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SANDIA’S ARCTIC ROLE

Accelerate clean energy transitions Advance security and science

« Renewable technologies for critical infrastructure in * Oliktok observationaland experimental
remote and harsh environments research center

* Emphasis in sustainability, capacity building and EEEJ * Climate measurements, modeling, and impact
aspects as part oftechnology research and pilots analysis

* Representative projects * Greenhouse gas monitoring

0 O O O O

PVresearch for Arctic applications sorement&a,,
Cordova Energy Storage and RADIANCE

St Mary's / Mountain Village Grid Bridging System
Port of Alaska / JBER

4 communities under ETIPP

* Domain awareness and resilient military
systems
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https://energy.sandia.gov/programs/energy-storage/demonstrations-and-validation/
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REPRESENTATIVE PROJECTS

Port of Alaska MOU

= Evaluate potential for renewable energy in Upper Cook Inlet

Port of Alaska Energy Resilience Planning (OE)

Clean Energy Demonstration — Hilcorp (FECM, WETO connection)
Arctic Road Rally

= Decarbonizing transportation (VIO)

North Slope Clean Energy Evaluation and Demonstration

= QOliktok bifacial PV/Aeromine
Boost (OTT)

= JLab Tech commercialization for community energy challenges



FACILITIES/

CAPABILITIES
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SANDIA-MANAGED DOE/ARM NORTH SLOPE OF ALASKA (NSA) FACILITIES

ARM-NSA and Adjacent Arctic Ocean Research Facilities:

Utqgiagvik/Barrow: Measures ocean-land-atmosphere interface
conditions

Atgasuk: (Inactive) Measured land—atmosphere interface for
comparison with Barrow measurements for differences between
land and shore conditions (inland)

Oliktok and ARM Mobile Facility 3: Measured ocean—land—
atmosphere interface; use of controlled airspaces for aerial
atmospheric measurements

1997—Present 1999-2010 2013-2021 e

Atgasuk
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. ARM
NORTH SLOPE ALASKA: UTQIAGVIK e v

Capabilities: User Facilities et Riiacauity tacer -

TLE&"N

* Site Instrumentation
* Over 50 instruments are supported at the NSAsite
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* Measurements include

&

* Cloud Condensation Nuclei
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* Radar and lidar capabilities
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* Sootphotometers

* Eddy covariance flux tower

* Meteorological parameters

* Snow and precipitation measurements

* Radiosonde soundings

¢ Skyimaging

* Near-shore sea ice scans with ARM XSAPR

* Guest Instrumentation
* ARM and Sandia support the deployment of guest instrumentation as part of
stand-alone field deployments

* larger ARM directed campaigns also occur

ARM hosts data from any field campaign at the site for users

https://www.arm.gov/capabilities/observatories/nsa
https://www.arm.gov/publications/fact-sheets/docs/doe-sc-arm-14-004.pdf
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https://www.arm.gov/capabilities/observatories/nsa
https://www.arm.gov/publications/fact-sheets/docs/doe-sc-arm-14-004.pdf

CUI//PROPIN

Airspace
toward
North
Pole
(W220)

ARCTIC ENERGY OFFICE - OLIKTOK POINT/AIRSPACE

* Controlled airspace
46 x 775 miles north (W220)T
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OLIKTOK POINT HISTORY — ARM TO SANDIA

2013-2021

e ARM Mobile Facility
(AMF3)

e Over 50 instruments
onsite

e 13 shelters and sprung

¢ Tethered (TBS) and free
release balloons

e Controlled airspace

N /

20212023
e ARM removed the site

¢ |nternal LDRD and ALD
investments

e Distributed acoustic sensing
(DAS)

e Guest national security Pls
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2024-Future

e New Shelter install —
awaiting NEPA approval

e |dentifying support
instruments for future use

e Arctic Renewable Energy
Test Bed

e Continued partnerships with
DOD, OGA, Nat. Security and
science partners

e Small scale demonstration
site

/
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Sayediet al. (2020), Subsea permafrost carbon
A R‘ I I ‘ |V| E I H A N E stocks and climate change sensitivity
estimated by expert assessment,

Environmental Research Letters.

Submarine permafrost

Humans have released about 500 billion tons of carbon
into the atmosphere since the Industrial Revolution.
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How much
carbon is
stored?

How much
carbon is
emitted?

[l LM permafrost extent on continental shelves

Terrestrialpermafrost [ Current subsea permatrost extent
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22 -550T
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dE MY 11 -367 Tg
CO,e/yr
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Pramatus
| ]
At Nataliet al. 2021), Permafrost carbon feedbacks 0 .

|

" "
P threaten global climate goals, PNAS. 2000 2100 2200 2300

Time
organic matter Simulated methone emissions from thawing permafrost.
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MONITORING METHANE EMISSIONS IN THE ARCTIC IS A CHALLENGE

* Difficult to obtain accurate measurements in
remote areas

* Methane sources are widely distributed
spatially

* Carbon decomposition effects, vegetation
and hydrology combine to create a complex

system
Methane

* Highly variable measurement conditions, | " ?bservatiOHS
temperatures, polar night, marine vs ice vs ' rom Space

tundra
Jacob et al., 2022

Sandia has been actively performing
research to improve methane monitoring,
with special focus in the Arctic.

CUI//PROPIN Credits: NASA/JPL-Caltech 13
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CURRENT WORK IN METHANE MONITORING

Natural emissions

* Quantifying marine and terrestrial permafrost emissions

= DAS and temperature sensing

* Understanding the role ofbiology on permafrost
degradation and subsequent GHG release to increase
biological fidelity of climate models

* Developing next generation scaling and forecasting [ [ P ——
capability for land-atmosphere fluxes

Bewrtl
[Dﬁdﬂlﬁ:"ﬂ

Integrated Methane Monitoring System
* Anthropogenic focus

“Rosetta Stone” concept

* Active sensors to fillmonitoring gaps

42-km long sensor comprising over 20,000
seafloor measurement points

CUI//PROPIN
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TIERED METHANE MONITORING SYSTEM DESIGN

Fully tiered network & inverse modeling
from tiered measurements to determine

(a) leak rates and locations Tier 2 Sensor

CUI//PROPIN 15
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BASIN -> ARCTIC FRAMEWORK COMPARISON

from tiered measurements to determine AnSOl
peibmedallp ik Tier 2 Sensor

CUI//PROPIN 16
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GEOLOGIC HYDROGEN IN ALASKA

We are i discussions with research partners in Alaska about the potentialto use geologic
hydrogen to accelerate decarbonization.

Practicalissues like leasing, permitting, standards are not developed.

Many technicalissues need to be addressed and better understood to develop H, resources

Leveraging established capabilities at Sandia including:
= Subsurface storage, detection,downhole monitoring
= Grid integration
= Hydrogen Fuel Cells
= Materials issues

= Systems perspectives and analysis

CUI//PROPIN 17
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ACTIVE SENSORS WOULD FILL IMPORTANT SENSING & CALIBRATION GAPS

A “Rosetta Stone™:

) ) Ground-based LiDAR system for sensor calibration
Space-based LiDAR for Arctic methane measurements

. ",
N- - '
Passive sensing using ‘ .
f solar reflectance -,
lh/ spectroscopy requires , x ]
0. sunlight and often A
erosol
: | i doesnt work over water Particles
' Receiver
Field of
Solar backscatter (SWIR) r"l{lE-\E"“
LiDAR deployed on a % 5|
satellite m a highly 4 I
inclined, highly elliptical gl

orbit could provide
year-round methane

measurements g
v

Lidar (SWIR)

UNM’ LiDAR system
CUI//PROPIN 19
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VISION FOR INTEGRATED METHANE MONITORING SYSTEM
(\d

strapes for ‘Satellite
Validation Retrievals
p
Free
Troposphere
= 1.5 km % \
\ L. Meteorological Tower
-
- with IMethane Flux
P " i Instrumented LAYV Sensing
~ Research Lab
- 1|
Boundary Tethered Balloon TRRRRTT
Layer Observations : :
~1.5km v
sealoe

Instrurmented
Vertical Underwater Glider
Profile DTS

Methane Monitoring Submarine

Hydrophone Permafrost Release
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SANDIA’S ARCTIC STRATEGY

Arctic expertise for

Advance science and security T g broad climate &
 Climate measurements, modeling, and impact analysis national security
« Greenhouse gas monitoring applications

* Domain awareness and resilient military systems

Accelerate clean energy transitions

* Renewables for harsh environments and polar applications

* Justice40 technology demonstrations and deployments
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https://energy.sandia.gov/programs/energy-storage/demonstrations-and-validation/
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ADVANCE ARCTIC SCIENCE & SECURITY

* 26 Years of climate measurement on Arctic Coast

* Greenhouse gas and thawing permafrost assessments
* Computer modeling ofice sheets and coastal erosion
* Distributed acoustic sensing in Arctic Ocean

* Energy transitions for Alaska native villages

* Search and rescue drills with the US Coast Guard

* Down South — Airborne SAR to detect crevasses in landing area in Antarctica




METHANE EMISSIONS

Global Methane Budget

* 60% anthropogenic sources:
largest emitters energy sector
and waste management

* 40% natural sources: fresh
waters, geologic seepage, wild
animals, termites, wildfires,
permafrost and vegetation

* Regional Variation:
Anthropogenic and natural
variation complicates the
assessment

Top Down #Bottom Up
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GLOBAL METHANE BUDGET 2008-2017

TOTAL EMISSIONS TOTAL SINKS
Bottom-up Top-down 737 576 625 556
view (BU) view (TD) (594-880) (550-394) [500-798) (501-574)
' )
128 111 206 217 30 30 149 181 222 595 518 30 38

(26-40) (22-36) (102-182) (159-200) (143- aum(:n 505 (489-749) (474-532)  (11-48) (27-45)

Sinik from
chemical reactions

T s in the atmaspherne
i )
-

1 e,
\ = = ! \r?’ [
|I'| y —— - ...' X .l i BAY .‘ e
S HH S ') j?’ R e -, -
Other natuwral k Sink in soils

burming amissions
GLO IALI:.* REON
‘P‘ll'.'-lll:'|

(113-154) (81-131) (191-223) (207-240)

i : Biomass and biofuel
n-dFD:'HI rueld Agriculture and waste 3
production and use
Inland waters, geological,
oceans, tenmiltes, wild andmals,

AND SINKS permafrost, vegetation

Source: Global Carbon Project
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https://www.globalcarbonproject.org/methanebudget/20/files/MethaneInfographic2020.png
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PERMAFROST THAW IS A MAJOR CLIMATE RISK

mc“[: PEMFHDST HORTH SLOPE, DMITRI LAPTEV STRAIT,

2 : ; ) . ALASKA, USA NORTHEAST SIBERIA
One-fifth of frozen soils at high latitudes ara thawing Abrupt thawing is Parmafrost containing thick
rapidly and becoming unstable, leading 1o landslides triggering landslides and layers of ground e collapses
and floods that release carbon into the atmosphere, eroding mountains suddenly when the ice rmets.

CHINA
HUDSON BAY v .
LOWLANDS, CANADA r
Thawing peatfands could

release a lot of carbon,
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Rapid thawing Gradual thawing NORTHERN SWEDEN
W =139 (B W =139 (a%) _ Grnfmng thaw lakes

SWEDEN are Major Sources

B 133-105(10%) N 139-105 (3%) i
B 10470 (B0 B 104-70 (26%) *‘{;-'L;"t[‘:;_f-
W 59-36 (19%) 69-36 (39%)

35-0 (3%) 35-0 (28%)

Turetsky et al., 2019 CUI//PROPIN 25



CURRENT METHANE DETECTION TECHNOLOGY FALLS SHORT

Global coverage, constant campaigns

LSS Spaceborne Aerial

Regional coverage, targeted campaigns

. Large Small
Tier 2 Footprint Footprint
Aerial Aerial

Local coverage,
exploratory campaigns, specific tasking
Small
Tier 3 Footprint
Aerial

Portable,

Deployable

U.S. National Academies of Sciences, Engineering, and Medicine, 2018
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Top-Down

Continental to

global
(100-1000 k')

Regional
(10-1000 k')

Spatial Scale

Facility to Site
(£1-10 km?)

Individual

source
{<1-10 m?}

’Bmtun'l -Up

Second Day Year
Temporal Scale
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