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OUTLINE

• Sandia 's Arctic Roles

• Represen ta tive  Projects 

• Arctic Facilitie s and  Capabilitie s
o North  Slope  
o Oliktok
o Atqasuk
o Fie ld  Cam paigns

• Arctic Energy Office

• Methane  Monitoring
• Em erging Research  Topic 

o Geologic Hydrogen  For Ene rgy in  Alaska
o A System s Pe rspective  on  H2

• Questions
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SANDIA’S ARCTIC ROLE

Acce le ra t e  cle a n  e n e rgy t ra n s it ion s
• Renewable  technologie s for critica l in frastructu re  in  

rem ote  and harsh  environm ents
• Em phasis in  susta inab ility, capacity bu ild ing and  EEEJ 

aspects as part of technology re search  and  p ilots
• Represen ta tive  p rojects

o PV research  for Arctic app lications
o Cordova  Energy Storage  and  RADIANCE
o St Mary's / Mounta in  Village  Grid  Bridging System
o Port of Alaska  /  JBER
o 4 com m unitie s unde r ETIPP

En e rgy s t o ra ge

C L E A N  E N E R G Y &  P R O C E S S E S
R E S I L I E N T  

I N F R A S T R U C T U R E

Le ve lock  
Microgr id  Pro je ct

Ad va n ce  se cu r it y a n d  scie n ce
• Oliktok obse rva tiona l and  expe rim en ta l 

re search  cen te r
• Clim ate  m easurem ents, m ode ling, and  im pact 

ana lysis
• Greenhouse  gas m onitoring
• Dom ain  awareness and  re silien t m ilita ry 

system s

M E A S U R E M E N T  &  M O D E L I N G

Bifa cia l PV
Arct ic Fa cilit ie s  &
Te ch  Eva lu a t ion

Pe rm a fros t  & 
Coa s t a l Eros ion  

At m o s p h e r ic  
M e a s u r e m e n t s  

& P r o c e s s e s
High -Re so lu t ion  
Clou d  Mod e lin g

https://energy.sandia.gov/programs/energy-storage/demonstrations-and-validation/


PROJECTS

4

CUI/ / PROPIN

CUI/ / PROPIN



5

REPRESENTATIVE PROJECTS 

• Port of Alaska  MOU 

 Evalua te  poten tia l for renewable  energy in  Upper Cook In le t

• Port of Alaska  Energy Resilience  Planning (OE) 

• Clean  Energy Dem onstra tion  – Hilcorp  (FECM, WETO connection) 

• Arctic Road  Rally

 Decarbonizing transporta tion  (VTO)

• North  Slope  Clean  Energy Eva lua tion  and  Dem onstra tion  

 Oliktok b ifacia l PV/Aerom ine  

• Boost (OTT)

 Lab Tech  com m ercia liza tion  for com m unity energy cha llenges  



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

ARM–NSA a n d  Ad ja ce n t  Arct ic Oce a n  Re se a rch  Fa cilit ie s :
• Ut q ia ġvik / Ba r row : Measures ocean-land-a tm osphere  in te rface  

conditions 
• At q a su k : (Inactive ) Measured  land–atm osphere  in te rface  for 

com parison  with  Barrow m easurem ents for d iffe rences be tween  
land  and  shore  conditions (in land)

• Olik t ok  a n d  ARM Mob ile  Fa cilit y 3: Measured  ocean–land–
atm osphere  in te rface ; use  of con tro lled  a irspaces for ae ria l 
a tm ospheric m easurem ents  

Ut q ia ġvik
1997–Presen t

At q a su k
1999–2010

Olik t ok  (AMF-3)
2013–2021

Nor t h  
Po le

Utq ia gvik

Oliktok Poin t
Atq a su k

CUI/ / PROPIN
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Ca p a b ilit ie s : Use r  Fa cilit ie s  

• Sit e  In s t ru m e n t a t ion
• Over 50 instrum ents a re  supported  a t the  NSA site
• Measurem ents include

• Cloud  Condensa tion  Nucle i
• Aerosol p ropertie s
• Radar and  lida r capab ilitie s
• Soot photom ete rs
• Eddy covariance  flux tower
• Meteorologica l pa ram ete rs
• Snow and  p recip ita tion  m easurem ents
• Radiosonde  sound ings
• Sky im aging
• Near-shore  sea  ice  scans with  ARM XSAPR 

• Gu e st  In s t ru m e n t a t ion
• ARM and  Sand ia  support the  dep loym ent of guest instrum enta tion  as pa rt of 

stand-a lone  fie ld  dep loym ents
• Larger ARM directed  cam paigns a lso  occur

ARM h os t s  d a t a  from  a n y fie ld  ca m p a ign  a t  t h e  s it e  fo r  u se r s

NORTH SLOPE ALASKA: UTQIAĠVIK

https:/ /www.arm .gov/capabilitie s/obse rva tories/nsa
h ttps:/ /www.arm .gov/publications/fact-shee ts/docs/doe-sc-a rm -14-004.pdf  

CUI/ / PROPIN
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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
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Mission-specific Research  Sta tions 
          NSF Arctic Lagoons LTER site s
 

          Em ergency Medica l (Priva te )
          Sh ip  Docks 
          High  Speed  Fibe r-Optic Cab le  

Con t ro lle d  a ir sp a ce  
46 x 775 m ile s  n o r t h  (W220) 

Tw o Con t ro lle d  Air sp a ce s : 
 * Rare and va luable 

- R2204 a t Oliktok Poin t 
- W220 across Beaufort Sea

Air sp a ce  a t  Olik t ok  
Po in t  (R2204) 

Air sp a ce  
t ow a r d  
Nor t h  
Po le  

(W220) 

ARCTIC ENERGY OFFICE - OLIKTOK POINT/AIRSPACE

CUI/ / PROPIN
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2013–2021
• ARM Mobile Facility 
(AMF3)
• Over 50 instruments 
onsite
• 13 shelters and sprung
• Tethered (TBS) and free      

release balloons

• Controlled airspace

2021–2023
•  ARM removed the site
•  Internal LDRD and ALD 

investments
• Distributed acoustic sensing 

(DAS)
• Guest national security PIs

2024–Fu t u re
• New Shelter install – 

awaiting NEPA approval
• Identifying support 

instruments for future use
• Arctic Renewable Energy 

Test Bed
• Continued partnerships with 

DOD, OGA, Nat. Security and 
science partners

• Small scale demonstration 
site

OLIKTOK POINT HISTORY – ARM TO SANDIA
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METHANE 

11

CUI/ / PROPIN

CUI/ / PROPIN



Terrestria l pe rm afrost

Subm arine  pe rm afrost

Hum ans have  re leased  about 500 b illion  t on s  of carbon  
in to  the  a tm osphere  since  the  Industria l Revolu tion .

How  m u ch  
ca rb on  is  
s t o re d ?

organic m atte r

Sayed i e t a l. (2020), Subsea  pe rm afrost carbon  
stocks and  clim ate  change  sensitivity 
e stim ate d  by e xpe rt asse ssm e n t, 
Environm e n ta l Re se arch  Le tte rs .

Nata li e t a l. (2021), Pe rm afrost carbon  feedbacks 
th rea ten  global clim ate  goals, PNAS.

How  m u ch  
ca rb on  is  
e m it t e d ?

ARCTIC METHANE 
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MONITORING METHANE EMISSIONS IN THE ARCTIC IS A CHALLENGE
• Difficu lt to  ob ta in  accura te  m easurem ents in  

rem ote  a reas

• Methane  sources a re  wide ly d istribu ted  
spa tia lly

• Carbon decom position  e ffects, vege ta tion  
and  hydrology com bine  to  crea te  a  com plex 
system

• Highly variab le  m easurem ent conditions, 
tem pera tures, pola r n igh t, m arine  vs ice  vs 
tundra

Sa n d ia  h a s  b e e n  a ct ive ly p e r fo rm in g 
re se a rch  t o  im p rove  m e t h a n e  m on it o r in g, 
w it h  sp e cia l focu s  in  t h e  Arct ic.

CUI/ / PROPIN
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Jacob  e t a l., 2022

Credits: NASA/JPL-Caltech
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Na t u ra l e m iss ion s  

• Quantifying m arine  and  te rrestria l pe rm afrost em issions 

 DAS and  tem pera ture  sensing

• Understand ing the  ro le  of b io logy on  pe rm afrost 
degradation  and  subsequent GHG re lease  to  increase  
b io logica l fide lity of clim ate  m ode ls

• Deve lop ing next genera tion  sca ling and  forecasting 
capab ility for land-a tm osphere  fluxes

In t e gra t e d  Me t h a n e  Mon it o r in g Sys t e m  

• Anthropogenic focus

“Rose t t a  St on e ” con ce p t

• Active  sensors to  fill m onitoring gaps

CURRENT WORK IN METHANE MONITORING 
CUI/ / PROPIN

CUI/ / PROPIN

42-km  long sensor com prising over 20,000
seafloor m easurem ent poin ts



TIERED METHANE MONITORING SYSTEM DESIGN 
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BASIN -> ARCTIC FRAMEWORK COMPARISON 
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GEOLOGIC HYDROGEN IN ALASKA

• We are  in  d iscussions with  re search  partne rs in  Alaska  about the  poten tia l to  use  geologic 
hydrogen  to  acce le ra te  decarboniza tion .

• Practica l issues like  leasing, pe rm itting, standards a re  not deve loped .

• Many technica l issues need  to  be  addressed  and  be tte r understood  to  deve lop  H2 re sources

• Leveraging e stab lished  capabilitie s a t Sandia  including:

 Subsurface  storage , de tection , downhole  m onitoring

 Grid  in tegra tion

 Hydrogen  Fue l Ce lls

 Mate ria ls issues

 System s pe rspectives and  ana lysis
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EXTRA SLIDES
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ACTIVE SENSORS WOULD FILL IMPORTANT SENSING & CALIBRATION GAPS

19

CUI/ / PROPIN

CUI/ / PROPIN

A “Rose t t a  St on e ”:
Grou n d -b a se d  LiDAR sys t e m  fo r  se n sor  ca lib ra t ion

UNM’s LiDAR system

Sp a ce -b a se d  LiDAR for  Arct ic m e t h a n e  m e a su re m e n t s

Passive  sensing using 
solar re flectance  
spectroscopy requ ires 
sun ligh t and  often  
doesn’t work over wate r 

LiDAR deployed  on  a  
sa te llite  in  a  h igh ly 
inclined , h igh ly e llip tica l 
orb it cou ld  provide  
year-round  m ethane  
m easurem ents



VISION FOR INTEGRATED METHANE MONITORING SYSTEM
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QUESTIONS?
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SANDIA’S ARCTIC STRATEGY

Ad va n ce  scie n ce  a n d  se cu r it y
• Clim ate  m easurem ents, m ode ling, and  im pact ana lysis
• Greenhouse  gas m onitoring
• Dom ain  awareness and  re silien t m ilita ry system s

Acce le ra t e  cle a n  e n e rgy t ra n s it ion s
• Renewables for harsh  environm ents and  pola r app lica tions
• Justice40 technology dem onstra tions and  dep loym ents

Ae roMINE 
(Motionle ss INtegra ted  

Extraction) 

M E A S U R E M E N T  &  M O D E L I N G C L E A N  E N E R G Y &  P R O C E S S E S
R E S I L I E N T  

I N F R A S T R U C T U R E

Le ve lock  
Microgr id  Pro je ctBifa cia l PV

Arct ic e xp e r t ise  fo r  
b roa d  clim a t e  & 

n a t ion a l se cu r it y 
a p p lica t ion s  
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Arct ic Fa cilit ie s  &
Te ch  Eva lu a t ion

Pe rm a fros t  & 
Coa s t a l Eros ion  

At m o s p h e r ic  
M e a s u r e m e n t s  

& P r o c e s s e s
High -Re so lu t ion  
Clou d  Mod e lin g

https://energy.sandia.gov/programs/energy-storage/demonstrations-and-validation/


ADVANCE ARCTIC SCIENCE & SECURITY 

• 26 Years of clim ate  m easurem ent on  Arctic Coast

• Greenhouse  gas and  thawing pe rm afrost assessm ents 

• Com pute r m ode ling of ice  shee ts and  coasta l e rosion

• Distribu ted  acoustic sensing in  Arctic Ocean

• Energy transitions for Alaska  na tive  villages

• Search  and  rescue  drills  with  the  US Coast Guard

• Down South  — Airborne  SAR to  de tect crevasses in  land ing area  in  Antarctica
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METHANE EMISSIONS 

Glob a l Me t h a n e  Bu d ge t  

• 60% a n t h rop oge n ic sou rce s : 
la rgest em itte rs ene rgy sector 
and  waste  m anagem ent

• 40% n a t u ra l sou rce s : fre sh  
wate rs, geologic seepage , wild  
an im als, te rm ite s, wildfire s, 
pe rm afrost and  vege ta tion

• Re gion a l Va r ia t ion : 
Anthropogenic and  na tura l 
varia tion  com plica te s the  
assessm ent

     Top  Dow n  ≠ Bot t om  Up
Source : Global Carbon Project

CUI/ / PROPIN
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https://www.globalcarbonproject.org/methanebudget/20/files/MethaneInfographic2020.png


PERMAFROST THAW IS A MAJOR CLIMATE RISK

25
Ture tsky e t a l., 2019

Photos, clockwise  from  top: Pe rm afrost b luff a t Drew 
Poin t, Alaska ; Im pacted  hom e, Poin t Lay, Alaska  (Jones, 
2022); Coasta l e rosion  in  Utq iaġvik, Alaska  

CUI/ / PROPIN

CUI/ / PROPIN



CURRENT METHANE DETECTION TECHNOLOGY FALLS SHORT

U.S. Nationa l Academ ies of Sciences, Enginee ring, and  Medicine , 2018
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