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showing that ozone and temperature profiles were similar at these
two site separated by 15.1 km in distance and 139 m in elevation.
Note the cold surface temperatures and sharp temperature inversion
at 1600 m, but no ozone difference across the inversion. ............................... 8-11
Ozone and temperature profiles from Ouray (OU), Fantasy Canyon (FC)
and Horsepool (HP) showing that ozone began increasing on January
31. .................................................................................................................. 8-11
Ozone and temperature profiles from Ouray (OU), Fantasy Canyon (FC)
and Horsepool (HP). Fantasy Canyon and Ouray are separated by 23
km in distance and 43 m in elevation with Ouray being lower. Note
the build-up of ozone between the surface and 1700 m beneath the
top of the temperature inversion layer........................................................... 8-12
Ozone and temperature profiles from Ouray (OU), Fantasy Canyon (FC)
and Horsepool (HP) Feb 3, 2013. The accumulation of ozone was
somewhat different now at the three sites with Ouray exhibiting
higher concentrations than Fantasy Canyon or Horsepool. ............................. 8-12
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Figure 8-14. Ozone and temperature profiles from Ouray (OU), Fantasy Canyon (FC)
and Horsepool (HP) showing the depth of the ozone layer relative to
the height of a 150 foot tall drill rig. This emphasizes how shallow the
ozone layer is, especially at Horsepool, which is at a higher elevation
than the Ouray or Fantasy Canyon sites. ........................................................ 8-13
Figure 8-15. Ozone and temperature profiles from Ouray (OU), Fantasy Canyon (FC)
and Horsepool (HP) near the peak in an ozone event. Note how the
ozone production is confined to a shallow surface layer and is greater
at Ouray which is at a lower elevation in the basin. ........................................ 8-13
Figure 8-16. Ozone profiles from the Ouray Wildlife Refuge site (OU) showing that
ozone in the 120 ppb range in the noon (11:59) profile decreased
during the day to 75 ppb as cleaner air from the west flushed out the
stagnant methane and ozone laden air of the previous stagnation
event. (Lower) The corresponding potential temperature profiles
were constant over this same period with the profile at 2001 showing
that mixing of the lower level air was becoming capped in the evening
at ~1650 m. .................................................................................................... 8-15
Figure 8-17. (Upper) Ozone profiles from the Ouray Wildlife Refuge site (OU)
showing that as the flushing (cleanout) of the basin progressed, ozone
decreased throughout January 28. (Lower) Corresponding potential
temperature profiles showed that well-mixed air was entering the
basin and that a weak temperature inversion was beginning to
develop near the surface in the evening (17:45 profile). ................................. 8-16
Figure 8-18. (Upper) By January 29 the basin was flushed out and there was no
photochemical ozone production as all the profiles were at
background levels throughout the day. (Lower) Potential
temperatures show that the air mass was becoming slightly more
stable with a shallow temperature inversion developing near the
surface in the evening. ................................................................................... 8-17
Figure 8-19. (Upper) By January 30 ozone precursor emissions were collecting in
the basin and photochemical ozone production rose from a low of 30
ppb at sunrise to 78 ppb by 15:49. (Lower) Potential temperatures
show that the atmosphere was becoming appreciably more stable
with a strong inversion base developing at 1600 m. ....................................... 8-18
Figure 8-20. (Upper) Ozone production on January 31 was similar to January 30
with no large carryover of ozone from the previous day. (Lower)
Potential temperatures decreased and the air remained stable
beneath 1650 m. ............................................................................................ 8-19
Figure 8-21. (Upper) On February 1 ozone production substantially increased over
the previous day reaching 100 ppb in the 13:10 profile then decreasing
to 60 ppb after sunset. (Lower) The potential temperature plots show
that the atmosphere was very stable with the inversion top
maintained at just above 1600 m. .................................................................. 8-20
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Figure 8-22. (Upper) Ozone did not decrease as much over the night of February 1
as on previous nights and was in the range of 65 ppb in the morning of
February 2, rising to 105 ppb by the 17:16 profile. (Lower) The air
remained stable with the inversion top rising to 1650 m. ............................... 8-21
Figure 8-23. (Upper) On February 3, ozone production was similar as on February 2,
reaching 105 ppb in the 15:46 profile then decreasing to 85 ppb by
18:53. (Lower) The air remained relatively stable, but the sharp
inversion at 1650 m observed on the prior day has somewhat
weakened....................................................................................................... 8-22
Figure 8-24. (Upper) On February 4, ozone production was similar to that on
February 3, but the peak of 110 ppb occurred later in the afternoon at
18:39. (Lower) The air column became better mixed and remained
more uniform over the day than earlier in the ozone event............................ 8-23
Figure 8-25. (Upper) On February 5 ozone was 80+ ppb in mid-morning increasing
to 127 ppb by 16:23 mst before beginning to erode at higher altitudes
by 18:41. (Lower) The strong inversion at 1660 m observed in the
10:01 profile lost some of its strength as air warmed and mixed during
the day. .......................................................................................................... 8-24
Figure 8-26. (Upper) Ozone remained elevated throughout the night of February 5,
with the 10:10 profile showing ozone in the 100+ ppb range. Ozone
increased to 165 ppb by 13:50 before rapidly decreasing to the 72- 78
ppb range above 15:50 m as clean air moved into the basin from aloft
and the west. (Lower) Potential temperature showing the increase in
potential temperature at 17:31 as fresh air, now began entering the
basin. ............................................................................................................. 8-25
Figure 8-27. (Upper) The profiles for February 6 show the intrusion of cleaner air
from aloft from 13:50 to 17:31, then recovery of ozone in the 18:15
profile as ozone rich air sloshes around in the basin. (Lower) Potential
temperature remained relatively consistent during the cleanout, but
with a strong inversion beginning to develop within a few 10s of
meters above the cold, snow covered surface. ............................................... 8-26
Figure 8-28. (Upper) On February 7 ozone production began again as the prior
day’s cleanout of the basin was not complete. (Lower) Potential
temperatures increased during the day as ozone production also
increased. ....................................................................................................... 8-27
Figure 8-29. Free flying ozonesonde released from the Ouray Wildlife Refuge when
ozone in the boundary layer was in excess of 120 ppb, January 25,
2013. Note the shallow elevated ozone layer near the surface,
background ozone concentrations from 3 km to 9.5 km and then
stratospheric ozone concentrations exceeding 180 ppb above 10 km. ........... 8-29
Figure 8-30. Free flying ozonesonde released from the Ouray Wildlife Refuge when
ozone in the boundary layer was 100 ppb, February 7, 2013. Note the
shallow elevated ozone layer near the surface, background
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concentrations from 2 km to 11.5 km and then stratospheric ozone
concentrations exceeding 180 ppb above that level. ...................................... 8-29
Ozonesondes mounted in the window of a NOAA van used to measure
ozone concentrations while driving around the Uinta Basin. This photo
was taken during the 2012 study but a similar configuration was used
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Comparison between the mobile ozonesonde operated on the side of
a NOAA van and fixed ozone measurements when the van passed near
(up to a mile difference) the Red Wash and Ouray EPA ozone monitors
and the NOAA monitor at the Ouray Wildlife Refuge. Considering the
timing, difference in distance and the fact the mobile van occasionally
operated in excess of 60 mph when passing the fixed sites, the
agreement is excellent. .................................................................................. 8-30
Surface ozone concentrations plotted aganst altitude on a drive
beginning in Vernal then through the eastern portion of the Uinta
Basin, February 6, 2013. Note the the decrease in ozone (point 3) at
1720 m crossing the ridge near Red Wash, and the large ozone
decrease as the van began to ascend through the inversion layer at
1720 m (Point 7) and the increase in ozone as the van descended back
into the top of inversion layer after turning around at ~2,000 m (Point
8).................................................................................................................... 8-31
Contour plot of ozone concentrations above the Ouray Wildlife Refuge
in the first ozone event presented in Figure 8-9. Note that high
concentrations of ozone occur in mid- afternoon and are concentrated
between the surface and 1600 m altitude. ..................................................... 8-33
Contour plot of ozone concentrations above the Ouray Wildlife Refuge
showing the beginning of the basin-wide cleanout that began the
evening of January 27. .................................................................................... 8-33
Contour plot of ozone concentrations above the Ouray Wildlife Refuge
the day the cleanout was essentially completed on January 29. Ozone
concentrations of less than 50 ppb are considered background in this
location and season. ....................................................................................... 8-34
Contour plot of ozone concentrations above the Ouray Wildlife Refuge
showing the beginning of the next ozone event. This event was also
the focus of the NOAA aircraft flights. ............................................................ 8-34
Contour plot of ozone concentrations above the Ouray Wildlife Refuge
showing the production of ozone now in excess of 100 ppb leading up
to the peak on February 6. ............................................................................. 8-35
Contour plot of ozone concentrations above the Ouray Wildlife Refuge
the day prior to the peak of the basin wide ozone event. Note the high
ozone concentrations in excess of 125 ppb in the late afternoon. .................. 8-35
Contour plot of ozone concentrations above the Ouray Wildlife Refuge
at the peak of the basin wide ozone event. Later in the day air from
the west began a partial basin cleanout as may be seen in the low
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ozone concentration air descending into the basin beginning around
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Contour plot of ozone concentrations above the Ouray Wildlife Refuge
January 24 - February 7 showing the ozone event ending January 27
and the cleanout that lasted from January 27 to the beginning of the
new ozone production event in early February. That event peaked on
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Bonanza power plant with buoyant exhaust plume and water vapor
from the cooling ponds. The top of the stack is 1715.8 m and the
plume generally rose an additional 2 to 3 stack heights before leveling
out in the 1900 to 2200 m range. In the winter of 2013 the inversion
top was generally between 1600 and 1750 m. ............................................... 8-38
Bonanza power plant plume rising well above the inversion layer at
1600 m before achieving neutral buoyancy and streaming westward
out over the basin at 1900 m. Photograph by Colm Sweeney,
airborne scientist, CIRES/NOAA. ..................................................................... 8-39
Horsepool ozone and temperature profiles on February 2, 2013
showing the elevated ozone layer capped at 1620 m and the power
plant plume at 1900 m. The time is the beginning of the balloon
ascent that generally lasted from 30 to 45 minutes. ....................................... 8-40
Horsepool ozone and temperature profiles on February 4, 2013
showing a well-mixed ozone layer up to 1850 m and the Bonanza
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Horsepool ozone and temperature profiles on February 7, 2013
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Horsepool ozone and temperature profiles on February 14, 2013
showing a strong surface ozone layer capped at 1620 m and the power
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Time-height cross section of ozone concentrations measured by
tethersondes over Horsepool January 25 - February 18, 2013 with the
Bonanza power plant plumes highlighted. The plume on the night of
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m by the fresh air descending into the basin. ................................................. 8-42
TOPAZ time-height cross section of ozone from near the surface to
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Uinta Basin surface elevation contours where the purple hue
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photochemical ozone production in the winter of 2013 occurred
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