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Study Site: Underground Natural Gas Storage

Area covered during Oct. ‘17 — Sept. ‘18 Campaign

Underground natural gas storage facility in
EIA Pacific Region

Top quartile of US storage: base gas storage
and total field capacity
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Study Site: Underground Natural Gas Storage

Area covered during Oct. ‘17 — Sept. ‘18 Campaign

Smaller Study Area

e Continuous monitoring with
DCS laser system

e ~Monthly aircraft flights

« 36 wellheads, 2 reboilers, 4
contactor towers, 1 thermal
oxidizer, 6 filter separators

Compressors
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Continuous DCS Laser-Based Emissions Monitoring

New Methane Leak Detection and Quantification Technology & Methodology

.

® [aser beam path 1

® Laser beam path 2

e Laser beam path 3

* Laser beam path 4
Laser beam path 5
Laser beam path 6
Laser beam path 7
Laser beam path 8
Laser beam path 9

- Laser beam path 10

3+ km laser beam paths provide broad coverage of potential sources
Inverse modeling enables quantification of emissions

Autonomous continuous monitoring captures temporal variability
Low cost
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Continuous DCS Laser-Based Emissions Monitoring

Dual Frequency-Comb Spectrometry

< 5 ppb CH, precision over 3+ km paths

Handles multi-species absorption interference
Water measured directly - dry-air mole fractions
High stability over time, no instrument drift, no
calibration needed

UCDAVIS A2

Rieker et al., Optica (2014)
Coburn et al. Optica (2018)
Alden et al. AMT (2018)
Alden et al., ES&T (2019)
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Continuous DCS Laser-Based Emissions Monitoring
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Dual Frequency-Comb Spectrometry

< 5 ppb CH, precision over 3+ km paths

Handles multi-species absorption interference
Water measured directly - dry-air mole fractions
High stability over time, no instrument drift, no
calibration needed
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Continuous Concentration Timeseries
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Continuous Emissions Timeseries, Study Site

_."/)
~ Study Site:

DCS & Aircraft

®* Ground-based emissions estimate

103 = ¢ Aircraft-based emissions estimate
- ® | [ ] . e : “: s
¢ S | ° . . oS [ ;'
£ 10%F “« e 1 : 5 o8, - 3
2 7 ! 3 @ .. ,J’ . ‘: i ‘ &
& .. ® s e ® ° ih. 2 gm‘ o0 1
2 ? o " 1| =y S e 2 $ .ﬁ P ) P8
o gl 3 b vzl L cadlide, BN
i L ) a s ~ 4 i ‘ﬁ" L
= ® o0 ® ?' IR S w % - o
& adl L) 29 S g %o % v 0s® o
= 9 z 1] —
& N RS S T PAY. s . r &R a2
[} L 2 » { @ :" LY s‘ﬁ KL b @-' %
'8 o0 | o ) 7 }. ®
-% 10°F ¢ |
LL
10—1 | | | | | | | | |
X X Q 2 R N N N 2 R 2 D
00 @0‘\ OQ’Q 5‘?}0 ({Q \\@"\ ?Q& \y@\‘ 500 '5'> \-}Cb C‘:,@Q

UCDAVIS

University of Colorado

Boulder

100

90

80

70

| 60

= 50

140

30

Percent Ground-based Coverage (%)


https://www.google.com/url?sa=i&url=https%3A%2F%2Fcires.colorado.edu%2Fnews%2Fcontinued-co2-emissions-will-impair-cognition&psig=AOvVaw3SUM5CcS50DjnET1A43fTZ&ust=1605044438286000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNDknNK29uwCFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fgrandcanyon.ucdavis.edu%2Forigins.html&psig=AOvVaw3clZS7j06RjOEldOlH-azJ&ust=1605044502579000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCPDoyPC29uwCFQAAAAAdAAAAABAQ

Continuous Emissions Timeseries, Study Site

Emissions lognormally distributed
DCS-based geometric mean: 20 [-2, +3] kg hrt (95% CI)
Aircraft-based geometric mean: 19.9 [-12.3, +32.0] kg hrt (95% CI)
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Continuous Emissions Timeseries, Study Site

Continuous monitoring captures outliers that represent the top
10% largest emission events and 40% of total emissions
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Continuous Emissions Timeseries, Study Site

Emissions lognormally distributed
DCS-based geometric mean: 20 [-2, +3] kg hrt (95% CI)

Aircraft-based geometric mean: 49-9-12-3+32:6} kg hr! (95% ClI)
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Timeseries of Emissions, Site-Wide

Emissions lognormally distributed
Aircraft-based geometric mean: 164.6 [-51.8, +75.5] kg hr1 (95% CI)
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Links Between Operations & Emissions

Geometric Mean
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Links Between Operations & Emissions

Grouped Data %

« Higher emissions during injection
M iection Rate. 0.19 « No compressors on study site Study Site:
Injection Rate : p y y :

.  Emissions associated with higher DCS & Aircraft
Emissions as % of . . .
Withdrawal Rate 0.01 system pressures during injection?

Emissions as a % of throughput
1.6
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1.4 Emissions as % of withdrawal rate
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New Values to Consider for GHGI

Facility-Wide Emission Rate

Geometric Mean [-, + 95% ClI] (w)

164.6 [-51.8, +75.5] kg hr?

Emission Rate Variability
(3-hrly; study site only)*

Parameters of Lognormal Fit

u=3.00=1.3

Emission rate during withdrawal

as percent of emission rate
during injection*

Geometric Mean

14%

Emissions as % of

Injection

Withdrawal

Injection & Withdrawal Rates* 0.19%

0.01%

*From non-compressor equipment
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ABSTRACT: Temporal variability contributes to uncertainty in Continuous Monitoring
inventories of methane emissions from the natural gas supply chain. | ~ SRR e
Extrapolation of instantaneous, “snapshot-in-time” meagifr}ements, DoS Mm‘% “BM
for example, can miss temporal intermittency and confound
bottom-up/top-down comparsons. Importantly, no continuous
long-term datasets record emission variability from underground
natural gas storage facilities despite substantial contributions to
sector-wide emissions. We present 11 months of continuous
observations on a section of a storage site using dual-frequency
comb spectroscopy (DCS observing system) and aircraft measure-
ments. We find high emission variability and a skewed distribution
in which the 10% highest 3 h emission periods observed by the
continuous DCS observing system comprise 41% of the total
observed 3-hourly emissions. Monthly emission rates differ by
>12x, and 3-hourly rates vary by 17x in 24 h. We find links to the operating phase of the facility—emission rates, induding as a
percentage of the total gas flow rate, are significantly higher during periods of injection compared to those of withdrawal. We find
that if a high frequency of aircraft flights can occur, then the ground- and aircrafi-based approaches show excellent agreement in
emission distributions. A better understanding of emission variability at underground natural gas storage sites will improve
inventories and models of methane emissions and clarify pathways toward mitigation.
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Summary & Questions

Emissions change rapidly through time

Continuous monitoring captures large emission events and
lognormal distribution of emissions, both of which are
missed by intermittent aircraft sampling

Emissions vary according to operating phase (injection /
withdrawal) even in areas without compressors

New numbers available describing distribution of emissions,
emissions variability and links to operating phase

contact: caroline.alden@colorado.edu
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