CH,1Q SRRR LMI

Advancing an Opportunity:

Methane Imaging, Quantification and Management
A CH41Q/SRRR/LMI/ACRE Collaboration with a National Lab team led by

Lawrence Berkeley National Lab
Addressing the methane emissions challenges of
- Above & Below Ground Natural Gas Pipe Leaks
- Orphaned/Abandoned & Under-Producing Well Emissions
- Integrated Methane Monitoring Management System
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| /J‘ _ The Project applies mainly to distribution lines & orphaned wells
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Net Leakage Rate Estimates in U.S. Cities
r T J All Sectors Included - Gas Index Report (Dec 2020)
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LEAKAGE RATE FOR RESIDENTIAL/COMMERCIAL USE (GRAMS METHANE PER MCF GAS)
l Production Areas [l Transmission [ Distribution | Gas Meters [l Bulldings [l Additional

0 100 200 300 400 500 600

INDIANAPOLIS, IN
LOS ANCELES, CA
PHOENIX, AZ
MIAMI, FL
OKLAHOMA CITY, OK
ORLANDO, FL
BOSTON, MA
LITTLE ROCK, AR
RENO, NV

TAMPA, FL

LAS VECAS, NV
JACKSONVILLE, FL
SALT LAKE CITY, UT
HOUSTON, TX

NEW ORLEANS, LA
SAN ANTONIO, TX
CHARLESTON, 5C
LAWRENCE, KS
COLUMEIA, SC
ALBUQUERQUE, NM
SAN DIEGO, CA
WICHITA, KS
BOISE, ID
JACKSON, MS
SPRINCFIELD, MO
PORTLAND, OR
MONTCOMERY, AL
MANCHESTER, NH
MISSOULA, MT
BILLINGS, MT

SAN FRANCISCO, CA
SACRAMENTO, CA
EBURLINGTON, VT

SRRR

_ Cities w/emissions to the right of the black line = heavy emitters

Each 100 grams methane per MCF gas = 0.5% leakage

PORTLAND, ME
ATLANTA, GA
CHICAGO, IL
RALEIGH, NC
LINCOLN, NE
OMAHA, NE
DALLAS-FT. WORTH, TX
NASHVILLE, TN
AUSTIN, TX

DENVER, CO
SEATTLE, WA
CEDAR RAPIDS, 1A
DES MOINES, 1A
CHEYENNE, WY
MADISON, WI
MILWAUKEE, W
MEMPHIS, TN
MINNEAPOLIS-ST. PAUL, MN
SIOUX FALLS, SD
CHARLESTON, WV
FARGO, ND
LOUISVILLE, KY
VIRGINIA BEACH, VA
DETROI, MI

ANN ARBOR, MI
RICHMOND, VA
DISTRICT OF COLUMBIA, DC
BALTIMORE, MD
PROVIDENCE, RI
CINCINNATI, OH
BUFFALO, NY
COLUMBUS, OH
CLEVELAND, OH
HARTFORD, CT

NEW HAVEN, CT
PITTSBURGH, PA
PHILADELPHIA, PA

% NEW YORK, NY




(a [_I’ I—O Current vs. Proposed Ground-Vehicle SRRR

i ~ Methane Leak Mapping Systems

Mobile High-Sensitivity
Air Samplers “Sniffers”
(No localization, Poor quant)

Our Mobile Methane IQ Mapper
Imaging, Quantification & Mapping
(Rapid Development using Existing Tech)

QLM Tech. LiDAR
Wide-field optics

* Wind sensor + GPS
* Real-time Processor

* LLcloud post-processor
* Electric F-150 truck

Mobile Front-Mount Lasers
(Misses roadside emissions, No quant)
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Failed Replacement of an Underground Natural Gas Main

C{ | A{O Example Image of Methane Surface Emissions
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* Super-Emitters along roadsides due to poor replacement of a gas main
* Imaging & quantification using a prototype SWIR spectral video camera (2017)




Triage for Methane Emissions > 10 g/hr

C |’_lr ﬂl’ Q\ Orphaned & Abandoned Wells: Find, Assess, Plug SRRR

In forest, fields, desert, water
* Open Pipes

* Holesin the Ground

» Leaky Wellheads & Casings

* Pumpjacks & Leaky Wellheads

Possibly millions of OWs in US
* 90% emissions from unplugged
wells emitting > 10 g/hr
» Need method for rapid triage of
emissions from OWs

Flux Chambers &
High-Flow Samplers
Sensitive but Slow




%  Emissions Imagery & Flux Estimate Transmit to the Cloud

(‘ {_r I' (\ Low-Cost Methane Scanner Concept of Operation

Scanned Image Resolution: 2 Samples per second: ®°
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.| Emissions Monitoring Management
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3 System Dashboard Concept

LMI

e System-wide view
— Leverage what exists where possible
— Drill down to specifics

* Breakout data
— Geographic region
— Sector of supply chain
— Administrative responsibility

* Tailored stakeholder dashboards

* Alerts on detected emission
events, leaks and repairs

— Mobilize response
* Quantify GHG reductions
* Visualize improvement over time!

e Potential for Machine Learning
and Artificial Intelligence
— Predictive maintenance
— Proactive repair
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CH,IQ SRRR ILMI

* No one knows the magnitude of the problem. Many studies expose this uncertainty
— Locating & Quantifying leaks is essential to achieve GHG reduction goals
— Our demonstration at PG&E test site July 2023. Gas companies, National labs & California
regulators present said “Good technology, definitely a breakthrough”

* Next Steps

» White House/NASA National methane monitoring system helps meet goals on infrastructure
& climate. Investing less than 1% of the budget for emissions into measurement will make
the other 99 % of the budget much more effective

» Collaborative agreements among SRRR/CH,IQ/LMI/ACRE team, National Labs and gas
utilities. Build the technology team to develop & implement proposed systems, CA as a
testbed on distribution lines, PA as testbed on orphan wells.

» Start up private funding to accelerate the launch at Berkeley prior to government funding

» Secure Federal & State funding to work on orphan wells, distribution & gathering lines at
state wide and national scales.
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BERKELEY LAB

LAWRENCE BERKELEY NATIONAL LABORATORY

Support from Federal & State Agencies
www.lbl.gov
Lawrence Berkeley National Laboratory
1 Cyclotron Rd, Berkeley, CA 94720 (510) 486-4000
Budget allocations from existing or new methane
abatement programs - to the Methane, Imaging,
Quantification & Management Project.

BERKELEY LAB
FOUNDATION

Tniversity of California
Oftice of the President. ¢/o Instinntional Advancement
1111 Franklin Strect
Oakland, CA 94607

infoFiberkeley labfoundation_ or

Support from Individuals and Foundations
https://www.berkeleylabfoundation.org/support
Berkeley Lab Foundation
By check, transfer or credit card: unrestricted funds to the
Methane Imaging, Quantification & Management Project.
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