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EDF U.S. 0&G CH, Studies
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https://www.edf.org/climate/methane-research-series-16-studies



https://www.edf.org/climate/methane-research-series-16-studies

Bottom-up approaches estimate source-
level emissions with activity data, emission
factors, and engineering equations.



https://gispub.epa.gov/neireport/2014/

Top-down approaches estimate total
emissions at large spatial scales
with atmospheric measurements.

Photo credit: Scientific Aviation https://www.metﬁanesat.org/
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U.S. 0&G CH,
studies were

synthesized in
Alvarez et al 2018
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U.S. 0&G CH, emissions are ~70%
higher than current EPA estimates
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2015 U.S. emissions (Tg CH,)

13+2Tg CH,
2.3% loss rate

Alvarez et al 2018

7.7 Tg CH,
~1.3% loss rate

2021 Draft GHGI

M Oil Refining &
Transportation

M Distribution
Transmission &
Storage

M Processing

MW Gathering

M Production



o
T

-
©

Why do bottom-up approaches
underestimate emissions?
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* Uncertain activity data
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Cumulative fraction of emissions
N

v {17) Lamb 2015 - Ragulating
01b ~ — (18) Zimmerle 2015 - Pneumatics
i ~ = (19) Yakavitzh 2015 - Wall pad

* Highly skewed emission rate distributions o

Cumulative fraction of samples

* Episodic large emission events

* Large emissions are difficult to measure
at the component-level




PermianMAP .l

Methane Analysis Project

Going deep into the world’s largest oilfield
to track methane pollution




Satellite data indicate Permian Basin
emissions are higher than U.S. average

- -1
Posterior 2.9 Tg a 2y o~ Permian Basin CH, emissions
° 10.0 estimated with May 2018 -
March 2019 TROPOMI data
7.5
h ¢ 3.7% loss rate and highest
5.0 emissions of any U.S. basin
-- 25 * Published in Science
| B Advances (Zhang et al 2020)
-106 -104 -102 -100 == 0.0  https://advances.sciencemag.

Longitude org/content/6/17/eaaz5120



https://advances.sciencemag.org/content/6/17/eaaz5120

Permian Study Area

10,000 km? area of the Delaware
Sub-Basin in Texas and New Mexico

High production area accounts for
~10% of wells and one-third of O&G
production from Permian Basin

Over 100 different companies
operate nearly 11,000 wells

We also are collecting data in the
Midland Sub-Basin.



Penn State: Tower-based, weekly estimates of
study area CH, emissions since March 2020
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Scientific Aviation: ~100 flight days quantifying
emissions from study area and multi-site areas




U. V.Vyoming: Vehicle-based estimates of
site-level methane & VOC emissions

Mobile
Research




LSI: helicopter-based infrared optical gas
imaging surveys of flare performance




Permian study area emissions temporarily
declined when oll price crashed in spring 202

during low oil price conditions then returned to near pre-

The study area loss rate changed from 3.3 to 1.9%
crash levels. Likely causes of the temporary decline are: 80 l }
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 Lower well development rates
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* Reduced flared gas volumes

WTI-Cushing Gil Price

o

* Less abnormal emission events from gathering
system issues such as over-pressurization 1 { { ]

Paper accepted: https://acp.copernicus.org/preprints/acp-2020-1175/
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Large, intermittent sources are numerous

>10 metric ton per hour CH, source
detected at gathering compressor
station during aerial survey

Total emissions ~ 300 tons CH,
based on 4 aerial measurements
and company-reported duration

Operator reported to Texas CEQ
emergency VOC venting caused by
compressor engine failure

Other groups have detected many
similar sources with remote sensing

Photo credit: Scientific Aviation



Marginal well emissions are substantial

Site-level

* Well pad emission rates are highly VT e average | Averageloss
U. WY Data o rate (% gas
skewed. Type emission rate oroduction)
« ~70% of sites below 0.3 TPY detection limit (TPY CH,)
« Top 15% highest emitting sites responsible ~ Summer 2018 Total 37 0.88%

for 70% of emissions (~70 sites)

* Much higher emissions from well pads with
Robertson et al
tanks or compressors. 2020 Complex 85 ~3%
* https://doi.org/10.1021/acs.est.0c02927

Simple 4.2 ~0.3%

Total 22 2.6%

» Marginal well pads have high loss 2020 ("200sites)  Simple - 0.1%
rates and account for about half of  Ppreliminary: Sl e 3.8%
Permian well pad emissions. Do not cite Marginal 8 7.3%

Non Marginal 41 2.3%
¢ Slmllar findings in other basins Simple sites (~“67% of Permian well pads) include a wellhead only.

+  hitps://pubs.acs.org/doi/10.1021/acs.est.8b03535 Complexsites (*33%) include a tank and/or compressor.
Marginal sites (~75%) defined as <15 BOED recent production.



https://doi.org/10.1021/acs.est.0c02927
https://pubs.acs.org/doi/10.1021/acs.est.8b03535

Ma Ifu nCtion i ng flares are Permian oil and gas flaring emissions
g . ;
a large emission source

>1200 Flares observed by aerial infrared surveys
in Feb., March, June, and Nov. 2020 oo T
Consistently, 5% of surveyed flares were unlit and
venting and another 5% had combustion issues

7% 12%

Public Lands Private Lands

Why flares fall

57% of malfunctioning flares had repeat issues

Survey results suggest Permian flares have mean i -« -
combustion efficiency of <93% and contribute eoo o @
>10% of basin methane emissions el s

Learn more at
PermianMAP.org




Explore the Map

D EDF Study Arca (measured o datc)
Pasmian B

Filter by Measurement Area

© Show all areas
® Only show areas with one operator

Search by Survey Number

© 1 (Wineer 2020)
® 2 (Coming Summer 2020}
® 3 (Coming Fall 2020)

Search for Well API

Search by Operator Ticker

THE PERMIAN BASIN

Explore regional methane emissions by operator on the interactive map below.

CLICK FOR FULL INTERACTIVE MAP

Take a quick tour of this Operator Dashboard

Select One or Mors Mothane Emission Rats (kg/he)
Operators to Compare . - . .
<=2 2-100 100-1000 >1000 Uscemsin®

“Emissions are between zem and & vadeble destesion
iz, Learn More

BATTAUON OIL (HALCON
OPERATING CO INC)

BLACKBEARD OPERATING,
uc

1NE

METHANE EMISSION EVENTS MEASUREMENT COUNTS BY OPERATOR EMISSION

BY

PERATOR

Project Methodology ()

COMPARATIVE LISTS

Delivering
the Data

Videos, photos, and
emissions data
available for viewin
and download at
permianmap.org



PermianMAP: Relevance to New York

* Measurements can be used to quantify both in-state
and upstream out-of-state methane emissions.

* Top-down approaches currently can quantify basin-
level loss rates but there are remaining challenges to
differentiate performance among operators.

* Marginal wells tend to have lower absolute emissions,
but higher loss rates than higher production wells.



Local Distribution Emissions

 EDF has partnered with Google Earth
Outreach, Colorado State University, and
utilities on advanced pipeline leak detection
and quantification.
e https://www.edf.org/climate/methanemaps

* Mobile approaches find more leaks and
estimate higher emissions than traditional

SUrveys.
* https://pubs.acs.org/doi/abs/10.1021/acs.est.0c00437

e Data helped Con Edison double their
methane mitigation by prioritizing repair of
the largest leaks.

» https://www.edf.org/climate/methanemaps/con-edison
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Estimate: 0.69 Tg/year,
95% cred int: (0.25, 1.23)

A Mean of This Study
A Current EPA Estimate
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https://www.edf.org/climate/methanemaps
https://pubs.acs.org/doi/abs/10.1021/acs.est.0c00437
https://www.edf.org/climate/methanemaps/con-edison

Methane hunters Dr. David Lyon (EDF) and Dr. Anna Robertson (U. of Wyoming)
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