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Outline

* Background

* Field measurements in Pennsylvania
— What is the methane emission rate?

* QOil and gas wells in California



Methane Emissions and Oil & Gas
Industry

e Methane emissions estimates are uncertain

— Gap in “bottom-up” and “top-down” estimates
(e.g., Miller et al., PNAS, 2013)

— Missing sources (e.g., Natural gas systems - Brandt
et al., Science, 2014)

* Methane emissions from the oil & gas industry

— U.S. Environmental Protection Agency proposed
new regulations (August, 2015)

— Numerous on-going measurement studies



Methane Emissions from Natural Gas
Systems: Measurement Studies

Natural Gas Production Natural Gas Distribution

in
Washington,
DC, Boston,
MA,
Manhattan,
NY, Cincinnatj,
OH, Durham,
NC.

Helicopter and airplane
flights across 6 regions (in

collaboration with EDF), | s 3
including the Bakken. Jackson et al., 2014; McKain et al., 2015; Gallagher et al., 2015
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Potential Contributions to Total U.S. CH,
Emissions Above EPA Estimates From Natural
Gas Systems
(Brandt et al., Science, 2014)
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Methane Emissions from Abandoned
Oil and Gas Wells

4 million abandoned wells in the
U.S. alone (Brandt et al., Science,
2014)

 Abandoned wells are pathways
for fluid migration to overlying
aquifers and gas emissions to the
atmosphere

* Notincluded in any GHG
emissions inventory




What is the emission rate?



Field Sites in Pennsylvania
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-
Foster al o A g“ i
n. Ceres AA y'y B _Oswayo
°
o A Sharon [
Eldred 4 |
st - A O .q- '
“aa Legend
Keating o C:_’E L A " Hebron 9
Hamilton Lafayette ,T 4 , ‘. u Eulalia @ Measured Wells
" k A A A L.iberty Coudersport m DEP Abandoned List
7 y IE A A A Ad A A DEP Orphan List
4 ‘a A I Homer e DEP Plugged List
4 Ham“n‘ ‘ “ ¥ A A - Allegheny National Forest
® = 4 & g 4 Norwich | Keating PA State Game Lands
Wetmore g 4 Sergeant .
ik B - [___] Townships
i * .. Sk Portage \g"®™@| [ Counties

Kang et al., PNAS, 2014



©

in

Abandoned

Wells

Pennsylvan




Focusing on emissions at the surface
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Measurement /
Analysis

* Air samples from flux

chambers analyzed for:

— Flame ionization gas
chromatography: CH,, C,H,,
C3Hg, n-CyHyg

— Continuous wave-cavity ring-
down spectrometer: 8*3C-CH,
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* Mass flow rates of
methane determined by:
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Methane Flow Rates
(mg/hr/well or mg/hr/location)

More methane is emitted at abandoned wells
(even if plugged) than in the surrounding natural
environment.
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More of the heavier hydrocarbons
(C,,) emitted at abandoned wells than
controls
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Methane emitted from wells more likely to
be of deeper, thermogenic origin

Mixed
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Scaling up methane emissions

 Abandoned wells may represent 4 to 7% of total statewide
annual anthropogenic methane emissions in Pennsylvania

* High emitters govern the cumulative emissions rate
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Follow-L

p Measurements in Pennsylvania
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Oil and Gas Wells in California

e ~223,000 oil and gas wells on the DOGGR database
e 45% (~130,000) are “Plugged & Abandoned”
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Hydraulic Fracturing in California

* Depths are shallow (relative to U.S.-wide)
— 918 wells, of which 804 (88%) are < 1 mile deep

 Water use is low (relative to U.S.-wide)
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Thank you!

* Funding:
— National Science and Engineering Research
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* Denise L. Mauzerall, Michael A. Celia, T.C. Onstott,
Yuheng Chen, Xin Zhang, Peter Jaffe, Princeton
University

* Matthew C. Reid, now at EPFL

* Cynthia M. Kanno, now at Colorado School of Mines

e Shanna Christian, Alana R. Miller, Ejeong Baik,
Daniel Z. Ma, Princeton University

* Markus Bill, Mark Conrad, Lawrence Berkeley
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Abandoned oil well in
California



