L.ow Not Pictured: Juneau, AK:

c .
*D17 Command Center (SAR Coordinator)

c
- I
L]
i Se e
e en
i
-
: .

RESTRICTED

R-2204 *.
HIGH & Low ™. |
v T,

drill MIDWAY
rig ISLANDS

CG MH-60 and Era 139 worked
together for recovery operations.
USCG photo.

T
=
%,

PUT RWER
376 Vg =+ | eCK

- UAS Ground Ops Oliktok Pt, A

eInsitu Ground Control
* eSandia Labs
, -North Slope Borough (Observer)

ScanEagle was launched i ——
and recovered at the Deadhorse Airport:

DOE’s ARM Mobile *FOL Deadhorse: MH-60  4ll¢

g - - - [ = & l‘_ -- G e, o .
Facility in Oliktok Point. 3 L oE Qu O SC)(PASKE ([, q " «Era Helicopter: Era 139 :-{,I_B
USCG phOtO S b = — T E" L =" % .‘:: 4 K= 3 B RS s T, R o SRR e | u;th‘UI

13






Arctic Chinook Communications

Remote Response Sight
communications.

Local
Data/Pictures/Video
Transmitted to Alternate
Comms Hub and
Response Command
Centers.

Troposcatter Over
Mountain Ranges.

i

Decision to Aban

Inflatable Internet Scenario: Adventure class cruise ship incident
. . in north west Alaska degrades to catastrophic
Con nec‘“on N Nome event. The U.S. Coast Guard and its partners
execute a mass rescue operation (MRO) to
transport passengers to a nearby Safe Haven.
i Objective: Evaluate the use of the Next
Data Feed to Natlonal Generation Incident Command System (NICS),
1 a newly developed incident management tool, to
InCIdent Command help coordinate an incident taking place in a
H remote region. Test various communications
SyStem In AnChorage technologies to connect NICS end user devices

and to enhance Coast Guard Operations in the
and ‘]uneau ' remote regions.

Arctic Chinook SAR FTX

RDC Arctic Technology Evaluation 2016

Satellite Internet
MANET Radio
Troposcatter

PTP LOS Radio

Acquisition Directorate
Research & Development Center
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Evacuation Area


(Tin City)





Arctic Chinook SAR FTX
RDC Arctic Technology Evaluation 2016


RDC COMMs Team


(Nome)


Satellite  Internet


MANET Radio


Troposcatter


PTP LOS Radio


Repeater Site


(Port Clarence)





OV-1 


8Aug17








Safe Haven


(Kotzebue)


























State EOC
(Anchorage)


   Internet


Decision to Abandon Ship





Scenario: Adventure class cruise ship incident in north west Alaska degrades to catastrophic event. The U.S. Coast Guard and its partners execute a mass rescue operation (MRO) to transport passengers to a nearby Safe Haven.





Objective: Evaluate the use of the Next Generation Incident Command System  (NICS), a newly developed incident management tool, to help coordinate an incident taking place in a remote region. Test  various communications technologies to connect NICS end user devices and to enhance Coast Guard Operations in the remote regions. 











CG RCC
(Juneau)



































Repeater Site


(Grand Singatook)
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Communications Support 2016

 Preliminary Testing with D17
Communications Team and
Communications Station Kodiak

» Collected Underway HF Data to
Assess Model Accuracy

 Assess Distributed Tactical
Communications System (DTCYS)
distributed nets (“netted iridium”)

o Utilized MPU5 MANET
o Used Tropo Scatter

e |nflatable Internet Antenna

&=y Acquisition Directorate

- s 15
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Arctic Technology Evaluation 2017

Support F/V Destination

Sinking Marine P

; ; g . L e Instant Eye
|nveSt|gat|0n N hand launch-—  Replacement parts by

g 3D Printer

. . . A o b v\v‘ﬂ "
CG Diver Reintroduction @ LY o e >
on HEALY Since 2009 and ° & oy A Ly
Memorial. _ .y

Diver's  —/ |

. . M i 3 |

Electric Beach boat trials. = J— . e e e

.. USNDivers

Micro UUV trials.

NOAA Slocum Glider
launches.

NOAA buoy deployments
and recoveries.

mnsfer‘ﬁmﬁ :
- __' s

Passive Millimeter Wave
Camera trial.

Seabotix Remote : 2 |
Operated Vehicle Northrup B ranTan
Passive Millimeter

//; Wéve Camera
f.‘ i

Self Propelled In Ice oil o
skimmer trials.

=3 Acquisition Directorate
' 7 Research & Development Center
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CG Divers Embarked on HEALY

Dive chamber manned by U.S.
Navy divers on site to support Coast
Guard dive operations.

ROV launch with the shipboard
deployment of divers. The ROV
operator located out of the weather
was an extra set of eyes to assist
diver safety.

ge=my Acquisition Directorate !
Research & Development Center






Arctic Technology Evaluation 2018

Project Objectives:

= Based on previous vears” demonstrations and evaluations, continue to
support projects that will develop capability improvements in the execution
of Coast Guard missions in the Arctic.

= Continue to nurture joint efforts and interagency cooperation between
government sectors and civilian entities on the North Slope and abroad.

= Facilitate and provide support to other Arctic projects, including
Department of Homeland Security (DHS) Science & Technology (S5&T)
Office of University Programs (OUP), in accomplishing their testing
objectives.

= Continue to monitor technology progression.

Kev Milestone / Deliverable Schedule: Sponsor: CG-3FW

Project Start. ... 30 Nov 17 v | |Stakeholder(s): D17, PAC-5, LANT,
Identify Available Assets for Testing.................cccoceeeee.. 7 Mar 18 ¥ | | Project #: | Expected Benefit:
Test Plan Finalized. ... Tun 18 62101 | Influence Mission Support efficiencies
Conduct Technology Evaloations. ... Aung 18 Notes
. . otes:
| Arctic Technology After Action Report 2018.................... Dec18 T Project will leverage other organizations with Arctic interests/efforts
Project End. . Dec 18 to the maximum extent possible.

+ Follow on to 6210 - 2012/2013/2014/2015/2016 and 2017 efforts.
 Supports the Coast Guard Arctic Strategy.

= Parmer with CG-DCO-X for engagement with Arctic Evergreen project.
= Collaborate with DHS 5&T OUP for principle investigator engagement.

RDC POC: CG-926 Domain Lead:
LT Rvan Huebhner Ms. Karin Messenger

For more information, call (860) 271-2600 or
e-mail RDC-Tnfo@uscg. mil

% Acquisition Directorate
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Arctic Collaboration/Partnerships

Marine
Exchange
of Alaska

/

)
lg\“\\\t\g

NojLvy

LOCKHEED
MARTIN

UNIVERSITY OF Bin=iClNsiziNs
RECOVERY
INSTITUTE

MARITIME LLC
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Future Collaboration/Partnerships

Arctic Strategy Implementation

» Work with various Coast Guard program offices to perform R&D elements of
respective tasks

Arctic Communications
Partnerships/Collaboration
Arctic Navigation

Unmanned Maritime Vehicles for CG Missions
Assessment

» Continue to assess unmanned systems for their utility to enhance Coast Guard
missions in the Arctic

=3 Acquisition Directorate
Research & Development Center






CGC HEALY: A Great Crew and Platform

e Multiple Technology
Evaluations
Simultaneously

« Highly Skilled Crew

e Superior Onboard
Science Network
System

 Extensive Laboratory
Spaces

=3 Acquisition Directorate

3 21
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Thank You!

Mr. Brian L. Dolph

U.S. Coast Guard R&D Center
New London, CT

Tel: (860) 271-2817

Internet: http://www.uscg.mil/acquisition/rdc/rdc.asp
Intranet: https://cgportal2.uscg.mil/units/cg9/2/6/rdc/Pages/Home.aspx

Acquisition Directorate
W Research & Development Center
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U.S. Coast Guard Heavy Polar
lcebreaker Requirements

CDR Kenneth J. Boda DoD Arctic S&T Workshop
U.S. Coast Guard CRREL
Hanover, NH

Icebreaker and Buoy Tender
Policy and Capabilities 17 May 2018





Overview

 USCG Polar Operations

 New Heavy Polar Icebreaker (HPIB)
Acquisition

 Requirements Development
 USCG Maritime Missions
» Key Performance Parameters

* Interagency Support
Requirements






U.S. Coast Guard Polar Icebreakers






POLAR STAR Crew






Operation DEEP FREEZE
McMurdo Break In, January 2014






Operation DEEP FREEZE
McMurdo-Station; February 2014






Arctic Science Operations

SIMRAD

SUN RALMANRC |!

’ The sun never sets.

Day:
| Sat, Sep 5, 2015

& [Position:
N 9000
| £ ir09






Arctic Science Operations






Operational Requirements for a New
Heavy Icebreaker






Coast Guard Acquisition Process

* During the “Need Phase”, stakeholders are
consulted and Operational Requirements
are developed.

* During the “Analyze/Select Phase”,
affordability concerns are considered and
tradeotts are made on Operational
Requirements.

ADE-0 ADE-1 ADE-2A/B ADE-2C ADE-3 ADE-4
Approve Validate Approve Approve Approve Approve Program
Program Need Program/Segment LRIP FRP Transition

PROIGDRAM NEED ANALYZE/SELECT OBTAIN e e

& SUPPORT






Mission Needs

« Seeking a multi-
mission capable,
heavy icebreaking
vessel

* Need to replace
current capabilities

« Fit within/work
with standard
Coast Guard
systems






Polar Icebreaker Missions

The Coast Guard mission 1s to ensure the safety,
security and stewardship of the Nation's waters.

Living Marine Resources & Other
Law Enforcement (i.e. EEZ
Enforcement)

Marine Safety Ice Operations





Concept of Operations

Year round
access to Arctic

Seasonal access
to Antarctic

Ability to operate on scene with endurance
to conduct a “campaign response” operation.

Provide Command and Control to a variety
of assets (aircraft, boats and ships)





Requirements Development Process

: ; Maritime
Dec)%agﬁint Na?gﬁralld:gloefce Administration
(MARAD)
Corps OPNAV Staff (TRANSCOM)
US Arctic US Northern National Oceanic and
Atmospheric
Research Command YA
' J  Commission (NORTHCOM) Administration
~ Z E (NOAA)
/@95  Department US Coast Guard
. @ | of Homeland — Operational &
U\ Staff Elements Commander,
k Operational Test and
Evaluation Force
COMOPTEVFOR
Naval Sea Systems Command ( )






Constraints

 Worldwide

deployable

* Climatic

Envelope

 Panama Canal

compliant





What Remained the Same?

*Need for long range, high
endurance, independent
operation, heavy icebreaking
capability

* Need for flexibility in
personnel support
spaces/systems

* Interoperability to support
Interagency and Interservice
mission execution






What’s Changed?

* Improve reliability, maintainability, supportability,
availlability, & redundancy

* Meet modern environmental standards

* Enhance C5/ISR for Domain Awareness

* Modern habitability & Human Systems Integration
» Aviation & boat launch/recovery upgrades

* Space, weight and power for specialized capabilities






Key Performance Parameters

* Icebreaking

* 3 knots through 6 feet (threshold) / 8
feet (objective) ice

* Break through ridged ice of 21 feet

 Endurance

* Interoperability

* No replenishment for

80 days (threshold) /
90 days (objective)

 Exchange voice &

data with DHS/USCG,
DOD, stakeholders






Basic Vessel Constraints

* Length overall less than 460 feet.
* Crew size estimated at 136 people.
* Detachment size 35 threshold/ 50 objective.

* Three propulsors,
at least two
azimuthing —
adds tremendous
maneuverability






Science & Survey Requirements

. Hydrographic CTD casts.

* Multibeam sonar to support hydrographic
survey capability in accordance with
International Hydrographic Organization
standards.

 Continuous measurements and data
recording of oceanic properties.





Multi-mission Requirements

» Reconfigurable interior work spaces (AGOR
design)

* Space for 4 threshold/ 6 objective UNOLS
standard science ,

containers. \ |
« UNOLS standard A
2’ square deck |
sockets for =

portable
equipment on
working decks.





Acquisition Timeline

FY 2016 P 2017 FY 2018 FY 2019 FY 200 FY 201 Y202 208 FY 204 FY 2005 FY 2026 FY 207 FY 208
Qimioiosfa@icilaiciefjoeicieljaieidiejaieisieaieoielaieoielaieioielaieioielaieieielaieieislaieidiu
Ir;dustry Studies
(Full and Open, Multiple Awards)
§ |8
E 8 g Industry Studies o :
7 e i | Dejreg Desed | Dedred |
L Technical an'd ! Delivery Deliery ; Delfeery !
o |£|3 Trade-off Studies) ' Dite Date Dite |
3 0 "
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| RFp Releise

i Lead Ship
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Any Questions?






