L e e Bt Sl U o
N Ry MR L S el ) e

Modeling Air Pollution from the
Collapse of the World Trade Center
and Assessing the Potential Impacts
on Human Exposures

by Alan Huber, Panos Georgopoulos, Robert Gilliam, Gera Stenchikov,

Sheng-wei Wang, Bob Kelly, and Henry Feingersh

Prior to 9/11, the U.S. Environmental Protection Agency’s (EPA)
National Exposure Research Laboratory (NERL) and the Environ-
mental and Occupational Health Sciences Institute (EOHSI) at
UMDN]J-Robert Wood Johnson Medical School and Rutgers
University had a University Partnership Agreement to develop
improved methods for human exposure modeling. Subsequent
to 9/11, part of this agreement has been directed toward assess-
ment studies of potential human exposures following the
collapse of the World Trade Center (WTC) in New York City and
the fires that burmed at the site. The scope of the modeling de-
scribed in this article has three principal components: (1) meteo-
rology and pollutant plume in the Metropolitan New York area
and their impact on downwind locations, (2) impact of fine-scale
pollution in the local area of lower Manhattan south of Canal
St., and (3) assessment of human exposure to ambient pollution.
In addition, a wind tunnel model study’ was conducted to help
understand the effects of pollution in and around the urban street
canyons of lower Manhattan. The experience of the WTC site has
increased the awareness that there are scientific shortcomings in
performing exposure modeling of air pollution events in urban
environments and in providing timely modeling support. The larger
purpose of ongoing modeling developments and applications is
to provide support for future homeland security concerns.

EPA Region 2, which responded in the early days of the WTC
disaster with its on-site Emergency Response Team, collected
meteorological information from National Oceanic and Atmos-
pheric Administration (NOAA) National Weather Service (NWS)
sites at airports around New York City and Central Park. In addi-
tion, Region 2 staff from the Air Programs Branch were on hand
to provide advice based on the NWS weather data and additional
local information as it became available after the U.S. Depart-
ment of Interior installed wind sensors around the WTC site.

EPA had been developing applications using the CALMET-
CALPUFF modeling systemn for application to urban-scale gen-
eral plume modeling and immediately redirected this ongoing
effort to the WTC site studies. Plume maps provided in the ex-
ample below helped EPA Region 2 and EPA’s National Center for
Environmental Assessment (NCEA) in their initial assessments.
EQHSI has since developed refined three-dimensional (3-D)
plume simulations using the RAMS/HYPACT modeling system.
These refined plume model results are now being used as part
of a comprehensive human exposure modeling system to sup-
port ongoing exposure assessment studies. EPA had also been
developing Computational Fluid Dynamics (CFD) simulations
to better estimate fine-scale flow patterns and pollutant disper-
sion in midtown Manhattan. These efforts were also immedi-
ately redirected to the lower Manhattan area in support of WTC
exposure studies. As described below, these developments are
continuing and should enable federal agencies to reconstruct
the potential pollutant plume from “Ground Zero” as it may
have snaked through the streets of lower Manhattan. Also, the
output from the CFD simulations may be integrated into the
input of the plume model to best evaluate the potential urban-
scale impact. A human exposure modeling system is being
developed using existing data, and information from this system
is being applied to reconstructing and modeling events.

Actual emission rates of pollutants from Ground Zero are un-
known and, therefore, models cannot be applied to estimate
pollutant levels. Instead, a plume dilution factor of a large vol-
ume source emitted from Ground Zero is modeled. Differences
in the values of the dilution factor represent differences in the
effects of meteorology on plume transport and dispersion. The
main purpose of the plume simulations was to provide general
guidance on the likely pathway for pollutant emissions released
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Figure 1a. Simulated CALPUFF dilution of a volume source located
at the WTC. Numbers are hourly-averaged PM, ; concentrations.

at the WTC site, both temporally and spatially. Local wind flow
patterns caused by the sizable buildings in lower Manhattan
are not considered here. Hence, these plume simulations can

Figure 1b. Wind rose, dilution map, PM,, concentrations averaged
over the period September 11-13, 2001. Wind rose for the grid point
closest to the WTC.

be considered appropriate for distances beyond 2 km down-
wind of the WTC site.
A CALMET-CALPUFF simple plume modeling system?3 was

Managing Hazardous Wastes in the 21st Century:
Planning for the Changing Context
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ISSUES THAT WILL BE ADDRESSED DURING THIS CONFERENGE INCLUDE:

1. International developments in hazardous waste management with
specific reference to the Basel Convention, OECD, U.S. EPA and the
North American Commissicn for Environmental Cooperation.

2. Financial and other implications for industry, agricutture, and hospitals
of dealing appropriately with their hazardous wastes,

3. Health and public govemance challanges involved with hazardous waste.

4. Latest developments in contaminated site mitigation/management.

The Conference will be of interest to policy-makers and program
managers with responsibilities for
hazardous waste management in
industry, government, and the environ-
mental community.
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For more information, or to register, please visit the ABMWMA Web site at www.awma.org/events, or call ASWMA Member Services at 1-800-270-3444 or 1-412-232-3444,
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Figure 1e. Instantaneous views (top: 3-D; bottom: surface layer, wind fields, and normalized concentrations) of the WTC plume, location, and
extent (with normalized distribution), simulated using the RAMS/HYPACT prognostic meteorological and particle dispersion models.

used to estimate the areas of potential impact of emissions from
Ground Zero. Figure 1a displays an example plume mapping,
which is representative of a single 1-hr plume. Figure 1b shows
the time average of the 1-hr plumes and the wind rose for the
period September 11~13, 2001. The plume color code represents
the estimated dilution. Detailed papers have been prepared for
the developments and applications of the CALMET-CALPUFF
modeling system to support WTC studies.#> A CALMET-
CALPUFF type modeling system, which cannot provide as pre-
cise an estimate of pollution levels as fuller physics models
might, is considered to be adequate for many applications. Even
without the precise concentrations, knowing generally where the
plume may have been can still help determine where to conduct

Figure 2a. Information integration within a 3-D model of lower
Manhattan.

more refined modeling of human exposures and where to study
the population exposure in epidemiological studies. Having such
results rapidly as a forecast or screening model could be very
valuable to decision-makers. A fuller physics model has been
applied for modeling the WTC plume location and dilution
using the prognostic mesoscale Regional Atmospheric Modeling
System (RAMS), in combination with the Hybrid Particle and
Concentration Transport (HYPACT) dispersion model.6 RAMS/
HYPACT has been implemented with three 3-D nested grids with
horizontal resolutions of 4 km (outer grid), 1 km (intermediate
grid), and 250 m (inner grid extending over lower Manhattan
and Brooklyn). Examples of the 3-D plume models are pre-
sented in Figure 1c.
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Figure 2b. CFD winds and streamlines through Manhattan street
canyans.
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Figure 2e. CFD simulation of smoke and dust cloud following (top:
Time=8 sec, bottom: Time=85 sec) the collapse of the North Tower.

Based on a building geometry database developed by Vexcel Cor-
poration, EPA has developed a 3-D digital model of lower Man-
hattan. Specific building geometry is critical to apply fine-scale
models. A reconstruction of fine-scale nu-
merical model of wind and pollution trans-

Figure 2b is an example of a CFD simulation of the winds and
potential pollution transport pathways (streamlines) for westerly
winds. EPA’'s wind tunnel model study is providing data on the
winds and pollution transport. Information from the wind tun-
nel model study will be used to develop and evaluate the nu-
merical simulation models. Once these evaluation studies are
completed, the numerical simulations can be extended to a wider
range of situations and meteorological conditions.

In addition, a CFD model has been set up for simulation of
the collapse of the North Tower of the WTC. The collapsing
tower was modeled by “pancaking” the building floors under
the force of gravity. The resulting simulated wind speeds ex-
ceeded 100 mph at the base of the collapsed tower where vor-
tices are generated and radiated outward carrying smoke and
dust, just as was observed. Figure Zc depicts the outline of the
resulting smoke/dust plume. Ongoing developments include
different mass (weight) particles to study particle transport and
dispersion for comparison with available information of the
deposition pattern around the WTC site.

The Mode]mg Enw:omnent for 'Ibtal Risk (MENTOR) systemn,
under continuing development and application at the Com-
putational Chemodynamics Laboratory (CCL) of EOHSI,’ pro-
vides an integrated framework that links together a variety of
databases (including both relational and geographic informa-
tion system components) of environmental and microenviron-
mental attributes and contamination levels, demographic
characteristics, human activities, exposure factors, physiological
parameters; models of environmental, microenvironmental, and

port of potential pollutants from Ground
Zero is being developed using Fluent Inc.
Computational Fluid Dynamics (CFD)
code. The setup of a fine-scale CFD model

T "Baﬂu- Definition™:

mate background levels
for lower Manhattan presents special chal- ;'i;,‘;m*““"

2. muttivariate
spatiotemporal

lenges because of the complex and widely Saiomworn *
ranging scale of building geometry. Also, B STRE )
solutions for simulating fine-scale pollu- ety S
tion transport for the 200-plus large build-
ings in lower Manhattan challenges
computing resources.

The digital 3-D model developed for
lower Manhattan is being used to display
both modeled and measured meteorologi-
cal conditions and air pollution concen-
trations. This visualization tool is valuable
in identifying situations to model and in
making comparisons. Figure 2a is an ex-
ample of available measurements pre-
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Figure 3a. Source-to-dose framework for reconstructing exposures to the WTC plume.
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Figure 3b. MENTOR/SHEDS baseline for 11/19/2001.

biological processes; diagnostic computational tools for data min-
ing, management, and analysis; and Bayesian methods for model/
data fusion. This system is now being used for modeling the
aftermath of 9/11 for New York City and the surrounding area. A
WTC-specific geodatabase needed to support this system is be-
ing developed using multiple environmental, microenvironmen-
tal, and demographic components, compiled by various federal,
state, city, and acadernic groups.

The initial application of the integrated MENTOR with the
EPA’s Statistical Human Exposure and Dose System (SHEDS)
to calculate exposures and doses in the vicinity of the WTC
site has focused on the establishment of baseline distributions
(i.e., representative of “typical” conditions in New York City)
after the elimination of major emissions from the collapse and
fires of the WTC site, Model simulations have been combined
with observational hourly data from the expanded PM, ; moni-
tor network to provide ambient inputs for the MENTOR/SHEDS
system (described schematically in Figure 3a) and obtain the
above mentioned statistical baseline characterization of PM, 5
exposures and doses for the population residing in census tracts
within 2.5 km from the WTC site (see Figure 3b). The baseline

characterization is currently being refined and also extended
to the days immediately following the events of 9/11.

There are models available to facilitate general understanding
of pollution transport on a metropolitan to regional scale. On
these scales, modeling information combined with air moni-
toring information allows for the assessment of where and
when potential emissions may affect people. Rapid responses
using these models are possible if real-time meteorological mea-
surements and demographics information are immediately
available. Plans may be developed so that such information
will be available to support future emergency situations. New
models based on research and developments are needed to
improve understanding of fine-scale pollution transport near
the source and within the neighboring building environments.
Further research and development is needed to adapt existing
exposure models for emergency scenarios. For acute exposure
assessments, models need to be developed based on investi-
gated microenvironmental (e.g., outdoor and indoor) concen-
tration fluctuations and exposure variability for different media
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(e.g., water, air, soil, dust, food, sediment). For chronic expo-
sure, models need to be developed based on investigated mi-
croenvironmental average concentration and people’s activities
and locations relative to the source.
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highly interactive two-day event. This workshop will:
o Show where each version of the rule applies;

o Explain the basics of the major NSR permit requirements (BACT, LAER, etc.);
e Discuss the applicability criteria for each version of the rule, aliowing you fo

“determine whether major NSR applies to a project;

e Update you on the latest enforcement initiatives, settlement agreements, and

court decisions; and

e Provide an idea of what's in store for NSR rules and programs in the near future.
If you are involved in NSR permitting, this is the training you need to keep

abreast of the latest developments.

The rules are evolving, and so is one of A&WMA's most popular workshops.

The popular "Fundamentals of NSR Workshop Series" is getting a facelift. With
the everchanging world of NSR being one of the most complex issues today, and
reform being the subject that you want to know about — please join us for a

ydated Workshop Serie

Coming to a city near vou...

| Las Vegas, NV March 18-19, 2004
| Albuguergue, NM September 16-17, 2004

Orlando, FL October 7-8, 2004

Visit wanw.awma.org for more information.




