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Uintah Shale Basin Methane Concentrations 
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    Gas wells 
    Oil wells 

Mobile methane measurements showing concentration above worldwide background levels collected on 
1/31/2013 – 2/3/2013 [view from Northwest] 



Concentrations ≠ Emissions 
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Concentrations ≠ Emissions 
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How to quantify emissions of point sources? 
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• Direct Measurement 
– Requires physical access to the leak source 

– Time-consuming process 

A leak is here 

and here 

and here 

and here 

Measure 
here 

and here 

and here 

and here 

and here 



Wind 

How to quantify emissions? 
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• Direct Measurement / Tracer Release 
– Requires physical access to the leak source 

– Time-consuming process 



Wind 

How to quantify emissions? 
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• Direct Measurement / Tracer Release 

• Measurement at a distance + atmospheric modeling 
– Knowledge of source location and height and atmospheric 

turbulence 



Wind 

How do we quantify emissions? 
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D 

C 

B 

A 

• Direct Measurement at a distance 
– Drive through the plume to throw a virtual net to “catch” all the 

methane 



Throw a virtual net to “catch” methane 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =  �  ( C y, z − 𝐶𝐶𝑜𝑜) ∙ 𝐹𝐹 𝐹𝐹,𝑦𝑦, 𝑧𝑧 𝑑𝑑𝑦𝑦 𝑑𝑑𝑧𝑧 

• 4-pixel (gas inlet) two-dimensional methane “image” 

12 ft 

~1000 ft 



Throw a virtual net to “catch” methane 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =  �  ( C y, z − 𝐶𝐶𝑜𝑜) ∙ 𝐹𝐹 𝐹𝐹,𝑦𝑦, 𝑧𝑧 𝑑𝑑𝑦𝑦 𝑑𝑑𝑧𝑧 

• 4-pixel (gas inlet) two-dimensional methane “image” 
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How to simultaneously measure Four Pixels 

• Use 4 AirCores (thanks Pieter Tans & NOAA team) to 
store or “record” previous 30 s of gas samples 
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How to Playback Four Pixels 

• Total analysis or playback time ~ 7 minutes 
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Result: Plume Image 
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Raw Playback data 
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Pixel A 
(Lowest) 

Pixel B Pixel C Pixel D 
(Highest) 



Result: Plume Image and Flux 
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Wind data 

= Flux of 31 lpm  

+ 



Plume Image indicates data quality 

• Plume image indicates if the measurement quantifies 
the flux or provides an assessment of the lower bound 
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Flux > 12 lpm  



Verification: Controlled releases 
• Controlled release at 15 lpm at various release heights 

and distances 

• Stable atmospheric conditions (Class C-D) 
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• Average Measured Flow: 15.3 lpm 

• Error: 1.5% 

• Reproducibility (σ): 2.3 lpm (15%) 

 



Reproducibility scales with stability class 
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Set flow: 15 lpm 

• Class C-D 

• Average Measured Flux: 15.3 lpm 

• Error: 1.5%  

• Reproducibility (σ): 2.3 lpm (15%) 

 

Set flow: 16 lpm 

• Class A-B 

• Average Measured Flux: 14.9 lpm 

• Error: -6.6%  

• Reproducibility (σ): 8.7 lpm (58%) 

N=9 

N=42 



Field Case: Barnett Shale, Texas 
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Barnett Shale: Ponder and Dish Area (5 by 10 miles) 

© Picarro Inc. 2013 Confidential 18 



Field Case: Ponder and Dish Area (5 by 10 miles) 
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• Measured emissions of 52 sites 
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 Step 1: Survey the area 

20 

~900 ft 

Peak concentration 

Wind Direction 

Current vehicle location 

? ? 
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Step 1: Survey the area 

21 

~900 ft 

Wind Direction 

• Leak location is NOT necessary for 
emissions measurement 

~900 ft 
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Step 2: Capture the Plume 

• Arm the system to capture 

• Drive through the plume again 

• Wait ~7 min for instrument to analyze the captured plume and to 
generate a plume image and flux measurement 

22 

Flux: 660 lpm  
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Emissions sampled in Dish, Texas area 
• Emissions ranged from 1.5  to 970 lpm 
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Class C-D 

Class A-B 

N=52 sites 



Emissions sampled in Dish, TX area 
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Total Emissions of 52 sites: 4983 lpm 



What does 5000 liters per minute mean? 

• 83 balloons every second! 

 (60 g/s) 

• $340,000 of lost product/year 

• Natural gas consumption of 1,300 homes 

 

 
 

• The carbon footprint of ~2,000 citizens 
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Thank You! 

Somewhere in Colorado 



Extra Slides 
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Verification with natural gas facilities 
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Compressor Station Valves Station 



Reproducibility scales with stability class 
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Set flow: 15 lpm 

• Average Measured Flow: 15.3 lpm 

• Error: 0.02%  

• Reproducibility (σ): 2.3 lpm (15%) 

 

Set flow: 16 lpm 

• Average Measured Flow: 14.9 lpm 

• Error: -0.06%  

• Reproducibility (σ): 8.7 lpm (58%) 
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Run 2: 0.5 L/s 



Run2 Surveyor 



Result: Plume Image 
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Result: Plume Image and Flux 
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Wind data 
= Flux of 143 lpm  

+ 



Wind 

How do we quantify emissions? 
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D 

C 

B 

A 

• Direct Measurement at a distance 
– Throw a virtual net to “catch” all the methane 

– Requires no knowledge of source location and height 



Step 1: Survey the area 

38 

~900 ft 

Wind Direction 

• Optional: Locate leak 

• Leak location is NOT necessary for 
emissions measurement 

~900 ft 
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