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« Recent measurement campaigns at several airports have shown significant levels of
Ultrafine Particulate Matter (UFP) due to aircraft LTO operations at LAX, Boston,
Amsterdam, Rome, Tianjin, etc.

Hudda et al 2014, 2016; Staffogia et al, 2016; Ren et al, 2016

« AERMOD, the current dispersion model integrated within FAA's Aviation Environmental
Design Tool (AEDT) for local scale AQ studies has several limitations
« AERMOD/AEDT is the current regulatory model for airport operators

« FAA's Aspirational Goal: Achieve an absolute reduction in aviation emissions induced
“significant health impacts”

« For ICAO's Committee on Aviation Environmental Protection (CAEP), tools to assess
global aviation-attributable health impacts needed

> In both cases, science-based tools are required to report year-over-year changes in
health impacts

> Need to identify airport-specific trends in adverse health impacts for developing
mitigation strategies
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* Long term

« Develop tools for AQ and health impacts reporting and analyzing
potential aviation policy scenarios for FAA, ICAO CAEP, and for NEPA
Analyses

 Near term

« T1: Develop new modeling framework for dispersion modeling
of aircraft sources during LTO cycles

« T2: Assess/quantify modeled aviation-attributable UFP, and compare
with new measurements from field campaign at Boston Logan airport

ICAOQ: International Civil Aviation Organization
CAEP: Committee on Aviation Environmental Protection

NEPA: National Environmental Policy Act
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Schedule and Status ASCENT

» Task 1: Develop new framework for dispersion modeling
« Initial Draft [Completed]
» Model development [Getting Started]

 Task 2: Perform monitor-model comparisons of UFP from Boston Logan
airport
 Using SCICHEM [Completed]
» Using CMAQ [On Hold due to pending funds for ASCENT18]
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 Objective
« Demonstrate that a robust, improved pollutant dispersion model for
aircraft can be developed for U.S. regulatory compliance purposes

« Known limitations

« Several studies have shown limitations with AERMOD - the current
local scale dispersion model used for airport-level assessments
* Problems identified in issues related to:
« Source representation: area vs. volume
« Lack of plume rise for hot buoyant plumes
 Limited treatment of chemistry, etc.

* Motivation

* Airports need dispersion modeling system that incorporates all
physical and chemical processes related to LAQ around airports

« NEPA Analyses



Task 1: Approach

« Focus on 3 aspects of LAQ Models
» Source Characterization
 Physical Processes
» Chemical Processes

 Develop a series of options for tasks that can be
accomplished in a 2-year timeframe

ASCENT



Task 1: Source Characterization:
Optimization of number of sources

Without % Change

With zero- . .
. . . zero- in removing
Boston Airport emission . . . .
emission | zero-emission
sources
sources sources
Ground-12m 5,776 959 -83%
-91
LTO-915m 7,011 2,194 -69%

(3,000 ft LTO)

O Taxi emissions alone can vary from ~40% (NOx) to 90%
(TOG) of LTO emissions at an airport

O AEDT produces many emission sources having zero-
emission which increases computational cost

O Emission sources having zero-emissions can be removed
which can decrease number of sources by 70 to 83%
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Task 1: Approach: Source Characterization

Source type

Landing, Take-off (including
ground rolls)

Climb, Approach (airborne)

Taxing

Stationary

Gate
Terminal

Parking facility

Roadway

Current
AEDT/AERMOD

model source

Area

Area

Area

Point, volume, area

Volume
Area

Area

Area

Current
ADMS-Airport
model source

Jet source

Volume

Line, area

Point, line, area,
volume or aggregated
grid

Volume, area

Road, aggregated grid

Future
AEDT/AERMOD
Model source

Moving-line (Jet source)

Moving-line (Jet source),
volume

Moving-line (Jet source),
stationary line or area

Point, volume, area

Volume
Area

Area

Area

Future
Line-puff model source

Line-puff

Line-puff

Line-puff

Point, volume, area

Volume
Area

Area

Area
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 Develop line thermal model for aircraft sources

* Most “realistic” treatment of these emissions in which the emissions are released
as a set of line puffs along the LTO paths

« Each puff, corresponding to a single aircraft, would undergo plume rise and
dispersion as it is transported by the mean wind

. Modeling of the fate of these puffs can be compputed with an unsteady trajectory
puff model that is already incorporated in CALPUFF (Scire et al, 2000)

« Comparison of results from this computationaI_IY demanding simulation for
var¥|ng receptor distances from the runway will provide important information
on the usefulness of the simpler representations of aircraft emissions

 Explore other options including jet source for treatment of aircraft
sources

« Based on ADMS-Airport model

» Other updates
« Treatment of aircraft wake (wing-tip vortex)
 Incorporation of building effects
» Accounting for shoreline effects



Task 1: Physical Processes: Trajectory based ATAT
Jet source (moving line source) model for AERMOD R

Treatment of aircraft emissions

Exhaust gas plume

/ along runway
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Task 1: Approach: Physical Processes: Trajectory based TAT

- - ASCENT
Jet source (moving line source) model for AERMOD
 The jet source (movingbline SOUFCE)  a)stationary line source model
model for aircrafts are based on the | |
same approach of stationary line Pointsource - point source
source model for emission vi i
« A line source represents the emission - __;%_:,.,._%_* B
from an aircraft travelled in a line _I‘___.TR___AT_I_
ath from Y1 location at time t1 to Y2 N S A
ocation at time t2. S
» The only exception in the jet source
model (moving line sourceé model) iS b Moving ine source model (et source model)
that ItS S(Ource)loca”tlgn, d b th New point source New point source
Py12 a1 51(X,y,Z2) WIll b€ moved by the Pruzme Pyt
exhaust veldcity, aircraft velocity, wind O 0w e
velocity, and exhaust temperature to e T Prisaser Prszsoes
a new Ocatlon PYlZ,Al,El New point 58;; ....... = ) )
« All aircraft types are binned and Prama - Newpointsource
trajectory data and emissions are L e
Cd CUIated (ArunaChaIam et al., 2019) T i g‘s Point source  Point source
STty i AT P12,a1,E1 P12,a2E1

Arunachalam et al., 2019 11
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« Develop a new coupled plume rise—wake model for assessing the effects of
wake vortices on plume rise, dispersion, and ground-level concentrations
« Modify simple FEM plume rise model to include wake effects (Arunachalam et al,, 2017)

« Analyze existing large eddy simulation results of wake vortices for aircraft on
or near the ground for use in guiding development and testing of coupled
plume rise and wake model

« Conduct further analysis of observed near-runway surface concentrations of
aircraft pollutants (at any airport)
» Determine if high concentrations occur near the runway take-off
« Compare with those near the runway starting end (x = 0)

« Consider potential field experiment deploying a dense array of near-runway
surface monitors of aircraft pollutant to be measured in real time (e.g., NOx)

« Assess if high concentrations occur near take-off end of the runway

« Compare with concentrations near the aircraft starting position (x = 0)
Arunachalam et al., 2017 (ACRP Report)
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« Modeling chemistry and aerosol microphysics in steady-state model such as
AERMOD is challenging as
« Chemical reaction rate is faster which needs solving ODE
 Gaussian model does not have any time step to solve ODE
« Current AERMOD has only empirical chemistry: NO-NO, (OLM, PVMRM)

« Enhance Chemical Processes for NO,

« Scheme that separates transport and chemistry using concept of species age
(Venkatram et al,, 1997) currently being incorporated into AERMOD (Carruthers et al,, 2017)

* Previously evaluated with observations (valencia et al,, 2018)

» Incorporate this scheme into AEDT and test with measurements from airport-relevant
field studies

 Including chemistry and aerosol microphysics in the Lagrangian non-steady
state dispersion model such as SCICHEM, CALPUFF model is easier
 Decouple transport from chemistry
« SCICHEM has the detailed chemistry used in CTM model
« Enhance line-puff model with detailed chemistry and aerosol microphysics



Proposed Schedule ASCENT

Year1l Year 2

Task 1: Develop Design Document
a) Identify Gaps and Recommendations
b) Create Design Doc

Task 2: Enhance Source Characterization

a) Develop processor for converting from area2line
b) Develop processor for creating jet source inputs
c) Perform testing and validation

Task 3: Develop physical processes
a) Develop new line-thermal model
b) Develop jet model

c) Implement plumerise algorithm
d) Perform testing and validation

Task 4: Develop chemical processes
a) Decouple transport from chemistry
b) Implement NOx-to-NO2 chemistry
c) Implement background conc option
d) Perform testing and validation

Task 5: Model Testing and Evaluation

a) Evaluate against existing observations
b) Document

c) Develop manuscripts

14



Summary

 Draft framework for new dispersion model developed
« Systematic approach to focus on key processes

* Next steps
« Finalize framework
» Develop detailed design document
« Start model development
 Plan for comprehensive field study for further validation

Challenges seeking assistance from ASCENT Advisory Board

 Cost-share for new project

A

ASCENT
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Interfaces and Communications TAT

ASCENT

« External
— Multiple presentations at Annual CMAS Conference, and UC Davis
Aviation Noise and Emissions Symposium, ITM Conference

— Additional presentations:
« NC-BREATHE Conference, April 2019
— National Aviation University, Kyiv, Ukraine

» Within ASCENT
— ASCENT NOI 18 (BU)

Contributors

« UNC: S. Arunachalam, M. Chowdhury, C. Arter
« BU: Jonathan Levy, Kevin Lane and team
« Akula Venkatram, University of California at Riverside

16



Arunachalam, S., A. Valencia, M. Woody, M. Snyder, J. Huang, J. Weil, P. Soucacos and S. Webb
(2017). Dispersion Modeling Guidance for Airports Addressing Local Air QualitEConcerns.
Transportation Research Board Airport Cooperative Research Program (ACRP) Research Report 179,
Washington, D.C. Available from: http://nap.edu/24881

Arunachalam, S., B. Naess, C. Seppanen, A. Valencia, J. Brandmeyer, A. Venkatram, J. Weil, V. Isakov,
T. Barzyk (2019). A new bottom-up emissions estimation approach in supé)ort of air quality modeling
for community-scale assessments around airports, Int. J. Environ. Pollut. 65(123):43 — 58.

Carruthers, D.J,, J. R. Stocker, A. Ellis, M. D. Seaton & S. E. Smith (2017) Evaluation of an explicit
NOx chemistry method in AERMOD, J. Air & Waste Manage. Assoc., 67:6, 702-712, DOI:
10.1080/10962247.2017.1280096 .

Scire, J.S., D.G. Strimaitis, and R.J. Yamartino, 2000: A User's Guide for the CALPUFF Dispersion
Model (Version 5). Earth Tech, Inc., Concord, MA.

Valencia, A., S. Arunachalam, D. Heist, D. Carruthers, and A. Venkatram (2018). Development and
Evaluation of the R-LINE Model Algorithms to Account for Chemical Transformation in the Near-road
Environment, Transp. Res. Part D: Transp. Environ., 59, 464 —477.

Venkatram, A., Karamchandani, P., Pai, P., Sloane, C., Saxena, P., Goldstein, R., (1997). The

Development of a Model to Examine Source-Receptor Relationships for Visibility on the Colorado
Plateau. J. Air Waste Manage. Assoc. 47, 286—-301.
https://doi.org/10.1080/10473289.1997.10464453

17



