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US Regulates Pollutants to Protect Human Health

(NOx, PM, SO,, CO, Hydrocarbons)

NOx + HCs + (time (distance, flow)) => O,

Reporting Emissions

Monitoring Emissions

Verifying Emissions

Monitoring Air Quality (Trends-Long Term)
Forecasting Air Quality

Verifying Air Quality

Point to Local to Regional Scales

US Considering Permitting Greenhouse Gases

(CO,, CH,4, N,0)



Objectives: Source to Regional Scale

To monitor air quality (O, NO,, SO,, etc.)

To observe changes in the concentration of
greenhouse gases (GHG = CO,, CH,, N,0.)

To trace GHG fluxes with co-emitted pollutant
signatures and attribute them to sources

To verify if the emissions comply with Clean
Air Act Requirements.

To demonstrate that environmental upgrades
in power plant are effective
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Air Quality Index

{(AOI) Yalues Levels of Health Concern

When the AQI is in this range: @i quality conditions are: ...a5 symbolized by this color:

Moderate rellow

http://www.airnow.gov/

101-150 Unhealthy for Sensitive Groups Orange
151 to 200 Unhealthy Red
201 to 300 Yery Unhealthy Purple

301 to 500 Hazardous Maroon




Forecasting air quality
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Approach and Methods: 4 Corners Test-bed
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Ideal site in our back-yard with 2 large
power plants of distinctively different
emissions profiles in an isolated semi-
arid locale with a feeble natural carbon
cycle and real time stack emissions.

Multi-scale observations (in situ, ground,
satellite) and modeling (forward and
inverse) with uncertainty quantification.

Verification evaluation at calibrated site

CO, (29 Mtons/year, 0.1 Mtons/day)
NO, (79 Ktons/year, 0.2 Ktons/day)
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log,,iIntegrated line intensities in 1 cm ™ bins| [ATM+GCT+FCIA+SCIA linelists)

High resolution solar
absorption spectra ) VY
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First Solar FTS to Monitor Power ant Operational San Juan NM
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LANL Solar Fourier Transform Spectrometer (Vis-UV-NIR-
MIR) for CO,, NO,, SO,, CH,, N,0, CO, C,H....

AUTOMATED REMOTE
SOLAR OBSERVATORY




Picarro Analyzers: In Situ Composition

* \Very sensitive in situ gas
analyzers able to detect
traces at parts per million to
billion levels

Do not require frequent
calibration and can be
operated remotely

*CO,, CH,, CO, H,0

*CO, Isotopes

*\Water isotopes

*CH, isotopes




CO, 2-3 ppm column increase from power plant

CH, 0.05 ppm column increase from coal mining (?)

L0097 — 1~ T 1 T 1 1 11430
[ High CO, :
— Jga n SItu L]
z 420§
a o
Z ~
&N A
%) O a
xﬂ 210> =
c A2 9
3 . =
3 14040 :
1390
1 54 T T T T T ] 50 j]D [ T T T T T ]
Column GH4 7 r T
In situ BL CHa | 4.5 L N,O aig
- 1-52 =_ N SITY ] E Jua B 2 ||
£ a
a 440 &
2 1.80 - | “ ﬁ |
5178 < g |“|| |||||||||"'"“||:|"'
b |
c 13908 Y104 |||' | | !
g 1.76 - = s | |m
3 N 253 '
S 1 74f High CH, = 302
1_?2 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.5 Jﬂﬂ i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 { 1
16:00 18:00 20:00 2204 00-00 16:04 18400 20:00 22400 O4O-0Q
13 Mar 2011 13 Mar 2011

12 March 2011



Nested 5 domain WRF Chem. Modeling of 4-Corners
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00 UTC 03/15/2011:XCO2 (Max= 488.6 PpmMv

-108.40 -108.20




00 UTC 03/15/2011:XNO2 (Max= 28.3 ppbv )

-108.40 -108.20




In Situ NO,,, CO,, SO, San Juan Power Plume at site 3/15/11
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Four Corners NO, column trends from OMI

Dec 2006

Dec 2009




NO, decline from Boiler Environmental Upgrade
2006-2009 (S300M investment at San Juan Plant)
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Four-Corners Verification Test-Bed Facility (LANL)
NOx Reductions from San Juan Boiler Upgrade

Widespread CH, source ( from coal bed CH,?)
Verify in stack monitors at San Juan PP accurate




