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Airport Dispersion Model

« Motivation
— Airports need dispersion modeling system that incorporates all
physical and chemical processes related to LAQ (Local Air
Quality) around airports
— AERMOD is current regulatory model for airport LAQ studies

* Known limitations in AERMOD (Arunachalam et al, 2017; ACRP Report 179)
— Problems identified in issues related to:
 Source representation: area vs. volume vs. line
 Lack of plume rise for hot buoyant plumes
 Limited treatment of chemistry, etc.

e Objective
— To develop an improved aircraft dispersion model which addresses
the above issues for U.S. regulatory compliance purposes
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Aircraft Dispersion Modelling (Background)

» AIr quality degradation in the locality of airports poses a public health hazard
(Arunachalam et al, 2011; Barrett et al, 2013)

» Aircraft activities at airports generate CO, emissions that affect climate as well

as other pollutants (NO,, SO,, and PM, ;) that impact local air quality (woody et al,
2011; 2015; 2016, Stettler et al., 2011; Levy et al, 2012; Ashok et al, 2017)

» Emission inventories are uncertain and dispersion models may not capture
aircraft plume complexity (Penn et al., 2015)

» Emissions from aircraft sources are transient, buoyant, and occur at different
heights from the ground and modeling the governing processes is challenging

» An added complexity occurs when the airport is situated near a shoreline where
meteorological conditions are far from being spatially uniform *

]

3

00[]“\



MUNC | o awimonmer
LAX Alr Quallty Source Apportlonment Study
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o Winter (Jan 31 — Mar 13, 2012) o Source-based and Receptor-based modeling

o Summer (Jul 18 —Aug 28, 2012) o Subsequently used in Multi-model intercomparison study
o 17 Locations: 4 “core”, 4 “satellite”, 9 “gradient” (Arunachalam et al, 2017, ACRP Report 179) ¢
Over 400 compounds measured Q %
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Daily Observed SOx at four core sites (AQ, CN, CS, & CE) for Winter Season
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Diurnal Variability in Observed and Modeled SOx Concentrations

AQ (Original Meteorology) CN (Original Meteorology)
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AERMOD overpredicts concentrations at all 4 sites during evening hours
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Some Reasons of poor prediction by AERMOD

Airport Sources do not consider the plume rise

Wake impacts on plume behavior in horizontal and vertical directions are not
Included in AERMOD, which lead to overprediction

Airflow behind an aircraft taking off
(Source: NASA Langley)

AERMET does not account for important features of the boundary layer that
occur on the shoreline where many of the large USA airports are situated *

Modified meteorological outputs from AERMET to account for formation of

the internal boundary layer when stable air from the ocean flows onto the
warmer land surface of the airport*
'd
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*Sensitivity to Meteorological Conditions in AERMOD

1. To account for the shoreline effect at LAX, stable and convective conditions
replaced by neutral conditions

12-17 Hours 18-23 Hours

Mo

2. Roughness lengths (Zo) altered when the winds blew from the northeast quadrant

to reflect flow passing over Los Angeles urban core with tall buildings
00-05 Hours 06-11 Hours

NORTH ~ roRi—
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Diurnal Variability in Observed and Modeled SOx Concentrations at site AQ

AQ (Original Meteorology) AQ (Neutral Meteorology) AQ (Neutral Meteorology + Roughness Change)
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AQ was affected by some other background sources too
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Diurnal Variability in Observed and Modeled SOx Concentrations at site CN

CN (Original Meteorology) CN (Neutral Meteorology) CN (Neutral Meteorology + Roughness Change)
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B Observed B3 AERMOD

CN was downwind of North runway during consistent westerly winds from about 11 AM to 11 PM.
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Diurnal Variability in Observed and Modeled SOx Concentrations at site CS

CS (Original Meteorology) CS (Neutral Meteorology) CS (Neutral Meteorology + Roughness Change)
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The winds were typically from the Northeast in the early morning.
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Diurnal Variability in Observed and Modeled SOx Concentrations at site CE

CE (Original Meteorology) CE (Neutral Meteorology) CE (Neutral Meteorology + Roughness Change)
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CE was downwind of South runway during consistent westerly winds from about 11 AM to 11 PM.
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Quantile-Quantile Distribution of Modeled SOx Concentrations at site AQ

AQ (OM + NM + Zo)
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Quantile-Quantile Distribution of Modeled SOx Concentrations at site CN

CN (OM + NM + Zo)
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Quantile-Quantile Distribution of Modeled SOx Concentrations at site CS

CS (OM + NM + Zo)
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Quantile-Quantile Distribution of Modeled SOx Concentrations at site CE

CE (OM + NM + Zo)
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Quantitative Analysis of AERMOD Model Predictions

(Monthly Averaged Diurnal Profiles)
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Quantitative Analysis of AERMOD Model Predictions

(Overall Distribution)
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Conclusions

» Current AERMET files have been derived assuming there is no ocean (land-sea
effects)

» Meteorology matters!™*

» Meteorology is not only factor, there are some other factors such as
» Source representation: area vs. volume vs. line
» Lack of plume rise for hot buoyant plumes

» Limited treatment of chemistry, etc.

» These issues are being addressed in our new Airport Dispersion Model being
developed*

See preliminary results next* Q

LO% 0 )



ﬁUNC INSTITUTE FOR
== THE ENVIRONMENT

Some Preliminary Results of New Airport Dispersion Model

Diurnal Variability in Observed and Modeled SOx Concentrations
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Note: Aircraft Sources plus Chevron refinery modeled. 20
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Some Preliminary Results of New Airport Dispersion Model
Q-Q Distribution of Modeled SOx Concentrations
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Note: Aircraft Sources plus Chevron refinery modeled.
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