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EXECUTIVE SUMMARY

EPA’ s Science Advisory Board (SAB) advised the Office of Pollution Prevention and Toxics
(OPPT) to conduct a"ground-truthing” analysisof theexposure model componentsof OPPT’ sRisk-
Screening Environmental IndicatorsModel. The objective of the Indicators Model isthe analysis of
ToxicsReleaseInventory (TRI) releasesand their rel ative risk-related impacts, which can be used for
relative ranking purposes.

In this ground-truthing analysis, the air model component of the Indicators Model was
evaluated. Air pollutant concentrations estimated by the Indicators Model were compared to
concentrations obtained from Air Guide-1 (AG-1), an air dispersion model used by the New Y ork
State Department of Environmental Conservation for regulatory purposes. The air pollutant
concentrations calculated by the Indicators Model are based on a combination of median data (e.g.,
stack height and exit gas velocity) and generic assumptions, whereas the AG-1 model relieson a
greater variety of facility- and stack-specific data. The differences in pollutant concentrations
predicted by both models were analyzed for 24 test casesin New Y ork. This representative sample
was designed to capture the variability observed in three input variables. Four metropolitan areas
were selected to sample different meteorological conditions, and two types of pollutants, with and
without decay rates, were modeled in each metropolitan area. The distribution of stack heights was
represented by three discrete bins, each containing about athird of the stack heights reported by all
TRI facilitiesin New York. Two test cases (one for a pollutant with a decay rate and one for a
pollutant without a decay rate) were selected from each stack height bin for each metropolitan area.

The Indicators Model estimates air pollutant concentrations for each 1 km? cell in a21-km
by 21-km grid surrounding aTRI facility. Each TRI facility isrepresented with asingle stack located
at the center of the central cell in the grid. Cell by cell concentrations predicted by the Indicators
Model and AG-1 were compared by calculating a concentration ratio for each cell (aratio of one
indicates perfect agreement between the models). Two sets of tests were conducted: in thefirst, the
Indicators Model used facility-specific median stack heightsand exit gasvel ocities; in the second, the
Indicators Model used stack heights and exit gas velocities corresponding to the median values for
thefacility’ s3-digit Standard Industrial Classification (SIC) code. These SIC code-based valueswere
nationally derived, based on available data

Concentration ratios for individual cellsranged from 0.23 to 3.1 when using facility-specific
parameters, and from 0.25 to 3.4 when using SIC code-based parameters. Average concentration
ratios computed over all 440 cells surrounding a single facility differed by 48 percent or less when
using facility-specific parameters, and by 35 percent or less when using SIC code-based parameters.
Average ratios computed over the 24 test cases were within two percent of unity (with a standard
deviation of 13 percent) when using facility-specific parameters, and within six percent of unity (with
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a standard deviation of 13 percent) when using SIC code-based parameters. Thus, the Indicators
Model does not seem to consistently overpredict or underpredict pollutant concentrations.

Average concentration ratios were also computed over concentric square rings around the
central cell. These averages show a pattern consistent across most facilities: concentration ratios
converge to within a narrow band around one as distance from the stack increases. Average
concentration ratios in the innermost ring, where air pollutant concentrations are highest, ranged
from 0.6 to 1.7 when using facility-specific parameters, and from 0.5 to 1.8 when using SIC code-
based parameters. Average ratios at the outermost ring ranged from 0.8 to 1.5 when using facility-
specific parameters, and from 0.6 to 1.2 when using SIC code-based parameters. Overall, theresults
obtained demonstrate that predictions of pollutant concentrations are not only comparable, but are
extremely close, even though key input data to the two models are not the same. Although the
Indicators Model is not designed as a substitute for more comprehensive, site-specific risk
assessments, the results of this ground-truthing analysisindicate that the air exposure pathway of the
Indicators Model provides very good estimates of air pollutant concentrations at the facility-specific
level.

Pollutant concentration is one component in the calculation of an Indicator Element, which
canbeusedtorank facilities. AnIndicator Element isthe product of three components: the surrogate
dose, which is based on pollutant concentration and exposure assumptions; the toxicity weight for
the chemical of interest; and, the exposed population. Besides pollutant concentration, for a given
chemica with one toxicity weight and one set of exposure assumptions, it is only the variation in
population which influences the value of the Indicator Element. To ascertain the possibleimpact of
population on the Indicator Element, the relative contribution of each ring to the Indicator Element
was examined. Resultsindicate that population around a TRI facility can have a significant impact
on Indicator Element values, depending on the population size and distribution relative to the
predicted pollutant concentrations. The accuracy of the Indicator Elements, however, is directly
dependent on the accuracy of the pollutant concentration estimates.

Asdonein the Indicators Model, Indicator Elements were used to rank facilities. Facilities
corresponding to the 24 test cases were ranked using each set of available concentration estimates:
AG-1, ISCLT3 with facility-specific median stack heights and exit gas velocities, and ISCLT3 with
SIC code-based median stack heights and exit gas velocities. Separate rankings were obtained for
facilities emitting chemicals that decay and those emitting chemicals which do not decay. With only
one exception, the rankings corresponding to different input parameters were identical for both
categoriesof chemicals, for all three setsof input parameters. Thisresult lendsfurther support to the
use of the Indicators Model to develop relative rankings of TRI facilities.
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1. INTRODUCTION

The Science Advisory Board (SAB) of the U.S. Environmental Protection Agency (EPA)
advised the Office of Pollution Prevention and Toxics (OPPT) to conduct a "ground-truthing"
analysis of the exposure model components of OPPT’ s Risk-Screening Environmental Indicators
Model (the Indicators Model). The Indicators Model is intended for analysis of trends in Toxics
Release Inventory (TRI) releases and their relative risk-related impacts. The Indicators Model isnot
the equivalent of site-specific risk assessment, in part because a number of simplifying assumptions
have been made to limit the data requirements of the model. These assumptions do not inhibit the
use of the Indicators Model at the national level, but may have the potential to restrict the usefulness
of the model at asite-specific level. To explore the use of the model for more site-specific analyses,
OPPT requested aground-truthing analysisof theair model component of the IndicatorsModel. The
purpose of thisground-truthing analysiswasto compare air pollutant concentrations predicted using
acombination of median data (e.g., stack height and exit gas velocity) and generic assumptionsin the
Indicators Model to pollutant concentrations predicted using facility- and stack-specific datain a
model used for regulatory purposes.

For thisanalysis, pollutant concentrations estimated by the Indicators Model were compared
to concentrations obtained from an air dispersion model used by the New Y ork State Department of
Environmental Conservation. Section 2 of this memo describes the design of the ground-truthing
analyss. Section 3 presents preliminary model comparisons which were conducted to assess the
default assumptions built into each model. Sections 4 and 5 then present the results of the ground-
truthing analysis and discuss them, respectively.
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2. DESIGN OF GROUND-TRUTHING ANALYSISFOR NEW YORK

Personnel from the New Y ork State Department of Environmental Conservation (NY DEC)
indicated an interest in providing assistance to EPA in this ground-truthing exercise. TheNY DEC
provided EPA with a copy of the model Air Guide 1 (AG-1), and assisted in making the model
operational. AG-1 contains facility-specific data, such as stack heights, for New York facilities,
including TRI reporting facilities. AG-1isused by NY DEC to verify facility compliance with air
quality standards (NY DEC, 1991; 1995). AG-1 is composed of two models. a simple model for
screening analyses, and amore complex model for refined analyses. The screening analysis produces
asingleworst-case concentration for thefacility, whiletherefined analysiscan predict concentrations
at multiplelocations chosen by the user. Therefined analysisisfar more comparableto theair model
component of the Indicators Model, and therefore was chosen for the ground-truthing analysis.

Both the Indicators Model and the more complex model in AG-1 use the same analytical
algorithm to predict air concentrations of pollutants emitted from industrial point sources. Both
models implement the long-term Gaussian plume agorithm included in EPA's Industrial Source
Complex (1SC) models (U.S. EPA, 1992a; 19953, b). Because the two models were devel oped at
different times, they usedifferent versionsof ISCLT (AG-1 usesISCLT2, whilethe IndicatorsModel
usesISCLT3). However, the same algorithmisused to model dispersion from point sourcesin both
versionsof ISCLT. Thus, identical results should be obtained when both models are used with the
sameinput dataset. The major difference between ISCLT2 and ISCLT3 liesin thetreatment of area
sources, for fugitive emissions. The agorithm for area sources was significantly improved in 1SC3.

Inthisground-truthing exercise, theresults obtained from the IndicatorsModel are compared
to results obtained from a model which uses more facility-specific data. The results from the
Indicators Model are not being compared to air monitoring data because the | SC series of models
(versons 1, 2, and 3) have already been validated. The EPA and others(e.g., Bowersand Anderson,
1981; Bowers et al., 1982; Heron et al. 1984; Moore et al., 1982) have repeatedly tested separate
components and features of the ISC models. Tests have included comparisons with experimental
(wind tunnel) and site-specific (air quality monitoring) data. These studies have validated
improvementsin model a gorithmsand confirmed that the | SC model scan adequately reproducefield
observations of pollutant concentrations. Currently, ISC3 is one of nine models recommended by
EPA for refined air quality analyses (U.S. EPA, 1995c). Recently, 1SC3 was used as a benchmark
to which the performances of other models were compared (U.S. EPA, 1995d).
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2.1 SCOPE OF THE ANALYSIS

Theoverall objectiveof the ground-truthing exercisewasto assessthe degreetowhichresults
from the Indicators Model differ from those of another state-of-the-art air model currently used for
regulatory purposes. Given that the Indicators Model uses acombination of facility-specific median
data, where available, and generic assumptions, whilethe AG-1 model usesamost al facility-specific
data, different air pollutant concentrations are predicted for emissions from the same facility. By
analyzing the differences in pollutant concentrations for a number of facilities, the degree to which
predictions differ between the two models was quantified.

Because many input variables affect model predictions, the tests conducted for this ground-
truthing analysis assessed the combined impact of those variables used in the air exposure pathway
of the IndicatorsModel. Uncertainty and sensitivity analyses would be needed to obtain a complete
perspective on the range of variability in model concentrations that occurs for alternative
combinations of input parameters. Such analyses were not included in this ground-truthing
comparison. Instead, results from a preliminary sensitivity analysis conducted using ISCLT3 were
reviewed to identify the relative impact of different input variables. In that analysis, a single input
variablewasvaried over arange of valueswhile holding all other variables constant; the process was
repeated for al stack-specific variables (stack height, stack diameter, exit gas velocity, and exit gas
temperature). Relative impacts were measured in terms of the average air concentration over agrid
identical to that used by the IndicatorsModel. Theresultsindicated that the pollutant concentrations
predicted by ISCLT3 are most sensitive to the stack height value used; exit gas velocity dso hasa
measurable, although smaller, impact on predicted concentrations. Both stack height and exit gas
velocity are negatively correlated with the average air concentration; that is, larger values of these
parameterswill yield smaller concentrations, and vice-versa. More extensive tests conducted by the
NY DEC have reached similar conclusions (NY DEC, 1991).

2.2 SAMPLING FRAMEWORK

This ground-truthing analysis compares air pollutant concentrations estimated by using a
combination of facility-specific (e.g., median stack height and median exit gas velocity) and generic
(e.g., stack diameter and exit gas temperature) air modeling parameters in the Indicators Model to
concentrations estimated using facility-specific data. Specifically, 24 test cases were constructed to
evaluate the impact of Indicators Model parameters for facilities with different stack heights,
geographic location, and chemical characteristics of emissions (see Table 1).

*NY DEC quantified the impact of stack height on pollutant concentrations under different conditions,
including a range of downwind distances, varying building dimensions, and differing numbers of stacks (NY DEC,
1991).
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Test casesweredesigned to capturethevariability in stack heights, becausethisinput variable
hasthe largest impact on predicted air concentrations. The Indicators Model uses either the median
stack height of all stacks (regardless of the chemical emitted) for TRI facilities with thisinformation
or an SIC code-based median stack height for facilities without stack data (Bouwes and Hassur,
1998). Thelatter isbased onthe median of stack heightsfor facilitiesin aparticular 3-digit SIC code
(or inthe 2-digit SIC codeif the 3-digit SIC codeisinvalid. If novalid 2-digit SIC codeisavailable,
the median of al stack heightsin SIC codes 20 through 39 isused). Stack height data were obtained
from the AIRS Fecility Subsystem (AFS) within the Aerometric Information Retrieval System
(AIRS), the National Emission Trends Database, and databases from three individual states
(Cdifornia, New Y ork, and Wisconsin). In the calculation of median stack height for facilitieswith
aparticular SIC code, statistical analyseswere conducted to determinewhether heightsfor stacks not
emitting any TRI chemicals should be included. For some SIC codes, significant height differences
did not exist between stacks emitting TRI chemicals and stacks not emitting TRI chemicals. Thus,
in those test cases, al stack heights for all facilities in that SIC code were used to estimate the
median stack height for that SIC code. For other SIC codes, asignificant height difference between
the two groups of stacks did exist, and only those stacks emitting TRI chemicals were used in the
calculation of a median stack height for that SIC code.

When running AG-1, NY DEC uses actua stack height data for those individual stacks
emitting chemicalsof concern at aselected facility. The sampling framework for the ground-truthing
analysis was designed to evaluate in part the impact of using a facility-specific median stack height
in the Indicators Model versus using multiple stack-specific heights in the AG-1 model. Three
categories of facilitieswererepresented: (1) TRI facilitieswith median stack heightslessthan seven
meters, (2) TRI facilitieswith median stack hel ghts between seven metersand ten meters, and (3) TRI
facilitieswith median stack heights greater than ten meters. These categoriesreflect the distribution
of facility-specific median stack heightsfor TRI facilitiesin New Y ork: approximately one-third of
these facilities are found in each of the stack height bins. Once the test cases were chosen for
analysis, thefacility-specific median stack height was used inthe IndicatorsModel runsand the actual
stack-specific heights were used in the AG-1 model runs. To evaluate the impact of using stack
heights based on SIC codes, afurther comparison was made, using the stack heights based on each
facility’s SIC code in the Indicators Model.

Asprevioudy indicated, the preliminary sensitivity analysis showed that exit gasvelocity also
has a measurable impact on predicted concentrations. The Indicators Model uses either the median
exit gas velocity of al stacks (regardless of the chemica emitted) for TRI facilities with this
information or an SIC code-based median exit gasvelocity for facilitieswithout exit gasvel ocity data
(Bouwes and Hassur, 1998). The latter is based on the median of exit gas velocities for facilitiesin
aparticular 3-digit SIC code (or inthe 2-digit SIC codeif the 3-digit SIC codeisinvalid. If novalid
2-digit SIC codeisavailable, the median of all exit gasvelocitiesin SIC codes 20 through 39 isused).
Exit gasvelocity datawere obtained from AFSwithin AIRS, the National Emission Trends Database,
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and databases from two individua states, New Y ork and Wisconsin. The same statistical analyses
asdescribed abovefor stack heightswere conducted before amedian exit gasvel ocity was cal culated
for each SIC code. Again, the facility-specific median exit gas velocity was used in the Indicators
Model runsand the actual stack-specific exit gasvelocitieswere used inthe AG-1 model runsfor one
comparison; a second comparison was made using exit gas velocities based on SIC codes.

Specific TRI facilities were selected from urban and rural areas covered by meteorol ogical
stations in Albany, Buffalo, Rochester, and Syracuse.? These four metropolitan areas were chosen
to determine if particular air modeling parameters have greater impacts in certain areas due to
possibleinteractive effects with different meteorological conditions. For each metropolitan areaand
stack height bin, two facilities were selected: one to represent stacks emitting chemicals with decay
rates and the other to represent stacks emitting chemicals without decay rates. The distinction was
intended to reflect another difference between the IndicatorsModel and AG-1: theIndicators M odel
incorporates chemical decay rates (based on photo-oxidation), while AG-1 does not. These decay
rates reduce the resultant air concentrations predicted by the Indicators Model.

An attempt was made to construct the sample of test cases by selecting one chemical with a
decay rate and one without adecay rate, aswell asfacilitiesthat emitted both chemicals, to minimize
thevariability acrosssites. However, theserestrictionsyielded an insufficient number of facilitiesfor
analysis. The final set of 24 test cases reflects a compromise: a single chemical (toluene) with a
decay rate and four of the most commonly released chemicals without decay rates (mercury,
aluminum, lead, and nickel) for New York TRI facilitiesin the four locations. Four of the facilities
represented in the sample discharge both types of chemicals: Facility A (Albany), Facility G
(Syracuse), Facility Q (Rochester), and Facility S (Rochester). Although the information on these
facilitieswas used for the analysis of both chemicalswith decay rates and those without decay rates,
each facility is considered to be two separate test cases because different sets of stacks are evaluated
by AG-1 and, therefore, results do not represent the effect of changing only chemical characteristics.

23 TESTING STRATEGY

To conduct thisground-truthing analysis, the ISCLT3 model (U.S. EPA, 19953, b) was used
directly, rather than as implemented in the Indicators Model. Because of this choice, a three-way
model comparison was necessary. First, the IndicatorsModel and | SCL T3 were compared to verify
that the ISCL T3 agorithm was successfully incorporated into the Indicators Model. Second, AG-1
and I SCL T3 were compared to verify that they yielded the sameresultswithidentical inputsfor point
sources. Although both modelsimplement the same ISCLT point-source a gorithm, thiscomparison
was necessary to test whether other assumptions were built into AG-1. Third, AG-1 and ISCLT3

2“Urban” areas are defined in the Indicators Model as having populations greater than 119,070 people. In this
ground-truthing analysis, fifteen facilities are located in urban areas and five are in rural areas.
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werecompared, with AG-1using al availablefacility-specific dataand | SCL T3 using the combination
of facility-specific data and generic assumptions used in the Indicators Model. This third test
evaluated how model predictions of pollutant air concentrations from point sources differ when
facility-specific data (e.g., building parameters, such as height and area dimensions, and stack
parameters, such as height, exit gasvelocity, and temperature) are used as compared to median stack
height and exit gas velocity data and generic assumptions.
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3. PRELIMINARY TESTS

This section describes the first two model comparisons conducted prior to the actual
comparison of results from the Indicators Model and AG-1 model. First, EPA already conducted
several testsin the past that verified that the Indicators Model yielded resultsidentical to those of the
|SCLT3 model when predicting air concentrations from point sources.

Second, tests were conducted to compare resultsfrom AG-1 and ISCLT3. Thesetestswere
conducted with Fecility A in Albany, for which al facility-specific data were available in the AG-1
database. A single chemical (mercury) was selected from al the TRI compounds emitted by this
facility. All input datafrom AG-1were used asinput to ISCLT3, and two testswererun, onefor the
urban mode and one for the rural mode. 1n both tests perfect agreement was obtained between the
two models' predictionsfor all nodesina21-km by 21-km grid. Inthe Indicators Model, each node
is centered in a 1-km by 1-km cell, and the concentration at the node is assigned to that cell. The
facility islocated inthe center cell of the 441 cells, and no concentration isattributed to that cell. The
grid sizeisnot finer because the Indicators Model assesses general population exposures, not risk to
aMost Exposed Individua (MEI).

Although onefacility was used to test both the urban and rural modes, only one modeis used
for agivenfacility intheIndicatorsModel. If thetotal populationina21-km by 21-km grid centered
at thefacility islarger than 119,070, the urban modeisused. Different dispersion algorithmsare used
for the rural and urban modes (U.S. EPA, 19953, b), but for a given mode, the same algorithms are
used in both AG-1 and ISCLT3. The two models, however, make different assumptions about
building dimensions. When site-specific data are available, AG-1 calculatesindividual stack heights
asthe sum of two variables: building height and stack height above structure. When site-specific data
are not available, AG-1 assumes that al building dimensions (height, width, and length) are equal to
the stack height; this assumption isintended to make the model more conservative. |SCLT3 makes
no specific dimension assumptions, and adopts zero building dimensions. By forcing ISCLT3 to
make the same assumptions about building dimensions as AG-1, perfect agreement was obtained
under both rural and urban modes. However, in the actual ground-truthing tests reported in the next
section, no such correction was made. Therefore, this difference in assumptions accounts for a
fraction of thetotal differenceinair concentrationsobserved at eachfacility. Different concentrations
are predicted because the presence of abuilding produces higher concentrations near the source due
to building downwash. After downwash, there isless pollutant mass to be distributed further awvay
from the building, because the total pollutant mass being emitted into the air is the same regardless
of building dimensions. Thus, when al other inputs are the same, the Indicators Model will produce
dightly higher air pollutant concentrations further away from the source than AG-1 and lower
concentrations nearer the source. However, the differencesin predicted concentrationsare small for
the range of distances sampled by the computational grid usedinthe IndicatorsModel (1to 14.8 km,
where 14.8 km is the diagonal distance from the source to the corner of the 21-km by 21-km grid).
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Typicd maximum differences are on the order of one to two percent, and decrease to insignificant
levels with increasing distance from the source.
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4. MODEL COMPARISON: AG-1 VERSUSISCLT3

Asindicated in Section 2, ISCLT3 was used directly for this ground-truthing exercise. All
facility-specific median data and generic assumptions used in the Indicators Model were also used in
|SCL T3, to obtain the same model predictions that would be produced by the Indicators Model. In
the remainder of this section these results are referred to as the “Indicators Model results’ for
convenience.

4.1 INPUT DATA

AG-1 and ISCL T3 share the same input parameters, but assign different values to them, as
summarizedin Table 2. For stack diameter, exit temperature, and building dimensions, the Indicators
Model uses constant, generic values, whereas AG-1 uses facility-specific data (if available). In
addition, AG-1 computes concentrations from all individual stacks that emit a particular chemical,
while the Indicators Modd treats all such emissions as emanating from a single stack at a central
location, with stack height equal to the median height of all stacks at the facility and exit gas velocity
equal to the median exit gas velocity from all stacks at the facility. For chemicals which may decay
through photodegradation, the Indicators Model uses a decay rate, whereas AG-1 assumes no
chemica decay occurs. Both models use comparable meteorological data, i.e., STability ARray
(STAR) datafrom local meteorological stations.® For agiven meteorological station, the Indicators
Model uses average conditions computed over many years (typically 25 years or more), while AG-1
uses one year’s worth of data corresponding to the most recent year with valid STAR data. For
purposes of this ground-truthing exercise, both models used STAR datafrom AG-1.

The stack coordinates of the TRI facilities selected for the model comparison are listed in
Table 3. All coordinates are in meters, with values corresponding to the Universal Transverse
Mercator (UTM) coordinate system. Two sets of coordinates are listed, corresponding to the NY
DEC and national TRI databases. The national TRI database contains a single pair of coordinates
for each facility, whilethe NY DEC database contains stack-specific coordinates. The valueslisted
for the latter in Table 3 are the coordinates of the point located in the middle of all stacks that emit
the particular chemical selected for the model comparison. AG-1 centers the computational grid at
thismiddle point. Notethat some of the TRI database and NY DEC coordinatesincluded in Table 3
differ by hundreds or thousands of meters, which would cause the contaminant plumesto be mapped

3 |SCLT uses as input meteorological data that have been summarized into joint frequencies of occurrence for
particular wind speed classes, wind direction sectors, and atmospheric stability categories. These STAR summaries
may include frequency distributions over a monthly, seasonal, or annual basis.
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innon-overlapping locations. Therefore, the single stack for the | SCLT3 runswas placed at the same
middle point that AG-1 uses to center the grid.*

Tables 4 to 8 display the input data used by each model for the following parameters: stack
height, exit gas velocity, stack diameter, exit temperature, and chemical emission rate. For stack
diameter and exit temperature, the Indicators Model has single default values (Table 2), while AG-1
uses stack-specific values. Because the AG-1 emissions data are from different years for different
stacks, reported rel eases from the TRI database could not be used. Instead, asindicated in Table 2,
for agiven facility the sum of the emission rates of a particular chemical from all relevant stacks in
AG-1 was used as the chemical emission rate for that facility in the Indicators Model (ISCLT3).
Although AG-1 uses unique chemical emission-stack combinations, the mean and median stack
heightsand exit gasvelocitiesare presented in Tables4 and 5 for purposes of comparisonto ISCLT3
inputs. As shown in Tables 4 and 5, the number of stacks used in the calculation differ, as AG-1
mean and median values are based only on those stacks which emit the chemica being analyzed,
whereas mean and median values in ISCLT3 are based upon al stacks at the facility.

42 RESULTS

Three setsof Indicators Model runs were conducted to explore the impact of having facility-
specific median data or relying on assumptions when such data are not available. Thefirst set uses
facility-specific median stacks heights and exit gas vel ocities, representing the case with most stack-
specific data. The second set uses facility-specific median stacks heights and a constant exit gas
velocity of 0.01 m/sec. Thethird set usesmedian stacks heightsand exit gasvel ocities corresponding
to the 3-digit or 2-digit SIC code of the facility, representing the case with the least stack-specific
data. Results from the three sets of tests are described below.

Both the Indicators Model and AG-1 report pollutant concentrationson adiscretegrid. The
Indicators Model uses a 21-cell by 21-cell grid composed of 1 km? cells, with atotal of 441 cells.
The same grid dimensions were chosen for the AG-1 model runs to compare results at the same
locations. Figure 1A displays the pollutant concentrations in each cell predicted by AG-1 for an
example facility, while Figure 1B displays the concentrations predicted by the Indicators Model.
Figure 1C displays the ratio of concentrations predicted by each model for each cell (i.e., ISCLT3
concentration/A G-1 concentration); aratio of oneindicates perfect agreement between theIndicators
Model and AG-1. The arrays of results shown in these figures provide a wealth of information, but
they are not the most convenient means to analyze spatia patterns. Instead, concentrations can be
displayed as a pollutant concentration plume with the aid of a contour plot. Figures 2A and 2B
display contour plotsof the pollutant plumes predicted by each model for the examplefacility. Figure

*4In the Indicators Model, the facility stack is centered in the model cell that contains the facility coordinates
from the national TRI database.
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2C displays a contour plot of the concentration ratios shown in Figure 1C. Figure 2C reveds that
concentration ratios in about 20 cells around the stack range in value from 0.6 to 0.9; concentration
ratiosin al other cells located further away from the stack are between 0.9 and 1.0.

Without reference to the location of individual cells, a histogram of al cell ratios provides a
more compact way of comparing plumes and illustrates the variability within and among test cases.
Figures 3 to 6 display such histogramsfor al 24 test cases, individually and averaged by metropolitan
area. While some of the histograms (e.g., test case 3 in Albany) are narrowly clustered around a
single value (usually one), others display more dispersion (e.g., test case 1 in Rochester), with the
maximum value for any single cell ratio being 3.1 (for test case 4 in Rochester). The histogramsin
Figures 3 to 6 show that the average concentrations calculated by the Indicators Model for an
individua facility may differ from those calculated by AG-1 by up to 48 percent, with the largest
deviation corresponding to test case 4 in Albany (average concentrations are cal culated over the 440
cells surrounding each facility).

In addition to the contour plots and histograms, another type of plot was developed to
examine the variability of model results with distance from the source. Because the computational
grid used by the Indicators Model is made up of square cells surrounding the source, a surrogate
measure was used to approximate the radial distance from the source. The grid can be visualized as
being made up of concentric square rings located around the central cell containing the source; in
a21-km by 21-km grid, there are ten such rings, with ring one being closest to the source and ring
ten being the outermost ring. The ring number serves as a surrogate measure of distance in
kilometers from the source. For each of the ten concentric square rings, an average concentration
ratio wascal cul ated; because of averaging effects, these concentration ratiosdisplay anarrower range
of valuesthan the variations depicted by the histogramsin Figures3to 6. Figures7 to 10 display the
average concentration ratios over concentric square rings for individual test cases, grouped by
metropolitan area. The shapesof the plotsfor test casesin the same metropolitan area are somewhat
similar, but not enough to define distinct patterns for each metropolitan area. Instead, two patterns
are apparent for individual test cases: concentration ratios decrease with distance when there is a
maximum &t ring one, or increase with distance when thereisaminimum at ring one. For the second
ring and further, ratiosfor individual test cases are within ten percent of unity for Albany, and within
about 20 percent of unity for Buffalo, Rochester, and Syracuse, except for two test cases discussed
below. Withinthefirst ring, ratiosfor individual test cases are within 35 percent of unity, except for
the two test cases discussed below.

In two of the citiesthereisasingle curvethat displays consistently higher concentrations for
al rings:. test case 4 in Albany (mercury) and test case 4 in Rochester (nickel). These sametest cases
can beidentified using the histogramsin Figures 3 and 5. Inspection of Table 4 revealsthat test case
4 in Albany and test case 4 in Rochester share a common characteristic: the facility-specific median
stack height used intheIndicatorsM odel issignificantly shorter than the corresponding median height
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of the stacksthat actually emit the given chemical (although AG-1 usesindividual stack heights, their
median was computed to allow asimple comparison; other measures, such asthe emission-weighted
mean or median, could be used aswell). The differences are 26 meters (m) and 6 m for the Albany
and Rochester test cases, respectively. Calculationsusing the shorter stack height fromthe Indicators
Model result in higher concentrations predicted by the Indicators Model, and therefore, higher
concentration ratios. Test case4 in Albany, which hasthe largest discrepancy between median stack
heights, produces the largest ratios over the entire grid in the 24 test cases. These results are
consistent with previous sendtivity analyses of the influence of stack heights on pollutant
concentrations. However, the tests conducted for this ground-truthing analysis were not designed
to isolate the influence of a single variable. Hence, the range of variability in calculated pollutant
concentrations reflects the combined effect of al input variables that take different values in each
modd (thisincludes not only all stack parameter data, but a so building dimensions and treatment of
chemical decay).

In interpreting the average concentration ratios over concentric rings, it isimportant to note
that the inner rings have fewer cells (e.g., 8 cellsfor ring 1 of an individual test case), as compared
to outer rings (e.g., 80 cellsfor ring 10 of an individual test case). Therefore, the statistics for the
inner rings are more sensitive to single high values. I1n contrast, the ratio statistics for the outer rings
are more stable and seem to approach a constant value, typically very close to unity. 1n subsequent
figuressimilar “ring” curvesare used to examinethevariability of concentration ratiosby stack height
bin, chemical, and metropolitan area.

Figure 11 displaysthe average concentration ratio computed for each ring for the three stack
height bins. Agreement between the Indicators Model and AG-1 seems to be independent of stack
height bin, because most ratios are within five percent of unity; even within the two innermost rings,
ratios are within fifteen percent of unity.

Figure 12 compares the ring statistics grouped by chemical type (each group has twelve test
cases). Theratiosfor the chemica with adecay rate are consistently lower than those for chemicals
without a decay rate, which is expected, given that the Indicators Model accounts for decay rates,
while AG-1 doesnot. Figure 12 indicatesthat ratiosfor the chemical with adecay rate are about five
percent lower than unity on average, whilethose for the chemical without adecay rate are about two
percent higher than unity. However, this figure should be taken asindicative only. Evaluating the
effect of this individual variable would require running each test case with both chemica types,
holding all other parameters constant.

Figure 13 shows the average ring statistics for each metropolitan area (six test cases each,
averaged over both chemical types). Except for Syracuse, the ratios for all rings in the four curves
shown in Figure 13 are within ten percent of unity. The concentration ratios in the first ring of
Syracuse are within 17 percent of unity.
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Table 9 contains similar information, but also provides the standard deviations, minimum
values, and maximum values of the concentration ratio for each metropolitan area, by chemical
characteristic and by stack height bin. The mean concentration ratio for the entire sampleis 0.984,
indicating that on average, the predictions of the Indicators Model are virtually the same as those of
AG-1. Subsampleaverageratios(e.g., by metropolitan area, chemical characteristic, and stack height
bin), showninTable9, vary between 0.935 and 1.05, again representing very good agreement. Table
10 contains the statistics corresponding to the concentration ratios by ring for all locations together
and by metropolitan area. A complementary view is provided by the histograms in Figures 3 to 6.
These figures show that the average histograms of concentration ratios for each metropolitan area
have most cells clustered around one, with the highest frequency corresponding to ratios between
0.95 and 1.05.

4.2.1 Impact of Exit Gas Veocity Assumptions

When this ground-truthing exercise wasinitiated, the corresponding version of the Indicators
Model assumed a constant exit gas velocity (0.01 m/s) for all stacks. Given that the preliminary
sengitivity anaysis indicated that exit gas velocity had a measurable impact on predicted
concentrations, and that the default value of 0.01 m/s was three orders-of-magnitude smaller than
most available data on exit gas velocities, the way in which exit gas velocities are treated in the
Indicators Model was changed (Bouwes and Hassur, 1998). Tables 11 and 12 contain a summary
of results for the constant exit gas velocity case, in the same format as Tables 9 and 10. Although
each single statistic in Tables 11 and 12 can be compared to its counterpart in Tables 9 and 10, only
the mean concentration ratio calculated over the whole sample (all rings, all metropolitan areas) is
analyzed here. The mean ratio in Tables 11 and 12 equals 0.980, approximately equivaent to the
mean ratio (0.984) shown in Tables 9 and 10; the corresponding standard deviations are virtually the
same (0.136 and 0.134, respectively). Although these statistics are very similar, EPA believes that
it is more defensible to use available data on exit gas velocities and to treat the data in the same
manner that stack height dataaretreated than to use adefault value that isthree orders-of-magnitude
smaller than most available data.

4.2.2 Impact of SIC Code-based Stack Height and Exit Gas Velocity Assumptions

Theresults presented so far correspond to the casein which facility-specific dataare available
to calculate median stack heights and exit gas velocities. However, only asmall fraction of facilities
nationwide (about ten percent) have such data in the Indicators Model database. For the vast
majority of the facilities, the Indicators Model uses the median stack height and exit gas velocity
corresponding to the 3-digit SIC code of thefacility. Table 13 containsthe median stack heightsand
exit gasvelocities corresponding to the 3-digit SIC codesof the 24 facilitiesinthe sample, aongwith
thefacility-specific median val ues (used in the previous comparison) and the chemical -specific median
values (which summarize the stack by stack emissions calculated by AG-1). A brief inspection of
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Table 14 revea sthat stack heightsfor individual facilitiesmay differ by asmuch asafactor of seven.

To test the performance of the Indicators Model when data based on SIC codes are used, the
3-digit SIC code median valuesin Table 13 were used in ISCL T3 and the results were compared to
AG-1. Resultsaredisplayed in Figures 14 through 24 and Tables 14 and 15. Because the figures
andtablescontainresultsparallel to those previously discussed, aside-by-side comparisonispossible.
For example, the histogramsin Figures 14 to 17 show asummary of cell-by-cell concentration ratios
smilar tothosein Figures3to 6. Overal, the histogramsin Figures 14 to 17 show more scatter than
those in Figures 3 to 6. This scatter is consistent with the larger differences in input parameters
(stack heights) for somefacilities, as shownin Table 13. Aninspection of the histogramsin Figures
14 to 17 showsthat the average concentrations calculated by the Indicators Model for an individual
facility may differ from those calculated by AG-1 by less than 35 percent (the largest average
deviations correspond to test case 1 in Albany and test case 4 in Rochester). The maximum valuefor
any single cell ratio is 3.4 (for test case 4 in Rochester).

The summary statisticsin Tables 14 and 15 can be readily compared to those in Tables 11
and 12 (and Tables 9 and 10). The mean concentration ratio calculated over the entire sample (al
rings, al facilities) equals 0.936 (Tables 14 and 15), somewhat lower than the mean ratio (0.984)
obtained when using facility-specific median stack heights and exit gas velocities (Tables 9 and 10).
This result is consistent with the inputs shown in Table 13: given that a mgjority of 3-digit SIC
median stack heightsare larger than the corresponding facility-specific median values, the Indicators
Model predicts smaller concentrations and therefore the concentration ratios are lower on average.
(Thisresult in turn is consistent with the findings from sengitivity analyses aready discussed.) The
standard deviation of the concentration ratio (0.131) isapproximately equivalent to the previous one
(0.134).

A maority of the 24 test cases have 3-digit SIC code median values significantly higher than
the corresponding facility-specific median values. On anationwide basis, the Indicators Model could
be expected to sometimes overpredict and sometimes underpredict, depending on the discrepancies
between actual and assumed parameter values. To assess the range of discrepancies on a larger
sample, parameter values for al facilities with site-specific data were compared to SIC code based
values. The comparison was performed by subtracting facility-specific median valuesfrom SIC code
based median values, for stack heights (1504 facilities) and exit gas velocities (1063 facilities). The
results are displayed in Figures 25 and 26 for stack heights and exit gas velocities, respectively. SIC
code based median stack heightsrange from 69 m lessto 29 m more than the facility-specific median
stack heights. The 95th and 5th percentiles are 18 m less and 7.0 m more, respectively. SIC code
based median exit gas velocities range from 295 m/s less to 17 m/s more than the facility-specific
median exit gas velocities. The 95th and 5th percentiles are 49 m/s less and 7.1 m/s more,
respectively. Ground-truthing analyses were not repeated for these additional facilities, athough
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previous results show that using median values based on SIC codes yields a wider range of
concentration ratios (subsample statistics in Table 14 vary between 0.871 and 1.00, a range only
dightly wider than the corresponding rangesin Tables 9 and 11). Because the concentration ratio
statistics (overall average and standard deviation) are reasonably close to the values obtained when
using facility-specific median values, it is concluded that the Indicators Model performs very well
when using 3-digit SIC code median values for stack heights and exit gas velocities.

43 FUGITIVE EMISSIONSANALYSIS

Fugitive releases, which are modeled as area sources, are a significant fraction of the total
reported air emissionsof TRI chemicals. ThelSCLT model used by AG-1 and the Indicators Model
can predict fugitive emissionsfrom areasources aswell as stack emissionsfrom point sources. Thus,
itistheoretically possibleto conduct aground-truthing exercisefor fugitive emissionsto test thearea
source component of the Indicators Model.

A ground-truthing exercise for fugitive emissions using AG-1, however, would not be very
useful. Recall that AG-1 uses ISCLTZ2, and the Indicators Model uses ISCLTS3; the area source
algorithm in ISCLT3 has been improved over that used in ISCLT2 to calculate pollutant
concentrations from fugitive emissions (U.S. EPA, 1992a, 1995b). Therefore, predictions made by
the two models will differ even when identical input data are used. In addition, AG-1 and the
Indicators Model use different datato characterize the dimensions of area sources. While AG-1 uses
site-specific datafor the surface area and height of an area source, the Indicators Model uses default
values. Hence, comparing the fugitive emission component of AG-1 and the Indicators Model would
require separate evaluations of the differences due to model algorithms and due to input data.

The essential difference in the area source algorithms used in ISC2 and 1SC3 can be
summarized as follows. Both algorithms are based on integrations of the Gaussian plume formula
used for point sources, but the integration is carried out over different area geometries to describe
the shape of an actual areasource. In1SC2 the integration is carried out over a crosswind line, and
calculations assume square area sources. Actual area sources may have irregular shapes; they can
be represented with many small squares that approximately overlay the actual area. In ISC3 the
integrationiscarried out over arectangular area, and calculationsallow arbitrary dimensionsfor each
rectangle. By using rectanglesof variable dimensions (aspect ratioscan beashigh astento one), area
sources of irregular shape can be represented more accurately than in 1ISC2. (Note that these
integrations cover the areasourceitself and therefore areindependent of the computational grid used
inthe Indicators M odel to estimate pollutant concentrationsin square cells.) Therevised areasource
algorithm included in 1SC3 has been thoroughly evaluated and its predictions compared to wind
tunnel data (U.S. EPA, 1992b, c, d). Because the computational algorithms are different, |SC2 and
I SC3will predict different concentrationsfor anidentical areasource, squareor otherwise. However,
the differences between predictions of 1SC2 and 1SC3 are more significant closeto the source. 1SC2
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(and therefore AG-1) can underestimate concentrations close to the source by as much as a factor
of three (NY DEC, 1995).

If the area source algorithms were identical in ISCLT2 and ISCLTS3, as the point source
algorithmsare, aground-truthing analysiswould compare the results obtained from site-specific data
on area source sizes with results obtained using default assumptions. The Indicators Model uses
default valuesfor the dimensions of all areasources: asurface areaof 10 m? and aheight of 3m. The
AG-1 Guidelines (NY DEC, 1991) recommend using a surface area of 84 m? in the absence of site-
specific data; no default value is recommended for the height of the area source.

Sengitivity analyses conducted on |SCL T2 demonstrate that for an arbitrary areasource size,
thereisadistance from the source at which the concentrations approach those of apoint source (NY
DEC, 1991). Aswould beintuitively expected, this distance decreasesfor smaller areasources. For
an area source of the size used in the Indicators Model (10 m?), this distance is about 50 m; for an
area source of the size recommended in the AG-1 Guidelines (84 m?), this distance is about 400 m
(NY DEC, 1991). Therefore, at the distances sampled by the Indicators Model grid (one kilometer
and larger), both models yield practically identical results (NY DEC, 1991). These results from
ISCLT2 only reflect the impact due to different area sizes, not the impact of different area source
heights. A similar sensitivity analysiswas conducted using the ISCLT3 model to evaluate the impact
of both area source size (10 m? and 84 m?) and height (3 m and 0 m). From this analysisit was
determined that the distances from the source at which the concentrations approach those of a point
source are also less than one kilometer. Thus, a separate ground-truthing exercise for area sources
would be redundant with the analysis of point sources already conducted.
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5. PERSPECTIVE ON FINDINGS

Thisground-truthing analysis showsthat pollutant concentrations predicted by the Indicators
Model arein excellent agreement with those predicted by AG-1, even though the model suse different
input data (median and generic values versus stack-specific data) and assumptions (e.g., building
dimensions and treatment of chemical decay). Although the range of concentration ratios for
individual cells is 0.23 to 3.4, the vast mgjority of individual cells in al 24 test cases have
concentration ratiosthat are closeto unity (within five percent of unity when facility-specific median
parameters are used, and within ten percent of unity when SIC code based parameters are used).
Because any oneindividual cell contributesvery little to theimpact of thefacility asawhole, average
concentration ratios over concentric rings around the stack were analyzed. For the mgority of the
test cases in the sample, average concentrations within each ring predicted by the two models are
within 20 percent of each other. Intheringsclosest to the source, in which the largest discrepancies
occur, average concentrations within each ring predicted by the two modelsare within afactor of 0.5
to two of each other, even when SIC code based parametersare used. Thus, athough the Indicators
Model is not designed as a substitute for more comprehensive, site-specific risk assessments, the
resultsof thisground-truthing analysisindicatethat theair exposure pathway of the Indicators M odel
provides very good estimates of air pollutant concentrations at the facility-specific level.

Not surprisingly, this ground-truthing analysis showed that the Indicators Model performs
best when facility-specific median stack heightsand exit gasvel ocitiesare available, rather than when
median stack heights and exit gas velocities based on SIC codes are used. When facility-specific
median valueswere used, resultsindicated avery close agreement between the IndicatorsModel and
AG-1: averageconcentrationscal cul ated over theapproximately 10,560 cell concentrationsestimated
by each model for all 24 test cases differ by less than two percent, with a standard deviation of
approximately 13 percent. Even when parameters based on SIC codes are used, the results of the
Indicators Model compare very well to those of AG-1: average concentrations computed by both
models for the 24 test cases differ by approximately six percent, with a standard deviation of
approximately 13 percent.

Average ring concentrations predicted by the two models are within afactor of 0.5 to two of
each other near the facility; these concentration ratios become smaller and often converge within a
narrow band around unity with increasing distance from the source. Only two of the 24 test cases
departed from this general pattern when using facility-specific median parameter values. As
previously mentioned, such disagreements are probably due to the markedly different stack heights
used by each model in these two test cases. Similar discrepancies are expected to occur in afraction
of the cases nationwide, because the facility-specific stack statistics (e.g., median) may not aways
accurately approximate the corresponding statistics for the subset of stacks that emit a particular
chemical. Thismay happen regardless of whether facility-specific or SIC code based parametersare
used. The sampleistoo small to alow precise inferences of how often this may occur, but the fact
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that such discrepancies occurred only twice in the 24-case sample gives some indication that this
situation may occur in only a small fraction of cases on a nationwide basis as well.

5.1 CALCULATION OF INDICATOR ELEMENTS

Although the ground-truthing exercise has affirmed the accuracy of the pollutant
concentrations predicted by the Indicators Model, pollutant concentration is only part of the
calculation of an Indicator Element, which can be used to rank facilities. Therefore, it isimperative
to ascertain the contribution of pollutant concentration, as well as other components, to the
estimation of Indicator Elements. An Indicator Element is the product of three components: the
surrogate dose, which is based on pollutant concentration and exposure assumptions; the toxicity
weight for the chemical of interest; and, the exposed population. For each of the 440 cells
surroundingaTRI facility, cell-level products, called Indicator Sub-Elements, are cal culated and then
added to yield the Indicator Element. Consideration of these other Indicator Element components
whiletaking into account theincreased predictive accuracy of the| SCLT3 model at greater distances
from afacility will aid the analyst when interpreting Indicators Model results at the facility-level.

5.1.1 Toxicity

Toxicity weights are chemical and pathway-specific; each facility emitting a given chemical
will receive that same pathway-specific weighting factor for that chemical release. Weights range
from 0.1 to 1,000,000 for carcinogens and from 0.001 to 100,000 for non-carcinogens. The impact
of toxicity weights on Indicator Elements will be irrelevant only when comparing facilities emitting
the same chemical. Inall other casesthey may account for asignificant fraction of thetotal Indicator
Elements value calculated for afacility.

5.1.2 Surrogate Dose

Theair pollutant concentration estimated by the Indicators Model isconverted to asurrogate
dose using standard assumptions for body weight and inhalation rate. These exposure assumptions
are the same from facility to facility and will not influence the ranking of facilities. Thus, the
surrogate dose can be viewed as the I SCL T3 concentration multiplied by a constant. As discussed
above, the results of this ground-truthing exercise demonstrated that the methods employed by the
Indicators Model to estimate facility stack heights and exit gas velocities result in pollutant
concentrations that compare very favorably to those of the AG-1 model, which uses much more
facility-specific data. Generaly, the results of the two models converged at approximately 2
kilometers from the facility, resulting in only a small percentage of the 1-km by 1-km cells being
prone to over or underestimation of pollutant concentrations by an appreciable amount. These cells
with an appreciable amount of over or underestimation are usually located in the immediate vicinity
of the source. While pollutant concentrations are a so highest near the source, one cannot conclude
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that these cells have the greatest impact on Indicator Elements without considering the impact of
population distribution.

5.1.3 Population

In addition to pollutant concentration, population is the other component of the Indicator
Element that is of interest for this ground-truthing exercise. Unlike exposure assumptions and
toxicity weight, which are applied consistently acrossall cells surrounding afacility, populationisnot
distributed evenly around a facility. Generaly speaking, it would be ided if population was
distributed at distances from the facility where the correspondence between ISCLT3 and AG-1
concentration estimates was nearly identical. Then the resulting facility rankings would be a fair
representation of facilities' relative risk. If the population was concentrated primarily within 2 km
of afacility, theresultant relative-risk rankingswoul d be subject to greater error becausethe potential
for discrepancies in estimated pollutant concentrations is higher nearer to the facility.

To consider thisissue, revisit Figures 18 through 21, which show the concentration ratios
using SIC code based parameters for the 24 test cases for the four metropolitan areasin New Y ork
State. Generally, concentration ratios become relatively constant at approximately 2 km. Within 1
km the ring-average estimates of the concentration ratios for the 24 test cases range from 50 percent
below unity to almost 80 percent above unity. Asseenin Table 15, the largest concentration ratio
for asingle cell of the 192 cells composing the 1 km rings of these 24 test cases (8 cells x 24 sites)
was 3.4; the average of these 192 concentration ratios was 0.89.

To calculate an Indicator Element, it is necessary to multiply pollutant concentration in each
cell by the number of peoplelivingineach cell. Therefore, population distribution in concentric rings
around each facility was examined to seewhether higher pollutant concentrationscloser to thefacility
were counterbalanced by lower populationscloser to thefacility. The number of peoplelivingineach
of the 440 cells surrounding the 24 facilities was obtained from the I ndicators Model (AG-1 does not
have a population database); these numbers were then added over al cellsinagivenring for agiven
facility. The resulting population distributions do not display a consistent pattern, but rather vary
sgnificantly from facility to facility. While some facilities have the mgjority of the population living
inrings 1 to 3, many facilities have increasing numbers of people living at greater distances. There
is aso significant variability among metropolitan areas. in Albany, most people live relatively far
away from TRI facilities, whilein Buffalo a high percentage of people live closeto TRI facilities. In
an attempt to obtain a national perspective of this, a nationwide distribution of exposure events, i.e.,
persons impacted by multiple TRI facilities with non-zero air releases, was also analyzed. Table 16
presents the exposure events within specific “distance rings’ of TRI facilities reporting air releases.
Thevalues shown inthis table are derived by assigning each person in the U.S. to each TRI facility
located within a specified distance; this procedure allows a person to be counted multiple times, as
is done in the Indicators Model, depending on how many TRI facilities potentially impact them.
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Thus, the total exceedsthe U.S. population, because of individuals experiencing multiple exposures.
Although approximately 28 percent of the U.S. population resides within 2 km of TRI reporting
facilities, Table 16 shows that only five percent of all exposure events occur within 2 km.

When a large percentage of the population lives close to a TRI facility and when significant
discrepancies exist between the AG-1 and | SCLT3 predictions of pollutant concentrations near that
facility, thegenerated Indicator Elementscould concelvably influencerelativerankingsof facilities.
Inthoseinstanceswher esignificant discrepanciesexist betweenthe AG-1 and | SCLT3 concentration
predictions close to the facility but only a small percentage of the population live close to the
facility, theimpactsonthelndicator Elementsand theassociated facility rankingswill benegligible.

52 COMPARISON OF INDICATOR SUB-ELEMENTS CONTRIBUTIONSBY RING

Asdescribed above, Indicator Elementsare the sum of Indicator Sub-Elements cal culated for
each of the 440 cellssurrounding a TR facility. To investigate the relative contribution of cell rings
to the total Indicator Element value, Indicator Sub-Elements were calculated for each ring around
each facility by multiplyingjust the popul ation and the pol lutant concentration in each cell, and adding
the products over al cellsinaring. (These resultswere not multiplied by toxicity because the focus
was only on analyzing asingle pollutant in agiven case.) The percent contributions of each ring to
afacility’s Indicator Element are displayed in Figures 27 to 30 (one figure per metropolitan area),
along with the corresponding concentration ratio (ISCLT3/AG1) distributions by ring (these
distributions are identical to those shown in Figures 7 to 10).

Inspection of Figures 27 to 30 reveal sthe absence of atypical profile. Infact, thedistribution
of the percent contribution by ring varieswidely, as a consequence of the cell-by-cell combination of
population and pollutant concentrations. While there are test cases where the largest contribution
to afacility’s Indicator Element comes from the first few rings (e.g., test case 1 in Syracuse), the
converseistruein other test cases (e.g., test case 1in Rochester). Thesetwo test casesillustrate the
correlation between the distributions of population and Indicator Sub-Elements, and help visuaize
theimpact that discrepanciesin concentration estimates (measured by concentration ratios) may have
on Indicator Elements. When there is a high population density near the facility, discrepanciesin
concentration estimates can trandlate into discrepancies of similar magnitude in Indicator Elements.
Intheworst case, the samefactor of 0.5 to two that bounds discrepanciesin pollutant concentrations
will apply to Indicator Elements as well. This case is exemplified by case 4 in Albany, where
concentration discrepancies in excess of 40 percent occur for all rings, and therefore the Indicator
Element value is also 40 percent overestimated. This case was previoudy identified as unique,
because of significant differencesin median stack height input parameters. When asmall percentage
of the population lives near the facility, discrepanciesin concentration estimatesin thefirst few rings
will have amuch smaller impact on thetotal Indicator Element value. An extreme caseisexemplified
by case 4 in Rochester (Figure 29); although the concentration ratio indicates discrepancies between
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30 and 60 percent for the first two rings, these discrepancies do not impact the Indicator Element
becausethereisno population living inthefirst two rings. Correspondingly, inthoseinstanceswhere
concentrations are correctly estimated, so will be the Indicator Elements, regardiess of population
distribution.

Aswith pollutant concentration anal yses, these conclusionscannot necessarily beextrapol ated
to the U.S. asawhole. This sample revealsthe wide variability in the distributions of Indicator Sub-
Elements and the significant impact on Indicator Sub-Elements that results from the particular
population distribution around afacility (although higher concentrations occur close to the source,
their impact on the Indicator Sub-Elements is greatly dependent on the size of the population living
in that area). Because of the wide variability observed from test case to test case, the Indicators
Model needs to be employed to capture the unique population distribution around each modeled
facility to ensure proper treatment of population and exposure.

5.3FACILITY RANKINGSBASED ON INDICATOR ELEMENTS

The objective of the Indicators Model isto perform relative rankings of risk-related impacts.
To evaluate the use of different assumptions concerning stack heights and exit gas velocities, a
ranking exercise was performed on the 24 New Y ork test cases. Facilities were ranked by each set
of available concentration estimates, generated by AG-1, by ISCLT3 with facility-specific median
stack heights and exit gas velocities, and by ISCLT3 with SIC code-based median stack heights and
exit gas velocities. Using the Indicator Elements calculated above, facilities were ranked in two
groups, those emitting chemicals that decay (toluene) and those emitting chemicals which do not
decay (aluminum, mercury, nickel, or lead). Note that because toxicity weights for individua
chemicals are not included in the above Indicator Elements, it is possible to group and rank all
facilities emitting chemicals which do not have decay rates, because the dispersion of inorganic
chemicals is modeled without any chemical-specific data (i.e., for a given facility, a pound of lead
released to the air is predicted to undergo the exact same dispersion as a pound of aluminum). The
two sets of rankings are listed in Tables 17 and 18, one for the chemical with decay and one for the
chemicals without, respectively.

Inspection of Tables 17 and 18 reveals that the rankings corresponding to different input
parametersarevirtually identical for both categoriesof chemicals. Theonly exceptionistherankings
of facilitiesFand Q. FacilitiesF and Q were assigned the same rankings (3 and 2, respectively) when
using | SCL T3 with both sets of input parameters, but were assigned dightly different rankings (2 and
3, respectively) when using AG-1. Indicator Element values for facility F are 2633 when facility-
specific parameters are used, 2729 when SIC code-based parameters are used, and 3226 when using
AG-1. Indicator Element values for facility Q are 2736 when facility-specific parameters are used,
2919 when SIC code-based parameters are used, and 3097 when using AG-1. In all three cases,
Indicator Elements values for facility Q are very close (within four percent, seven percent, and four
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percent, respectively) of the values corresponding to facility F. This suggests that relative rankings
depend not only on the Indicator Element values of agiven facility, but also upon the corresponding
values of facilities with similar Indicator Element values. Differences in rankings may not be
meaningful when the corresponding Indicator Elements are very close in magnitude.
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6. CONCLUSION

This comparison of the Indicators Model to the AG-1 model was designed to measure
whether the Indicators Model yields air pollutant concentrations comparable to an air dispersion
modd (AG-1) currently in use by a state agency, and to give an indication of the discrepanciesin
predictions. The air pollutant concentrations calculated by the Indicators Model are based on a
combination of median and generic dataand assumptions, whereasthe AG-1 model relieson agreater
variety of facility- and stack-specific data. The differencesin pollutant concentrations predicted by
both models were analyzed for 24 test casesin New York. The results obtained demonstrate that
predictionsof pollutant concentrationsare not only comparable, but are extremely close, even though
key input data to the two models are not the same. Average ratios computed over the 24 test cases
werewithin two percent of unity (with astandard deviation of 13 percent) when using facility-specific
parameters, and within six percent of unity (with astandard deviation of 13 percent) whenusing SIC
code-based parameters. Theaccuracy of concentration estimatescloseto afacility isusually lessthan
the accuracy observed further away from the facility, but the Indicators Model does not seem to
consistently overpredict or underpredict pollutant concentrations.

Theimpact of populationdistributionsaround TRI facilitieson the Indicator Element wasalso
examined. Population around a TRI facility can have a significant impact on Indicator Element
values, depending on the population size and distribution relative to the predicted pollutant
concentrations and on the accuracy of the pollutant concentration estimates. The impact of
population on the accuracy of the Indicator Element depends on the cell-by-cell combination of
population and pollutant concentrations. Indicator Element values of lesser accuracy result from a
combination of lessaccurate concentration estimates near thefacility and amajority of the population
living near thefacility. When the concentration estimates are accurate, so are the Indicator Elements,
regardless of population distribution. When a small percentage of the population lives near the
facility, discrepanciesin concentration estimates near the facility will have only asmall impact on the
Indicator Element value. Thus, the Indicators Model needs to be employed to capture the unique
population distribution around each modeled facility to ensure proper treatment of population and
exposure.

Indicator Elementswere used to rank thefacilitiesthat correspond to the 24 test casesin New
York. Facilitieswereranked using each set of available concentration estimates. AG-1, ISCLT3with
facility-specific median stack heights and exit gas velocities, and ISCLT3 with SIC code-based
median stack heights and exit gas velocities. Separate rankings were obtained for facilities emitting
chemicals that decay and those emitting chemicals which do not decay. With the exception of one
facility, the rankings corresponding to different input parameters were identical for both categories
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of chemicals, for all three sets of input parameters. This finding supports the use of the Indicators
Model to develop relative rankings of TRI facilities based on their risk-related impacts.
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TABLE 1

Ground-Truthing Test Cases

Indicators
Model Chemical | Chemical
Median With Without
Urban Stack Decay Decay |Land Use
Area Case Facility [Height (m)] Rate Rate Mode
Albany 1 A 10.06 Toluene Urban
2 B 9.45 Toluene Urban
3 C 1.22 Toluene Urban
4 A 10.06 Mercury Urban
5 D 8.08 Aluminum Urban
6 E 4.88 Mercury Urban
Syracuse 1 F 11.43 Toluene Rural
2 G 9.14 Toluene Rural
3 H 3.96 Toluene Urban
4 | 28.35 Lead Rural
5 G 9.14 Lead Rural
6 J 5.49 Lead Urban
Buffalo 1 K 14.63 Toluene Urban
2 L 9.14 Toluene Urban
3 M 6.10 Toluene Urban
4 N 11.73 Nickel Urban
5 O 8.53 Nickel Rural
6 P 3.66 Nickel Urban
Rochester 1 Q 15.24 Toluene Urban
2 R 7.92 Toluene Urban
3 S 6.10 Toluene Urban
4 Q 15.24 Nickel Urban
5 T 7.92 Nickel Rural
6 S 6.10 Nickel Urban




TABLE 2

Parameter Values Used by Each Model in the Ground-Truthing Exercise *

Parameter

Indicators Model (ISCLT3)

AG-1

stack height (SH)

single value; median stack height for each
facility; calculation based on all stacks at the
facility

single or multiple values; actual height for each
stack-chemical combination

stack diameter

1m (d)

actual stack-specific value

exit gas velocity

single value; median exit gas velocity for each
facility; calculation based on all stacks at the
facility

actual stack-specific value

exit temperature

293 K (d)

actual stack-specific value

decay rate

chemical-specific

no decay (d)

emission rate

total of all stack emissions for the selected
chemical, from AG-1 database

actual stack-specific value

wind speed and direction

same as AG-1 (both models use the same type
of meteorological data)

AG-1 STAR database

building height (BH)

assume BH=0 (d)

actual stack-specific value; in the absence of
stack-specific data, assume BH=SH (d)

building width (BW)

assume BW=0 (d)

actual stack-specific value; in the absence of
stack-specific data, assume BW=SH (d)

building length (BL)

assume BL=0 (d)

actual stack-specific value; in the absence of
stack-specific data, assume BL=SH (d)

location coordinates
(latitude, longitude)

single value for each facility (TRI database)

single or multiple; stack-specific, as reported in
AG-1 database

! Default values are indicated with (d).




TABLE 3
Location and Stack Coordinates of TRI Facilities in New York Selected for the Model Comparison Exercise *

UTME from UTMN from [ Central UTME | Central UTMN
Urban Area Case Facility TRI?® TRI?® from AG-1>* | from AG-1**

Albany 1 A 606266 734199 606300 734200
2 B 605871 732227 605800 732200

3 C 605972 729363 606100 730200

4 A 606266 734199 606200 734050

5 D 604574 729742 604600 729400

6 E 597218 726925 597100 727000

Syracuse 1 F 419367 761384 419400 761500
2 G 407979 770435 403500 767200

3 H 409308 767507 409400 767500

4 I 371672 756557 371600 756500

5 G 407979 770435 403500 767200

6 J 602462 773533 402500 773700

Buffalo 1 K 188265 759084 188300 758750
2 L 192038 755007 192100 755300

3 M 179187 766125 179800 766300

4 N 187367 753204 187400 753300

5 o] 171697 782845 171600 785000

6 P 182600 765699 182500 765600

Rochester 1 Q 286491 781069 285250 786200
2 R 284606 784275 284600 784200

3 S 290572 783821 291000 784100

4 Q 286491 781069 285250 786200

5 T 269772 764903 291000 784100

6 S 290572 783821 291000 784100

! Note that certain facilities are used for the evaluation of chemicals both with and without decay rates.
However, these two types of chemicals may be emitted from different stacks within the facility.

2 All coordinates are in meters, with values corresponding to the Universal Transverse Mercator (UTM)
coordinate system.

% TRI coordinates are a single pair for each facility, contained in the TRI database.

* Although each stack is provided with its own coordinates in AG-1, for the purposes of comparison to the single
pair of coordinates used in the Indicators Model, a single pair of coordinates was calculated for AG-1.
Coordinates listed for AG-1 are the arithmetic average of the individual coordinates of the set of stacks that emit
the particular chemical elected for the model comparison.



TABLE 4
Facility-Specific Stack Heights (m)

AG-1 Parameters’

Indicators Model Parameters

# Stacks
Emitting Mean Median Median Mean
Urban Selected Stack Stack Stack # Stack Stack
Area Case Facility | Chemical | Chemical [ Height Height | Minimum | Maximum | (Total) Height Height
Albany 1 A Toluene 2 5.49 5.49 3.66 7.32 19 10.06 12.48
2 B Toluene 3 9.45 9.45 9.45 9.45 3 9.45 9.04
3 C Toluene 1 1.83 1.83 1.83 1.83 3 1.22 5.28
4 A Mercury 2 36.58 36.58 36.58 36.58 19 10.06 12.48
5 D Aluminum 6 7.37 9.14 3.05 9.14 24 8.08 11.96
6 E Mercury 2 4.88 4.88 3.05 6.71 2 4.88 4.88
Syracuse 1 F Toluene 7 12.63 12.80 11.58 12.80 12 11.43 10.19
2 G Toluene 7 6.57 7.01 3.96 8.84 17 9.14 8.53
3 H Toluene 1 2.44 2.44 2.44 2.44 5 3.96 3.35
4 I Lead 1 28.35 28.35 28.35 28.35 3 28.35 24.38
5 G Lead 3 7.47 8.23 7.92 9.75 17 9.14 8.53
6 J Lead 1 5.49 5.49 5.49 5.49 3 5.49 5.49
Buffalo 1 K Toluene 2 10.97 10.97 10.36 11.58 40 14.63 14.67
2 L Toluene 1 14.94 14.94 14.94 14.94 7 9.14 10.32
3 M Toluene 12 4.75 3.35 1.83 9.14 21 6.10 11.57
4 N Nickel 1 8.23 8.23 8.23 8.23 24 11.73 15.19
5 O Nickel 1 3.66 3.66 3.66 3.66 99 8.53 8.57
6 P Nickel 8 3.39 2.44 2.44 7.62 14 3.66 4.68
Rochester 1 Q Toluene 121 12.51 12.19 1.83 35.05 859 15.24 17.97
2 R Toluene 1 7.92 7.92 7.92 7.92 11 7.92 8.40
3 S Toluene 4 8.31 8.84 3.96 11.58 47 6.10 6.94
4 Q Nickel 3 20.93 21.34 17.68 23.77 859 15.24 17.97
5 T Nickel 1 9.14 9.14 9.14 9.14 31 7.92 9.48
6 S Nickel 1 6.10 6.10 6.10 6.10 47 6.10 6.94

'Although AG-1 uses unique chemical emission-stack combinations, the mean and median heights are presented for model input comparison

purposes. The number of stack heights used in the calculation differ, as AG-1 averages are based only on those stacks which emit chemicals being

analyzed, whereas average stack heights in ISCLT are based upon all stacks at the test case site.




TABLE 5
Facility-Specific Exit Gas Velocities (m/s)

AG-1 Parameters®

Indicators Model Parameters

# Stacks
Emitting | Mean Exit| Median Median [Mean Exit
Urban Selected Gas Exit Gas Stack # | Exit Gas Gas
Area Case Facility | Chemical | Chemical | Velocity | Velocity | Minimum | Maximum | (Total) [ Velocity| Velocity

Albany 1 A Toluene 2 12.21 12.21 4.36 20.06 19 4.36 8.64
2 B Toluene 3 15.79 15.79 15.79 15.79 4 15.79 12.44

3 C Toluene 1 23.32 23.32 23.32 23.32 1 23.16 23.16

4 A Mercury 2 24.54 24.54 11.89 37.19 19 4.36 8.64

5 D Aluminum 6 20.26 19.51 17.01 26.52 25 14.72 13.56

6 E Mercury 2 20.13 20.13 20.13 20.13 2 20.13 20.13

Syracuse 1 F Toluene 7 8.26 8.63 6.10 8.63 13 8.63 11.66
2 G Toluene 7 19.19 10.88 1.19 80.77 32 5.82 7.85

3 H Toluene 1 9.14 9.14 9.14 9.14 5 20.42 15.95

4 I Lead 1 2.77 2.77 2.77 2.77 3 7.50 95.37

5 G Lead 3 6.28 8.05 0.70 10.09 32 5.82 7.85

6 J Lead 1 4.57 4.57 4.57 4.57 3 3.57 3.90

Buffalo 1 K Toluene 2 15.03 15.03 13.11 16.95 40 15.76 15.21
2 L Toluene 1 10.79 10.79 10.79 10.79 7 10.79 11.12

3 M Toluene 12 0.17 0.07 0.00 0.61 21 0.076 1.07

4 N Nickel 1 8.23 8.23 8.23 8.23 27 8.23 10.68

5 o] Nickel 1 10.51 10.51 10.51 10.51 99 12.80 14.42

6 P Nickel 8 15.57 16.73 7.44 16.73 14 16.73 15.18

Rochester 1 Q Toluene 121 11.01 10.67 0.00 39.32 873 11.67 14.69
2 R Toluene 1 3.96 3.96 3.96 3.96 11 10.06 12.91

3 S Toluene 4 14.32 16.57 2.59 21.55 48 8.18 8.20

4 Q Nickel 3 13.72 18.90 2.44 19.81 873 11.67 14.69

5 T Nickel 1 30.48 30.48 30.48 30.48 32 12.12 27.01

6 S Nickel 1 11.58 11.58 11.58 11.58 48 8.18 8.20

!Although AG-1 uses unique chemical emission-stack combinations, the mean and median exit gas velocities are presented for model input
comparison purposes. The number of exit gas velocities used in the calculation differ, as AG-1 averages are based only on those stacks

which emit chemicals being analyzed, whereas average exit gas velocities in ISCLT are based upon all stacks at the test case site.




TABLE 6

Facility-Specific Stack Diameters (m)

# Stacks
Emitting Mean Median
Urban Selected Stack Stack
Area Case Facility | Chemical | Chemical | Diameter | Diameter | Minimum | Maximum
Albany 1 A Toluene 2 0.18 0.18 0.10 0.25
2 B Toluene 3 0.91 0.91 0.91 0.91
3 C Toluene 1 0.05 0.05 0.05 0.05
4 A Mercury 2 1.30 1.30 1.07 1.52
5 D Aluminum 6 0.49 0.61 0.20 0.61
6 E Mercury 2 0.15 0.15 0.15 0.15
Syracuse 1 F Toluene 7 1.05 1.07 0.97 1.07
2 G Toluene 7 0.26 0.36 0.10 0.36
3 H Toluene 1 0.10 0.10 0.10 0.10
4 I Lead 1 0.10 0.10 0.10 0.10
5 G Lead 3 0.66 0.61 0.51 0.86
6 J Lead 1 0.15 0.15 0.15 0.15
Buffalo 1 K Toluene 2 0.43 0.43 0.25 0.61
2 L Toluene 1 0.91 0.91 0.91 0.91
3 M Toluene 12 0.21 0.15 0.10 0.48
4 N Nickel 1 0.61 0.61 0.61 0.61
5 O Nickel 1 0.33 0.33 0.33 0.33
6 P Nickel 8 0.22 0.20 0.20 0.30
Rochester 1 Q Toluene 121 0.43 0.23 0.03 2.69
2 R Toluene 1 0.10 0.10 0.10 0.10
3 S Toluene 4 0.86 0.91 0.20 1.42
4 Q Nickel 3 0.59 0.36 0.10 1.32
5 T Nickel 1 0.10 0.10 0.10 0.10
6 S Nickel 1 0.20 0.20 0.20 0.20

Note: The default value for stack diameter in the Indicators Model is 1 m.




TABLE 7
Facility-Specific Stack Exit Temperatures (K)

# Stacks
Emitting | Mean Stack [Median Stack
Urban Selected Exit Exit
Area Case Facility | Chemical | Chemical | Temperature | Temperature | Minimum | Maximum
Albany 1 A Toluene 2 302 302 294 311
2 B Toluene 3 311 311 311 311
3 C Toluene 1 294 294 294 294
4 A Mercury 2 333 333 333 333
5 D Aluminum 6 293 293 293 294
6 E Mercury 2 294 294 294 294
Syracuse 1 F Toluene 7 294 294 294 294
2 G Toluene 7 303 297 293 315
3 H Toluene 1 294 294 294 294
4 I Lead 1 408 408 408 408
5 G Lead 3 371 326 297 489
6 J Lead 1 366 366 366 366
Buffalo 1 K Toluene 2 296 296 294 297
2 L Toluene 1 294 294 294 294
3 M Toluene 12 325 311 284 363
4 N Nickel 1 294 294 294 294
5 (®) Nickel 1 294 294 294 294
6 P Nickel 8 293 293 293 293
Rochester 1 Q Toluene 121 299 294 284 394
2 R Toluene 1 450 450 450 450
3 S Toluene 4 296 295 295 300
4 Q Nickel 3 383 295 294 561
5 T Nickel 1 366 366 366 366
6 S Nickel 1 300 300 300 300

Note: The default value for stack exit temperature in the Indicators Model is 293 K.




TABLE 8

Facility-Specific Chemical Emission Rates (g/sec)

# Stacks Mean Median

Emitting | Chemical | Chemical

Urban Selected | Emission | Emission
Area Case Facility | Chemical | Chemical Rate Rate Minimum | Maximum
Albany 1 A Toluene 2 2.20E-05 | 2.20E-05 | 1.41E-05 | 3.00E-05
2 B Toluene 3 1.97E+00 | 1.97E+00 | 1.97E+00 | 1.97E+00
3 C Toluene 1 3.79E-04 | 3.79E-04 | 3.79E-04 | 3.79E-04
4 A Mercury 2 1.19E-04 | 1.19E-04 | 1.19E-04 | 1.19E-04
5 D Aluminum 6 3.44E-04 | 4.73E-04 | 4.32E-05 | 4.73E-04
6 E Mercury 2 7.03E-06 | 7.03E-06 | 7.03E-06 | 7.03E-06
Syracuse 1 F Toluene 7 5.22E-02 | 4.44E-02 | 7.20E-03 | 8.88E-02
2 G Toluene 7 1.76E-02 | 1.18E-02 | 1.02E-03 | 4.43E-02
3 H Toluene 1 1.08E-06 | 1.08E-06 | 1.08E-06 | 1.08E-06
4 I Lead 1 3.39E-02 | 3.39E-02 | 3.39E-02 | 3.39E-02
5 G Lead 3 7.85E-03 | 4.60E-03 | 6.10E-04 | 1.83E-02
6 J Lead 1 5.76E-05 | 5.76E-05 | 5.76E-05 | 5.76E-05
Buffalo 1 K Toluene 2 3.31E-02 | 3.31E-02 | 9.50E-03 | 5.67E-02
2 L Toluene 1 9.07E-04 | 9.07E-04 | 9.07E-04 | 9.07E-04
3 M Toluene 12 1.39E-03 | 1.86E-04 | 5.26E-06 | 1.36E-02
4 N Nickel 1 1.15E-06 | 1.15E-06 | 1.15E-06 | 1.15E-06
5 @) Nickel 1 7.20E-07 | 7.20E-07 | 7.20E-07 | 7.20E-07
6 P Nickel 8 1.44E-05 | 1.44E-05 | 1.44E-05 | 1.44E-05
Rochester 1 Q Toluene 121 2.04E-02 | 1.27E-03 | 4.32E-08 | 5.88E-01
2 R Toluene 1 1.16E-01 | 1.16E-01 | 1.16E-01 | 1.16E-01
3 S Toluene 4 8.15E-05 | 1.90E-05 | 1.44E-08 | 2.88E-04
4 Q Nickel 3 2.16E-05 | 1.15E-07 | 1.44E-08 | 6.48E-05
5 T Nickel 1 1.18E-04 | 1.18E-04 | 1.18E-04 | 1.18E-04
6 S Nickel 1 1.44E-08 | 1.44E-08 | 1.44E-08 | 1.44E-08

Note: These values were used in both AG-1 and ISCLT3 for this analysis.

emissions reported to TRI.

The Indicators Model uses annual




TABLE 9
Summary Statistics for (ISCLT3/AG1) Ratio by Metropolitan Area, Chemical Characteristic, and Stack Height
Scenario: Facility-Specific Median Stack Height and Median Exit Gas Velocity

Standard Number of
Average Deviation Minimum Maximum Cells

All Cases 0.984 0.134 0.231 3.101 10539
By Metropolitan Area:

Albany 1.049 0.196 0.810 1.731 2640

Syracuse 0.935 0.067 0.527 1.097 2640

Buffalo 0.962 0.071 0.518 1.097 2640

Rochester 0.989 0.135 0.231 3.101 2619
By Chemical Characteristic:

Chemical with Decay Rate 0.948 0.066 0.231 1.417 5259

Chemical without Decay Rate 1.020 0.171 0.347 3.101 5280
By Stack Height:

Om<x<=7m 0.972 0.023 0.841 1.008 3520

7m<x<=10m 0.958 0.076 0.518 1.097 3520

>10m 1.021 0.214 0.231 3.101 3499




TABLE 10

Summary Statistics for (ISCLT3/AG1) Ratio by Ring for All Locations and by Metropolitan Area

Scenario: Facility-Specific Median Stack Height and Median Exit Gas

elocity

OVERALL Summary

Average
Standard
Average Deviation Minimum Maximum Number of Cells|
1st ring: 0.955 0.258 0.347 3.101 192
2nd 0.973 0.180 0.231 2.182 384
3rd 0.981 0.142 0.472 1.879 576
4th 0.984 0.125 0.348 1.672 768
5th 0.986 0.113 0.590 1.546 960
6th 0.986 0.106 0.701 1.497 1152
7th 0.986 0.101 0.754 1.491 1344
8th 0.985 0.098 0.790 1.485 1536
9th 0.984 0.095 0.810 1.482 1728
10th 0.984 0.094 0.845 1.478 1899
Overall 0.984 0.134 0.231 3.101 10539
Rochester Summary
Average
Standard
Average Deviation Minimum Maximum Number of Cells|
1st ring: 1.053 0.450 0.347 3.101 48
2nd 1.007 0.280 0.231 2.182 96
3rd 0.996 0.189 0.472 1.879 144
4th 0.991 0.153 0.348 1.672 192
5th 0.989 0.124 0.590 1.546 240
6th 0.988 0.106 0.701 1.462 288
7th 0.987 0.095 0.754 1.402 336
8th 0.985 0.086 0.790 1.356 384
9th 0.983 0.081 0.810 1.322 432
10th 0.986 0.075 0.887 1.295 459
Overall 0.989 0.135 0.231 3.101 2619
Albany Summary
Average
Standard
Average Deviation Minimum Maximum Number of Cells|
1st ring: 1.041 0.281 0.810 1.731 48
2nd 1.056 0.227 0.904 1.595 96
3rd 1.057 0.207 0.928 1.547 144
4th 1.057 0.199 0.936 1.521 192
5th 1.055 0.194 0.935 1.505 240
6th 1.053 0.192 0.931 1.497 288
7th 1.050 0.190 0.925 1.491 336
8th 1.048 0.190 0.919 1.485 384
9th 1.045 0.190 0.912 1.482 432
10th 1.042 0.190 0.906 1.478 480
Overall 1.049 0.196 0.810 1.731 2640
Buffalo Summary
Average
Standard
Average Deviation Minimum Maximum Number of Cells|
1st ring: 0.899 0.137 0.518 1.091 48
2nd 0.940 0.101 0.680 1.097 96
3rd 0.954 0.084 0.759 1.097 144
4th 0.960 0.076 0.805 1.096 192
5th 0.963 0.071 0.833 1.094 240
6th 0.965 0.067 0.855 1.092 288
7th 0.965 0.065 0.859 1.089 336
8th 0.966 0.063 0.862 1.087 384
9th 0.965 0.061 0.860 1.084 432
10th 0.965 0.060 0.857 1.081 480
Overall 0.962 0.071 0.518 1.097 2640
Syracuse Summary
Average
Standard
Average Deviation Minimum Maximum Number of Cells|
1st ring: 0.828 0.162 0.527 1.097 48
2nd 0.891 0.113 0.603 1.076 96
3rd 0.915 0.087 0.709 1.056 144
4th 0.928 0.073 0.754 1.045 192
5th 0.936 0.064 0.787 1.039 240
6th 0.940 0.057 0.819 1.033 288
7th 0.942 0.054 0.833 1.030 336
8th 0.943 0.051 0.840 1.027 384
9th 0.944 0.050 0.843 1.024 432
10th 0.943 0.050 0.845 1.023 480
Overall 0.935 0.067 0.527 1.097 2640




TABLE 11
Summary Statistics for (ISCLT3/AG1) Ratio by Metropolitan Area, Chemical Characteristic, and Stack Height
Scenario: Facility-Specific Median Stack Height and Exit Gas Velocity of 0.01 m/sec

Standard Number of
Average Deviation Minimum Maximum Cells

All Cases 0.980 0.136 0.232 3.032 10539
By Metropolitan Area:

Albany 1.047 0.191 0.829 1.658 2640

Syracuse 0.935 0.069 0.459 1.001 2640

Buffalo 0.964 0.069 0.549 1.097 2640

Rochester 0.976 0.147 0.232 3.032 2619
By Chemical Characteristic:

Chemical with Decay Rate 0.946 0.072 0.232 1.434 5259

Chemical without Decay Rate 1.015 0.170 0.336 3.032 5280
By Stack Height:

Om<x<=7m 0.973 0.022 0.840 1.008 3520

7m<x<=10m 0.942 0.093 0.406 1.097 3520

>10m 1.027 0.206 0.232 3.032 3499




TABLE 12

Summary Statistics for (ISCLT3/AG1) Ratio by Ring for All Locations and by Metropolitan Area

Scenario: Facility-Specific Median Stack Height and Exit Gas Velocity of 0.01 m/sec

OVERALL Summary

Average
Standard
Average Deviation Minimum Maximum Number of Cells|
1st ring: 0.944 0.252 0.336 3.032 192
2nd 0.966 0.181 0.232 2.160 384
3rd 0.975 0.144 0.473 1.866 576
4th 0.979 0.128 0.348 1.663 768
5th 0.982 0.116 0.591 1.540 960
6th 0.983 0.109 0.702 1.487 1152
7th 0.983 0.104 0.755 1.482 1344
8th 0.983 0.100 0.790 1.478 1536
9th 0.982 0.098 0.800 1.475 1728
10th 0.982 0.096 0.805 1.472 1899
Overall 0.980 0.136 0.232 3.032 10539
Rochester Summary
Average
Standard
Average Deviation Minimum Maximum Number of Cells|
1st ring: 1.017 0.467 0.336 3.032 48
2nd 0.982 0.299 0.232 2.160 96
3rd 0.975 0.208 0.473 1.866 144
4th 0.974 0.169 0.348 1.663 192
5th 0.974 0.139 0.591 1.540 240
6th 0.975 0.120 0.702 1.457 288
7th 0.975 0.107 0.755 1.398 336
8th 0.974 0.097 0.790 1.353 384
9th 0.973 0.091 0.811 1.319 432
10th 0.976 0.084 0.838 1.292 459
Overall 0.976 0.147 0.232 3.032 2619
Albany Summary
Average
Standard
Average Deviation Minimum Maximum Number of Cells|
1st ring: 1.028 0.254 0.829 1.658 48
2nd 1.050 0.215 0.913 1.555 96
3rd 1.054 0.200 0.934 1.521 144
4th 1.054 0.193 0.941 1.504 192
5th 1.053 0.190 0.938 1.492 240
6th 1.051 0.188 0.933 1.487 288
7th 1.049 0.187 0.927 1.482 336
8th 1.046 0.187 0.920 1.478 384
9th 1.044 0.187 0.914 1.475 432
10th 1.041 0.188 0.907 1.472 480
Overall 1.047 0.191 0.829 1.658 2640
Buffalo Summary
Average
Standard
Average Deviation Minimum Maximum Number of Cells|
1st ring: 0.907 0.131 0.549 1.090 48
2nd 0.945 0.096 0.706 1.097 96
3rd 0.957 0.081 0.780 1.097 144
4th 0.963 0.074 0.823 1.096 192
5th 0.965 0.069 0.848 1.094 240
6th 0.967 0.066 0.860 1.092 288
7th 0.967 0.063 0.859 1.089 336
8th 0.967 0.062 0.862 1.087 384
9th 0.967 0.061 0.860 1.084 432
10th 0.966 0.059 0.857 1.081 480
Overall 0.964 0.069 0.549 1.097 2640
Syracuse Summary
Average
Standard
Average Deviation Minimum Maximum Number of Cells|
1st ring: 0.822 0.157 0.459 0.994 48
2nd 0.888 0.112 0.570 1.001 96
3rd 0.914 0.088 0.665 1.001 144
4th 0.927 0.074 0.715 1.001 192
5th 0.935 0.066 0.744 1.001 240
6th 0.940 0.060 0.771 1.001 288
7th 0.942 0.057 0.782 1.001 336
8th 0.943 0.055 0.795 1.001 384
9th 0.944 0.054 0.800 1.001 432
10th 0.943 0.053 0.805 1.001 480
Overall 0.935 0.069 0.459 1.001 2640




TABLE 13

Comparison of AG-1, Indicators Model, and 3-digit SIC Code Parameters

Ratio of 3- 3-Digit | Ratio of 3-
AG-1 Indicators |3-Digit SIC| Digit SIC to AG-1 Indicators SIC Digit SIC to
Median Median Median Indicators Median Median Median Indicators
Urban Stack Stack Stack Stack Exit Gas | Exit Gas | Exit Gas Exit Gas
Area Case Facility [ SIC Code [ Chemical Height1 Height1 Height1 Height Velocity2 Velocity2 Velocity2 Velocity
Albany 1 A 324 Toluene 5.49 10.06 32.00 3.18 12.21 4.36 12.19 2.80
2 B 329 Toluene 9.45 9.45 12.19 1.29 15.79 15.79 12.10 0.77
3 C 295 Toluene 1.83 1.22 9.14 7.49 23.32 23.16 14.01 0.60
4 A 324 Mercury 36.58 10.06 32.00 3.18 24.54 4.36 12.19 2.80
5 D 331 Aluminum 9.14 8.08 24.38 3.02 19.51 14.72 8.96 0.61
6 E 281 Mercury 4.88 4.88 13.11 2.69 20.13 20.13 9.08 0.45
Syracuse 1 F 251 Toluene 12.80 11.43 9.14 0.80 8.63 8.63 10.72 1.24
2 G 326 Toluene 7.01 9.14 9.45 1.03 10.88 5.82 9.28 1.59
3 H 356 Toluene 2.44 3.96 9.14 2.31 9.14 20.42 8.37 0.41
4 I 331 Lead 28.35 28.35 24.38 0.86 2.77 7.50 8.96 1.19
5 G 326 Lead 8.23 9.14 9.45 1.03 8.05 5.82 9.28 1.59
6 J 367 Lead 5.49 5.49 9.14 1.66 4.57 3.57 8.10 2.27
Buffalo 1 K 371 Toluene 10.97 14.63 12.19 0.83 15.03 15.76 10.76 0.68
2 L 344 Toluene 14.94 9.14 9.14 1.00 10.79 10.79 8.63 0.80
3 M 331 Toluene 3.35 6.10 24.38 4.00 0.07 0.076 8.96 117.89
4 N 326 Nickel 8.23 11.73 9.45 0.81 8.23 8.23 9.28 1.13
5 0 329 Nickel 3.66 8.53 12.19 1.43 10.51 12.80 12.10 0.95
6 P 344 Nickel 2.44 3.66 9.14 2.50 16.73 16.73 8.63 0.52
Rochester 1 Q 386 Toluene 12.19 15.24 12.19 0.80 10.67 11.67 9.71 0.83
2 R 267 Toluene 7.92 7.92 9.14 1.15 3.96 10.06 10.79 1.07
3 S 383° Toluene 8.84 6.10 9.14 1.50 16.57 8.18 8.00 0.98
4 Q 386 Nickel 21.34 15.24 12.19 0.80 18.90 11.67 9.71 0.83
5 T 334 Nickel 9.14 7.92 12.19 1.54 30.48 12.12 9.30 0.77
6 S 383° Nickel 6.10 6.10 9.14 1.50 11.58 8.18 8.00 0.98

IStack height in meters.

2Exit gas velocity in meters per second.
3Facility S reported an incorrect SIC code (there is no code 383). The median stack height and exit gas velocity used are those of SIC code 38.




TABLE 14
Summary Statistics for (ISCLT3/AG1) Ratio by Metropolitan Area, Chemical Characteristic, and Stack Height
Scenario: SIC Code Based Median Stack Height and Median Exit Gas Velocity

Standard Number of
Average Deviation Minimum Maximum Cells

All Cases 0.936 0.131 0.248 3.385 10539
By Metropolitan Area:

Albany 0.871 0.125 0.479 1.079 2640

Syracuse 0.940 0.065 0.484 1.002 2640

Buffalo 0.930 0.113 0.439 1.099 2640

Rochester 1.001 0.169 0.248 3.385 2619
By Chemical Characteristic:

Chemical with Decay Rate 0.912 0.119 0.248 1.565 5259

Chemical without Decay Rate 0.959 0.138 0.383 3.385 5280
By Stack Height:

Om<x<=7m 0.934 0.076 0.639 1.008 3520

7m<x<=10m 0.898 0.105 0.439 1.099 3520

>10m 0.974 0.178 0.248 3.385 3499




TABLE 15

Summary Statistics for (ISCLT3/AG1) Ratio by Ring for All Locations and by Metropolitan Area

Scenario: SIC Code Based Median Stack Height and M

dian Exit Gas V.

locity

OVERALL Summary

Average
Standard
Average Deviation Minimum Maximum Number of Cells
1st ring: 0.889 0.252 0.383 3.385 192
2nd 0.917 0.177 0.248 2.354 384
3rd 0.928 0.141 0.505 2.016 576
4th 0.933 0.125 0.371 1.790 768
5th 0.937 0.114 0.630 1.653 960
6th 0.938 0.107 0.662 1.561 1152
7th 0.939 0.103 0.663 1.496 1344
8th 0.939 0.100 0.664 1.447 1536
9th 0.938 0.097 0.662 1.409 1728
10th 0.938 0.096 0.660 1.380 1899
Overall 0.936 0.131 0.248 3.385 10539
Rochester Summary
Average
Standard
Average Deviation Minimum Maximum Number of Cells
1st ring: 1.081 0.520 0.383 3.385 48
2nd 1.025 0.324 0.248 2.354 96
3rd 1.011 0.227 0.505 2.016 144
4th 1.005 0.187 0.371 1.790 192
5th 1.003 0.158 0.630 1.653 240
6th 1.001 0.140 0.748 1.561 288
7th 0.999 0.129 0.803 1.496 336
8th 0.997 0.120 0.822 1.447 384
9th 0.995 0.114 0.830 1.409 432
10th 0.995 0.111 0.836 1.380 459
Overall 1.001 0.169 0.248 3.385 2619
Albany Summar
Average
Standard
Average Deviation Minimum Maximum Number of Cells
1st ring: 0.816 0.170 0.479 1.079 48
2nd 0.857 0.144 0.596 1.061 96
3rd 0.869 0.133 0.633 1.054 144
4th 0.873 0.128 0.649 1.050 192
5th 0.874 0.125 0.656 1.048 240
6th 0.875 0.123 0.662 1.046 288
7th 0.874 0.122 0.663 1.045 336
8th 0.873 0.121 0.664 1.044 384
9th 0.872 0.120 0.662 1.043 432
10th 0.871 0.119 0.660 1.043 480
Overall 0.871 0.125 0.479 1.079 2640
Buffalo Summary
Average
Standard
Average Deviation Minimum Maximum Number of Cells
1st ring: 0.858 0.179 0.439 1.095 48
2nd 0.904 0.142 0.601 1.099 96
3rd 0.919 0.126 0.676 1.099 144
4th 0.927 0.119 0.722 1.097 192
5th 0.930 0.114 0.736 1.095 240
6th 0.933 0.111 0.736 1.093 288
7th 0.934 0.108 0.736 1.090 336
8th 0.934 0.107 0.735 1.087 384
9th 0.934 0.105 0.733 1.084 432
10th 0.934 0.104 0.732 1.082 480
Overall 0.930 0.113 0.439 1.099 2640
Syracuse Summary
Average
Standard
Average Deviation Minimum Maximum Number of Cells
1st ring: 0.801 0.141 0.484 0.948 48
2nd 0.880 0.100 0.590 0.976 96
3rd 0.912 0.077 0.681 0.984 144
4th 0.929 0.066 0.730 0.988 192
5th 0.939 0.058 0.757 0.992 240
6th 0.945 0.054 0.783 0.998 288
7th 0.949 0.052 0.793 0.999 336
8th 0.951 0.051 0.804 1.001 384
9th 0.952 0.050 0.809 1.002 432
10th 0.952 0.050 0.814 1.001 480
Overall 0.940 0.065 0.484 1.002 2640




TABLE 16

Exposure Event Counts Surrounding TRI Facilities

Distance to Facility (+/- 500m) Total
<1 km 1-2 km 2-3km 3-4km  4-5km 5-6km 6-7km 7-8km 8-9km  9-10 km | (0-10 km)

All persons count 36,359 116,782 187,508 246,084 297,454 339,672 377,853 413,268 449,694  470,159| 2,934,834
% 1.2% 4.0% 6.4% 8.4% 10.1% 11.6% 12.9% 14.1% 15.3% 16.0% 100.0%

Race sub-populations
White|count 25,598 81,439 128,781 168,139 202,677 231,605 258,394 282,899 308,878 323,517| 2,011,927
% 1.3% 4.0% 6.4% 8.4% 10.1% 11.5% 12.8% 14.1% 15.4% 16.1% 100.0%
Black|count 6,632 21,605 35,750 47,300 57,411 65,952 72,971 79,173 84,926 87,440 559,159
% 1.2% 3.9% 6.4% 8.5% 10.3% 11.8% 13.1% 14.2% 15.2% 15.6% 100.0%
Native American|count 197 611 948 1,212 1,424 1,595 1,735 1,850 1,971 2,029 13,571
% 1.5% 4.5% 7.0% 8.9% 10.5% 11.8% 12.8% 13.6% 14.5% 14.9% 100.0%
Asian/Pacific Islander|count 1,027 3,700 6,579 9,260 11,787 13,611 15,291 17,153 19,454 20,903 118,765
% 0.9% 3.1% 5.5% 7.8% 9.9% 11.5% 12.9% 14.4% 16.4% 17.6% 100.0%
Hispanic|count 5,472 18,134 29,737 38,909 46,750 52,553 57,933 63,641 68,652 72,224 454,006
% 1.2% 4.0% 6.5% 8.6% 10.3% 11.6% 12.8% 14.0% 15.1% 15.9% 100.0%

Age sub-populations

Age <18]|count 9,492 30,177 48,086 62,773 75,553 86,163 95519 104,133 112,815 117,843 742,554
% 1.3% 4.1% 6.5% 8.5% 10.2% 11.6% 12.9% 14.0% 15.2% 15.9% 100.0%
Age >65|count 4,668 14,779 23,360 30,321 36,5633 41,603 46,172 50,354 54,669 56,949 359,409
% 1.3% 4.1% 6.5% 8.4% 10.2% 11.6% 12.8% 14.0% 15.2% 15.8% 100.0%

Notes:

1. Data are from facilities reporting air releases in 1996.
2. Counts are in thousands. Percentages are of subpopulation totals.
3. Each person in the U.S. is assigned to each TRI facility within a specified distance ring of them, but is not removed from the Census database.

Therefore, due to multiple impacts on one person of facilities located at varying distances, the total number of exposure events exceeds the U.S. population.




TABLE 17

Facility Rankings Based on Indicator Elements for Chemical with Decay Rate (Toluene)

AG-1 ISCLT 3-Facility-Specific Median Values ISCLT 3- SIC-Code Based Median Values
Indicator | percent Indicator | percent Indicator Percent

Facility | Element’ | of Total | Rank | Facility | Element' | of Total [ Rank Facility | Element' | of Total | Rank
B 16671 69.45% 1 B 16642| 72.75% 1 B 15767 70.87% 1
F 3226 13.44% 2 Q 2736| 11.96% 2 Q 2919 13.12% 2
Q 3097 12.90% 3 F 2633 11.51% 3 F 2729 12.27% 3
G 801 3.34% 4 G 670 2.93% 4 G 638 2.87% 4
R 144 0.60% 5 R 138| 0.60% 5 R 137 0.62% 5
K 47 0.20% 6 K 41| 0.18% 6 K 44 0.20% 6
M 14 0.06% 7 M 14| 0.06% 7 M 10 0.05% 7
L 1.4 0.01% 8 L 1.5| 0.01% 8 L 1.5 0.01% 8
C 0.78] 0.003% 9 C 0.74| 0.003% 9 C 0.74| 0.003% 9
S 0.49 0.002% 10 S 0.48| 0.002% 10 S 0.48 0.002% 10
A 0.13] 0.001% 11 A 0.12| 0.001% 11 A 0.08| 0.0004% 11
H 0.0019( 0.00001% 12 H 0.0018(0.00001% 12 H 0.0018 0.00001% 12

Total 24003| 100.00% Total 22876( 100.00% Total 22248 100.00%

YIndicator Elements are the product of pollutant concentration and population in each cell, summed over all 440 cells surrounding a TR facility.




TABLE 18
Facility Rankings Based on Indicator Elements for Chemicals without Decay Rates

AG-1 ISCLT 3-Facility-Specific Median Values ISCLT 3- SIC-Code Based Median Values
Indicator Percent Indicator Percent Indicator Percent

Facility | Element’ | of Total | Rank | Facility | Element’ | of Total | Rank | Facility | Element' | of Total | Rank
G 130 54.45% 1 G 133| 61.47% 1 G 127 58.91% 1
L 101 42.45% 2 L 76| 35.11% 2 L 83 38.47% 2
D 6.3 2.66% 3 D 6.1 2.84% 3 D 4.6 2.15% 3
A 0.42 0.18% 4 A 0.66] 0.30% 4 A 0.44 0.20% 4
J 0.28 0.12% 5 J 0.27] 0.12% 5 J 0.26 0.12% 5
T 0.15 0.06% 6 T 0.13] 0.06% 6 T 0.12 0.05% 6
P 0.09 0.04% 7 P 0.08] 0.04% 7 P 0.08 0.04% 7
Q 0.06 0.03% 8 Q 0.07] 0.03% 8 Q 0.08 0.04% 8
E 0.05 0.02% 9 E 0.04] 0.02% 9 E 0.04 0.02% 9
O 0.003 0.001% 10 O 0.002| 0.00% 10 O 0.002 0.001% 10
N 0.0015 0.001% 11 N 0.0014| 0.001% 11 N 0.0014 0.001% 11
S 0.000022| 0.00001% 12 S 0.000021]0.00001% 12 S 0.000021] 0.00001% 12

Total 238| 100.00% Total 216| 100.00% Total 215| 100.00%

YIndicator Elements are the product of pollutant concentration and population in each cell, summed over all 440 cells surrounding a TR facility.




FIGURES



Example Concentrations (ug/m3) Predicted by AG1

FIGURE 1A

Scenario: Facility-Specific Median Stack Height and Constant Exit Gas Velocity of 0.01 m/sec
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NOTE: Row and column headings represent Universal Transverse Mercator (UTM) coordinates in meters.




FIGURE 1B
Example Concentrations (ug/m3) Predicted by ISCLT3
Scenario: Facility-Specific Median Stack Height and Constant Exit Gas Velocity of 0.01 m/sec
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NOTE: Row and column headings represent Universal Transverse Mercator (UTM) coordinates in meters.




FIGURE 1C
Example Concentration Ratios (ISCLT3/AG1)
Scenario: Facility-Specific Median Stack Height and Constant Exit Gas Velocity of 0.01 m/sec

409400 | 410400 | 411400 | 412400 | 413400 | 414400 | 415400 | 416400 | 417400 | 418400 | 419400 | 420400 | 421400 | 422400 | 423400 | 424400 | 425400 | 426400 | 427400 | 428400 | 429400
751500 | 0.956 0.958 0.959 0.960 0.961 0.961 0.962 0.964 0.965 0.965 0.966 0.967 0.968 0.968 0.968 0.970 0.972 0.973 0.974 0.975 0.975
752500 [ 0.959 0.959 0.960 0.961 0.962 0.962 0.962 0.963 0.964 0.965 0.966 0.967 0.968 0.969 0.970 0.972 0.974 0.976 0.977 0.978 0.976
753500 [ 0.961 0.962 0.961 0.962 0.962 0.962 0.962 0.962 0.963 0.963 0.964 0.965 0.967 0.968 0.971 0.974 0.977 0.978 0.980 0.978 0.977
754500 [ 0.963 0.964 0.964 0.962 0.962 0.961 0.960 0.959 0.960 0.960 0.961 0.963 0.965 0.967 0.972 0.976 0.979 0.982 0.980 0.979 0.978
755500 [ 0.965 0.965 0.965 0.964 0.961 0.959 0.957 0.956 0.955 0.954 0.955 0.958 0.962 0.967 0.972 0.977 0.982 0.981 0.981 0.979 0.978
756500 [ 0.966 0.967 0.967 0.965 0.962 0.957 0.953 0.949 0.946 0.944 0.945 0.949 0.956 0.965 0.973 0.980 0.980 0.980 0.980 0.979 0.978
757500 | 0.967 0.968 0.968 0.966 0.963 0.958 0.948 0.940 0.933 0.929 0.930 0.937 0.948 0.962 0.975 0.977 0.978 0.979 0.979 0.979 0.978
758500 [ 0.966 0.966 0.967 0.967 0.964 0.957 0.947 0.929 0.915 0.906 0.905 0.918 0.942 0.963 0.968 0.973 0.976 0.978 0.978 0.978 0.977
759500 [ 0.965 0.965 0.964 0.961 0.959 0.956 0.946 0.927 0.894 0.866 0.858 0.893 0.943 0.951 0.961 0.968 0.971 0.973 0.975 0.976 0.976
760500 | 0.964 0.964 0.962 0.959 0.953 0.944 0.930 0.912 0.888 0.795 0.752 0.880 0.916 0.934 0.947 0.958 0.966 0.970 0.973 0.975 0.975
761500 | 0.964 0.963 0.961 0.957 0.951 0.940 0.922 0.894 0.839 0.704 - 0.766 0.869 0.914 0.937 0.953 0.963 0.968 0.972 0.974 0.974
762500 [ 0.962 0.961 0.958 0.954 0.946 0.932 0.909 0.872 0.807 0.717 0.806 0.802 0.871 0.911 0.935 0.951 0.962 0.967 0.971 0.973 0.974
763500 [ 0.961 0.960 0.956 0.951 0.943 0.928 0.909 0.885 0.863 0.840 0.892 0.878 0.904 0.922 0.940 0.954 0.963 0.967 0.971 0.973 0.974
764500 [ 0.960 0.959 0.955 0.950 0.945 0.935 0.922 0.912 0.897 0.901 0.928 0.920 0.926 0.938 0.948 0.957 0.965 0.969 0.971 0.973 0.974
765500 [ 0.959 0.958 0.956 0.953 0.948 0.944 0.938 0.929 0.923 0.931 0.947 0.942 0.943 0.949 0.957 0.962 0.966 0.969 0.972 0.973 0.973
766500 [ 0.960 0.959 0.958 0.956 0.953 0.951 0.947 0.942 0.943 0.948 0.959 0.956 0.957 0.959 0.963 0.965 0.968 0.970 0.972 0.973 0.973
767500 [ 0.960 0.960 0.960 0.959 0.958 0.956 0.953 0.953 0.955 0.959 0.967 0.965 0.965 0.966 0.966 0.968 0.969 0.971 0.972 0.972 0.973
768500 [ 0.960 0.961 0.961 0.962 0.960 0.959 0.958 0.959 0.961 0.965 0.971 0.969 0.969 0.969 0.969 0.970 0.971 0.971 0.971 0.972 0.972
769500 [ 0.961 0.962 0.962 0.962 0.962 0.962 0.962 0.963 0.965 0.969 0.973 0.972 0.972 0.972 0.972 0.972 0.971 0.971 0.970 0.970 0.970
770500 [ 0.960 0.962 0.962 0.963 0.963 0.963 0.964 0.966 0.968 0.970 0.974 0.973 0.973 0.973 0.973 0.972 0.971 0.971 0.970 0.968 0.968
771500 [ 0.960 0.961 0.962 0.963 0.963 0.964 0.965 0.967 0.968 0.971 0.973 0.973 0.973 0.973 0.973 0.972 0.971 0.970 0.969 0.968 0.966

NOTE: Row and column headings represent Universal Transverse Mercator (UTM) coordinates in meters.




FIGURE 2
Example Contour Plots of Concentrations Predicted By Each Model
and Example Contour Plot of the Concentration Ratios
Scenario: Facility-Specific Median Stack Height and Constant Exit Gas Velocity of 0.01 m/sec
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NOTE: All axes represent Universal Transverse Mercator (UTM) coordinates in meters.



FIGURE 3

Frequency Distributions of Concentration Ratios (ISCLT3/AG1) by Case and For All Cases: Albany
Scenario: Facility-Specific Median Stack Height and Median Exit Gas Velocity
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FIGURE 4

Frequency Distributions of Concentration Ratios (ISCLT3/AG1) by Case and For All Cases: Buffalo
Scenario: Facility-Specific Median Stack Height and Median Exit Gas Velocity
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FIGURE 5

Frequency Distributions of Concentration Ratios (ISCLT3/AG1) by Case and For All Cases: Rochester
Scenario: Facility-Specific Median Stack Height and Median Exit Gas Velocity
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*All ratios greater than 2.1 are grouped in the last bar.




FIGURE 6
Frequency Distributions of Concentration Ratios (ISCLT3/AG1) by Case and For All Cases: Syracuse
Scenario: Facility-Specific Median Stack Height and Median Exit Gas Velocity
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FIGURE 7

Average (ISCLT3/AG1) by Ring, Chemical, and Case: Albany
Scenario: Facility-Specific Median Stack Height and Median Exit Gas Velocity
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FIGURE 8
Average (ISCLT3/AG1) by Ring, Chemical, and Case: Buffalo
Scenario: Facility-Specific Median Stack Height and Median Exit Gas Velocity

—+—Case 1, Toluene

—#—Case 2, Toluene

(ISCLT3/AG1)

—5—8—8 8 885 85 85 3 —A— Case 3, Toluene
*—0—0—90—0© 9 . o Case 4, Nickel
=—21

—¥— Case 5, Nickel

0.80

0.60

—@—Case 6, Nickel

0.40

Ring
Max. No. of
Cells for ea.
Case

8 16 24 32 40 48 56 64 72 80




FIGURE 9
Average (ISCLT3/AG1) by Ring, Chemical, and Case: Rochester
Scenario: Facility-Specific Median Stack Height and Median Exit Gas Velocity
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FIGURE 10
Average (ISCLT3/AG1) by Ring, Chemical, and Case: Syracuse

Scenario: Facility-Specific Median Stack Height and Median Exit Gas Velocity
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FIGURE 11
Average (ISCLT3/AG1) by Ring and Stack Height Bin

Scenario: Facility-Specific Median Stack Height and Median Exit Gas Velocity
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FIGURE 12
Average (ISCLT3/AG1) by Ring and Chemical Characteristic
Scenario: Facility-Specific Median Stack Height and Median Exit Gas Velocity
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FIGURE 13
Average (ISCLT3/AG1) by Ring and Metropolitan Area
Scenario: Facility-Specific Median Stack Height and Median Exit Gas Velocity
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Frequency Distributions of Concentration Ratios (ISCLT3/AG1) by Case and For All Cases: Albany

FIGURE 14

Scenario: SIC Code Based Median Stack Height and Median Exit Gas Velocity
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Frequency Distributions of Concentration Ratios (ISCLT3/AG1) by Case and For All Cases: Buffalo

FIGURE 15

Scenario: SIC Code Based Median Stack Height and Median Exit Gas Velocity
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FIGURE 16

Frequency Distributions of Concentration Ratios (ISCLT3/AG1) by Case and For All Cases: Rochester
Scenario: SIC Code Based Median Stack Height and Median Exit Gas Velocity

*All ratios greater than 2.1 are grouped in last bar.
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FIGURE 17

Frequency Distributions of Concentration Ratios (ISCLT3/AG1) by Case and For All Cases: Syracuse
Scenario: SIC Code Based Median Stack Height and Median Exit Gas Velocity
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FIGURE 18
Average (ISCLT3/AG1) by Ring, Chemical, and Case: Albany
Scenario: SIC Code Based Median Stack Height and Median Exit Gas Velocity
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FIGURE 19
Average (ISCLT3/AG1) by Ring, Chemical, and Case: Buffalo
Scenario: SIC Code Based Median Stack Height and Median Exit Gas Velocity

1.80
1.60
1.40
= —+—Case 1, Toluene
O 1.20
< —#— Case 2, Toluene
™
B = = = & - & —8—.—a —aA— Case 3, Toluene
)
3 1.00 wﬂ -8 ® e rdl ® T Case 4, Nickel
~ T 1 T 1 T 1]
_)i(i —i& J( —¥— Case 5, Nickel
0.80 WI . . — A | —®—Case 6, Nickel
0.60 -
0.40
Ring 1 2 3 4 5 6 7 8 9 10
Max. No. of g 16 24 32 40 48 56 64 72 80
Cells for ea.

Case




FIGURE 20
Average (ISCLT3/AG1) by Ring, Chemical, and Case: Rochester
Scenario: SIC Code Based Median Stack Height and Median Exit Gas Velocity
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FIGURE 21
Average (ISCLT3/AG1) by Ring, Chemical, and Case: Syracuse
Scenario: SIC Code Based Median Stack Height and Median Exit Gas Velocity
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FIGURE 22
Average (ISCLT3/AG1) by Ring and Stack Height Bin
Scenario: SIC Code Based Median Stack Height and Median Exit Gas Velocity
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FIGURE 23
Average (ISCLT3/AG1) by Ring and Chemical Characteristic
Scenario: SIC Code Based Median Stack Height and Median Exit Gas Velocity
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FIGURE 24
Average (ISCLT3/AG1) by Ring and Metropolitan Area
Scenario: SIC Code Based Median Stack Height and Median Exit Gas Velocity
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Number of cases
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FIGURE 25
Difference in Median Stack Height

(SIC Code Based Stack Height Minus Facility-Specific Stack Height)
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FIGURE 26
Difference in Median Exit Gas Velocity
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by Ring and Case: Albany

FIGURE 27 )
Indicator Sub-element* Contributions and Concentration Ratios (ISCLT3/AG1)*
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!Indicator Sub-elements (percent) shown as histogram and can be read on the left vertical axis. Indicator

Sub-elements are the product of pollutant concentration and population in each cell, summed over all cells
in aring. They reflect percent contribution to Indicator Elements by ring (e.g., for case 1, ring 1
contributes 35% to the Indicator Element and ring 10 contributes 4%).
“Concentration ratios (ISCLT3/AG1) are shown as a line and can be read on the right vertical axis (e.g.,
for case 1, ring 1, the ratio is 0.86 and for ring 10, the ratio is 0.93).




Indicator Sub-element® Contributions and Concentration Ratios (ISCLT3/AG1)

FIGURE 28

by Ring and Case: Buffalo
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YIndicator Sub-elements (percent) shown as histogram and can be read on the left vertical axis. Indicator
Sub-elements are the product of pollutant concentration and population in each cell, summed over all cells
in aring. They reflect percent contribution to Indicator Elements by ring (e.g., for case 1, ring 1

contributes 35% to the Indicator Element and ring 10 contributes 4%).

Concentration ratios (ISCLT3/AG1) are shown as a line and can be read on the right vertical axis (e.qg.,
for case 1, ring 1, the ratio is 0.84, and for ring 10, the ratio is 0.88).




Indicator Sub-element® Contributions and Concentration Ratios (ISCLT3/AG1)

FIGURE 29
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YIndicator Sub-elements (percent) shown as histogram and can be read on the left vertical axis. Indicator

Sub-elements are the product of pollutant concentration and population in each cell, summed over all cells
in aring. They reflect percent contribution to Indicator Elements by ring (e.g., for case 1, ring 1
contributes 35% to the Indicator Element and ring 10 contributes 4%).
Concentration ratios (ISCLT3/AG1) are shown as a line and can be read on the right vertical axis (e.qg.,
for case 1, ring 1, the ratio is 1.18, and for ring 10, the ratio is 0.97).




FIGURE 30

Indicator Sub-element® Contributions and Concentration Ratios (ISCLT3/AG1)?
by Ring and Case: Syracuse
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YIndicator Sub-elements (percent) shown as histogram and can be read on the left vertical axis. Indicator

Sub-elements are the product of pollutant concentration and population in each cell, summed over all cells
in aring. They reflect percent contribution to Indicator Elements by ring (e.g., for case 1, ring 1
contributes 35% to the Indicator Element and ring 10 contributes 4%).
Concentration ratios (ISCLT3/AG1) are shown as a line and can be read on the right vertical axis (e.qg.,
for case 1, ring 1, the ration is 0.76, and for ring 10, the ratio is 0.92).
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