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Introduction �

•  In the past two years, NOAA and CU CIRES have conducted intensive 
airborne and ground-based campaigns in three oil and as producing 
regions.  

•  Airborne measurements of  methane (CH4) dry air mole fraction in the 
boundary layer are used to constrain the total CH4 flux from each region.  

•  Here, we report multiple species analysis in discrete air samples collected 
by the aircraft and on the ground to investigate hydrocarbons emissions 
and point and area sources chemical profiles. 

Figure 1: Map showing 
the three oil and gas 
producing regions where 
we have conducted 
intensive airborne and 
ground-based sampling. 
Gray dots show the 
location of  oil and gas 
wells. Red dots show the 
locations of  discrete air 
samples collected by the 
aircraft during intensive 
campaigns. 
 

2012 Production Statistics �

Airborne Flask Data: CH4 to C3H8 �

Funding sources: 
Utah: Aircraft 2012: NOAA GMD, CU CIRES; Mobile Lab 2012 and Aircraft 2013: UBWOS 
consortium (EPA region 8, Utah DEQ, Uintah County, Western Energy Alliance, BLM) 
Colorado: Aircraft 2012: EDF, BAO Tower & Mobile Laboratory: NOAA GMD, CU CIRES, 
Texas: Aircraft & Mobile Lab 2013: EDF, NOAA GMD, CU CIRES, NSF AirWaterGas SRN 

Airborne Flask Data: non-methane 
hydrocarbons �

General Findings: 
•  The strong correlations between the light alkanes (propane, n-butane, i-pentane and n-

pentane) suggest that they are co-emitted. Relative enhancements ratios for some of  them 
differ between regions. 

•  Benzene enhancements correlate either with propane, an oil and gas emissions marker, or 
with acetylene, a vehicles emissions marker. Note that benzene levels were much higher in 
the Uinta Basin both in 2012 and 2013, reaching close to 8 ppb in 2013. 

Figure 3: Correlation plots for 
several light alkanes and benzene 
measured in the aircraft flasks. 
All the flasks were acquired by a 
light aircraft flying 
predominantly in the planetary 
boundary layer in the early 
afternoon. Chemical analysis for 
all these samples was done at the 
NOAA GMD Boulder laboratory. 

Figure 4: Correlation plots of  various light alkanes downwind of  identified sources in the Denver-
Julesburg Basin. The Mobile Laboratory samples were acquired between 2008 and 2013. Chemical analysis 
for all these samples was done at the NOAA GMD Boulder laboratory. A subset of  the DJB Mobile 
Laboratory samples were also analyzed at CU INSTAAR. On all plots, the green line shows the correlation 
slopes of  the aircraft samples collected in the boundary layer in May 2012 in the DJB. On the benzene-to-
propane plot, the dashed line indicates the 1.4 ppb TCEQ exposure threshold. 
 

Mobile Laboratory Flask Data�
Ex: Denver Julesburg Basin �

Uinta	  Basin,	  
	  Utah	  

Denver-‐Julesburg	  
Basin	  (DJB),	  Colorado	  

Barne:	  Shale,	  
Texas	  

Campaigns	   February	  2012	  
and	  February	  

2013	  

May	  2012	  	  
(2007-‐2013)	  

Spring	  and	  Fall	  
2013	  

Approx.	  
number	  of	  
producing	  
wells	  

5,000	  gas	  wells	  
3300	  oil	  wells	  

24,000	  wells	   16,710	  wells	  
(predominantly	  

gas)	  	  

Gas	  
Produc2on	  
(Bcf=109cf	  in	  
2012)	  

Uintah:	  328	  
Duchesne:	  42	  

Weld:	  272	   4	  core	  coun2es	  
(Denton,	  Johnson,	  
Tarrant,	  Wise):	  	  

1,806	  
Oil	  Produc2on	  
(106	  bbl	  in	  
2012)	  

Uintah:	  8.3	  
Duchesne:	  14.4	  

Weld:	  36.6	   4	  core	  coun2es:	  
1.9	  

Sources: 
•  Utah Department of  Natural Resources: 

http://oilgas.ogm.utah.gov/Statistics/Statistics.cfm 
•  Colorado Oil and Gas Conservation Commission: http://cogcc.state.co.us/ 
•   Texas Railroad Commission: http://webapps.rrc.state.tx.us/PDQ/home.do 
 

Light	  Aircrad,	  Scien2fic	  Avia2on	   NOAA	  Mobile	  Laboratory	  

instrumenta2on	  

Figure 2: A/ Methane to propane correlation plots for aircraft flask samples collected during intensive 
campaigns in the three oil and gas producing regions. Note the higher levels in Utah in February 2013 
(blue symbols) when a strong surface temperature inversion trapped emissions in a shallow surface layer. 
B/ Same as A/ except zoomed in to show the distributions for the DJB and the Barnett samples.  The 
dotted black line shows the average CH4 background level at 1850 ppb. 

A	   B	  

Karion et al. [GRL, 2013] have estimated based on airborne in-situ CH4 measurements 
collected on one day in February 2012 that 6-12% of  the natural gas produced in Uintah 
County was leaked to the atmosphere. In February 2013, an airplane (Kalscott Engineering) 
was deployed in the Uinta Basin during a strong temperature inversion leading to higher 
surface levels of  hydrocarbons and surface ozone production (see Posters A53A-0129 and 0152 
and Orals in A51H) 

Findings: 
•  The	  near-ground sampling with the NOAA GMD Mobile Laboratory downwind of  

methane point sources in the DJB  shows larger ambient levels of  hydrocarbons than the 
aircraft samples collected at higher altitudes (~ 300m) in the PBL. 

•  The tighter correlation slopes in the airplane flasks reflect a fairly uniform mix of  
hydrocarbon sources over the DJB.  

•  Samples collected downwind of  identified oil and gas point sources confirm the correlation 
slopes obtained for the hydrocarbons in the airplane flasks. 

•  A similar analysis is on-going for flasks collected in Utah and Texas. 


