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Jonah Basin Aerial Shot

Proposed Jonah Infill 
Drilling Project:

Up to 3100 new gas wells 
would be drilled and 
developed, with associated 
ancillary facilities, on up to 
16,200 acres of new surface 
disturbance. 

Well spacing is expected to 
range from the current 16 
wells per 640-acre section 
(40-acre spacing) to 128 
wells per section (5-acre 
well spacing). 



Wind River Mts. & Drill Rig





Western WY Visibility 
Measurements:

•Bridger 
Transmissometer
(continuous)

•Bridger IMPROVE 
Monitor
(every third day)

•Boulder Nephelometer
(continuous)



Visibility Measurements, 2005
Bridger Wilderness Area, 2005
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Boulder Monitoring Site, 2005
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Visibility Measurements, 2005



HMS Analyzed Smoke on June 25, 2005

Jonah
Daniel Boulder

Bridger

Cloud Peak
Thunder Basin

Mt. Zirkel

•Red dots 
indicate HMS 
detected hotspots

•Grey masses 
indicate analyzed 
smoke.



Boulder Monitoring Site
Pristine Conditions

March 31, 2005  (0900)

bsp = 4 Mm-1

Hazy Conditions

June 25, 2005 (1300)

bsp = 125 Mm-1



Boulder Monitoring Site 
September 20, 2005 (1630)



Jonah
July 25, 2006 (0900)

Smoke visible between 0900 and 1000

Camera Images, Summer 2006



Ammonia Monitoring 
at Boulder Site

Funded by Shell Oil and Gas



Why is Shell interested in Ammonia?

• Initial CalPuff modeling of NOx emissions 
from Shell drilling rigs indicated visibility 
impacts in Bridger Wilderness from Nitrates

• Default background value in CalPuff is 1.0 ppb
• Shell wants to use actual NH3 concentrations 

in future CalPuff modeling
• Pilot study 12/2006 – 3/2007
• Funded full year of monitoring April, 2007 – 

March, 2008



A dual channel URG denuder/filter-pack sampler is 
used to collect twice weekly samples ( 3 day & 4 day) 
of ambient trace gas (NH3 and HNO3 ) and PM2.5 
aerosol species (NH4

+, NO3
-, SO4

2-) concentrations.  

Sampler installation was coordinated by Air Resource 
Specialists (ARS) and Colorado State University 
(CSU).  Sample train preparation, extraction, and 
analysis is performed by CSU.  Sampler operation is 
performed by a local site operator, with supervision 
from CSU and ARS. 

Sampling began 12/15/2006 and will continue until 
March 31, 2008



Boulder Monitoring Station





Schematic of a dual channel URG annular denuder/filter pack system



Boulder, Wyoming

2007
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Boulder, Wyoming

2007
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Boulder, Wyoming

2007
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Boulder, Wyoming

2007

Feb 26-Mar 2 Mar 2-5 Mar 5-9 Mar 9-12 Mar 12-16 Mar 16-19 Mar 19-23

N
H

3 p
pb

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

March 9-12, 2007

 



Boulder, Wyoming

2007
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Boulder, Wyoming

2007
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Boulder, Wyoming

2007
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Boulder, WY
Ammonia Study

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
12

/1
5/

20
06

12
/2

2/
20

06

12
/2

9/
20

06

1/
5/

20
07

1/
12

/2
00

7

1/
19

/2
00

7

1/
26

/2
00

7

2/
2/

20
07

2/
9/

20
07

2/
16

/2
00

7

2/
23

/2
00

7

3/
2/

20
07

3/
9/

20
07

3/
16

/2
00

7

3/
23

/2
00

7

3/
30

/2
00

7

4/
6/

20
07

4/
13

/2
00

7

4/
20

/2
00

7

4/
27

/2
00

7

5/
4/

20
07

5/
11

/2
00

7

5/
18

/2
00

7

5/
25

/2
00

7

Begin Date

N
H 3

 (p
pb

)



Investigation of Elevated Ozone Events During Late 
Winter – Early Spring in the Jonah-Pinedale 

Anticline Area





Max 8hr Ozone Concentration
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February 3, 2005 
NO-NO2 -O3 Hourly Data

Jonah
February 3, 2005
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Jonah
January - February, 2005
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Possible Explanations

• Malfunctioning ozone analyzers
• Interference from some other atmospheric 

species
• Long range transport
• Stratospheric-Troposphere Exchange (STE) 

– ozone injection
• Enhanced O3 -NOx -VOC Photochemistry



Primary Photolytic Reactions

)(3
2 PONOhNO +→+ ν

)(1
23 DOOhO +→+ ν



Hypothesis
• Low total vertical ozone results in increased 

UV-B radiation reaching surface
• High albedo surface reflects radiation back 

enhancing UV-B flux
• High NOx and VOC in shallow inversion 

layer with enhanced UV-B results in 
increased photochemical production of 
Ozone even during late Winter early Spring 
periods



Total Vertical Ozone from Surface UV-B Stations
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February 3, 2005 
Visible Satellite and Surface Images



O3 + hν = O2 + O(1D)
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June 21, 2005      Surface albedo = 0.1  Vertical O3 = 350 Dobson units
February 3, 2005  Surface albedo = 0.1  Vertical O3 = 350 Dobson units
February 3, 2005  Surface albedo = 0.1  Vertical O3 = 250 Dobson units
February 3, 2005  Surface albedo = 0.9  Vertical O3 = 250 Dobson units
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