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Pinedale Anticline, Jonah, Wyoming
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Jonah, Wyoming
gas field showing
well spacing at one
well per 40 acres.

Field is in the By
process of in-filling =it

an additional 3 wells ..; -
per each existing o
well.

(scale: 7x10 miles)
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 The 30,000 acre Jonah gas field, 30 miles
south of Pinedale, Wyoming, Is estimated to
hold 10 trillion cubic feet of natural gas.

 The field presently produces enough gas to
serve 3,000,000 U.S. homes per year.

 In 2005, the Jonah Field produced natural gas
revenues in excess of $2 billion.

 The value of the gas to be extracted from the
field over 40 years is calculated to be in
excess of $40 billion (2005 prices).




e In January and February, 2005 and 2006, hourly
ozone values of 120 ppb occurred in the gas field.

 [f ozone values in excess of 85 ppb, over an 8
hour average continue, the field operations could
go into EPA non-compliance.

e If so, oil company and Wyoming State revenues
could decline and field operating expenses
Increase.




 Hourly average ozone >90 ppb (maximum of
120 ppb) at Jonah, WY, February 3-4 and 25-26.

« Many events over 60 ppb.
« Snow on the ground and sunny.

« Low winds, high pressure, probable inversions.

Is the high ozone from stratospheric fold events?




Ozone, February 2005, Jonah

and Pinedale

(7))
©
o
e
(D)
AR
>
©
Q -
m 4+
= 0p]
£
('
=
mn
cC
O
Lann |
———— i
o o
o o
— i

(qdd) suozQ

2/ 2/3 2/5 2/7 2/9 2/11 2/13 2/15 2/17 2/19 2/21 2/23 2/25 2/27

Date



Study the dates and timing of the peak ozone
values.

Relate the peak ozone events to observed
meteorological parameters.

Determine if stratosphere folds could
contribute to the high surface ozone values.

Determine the meteorology of the high ozone
events.

Discuss prediction of the high ozone events.

Discuss future research/analyses.
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Solar Radiation and Ozone,

Jonah, February 1-4, 2005
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Ozone and NOx, Jonah,
February 1-4, 2005
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Wind Speed (m/s)

Ozone and Wind Speeds, Jonah,

WY, Feb 1-4, 2005
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B.0

o
=

-
=

iy
=

0.0

Wind Direction and Wind Speeds,

Jonah, WY, Feb 1-4, 2005
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Hourly Average Ozone Concentrations,
February 2005, Jonah, Wyoming
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Ozone and NOx, Jonah,
February 5-8, 2005
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Wind Speed (m/s)
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Ozone and Wind Speeds, Jonah,
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February 5, 2005-February 8,2005
Wind Degrees
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February 1, 2005, 0700 MST
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Vertical Temperature Structure, Jonah Tower
and Riverton Radiosondes, Feb 3, 2005
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Temnperature Difference (C)
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Vertical Temperature Structure, Jonah Tower
and Riverton Radiosondes, Feb 7, 2005
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Temnperature Difference (C)
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Ozone, February 2005, Jonah,
Centenial, and Pinedale
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Stratospheric Vorticity Over Wyoming, Feb 3, 2005

Yellow through red is greater stratospheric intrusion. Purple is no intrusion.

S20.0 K

A, Frek a1 X250
San; LLE—14, Spres

MPY (PVU)

Path of Cross 25.0
Section — 27.9

15.2
12.6
12.5
4.4
e.2
3.
TR




Stratospheric Vorticity Over Wyoming, Feb 3, 2005

Yellow/red is stratospheric air intrusion. Purple-blue is no intrusion.
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Ozone, Temperature and Frost Point Vertical
Profiles, February 3, 2005, 1200 MST
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3 Days Prior =50 - 80% Accuracy?
1 Day Prior =80 - 95% Accuracy?
 Day by 0700 MST = 95+% Accuracy?

e Duration of Ozone Event = 50-95%
Accuracy ?
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Ozone and Temperature,

Jonah, February 1-4, 2005
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Tethersonde and Ozonesonde
Operations
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Ozone, February 2005, Jonah
and Pinedale
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Ozone and Wind Speeds, Jonah, WY,
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Vertical Temperature Structure, Jonah Tower
and Riverton Radiosondes, Feb 26, 2005
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Vertical Temperature Structure,
Jonah Tower and Riverton
Radiosondes, Feb 25, 2005
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Temperature Difference Between 2m
and 10m: Larger Numbers Indicate

Stronger Low Level Inversion
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Stratospheric Vorticity Over Wyoming

Yellow through red is stratospheric air intrusion. Purple/blue is no intrusion.

12 UTC on 26 Februmr}f 2005 at 3200 K

NS gk W11
e BN, Specs SEAYN

MPY (PVU)

250
21.4
15.8
12.6
12.5
4.4
6.2
3.7
0.0




Stratospheric Vorticity Over Wyoming, Feb 26, 2005
Yellow through red is stratospheric air intrusion. Purple/blue is no intrusion.

12 UTC on 26 February, 2005
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Ozone, Temperature and Frost Point Vertical
Profiles, Boulder, CO February 24, 2005, 1200 MST
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Wind Speeds and NOx, Jonah,
WY, Feb 1-4, 2005
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Solar Radiation and NOx, Jonah,
February 1-4, 2005
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Solar Radiation and NOx, Jonah,
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Vertical Temperature Structure, Jonah Tower
and Riverton Radiosondes, Feb 4, 2005
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Vertical Temperature Structure, Jonah Tower
and Riverton Radiosondes, Feb 8, 2005
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Solar Radiation and NOx, Jonah,
February 25-28, 2005
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Vertical Temperature Structure, Jonah Tower
and Riverton Radiosondes, Feb 27, 2005
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Vertical Temperature Structure, Jonah Tower
and Riverton Radiosondes, Feb 24, 2005
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Vertical Temperature Structure, Jonah Tower
and Riverton Radiosondes, Feb 26, 2005
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Wind Speeds and NOx, Jonah,
WY, Feb 25-28, 2005
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Ozone (ppb)

Ozone, February 2005, Jonah
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Ozone, Jonah and Centenial,
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Ozone (ppb)

Ozone and Temperature,
Jonah, February 25-28, 2005
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Wind Speeds and NOx, Jonah,
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Hourly Average Ozone Concentrations,
February 2005, Jonah, Wyoming
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Wind Direction and Wind Speeds,
Jonah, WY, Feb 5-8, 2006
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Over what area do these
photochemical ozone production events cover?
Jonah monitors are at the edge of the gas field.

Study 2006 events as there is more
data. Add more surface ozone monitors for 20077

Is snow cover critical?

Regular photos or web cameras.

Continued.......




Determine depth, lateral extent, and
constituent concentrations of ozone events.

Cessna 206 based in Boulder, CO, Feb 2007.
Real-time ozone, temperature, NOX.
Flask samples of trace gases, VOCs.

Fly dozens of vertical profiles
before, during and after an ozone event.

Data will determine depth and extent
of ozone production events and constituents.
This will allow for excellent inputs for
models.

$75-100K depending upon flight hours
and extent of analyses.




How deep Is the ozone
production layer? 10’s of meters
(nocturnal surface inversion), or 100’s of
meters (subsidence inversion)?

Conduct a field study using
slow rise ozonesondes and tethersondes
or a light aircraft in a 2007 ozone event.




Conduct a field study using a suite
of iInstruments to study concentrations of
precursor gases and the reactions producing
the ozone. This will entail numerous
Instruments studying a wide range of species
and chemical reactions.
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