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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
• Continuous monitoring with 

DCS laser system
• ~Monthly aircraft flights
• 36 wellheads, 2 reboilers, 4 

contactor towers, 1 thermal 
oxidizer, 6 filter separators

Entire Facility
• All wellheads, compressors
• Monitored with aircraft only

Compressors
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Continuous DCS Laser-Based Emissions Monitoring
New Methane Leak Detection and Quantification Technology & Methodology

Laser beam path 1
Laser beam path 2
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 CH4 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

Rieker et al., Optica (2014)
Coburn et al. Optica (2018)

Alden et al. AMT (2018)
Alden et al., ES&T (2019)
Alden et al., ES&T (2020)
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Continuous DCS Laser-Based Emissions Monitoring

Dual Frequency-Comb Spectrometry
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Continuous Concentration Timeseries
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Continuous Emissions Timeseries, Study Site 

Study Site: 
DCS & Aircraft

Alden et al., ES&T (2020)
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Continuous Emissions Timeseries, Study Site 
Emissions lognormally distributed

DCS-based geometric mean: 20 [-2, +3] kg hr-1 (95% CI)
Aircraft-based geometric mean: 19.9 [-12.3, +32.0] kg hr-1 (95% CI)

~MonthlyContinuous

Alden et al., ES&T (2020)
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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

~MonthlyContinuous

Alden et al., ES&T (2020)
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Continuous Emissions Timeseries, Study Site 
Emissions lognormally distributed

DCS-based geometric mean: 20 [-2, +3] kg hr-1 (95% CI)
Aircraft-based geometric mean: 19.9 [-12.3, +32.0] kg hr-1 (95% CI)

~MonthlyContinuous

15.3 [-8.8, +20.9]

Alden et al., ES&T (2020)
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Timeseries of Emissions, Site-Wide
Emissions lognormally distributed

Aircraft-based geometric mean: 164.6 [-51.8, +75.5] kg hr-1 (95% CI)
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Facility-Wide:
Aircraft only

Alden et al., ES&T (2020)
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Links Between Operations & Emissions
Grouped Data

Geometric Mean 
Emission Rate [95% CI] 

(kg hr-1)

Injection rates > 0 &
withdrawal rates = 0 58 [-8, +9]

Injection rates = 0 &
withdrawal rates > 0 8 [-2, +2]

• Higher emissions during injection
• No compressors on study site
• Emissions associated with higher 

system pressures during injection?

Study Site: 
DCS & Aircraft
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Links Between Operations & Emissions
Grouped Data %

Emissions as % of 
Injection Rate 0.19

Emissions as % of 
Withdrawal Rate 0.01

• Higher emissions during injection
• No compressors on study site
• Emissions associated with higher 

system pressures during injection?

Study Site: 
DCS & Aircraft

Emissions as a % of throughput
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New Values to Consider for GHGI

Facility-Wide Emission Rate
Geometric Mean [-, + 95% CI]

164.6 [-51.8, +75.5] kg hr-1
Facility-
Wide

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

Parameters of Lognormal Fit

𝜇𝜇 = 3.0, 𝜎𝜎 = 1.3 Study 
Site

Emission rate during withdrawal 
as percent of emission rate 
during injection*

Geometric Mean

14% Study 
Site

Emissions as % of 
Injection & Withdrawal Rates*

Injection Withdrawal

0.19% 0.01% Study 
Site

• *From non-compressor equipment
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New publication out 10/27
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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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