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Outline

• Little methane intro

• Introduction into JPL airborne spectrometers capable of 
methane detection

• The 4-Corners methane background in a nutshell

• The April 2015 airborne flight campaign



Global Methane Budget



Why is methane important (and interesting)?



Recent changes in atmospheric methane



A controlled release 
experiment in Wyoming
RMOTC — Rocky Mountain 
Oilfield Testing Center



AVIRIS-NG http://airbornescience.jpl.nasa.gov/instruments/avirisng

http://airbornescience.jpl.nasa.gov/instruments/avirisng


Mapping Methane — AVIRIS-NG 

Background is False Color image 
(similar to how your eye would perceive it) 

Plume is color-coded



Global Methane and a look into 4 Corners?



How it all got started SCIAMACHY Methane Anomalies

Frankenberg et al, JGR, 2011



How it all got started SCIAMACHY Methane Anomalies

Kort, Frankenberg et al, GRL, 2014



How it all got started SCIAMACHY Methane Anomalies

Kort, Frankenberg et al, GRL, 2014

—> Estimated to be about 0.5Tg/yr, almost 10% of US total Oil&Gas  



Potential Sources of CH4 in Four Corners Region

• Total Production 
rate in San Juan 
Basin about 1000 
billion cubic feet 
(20Tg/yr)

• 0.5Tg/yr would 
be about 2.5%

• Largest Coalbed 
methane 
production area 
in US



Potential Sources of CH4 in Four Corners Region

• Coal bed methane (CBM) 

• Tight Sandstone natural gas 
production

• Active Coal mining

• Geological seeps

• Large Power plants

• Oil production

• Emissions from agricultural sources, 
waste management facilities and 
wetlands are small



Campaign Area



Some pictures from the aircraft



Airborne operations

AVIRIS-NG real time methane 
detection

David Thompson JPL

Real-Time CH4 display

Don’t ask



Native resolution examples 
(background is 2.3µm radiance in gray, meter axis)



>200 plumes detected during campaign



Plume distribution — Pareto’s law
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Fig. 4. Flux distribution of all 245 plumes observed by AVIRIS-NG with individual examples spanning the entire range of fluxes from low to high. Examples include well pads

(1,5), a confirmed pipeline leak (2), storage tanks (3,4) gas processing facilities (8), a coal mine venting shaft (6) and a cluster of strong sources near a well completion site (7).

The detection threshold is based on controlled release experiments performed at the Rocky Mountain Operating Test Facility in Wyoming [12]. The fitted log-normal distribution

has a mean of 101 . 75 and a 1-‡ of 0.55. For comparison, the unique Aliso Canyon blowout is depicted as a red line, corresponding to a maximum flux rate of 60,000 kg/hr.

into a final regional flux est imate not necessarily meaningful.

Hence, we performed a non-paramet ric bootst rap analysis

of the 245 plumes, result ing in a 95% confidence interval of

0.23–0.39Tg/ yr.

Flux distribution. The log-normal behavior direct ly implies a

heavy-tail dist ribut ion in absolute fluxes. This is the first

t ime that aerial surveys direct ly observed the log-normal dis-

t ribut ion in a bot tom-up survey. T he cumulat ive dist ribut ion

funct ion shows that the biggest 10% of all plumes cont ributes

about 60% to the inferred point -source flux (Figure 5). Using

a paramet ric boot -st rap method, the range of explained fluxes

at the 10 percent ile level ranges from 35 to 60% of the overall

point -source flux.

The nature of the log-normal dist ribut ion explains the large

randomness of this explained fract ion as the sample size of large

emit ters is very low and thus largely variable using random

draws. Another important aspect is the behavior of the low-

flux tail of the log-normal dist ribut ion. I t might be argued that

emissions below our detect ion threshold of 2-5kg/ hr (depends

on wind speed [12]) might cont ribute substant ially to the

total flux. However, the theoret ical log-normal curve, which

would not be cut off below the threshold, shows negligible

cont ribut ions from low fluxes as well. A bimodal dist ribut ion

with a peak at flux rates well below our detect ion would need

to exist if small fluxes were to cont ribute substant ially to the

regional flux total. A irborne remote sensing appears to be

an effect ive way of ident ifying the biggest point sources in

large geographical areas and thus efficient ly mit igate avoidable

emissions such as pipeline leaks or faulty storage tanks.

3. Discussion & Conclusion

We performed a large-scale aerial survey in New Mexico and

Colorado to map methane plumes within a previously discov-

ered large-scale methane hotspot . For this study, satellit e-

4 | www.pnas.org/cgi/doi/10.1073/pnas.XXXXXXXXXX
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Plume distribution — Wellhead



Plume distribution — ???



Methane plume 



Plume distribution



Plume distribution — underground storage tank



Methane plume from tank  



Plume distribution - Wellhead



Plume distribution — Guesses welcome



Plume distribution —
Unclear (multiple sources, maybe well completion?



Plume distribution —
Gas Processing Facility (temporary plume)



What does the log-normal distribution imply?



Further sources (unknown origin at the time of publication)

Another pipeline (3rd) Natural Seep



2015



2016





Overall Findings

• We observed more than 200 methane plumes, most of 
which could be associated with industrial activities 
(some natural seeps were seen as well)

• Flux rates follow a distribution that implies that the 20% top 
emitters explain 70-75% of the overall flux

• Estimate of 0.3Tg/yr is not much smaller than total flux 
estimates, observed plumes explain a large share of area 
total

• 2 Pipeline leaks were detected and fixed the day after we 
found them


