Reconciling Basin-Scale Top-Down and Bottom-
Up Methane Emission Measurements for
Onshore Oil and Gas Development

(RPSEA 12122-95)
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1. Problem Identification

2. Combined Ground and Airborne
Measurements

3. Reconciliation

4. Gas leakage from subsurface

5. Comprehensive publication



Multiple Top-Down studies estimate
larger CH, emissions than EPA US GHG
inventory: How do we close the gap?

2014 State of the science
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Figure 1: Top-Down Studies in Brandt et al
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Need to better
understand CH,
emissions,
including from Oil
and Gas systems

 Update EPA
inventory

* |nform Life
Cycle
Assessment of
Natural Gas

* |nvestigate
potential for
emission
reduction




Colorado Project on
Methane Emissions Reductions from Natural Gas

Top-Down Measurements Bottom-Up Measurements/Inventory
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The Scale of the Temporal and Spatial Problem

U.S. Natural Gas Gross Withdrawals
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US NG systems: complex mix of sources. Bottom-up
studies cover spatial variability/sources

US Natural Gas Infrastructure

~1,000,000 active oil and gas wells

493 processing plants,

> 20,000 miles of gathering pipelines,

~ 300,000 miles transmissions pipelines,
NEW!? > 4,500 gathering compressor stations
[Marchese et al., 2015: 2.4 Tg CH,/yr!)
1,758+20% (Zimmerle et al., 2015) vs 2147
(count from [EPA GHGI, 2014] based on 1992
data extrapolation) transmission compressor
stations

~ 400 underground storage facilities

~ 2,000,000 miles of distribution pipelines

US Statistics: EIA, DOT, OGJ

Separator,
dehydrator and

3/28/2017

Complex &
evolving

mix of
sources

Episodic &
intermittent

State &
Federal
regulations

Operator
practices

What are “net”
emissions in
different regions
and at different
times?

Petron - NAS methane workshop 6



Top-Down studies cover a range of spatial scales

Process Facility Region
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1 process or facility 1000s Active Wells 1,000,000 Active Large industry
3 to 100s measured in 1 or 10s Compressors Wells Different practices &
multiple regions Processing Plants 1000s Compressors regulations
Site access and site status 1,000s Miles of 100s Processing Small & Large

Pipelines Plants Operators

10-100s Operators 1,000,000 Miles

Pipelines

1000s Operators

INTEGRATED EI\.NS MONITORING

(e )

Emission source attribution more and more challenging
3/28/2017 Petron - NAS methane workshop 7




Top-down and Bottom-up Reconciliation of Quantitative

Measures of Emissions from the Natural Gas Industry
TOP-DOWN

 Top-down:

 Basin-wide total y . _ o
(~km?) | * Source sector differentiation

multiple platforms on

e : i % * Representative sampling
multiple scales { i

* Accuracy

* Gas composition profiles

Denver Julesburg Basin )
© active oil and gas wells O DOWhSC8|Ing tO sources

. Bottomup

BOTTOM-UP

Controlled Emissions = X (Potential Emission — Emission Reduction)

e “Fat tails” emission distribution

P S * Missing sources
Potential Emissions = Z (Emission Factor x N_,,..)
Mean Emission Factor for each source category ® REPFESE ntative sam pIes
Ncount Nspuds Ncompletions Ngas wells Noil wells Nseparators Ntanks Ncompressors °

Activity data

' H * Uncertainty characterization
iy 1 * The challenge:
Graphics: Gaby Petron (NOAA/CIRES)

and Garvin Heath (NREL) * Reconcile Gaps



Top-Down studies cover a range of temporal scales

Process Facility Global
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Snapshot Longer time averages
: A few sec- 30 min ~ midday hours,

On-site _ _

HiFlow  Downwind Dual 1-several days In-situ long term observations or
Tracer Aircraft Regional remote sensing
Aircraft in-situ or Mass Balance & inverse modeling
semote sensing

Available “official” EPA GHGI is annual and national. :[\ All lack robust,

time & space
dependent
uncertainties

EPA GHGRP is annual, non-exhaustive, at facility & county scales.
Research inventories : recent years coverage and upates are lagging.




Example Flight and Ground Site Observations for
Natural Gas Emissions Reconciliations (AR)
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The Colorado Methane Project Goals
(CSM, CSU, CU, NOAA, NREL)

* Develop and reconcile independent top-down
and bottom-up methane emission
measurements (same basins, same time!)

— At facility and basin levels for a US shale gas play

— Using multiple state-of-the-science measurement
methods at the same time

— Scaling bottom-up estimates using spatially- and
temporally-resolved activity data



What Has Been Compared in Past Studies

Location

Component
Emission Studies

&

Component
Inventory

Episodic Event
Count

Airborne Basin

and Facility
Measurements
Study
Window
7 "'

I QO The Study Basin

Time
Facility-Level

Emission
Measurements

Facility measurements not statistically representative

Episodic data from annualized counts aggregated at basin level (at best)

Vague component inventory values

Component measurements from distant times & places



Key Objective of Colorado study:
Reconciliation and Comparisons of Different
Measurements (in Denver-Julesburg basin, CO,
and Fayettville Shele, AR)

Emission
source

count
and timing

Onsite |

Tracer Flux

" OTM33A »



Basin Study Results
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Downwind

Individual source plumes

* Both top-down (aircraft)
and bottom-up models
show significant structure

. ﬂ @ ﬂ ﬂ ﬁ ﬂ Emission bins
* Structure is strongly o

related to activity data 1ol
(knOwn & UnknOwn) — downwind

<—
{4
{—

Methane Flux

Distance along Transect Line



CH, Estimate for
Gathering and Processing

= Gathering Systems ©——= Processing Plants
—— Facilities mmm Normal Operations
== Pipelines mmmm Routine Maintenance

892 Gg
i ..:l-l—{lﬁGg

1,697 (+189/-185) Gg

EPA GHGRP [25]

] 180 Gg
0" 2013
EPA GHGI [9]
1,296 Gg
2014

This Study
2,421 (+245/-237) Gg

New emissions data + substantial update to activity estimates

Marchese, A.J., Zimmerle, D.J, Vaughn, T. L. et al (2015). Methane emissions from United States natural gas gathering and
processing. Environ. Sci. Technol. 10.1021/acs.est.5b02275.




METEC Emissions Testbed. At CSU

Test bed separated into
4 separate test
locations,
varying based on soil
type and surface
conditions

MeTEeC:, Comdo

University

QrPG-@

Homogeneous sand
w/ movable surface
obstruction
(e.g. concrete or
rubber pad, natural
vegetation)

50 T
g
;
- : i C
2. 5 y:
Natural soil w/o  Natural soil layering ~ Homogeneous fine
Natural vegetation w/ vegetation sand with clay

lenses/barriers

@ Methane injection point (leaking pipeline)

© Soil moisture/temperature/pressure sensors

"1 4” Dummy pipe




Main Conclusion of Basin Study

 Reasonable agreement Basin Results from One Day
between TD & BU estimates | |

* Relies on very complete 2., — |
activity data Ol — I — E— 22|

* No special modeling of BU
emissions required Top Down Bottom Up

« 8 papers in press/progress (incl. Proc. Nat'| Academy of
Sciences, October 29™, 2018. Embargo in effect till then.

 DC Federal Agencies (EPA, USGS, and ?) presentation to
coincide with Academy release.



Other Conclusions

Shift from coal to unconventional gas implies:
- Move towards even greater US energy self reliance
- Decreasing greenhouse gas emissions

- Further decrease in GHGs also by methane
emissions reductions

New opportunity: Create new carbon-based
materials from CO,! Potentially very large market



