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Disclaimer

The development of Multi HEM-3 and this User’'s Guide has
been funded by the United States Environmental Protection
Agency under contracts EP-D-06-119 and EP-W-12-011 to
EC/R Inc., now SC&A Inc. However, the information
presented in this User’s Guide does not necessarily reflect the
views of the Agency. No official endorsement should be
inferred for products mentioned in this report.

Note about this Version

This User’s Guide dated April 2019 is for an updated Version
1.55 of Multi HEM-3, which was first released in 2017. The
primary updates include: a newer AERMOD version (v.18081)
than available in 2017; a correction within Multi HEM-3’s code
for the emission units of buoyant line sources, in accordance
with 2018 AERMOD updates by the Environmental Protection
Agency; and an option to use an acute high value other than
the default maximum modeled acute concentration.
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1. Introduction

The Human Exposure Model (HEM-3) is a streamlined yet rigorous tool you can use to estimate
ambient concentrations, human exposures and health risks that may result from air pollution
emissions from complex industrial facilities. HEM-3 has been implemented in two versions: a
single-facility version (Single HEM-3), and a community and sector version for modeling multiple
facilities (Multi HEM-3). This guide addresses Multi HEM-3. You can use Multi HEM-3 to model
multiple facilities in a community or region, or across the entire U.S. and its territories, as in the
Risk & Technology Review (RTR) assessments of entire source categories and sectors.

In RTR assessments, Multi HEM-3 is used to model emissions and the resulting ambient
concentrations from hundreds of facilities, located thousands of miles away from each other,
and to predict the potential exposures and inhalation health risks posed by these emissions.
Multi HEM-3 can accommodate facilities with overlapping zones of impact. An add-on module to
Multi HEM-3 containing the RTR Summary Programs is also available for download and
described in this guide. You can use these programs to further summarize the cancer risk and
noncancer health effects for your modeled group of facilities as a whole.

The Multi HEM-3 User’s Guide is not intended to be a stand-alone reference to Multi HEM-3.
This guide assumes you have some knowledge and experience with Single HEM-3 (EPA 2019).
Both Single HEM-3 and Multi HEM-3 operate under the same general principles. Essentially,
Multi HEM-3 provides a platform for running the single-facility version multiple times for two or
more (even hundreds of) facilities. In both versions, source location and emissions data are
input through a set of Excel™ spreadsheets. Single HEM-3 includes multiple input screens or
graphical user interfaces (GUIs) for the selection of various modeling options. In Multi HEM-3, a
control file (spreadsheet) replaces many of these GUI input screens. Therefore, you should
have access to and be familiar with the more extensive user’s guide for Single HEM-3 entitled
The HEM-3 User’s Guide, Instructions for using the Human Exposure Model Version 1.5
(AERMOD version) for Single Facility Modeling, also prepared by SC&A (formerly EC/R) for the
EPA (EPA 2019). The Single HEM-3 User’s Guide provides more in-depth descriptions of the
inputs, methodology, calculations, outputs, and limitations associated with the model than are
provided by this guide. The Single HEM-3 User’s Guide and model, the Multi HEM-3 User’s
Guide and model, and the RTR Summary Programs are available for download from the EPA’s
Fate, Exposure, and Risk Analysis (FERA) website at http://www.epa.qgov/fera/risk-assessment-
and-modeling-human-exposure-model-hem.

Multi HEM-3, like Single HEM-3, uses the American Meteorological Society — U.S. EPA
Regulatory Model (AERMOD) for dispersion modeling and runs AERMOD as a compiled
executable program. It is important, therefore, that you have access to AERMOD’s model
documentation, available at EPA’s Support Center for Regulatory Atmospheric Modeling
website at https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-
recommended-models#aermod. The EPA’s modeling guidance indicates that AERMOD
represents the state-of-the-science in dispersion modeling and is recommended for most
industrial source modeling applications for air toxics (EPA 2005).

AERMOD was developed under the auspices of the American Meteorological Society - EPA
Regulatory Model Improvement Committee (AERMIC) as summarized on EPA’s AERMOD
webpage (see above link). The AERMOD model, documentation and AERMOD’s preprocessors
AERMET, AERMAP, AERSURFACE and BPIPPRM are all available for download from EPA’s
AERMOD webpage. AERMOD can handle a wide range of different source types that may be
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associated with an industrial source complex, including stack (non-capped and capped vertical
and horizontal point) sources, area sources, complex area (polygon) sources, volume sources,
line sources and buoyant line sources. AERMOD can also optionally model deposition with or
without plume depletion and other complex plume processes such as building downwash. HEM-
3 runs AERMOD as many times as is necessary to address the gaseous pollutants and
particulate matter emitted from each modeled facility. Although a standard HEM-3 run involves
running AERMOD, HEM-3 will also accept user-supplied dispersion modeling results or
monitoring data (instead of running AERMOD) for the concentrations of HAP and other toxic air
pollutants. Using the concentration results predicted by AERMOD based on facility emissions
(or provided via user-supplied concentration data), HEM-3 estimates and outputs the inhalation
cancer and noncancer health risks at surrounding receptors.

This Multi HEM-3 User’s Guide, in addition to the Single HEM-3 User’s Guide, is designed to
provide all the information you will need to run Multi HEM-3. However, some of the options for
running Multi HEM-3 draw on advanced features of AERMOD. If you are unfamiliar with the
AERMOD dispersion model, you may need to refer to the AERMOD User’s Guide to develop
some of the inputs needed by Multi HEM-3. This is particularly true for some of the more
complex modeling options, such as deposition and plume depletion, building downwash,
complex source configurations and temporal factors used to vary emissions. This version 1.55
of Multi HEM-3 incorporates AERMOD Version 18081, which is described in the April 2018
AERMOD User’s Guide (EPA 2018a).

This manual provides an overview of the inputs and outputs of Multi HEM-3 and the RTR
Summary Programs, along with detailed instructions for installing and running the model and
add-on module. The following topics are addressed in each Section:

e Section 2 describes the main features of Multi HEM-3.

e Section 3 provides instructions for downloading and installing Multi HEM-3 and the RTR
Summary Programs from the EPA’s website.

e Section 4 describes the facility and emission inputs required to run Multi HEM-3, as well
as optional input files for more sophisticated modeling runs.

e Section 5 provides step-by-step instructions for running Multi HEM-3, including a brief
description of the processing performed by Multi HEM-3 during the run.

e Section 6 describes post processing procedures, and the individual facility and multiple
facility risk estimate outputs produced by Multi HEM-3.

e Section 7 explains what quality assurance checks should be performed on the Multi
HEM-3 outputs prior to running the RTR Summary Programs.

e Section 8 provides instructions for running the RTR Summary Programs.
e Section 9 describes the RTR Summary Programs’ outputs.

e Section 10 provides step-by-step instructions for using the Multi HEM-3 and RTR
Summary Program outputs to summarize the risk results for the modeled facilities.

e Section 11 discusses source category versus facility-wide modeling runs.
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e Section 12 provides a brief discussion on using Multi HEM-3 to model source categories
with more than 500 facilities.

e Section 13 discusses potential error messages you may encounter when running Multi
HEM-3, and how to respond to these messages.

e Section 14 lists references cited in this guide.
2. Main Features of Multi HEM-3

Multi HEM-3 performs three main operations: dispersion modeling, estimation of population
exposure, and estimation of human health risks. To perform these calculations, Multi HEM-3
draws on three data libraries, which are provided with the model. The first is a library of
meteorological data used for dispersion calculations collected from over 800 stations in the U.S.
and its territories. The second library of census block internal point (“centroid”) locations and
populations provides the basis for human exposure calculations. The model includes census
data from both the 2000 and the 2010 Census, so you can base your Multi HEM-3 modeling run
on either census. The census library also includes the elevation of each census block. Note that
elevation is included by default in the dispersion calculations, although you have the option of
excluding elevation from your run. Finally, a third library of pollutant unit risk estimates (UREs)
and reference concentrations (RfCs) is used to calculate population risks and health hazards.
These risk factors and RfCs are based on the latest values recommended by the EPA for
hazardous air pollutants (HAP) and other toxic air pollutants (EPA 2018b). The Single HEM-3
User’s Guide provides more detailed descriptions of the data libraries required by the model
(EPA 2019).

Multi HEM-3 estimates cancer risks and noncancer “risks” (hazard indices) due to inhalation
exposure at census block locations surrounding the modeled facilities, at circular polar grid
coordinates emanating out from the facility centers, and at other user-defined receptor locations
that you may specify. These predicted health risk estimates are generally conservative with
respect to the modeled emissions because they are not adjusted for attenuating exposure
factors (e.g., indoor/outdoor concentration ratios, daily hours spent away from the residential
receptor site, years spent living elsewhere than current residential receptor site).

Cancer risks are computed using the EPA’s UREs for HAP and other toxic air pollutants. The
resulting estimates reflect the risk of developing cancer for an individual breathing the ambient
air at a given receptor site 24 hours per day over a 70-year lifetime. Noncancer “risk” is
estimated using hazard quotients (HQs) and hazard indices for 14 “target” organs or systems
and, like the cancer risk estimates, are not adjusted for attenuating exposure factors. The HQ
for a given chemical and receptor site is the ratio of the ambient concentration of the chemical to
the RfC at which (and below which) no adverse effects are expected. The chronic hazard index
(HI) for a given target organ is the sum of HQs for substances that affect that organ. Target
organ-specific hazard indices (TOSHIs) are computed for the following 14 organ systems: the
respiratory system; the liver; the neurological system; developmental effects; the reproductive
system; the kidneys; the ocular system; the endocrine system; the hematological system; the
immunological system; the skeletal system; the spleen; the thyroid; and whole body effects.

Optionally, you can also use Multi HEM-3 to estimate acute (short-term, hourly) concentrations
for each chemical and receptor site, including the location of the highest acute concentration for
each chemical emitted from the facility. In addition, the model outputs a listing of the associated
acute benchmarks for each pollutant (below which certain acute adverse effects are not
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expected). From these acute concentrations and benchmarks, you can use the RTR Summary
Programs to compute the ratio of the highest acute concentration to the associated benchmark
to determine the maximum acute HQ for each pollutant of concern.

Multi HEM-3 identifies receptor locations at which the predicted lifetime cancer risk, chronic
noncancer hazard indices and (optionally) acute concentrations are highest. For these locations,
the model gives the concentrations of different chemicals from various emission sources driving
the overall cancer risks, chronic hazard indices, and acute concentrations. You can also use
Multi HEM-3 to estimate the numbers of people exposed to various cancer risk levels and Hl
levels. In addition, Multi HEM-3 provides estimates of the average cancer risks, average hazard
indices, and the predicted annual cancer incidence for people living within different distances of
the modeled emission sources. See the single-facility HEM-3 User’s Guide (EPA 2019) for an
overview of HEM-3’s methodology and calculations, and detailed descriptions of the risk and
hazard outputs produced by the model.

For every modeled facility, Multi HEM-3 produces the risk and hazard results that Single HEM-3
produces specific to each facility (as noted in Section 6.1). However, Multi HEM-3 also
combines and summarizes these results into additional consolidated output files that include a
row of results for each modeled facility. See Section 6.2 for a discussion of these multi-facility
files. Similarly, the RTR Summary Programs produce additional outputs of combined and
summarized results that are useful in capturing the potential risks and hazards, as well as the
pollutant and emission source drivers of these risks and hazards, for an entire source category
modeled under the EPA’s RTR program. See Section 9 for a discussion of these additional RTR
Summary Program outputs.

2.1 Differences between Current and Previous Multi HEM-3 Versions
with the RTR Summary Programs

HEM was originally developed as a screening tool for exposure assessment in the 1980s. The
original model was upgraded to run in a Windows™ environment and several versions of Multi
HEM-3 have been released by the EPA prior to this Version 1.55, including in 2007 and in 2014.
The 2014 Multi HEM-3 version (with RTR Summary Programs) included many upgrades and
enhanced capabilities compared to the 2007 version. Likewise, this Multi HEM-3 version with
RTR Summary Programs includes enhancements compared to the 2014 version. These
enhancements are listed below and summarized in Table 1.

o We updated Multi HEM-3 by incorporating the latest AERMOD version (18081) for
dispersion modeling. The 2014 version used AERMOD version 13350.

o We updated the met data. The meteorological data that Multi HEM-3 draws upon has
been updated to the most recent data available, 2016 met data. The 2014 HEM-3
version was based on 2011 met data.

¢ We made the met library editable by the user. Multi HEM-3’s met library is now in an
Excel™ spreadsheet form that you can edit to change the existing met station data, to
add new met station data and/or to delete existing met station data.

e We incorporated into Multi HEM-3 a more sophisticated modeling of deposition and
depletion, in keeping with the array of options provided in AERMOD. Wet and dry
deposition may be modeled for both particles and gaseous emissions, and deposition
can be modeled with or without plume depletion. In addition, the gas parameter default
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values have been updated with more recently-available values and the gas parameter
file may now be edited in Excel™ to allow the user to supply or alter pollutant-specific
values, in keeping with future availability and updates.

o We added the line and buoyant line source types, as well as capped and horizontal point
source types. Multi HEM-3 now allows you to use line, buoyant line, capped point and
horizontal point source types in addition to point (non-capped vertical), area, volume,
and polygon source types. Line source types can be useful in modeling airport runway
emissions, for example, while buoyant line source types can represent roof vents.
Capped and horizontal point source types allow more options for modeling stack
sources.

e We allow users to name their user receptors (with up to 10 characters) and Multi HEM-3
now identifies user receptors by their name in the output files and maps. User receptors
were identified nondescriptly in the 2014 Multi HEM-3.

e We enhanced Multi HEM-3’s KML output to display target organ-specific hazard indices
(TOSHIs) in the polar receptors and user receptors, in addition to the Census block
receptors. The 2014 Multi HEM-3 KML output displayed TOSHIs only for the Census
block receptors.

e We allow more precise acute multipliers of your emissions; acute multiplier values with
two-decimal precision may now be entered. The 2014 Multi HEM-3 required integer
values.

e We allow the user to instruct Multi HEM-3/AERMOD which acute concentration value to
report at each receptor (e.g., the 98™" percentile), instead of only using the maximum
modeled acute concentration. (Note: This feature is available only in Multi HEM-3; Single
HEM-3 always uses the maximum acute concentration as the highest reported.)

e We provide an additional (7™") temporal profile for varying source-specific emission rates.
This additional profile (MHRDOW) allows 864 different factors to be entered to vary
emission rates by month, hour, and day type (weekday, Saturday, Sunday).

o We allow users to output HEM-3 files in comma separated values (.CSV) format, in
addition to database format (.DBF). The 2014 HEM-3 did not include the .CSV format
option.

o We allow input files to have two (bold-faced) header rows instead of one. The two
header rows enable grouping and better explanation of fields (e.g., in the Facility List
Options and Emissions Location input files).

e We added the Census block ID to the Multi HEM-3 output facility_max_risk_and_hi.xlsx
for the maximum cancer risk receptor as well as for all 14 TOSHI receptors.

e We added a “Reset” button to the first user input screen of Multi HEM-3. This allows an
interrupted run to be cleared and modeling to begin again at the first facility.

e We added a column to the Multi HEM-3 output facility_max_risk_and_hi.xlsx, to indicate
whether the facility was run as a rural or an urban dispersion environment.
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We allow the user to label the group of facilities to be modeled by Multi HEM-3 so that
the Multi HEM-3 output files are automatically labeled with this acronym or prefix for
ease of reference.

We revised Multi HEM-3 so that all Excel™ model outputs are now .xIsx version files.
The 2014 HEM-3 output files in .xls version.

We added the receptor ID — whether Census block, user receptor, or polar receptor’s
angle and distance — to the RTR Summary Program output acute_impact_flags_all.xIsx,
to indicate where the highest acute concentration occurs for each pollutant.

We enhanced the RTR Summary Program that produces the category _max_risk_and_
hi.xlsx output so that the output now lists, in addition to MIR information, the max TOSHI
values and locations for all 14 target organs, as well as provides the facilities that impact
those maximum noncancer receptors. The previous version of the RTR Summary
Program provided this information for the MIR and max cancer receptor only.

We added a new RTR Summary Program “Multipathway Tier 2” that provides the
populated receptor names (i.e., block ID or user receptor name) and locations for overall
maximum risk (from all modeled HAP) as well as for the 3 receptor locations of
maximum risk specific to Arsenic (grouped), PAHs (grouped) and Dioxins/Furans
(grouped). This summary program also provides the names and locations for the
populated receptor closest to the facility in eight directions (octants) surrounding each
facility. Finally, the program also provides the 4 total inhalation risk values (based on all
modeled HAPs, Arsenic, PAHs and Dioxins/Furans) at each of these MIR and octant
receptor locations.

We revised the RTR Summary Programs to allow any version of Excel™ spreadsheets,
including .xlIsx, as input files. The previous version of the RTR Summary Programs
allowed only .xIs input files. In addition, the RTR Summary Programs now output files in
either .xls or .xlsx, depending on the version of Excel installed on your computer.

Table 1. Summary of Key Improvements for 2019 Multi HEM-3 versus 2014 Multi HEM-3

Model Feature

2019 HEM-3 (Version 1.55)

2014 HEM-3

Dispersion Modeling

AERMOD (v.18081)

AERMOD (v.13350)

Met Data

Based on 2016 met data

Based on 2011 met data

Met Library

Met library is in an Excel™
format, editable by user

Met library was not editable
by user

Deposition & Depletion

Both particle and gaseous
deposition modeled; deposition
and depletion de-coupled so
deposition can be modeled
with or without plume
depletion; gas parameter file
defaults updated and file now
editable in Excel™

Deposition and depletion
coupled so that plume is
automatically depleted if
deposition modeled; gas
parameter file not editable in
Excel™
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Model Feature

2019 HEM-3 (Version 1.55)

2014 HEM-3

Source Types

Point (vertical non-capped,
capped and horizontal), area,
volume, polygon, line and
buoyant line

Point (vertical non-capped
only), area, volume and
polygon

User Receptor Identification

User may name discrete user
receptors; name identifies user
receptor in outputs

User receptors identified as
non-descript “User-p”

Display of TOSHIs

Census block, polar and user-
receptor TOSHIs are displayed
in KML™ map

TOSHIs only displayed for
Census blocks in KML™ map

Acute Multiplier

Values with two-decimal
precision allowed

Only integer values allowed

Acute High Value

User can specify what high
value to use for acute

Used only the maximum as
the highest reported acute

Temporal Profiles

7 profiles for varying source-
specific emission rates based
on temporal scales

6 profiles for varying source-
specific emission rates based
on temporal scales

CSV Option for Multi
HEM-3 Output Files

Output files in .CSV format is
optional (in addition to .DBF)

Output files in .DBF format;
.CSV format not included

Additional Header Row

Input files allow two (bolded)
header rows, enabling better
explanation of fields

Input files allowed only one
header row

Census Block ID

The facility_max_risk_and_hi
output file contains the census
block ID for the max cancer
receptor and all 14 max TOSHI
receptors

The facility_max_risk_and_hi
output file did not contain the
census block ID for each
receptor listed

Reset Run Option

Runs can be reset to clear

data and begin at the first

facility. Runs can also re-
commence with facility being
modeled during interruption.

No reset button was
provided; an interrupted run
would re-commence
modeling at facility being
modeled during interruption

Rural or Urban Run

The facility_max_risk_and_hi
output file lists the dispersion
environment used to model
each facility, whether rural (R)
or urban (U)

The facility_max_risk_and_hi
output file did not display
whether the facility was run in
a rural or urban dispersion
environment, requiring
referral to AERMOD.out

Labeling of Multi HEM-3
Outputs

User can indicate a 30
character label to be applied
automatically to Multi HEM-3
outputs for ease of reference

No automatic labeling option
of Multi HEM-3 outputs was
provided; user had to
manually re-name outputs
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Model Feature 2019 HEM-3 (Version 1.55) 2014 HEM-3

Multi HEM-3 Excel™ All Excel™ HEM-3 outputs are All Excel™ HEM-3 outputs
Outputs Xlsx version files were .xls version files
The RTR Summary Program | The RTR Summary Program
Receptor ID in Acute .OUtpl'.lF acute_impact_flags gutput gcutg_lmpact_flags
identifies the census block, did not identify the receptor
Output
user receptor or polar receptor where the max acute
for each data row concentration occurs

The category_max_risk_and__
HI.xIsx output provides MIR
Enhanced RTR Summary and TOSHI information based

The category_max_risk_and_
Hl.xIsx output provided (only)
MIR information based on all

Program Output on all facilities impacting the e .
facilities impacting the max
max cancer and noncancer
cancer receptor
receptors

A new RTR Summary Program
“Multipathway Tier 2” provides
the populated receptor IDs,

locations and values of This RTR Summary Program
New RTR Summary . . :
Program for Multipathwa maximum risk for Arsenic, had not yet been developed
9 . P y PAHs and Dioxins/Furans. The | when the 2014 HEM-3 was
Analysis .
program also provides the released

IDs, locations and risk values
of the receptors closest to
each facility in eight directions.
The RTR Summary Programs
accept any version of Excel™
spreadsheets, including .xls

Excel™ Version Flexibility and .xIsx and output files in
either .xls or .xIsx, depending
on the version of Excel
installed

The RTR Summary
Programs accepted only .xls
Excel™ inputs and outputs
were also in .xls

3. Installing Multi HEM-3 and the RTR Summary Programs

Download the Multi HEM-3 model and the RTR Summary Programs from EPA’s HEM Download
webpage at http://www.epa.gov/fera/download-human-exposure-model-hem. This site includes
general installation instructions and links to install Single HEM-3, Multi HEM-3 and the RTR
Summary Programs.

Installation of Multi HEM-3 consists of several steps including downloading the Multi HEM-3
model, downloading the RTR Summary Programs module, and downloading the data libraries
required by Multi HEM-3. These data libraries include a chemical health effects library with
toxicity value files (dose response and target organ endpoint spreadsheets); a census
population and elevation library (for the 2010 and the 2000 Census); and a meteorological
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library (characterizing weather patterns around the nation). The contents of each of the three
data libraries are described in Section 2 of the Single HEM-3 User’s Guide (EPA 2019).

Follow the steps below to download the Multi HEM-3 model, data libraries, and the RTR
Summary Programs:

1.

From the HEM Download Page, click the “Multi HEM-3” executable under Software
available for download, and select “run” to begin the installation program for Multi HEM-3
(Note: It may be necessary to run the installer with administrator privileges — right click
the icon and select “run as administrator”). The default location to install Multi HEM-3 is
“C:\Multi_HEMB3\.” You can change this location by clicking the “Change...” button and
indicating an alternate location. (Note: this alternate folder location should not include a
period “.” in its name. If you wish to use a period, use an underscore “ " instead.) The
basic files needed to run Multi HEM-3 will be placed in the selected folder. A number of
subfolders for the data libraries will also be created, including a Reference folder for the
chemical health effects library, Census 2000 and Census_2010 folders for the census
libraries, and a MetData folder for the meteorological library. The “Installing Multi HEM3"
screen is displayed while the files are being copied to the destination folder. When the
installation is complete, the “InstallShield Wizard Completed” window appears. The
MetData folder and Census_2000 and Census_2010 folders created as part of the
installation will automatically be populated with the meteorological station data and
census block files needed to run the template input files—which are provided to illustrate
sample input files for a Multi HEM-3 run and which you can edit to create Multi HEM-3-
ready inputs (as described further in Section 4).

Upon installation, Multi HEM-3’s Reference folder includes a Dose Response Library
and Target Organ Endpoints table, which were current as of May 2017. To check for
updated versions, click the “Toxicity Value Files” link under Input Files for HEM-3 on the
HEM Download Page) to download (1) the Dose_Response_Library.xIsx reference file
containing the cancer UREs, the noncancer RfCs, and the acute benchmarks for various
HAP; and (2) the Target_Organ_Endpoints.xIsx reference file, which contains a listing of
the noncancer target organ endpoints impacted by various HAP. Note: After copying
these files to the Reference folder and unzipping them, check that these files are up-to-
date for your modeling purposes. You should also consult EPA’s Dose Response
Assessment webpage (EPA 2018b) to determine if more recent versions are available.

Upon installation, Multi HEM-3’s Census folders include the census files necessary to
run the template/sample files only. To obtain the full census files, click the “Nationwide
2010 Census files” link and/or the “Nationwide 2000 Census files” link under the Census
Files subheading of Input Files for HEM-3 (on the HEM Download Page) to download all
state census files. Copy these files into the Census_2010 and Census_2000 folders, as
appropriate, and unzip. [Note: Do not mix-and-match Census 2010 files with Census
2000 files. If you need only Census 2010 or only Census 2000 data for modeling
purposes (not both), then download only the census year needed and place all census
files from that year in the correct census folder.] When modeling a facility in one state,
Multi HEM-3 may require census files from a neighboring state, depending on the
location of the facilities and the radial distance modeled surrounding each facility. This
possibility is increased when modeling multiple facilities across the U.S. Therefore, you
should copy all state census files into the appropriate Census folder, not only the files for
those states in which the modeled facilities are located, including the Census_key.dbf
file. It is important to use the Census_key.dbf file associated with the state file(s)
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you are using to model; using state census files not associated with the
Census_key file will cause erroneous modeling results.

Upon installation, Multi HEM-3’s MetData folder includes the meteorological files
necessary to run the template/sample files only. To obtain the full set of nationwide
meteorological files, click the “Nationwide meteorological files” links, under the
Meteorological Files subheading of Input Files for HEM-3 (on the HEM Download Page)
to download all meteorological station files. Copy these files into the MetData folder and
unzip. Similar to the census files, you should download all meteorological station files,
not just a subset of the meteorological data files.

Note that when you download the Multi HEM-3 model, the installation package will place
an Excel™ spreadsheet named “metlib_ AERMOD.xIsx” in your
C:\Multi_HEM3\Reference folder. This spreadsheet lists all the SFC and PFL met
stations that are provided in the nationwide meteorological data files (those available on
the HEM Download Page on the date you download the model). You can edit this
spreadsheet to include additional met station files of your own choosing, but you must
provide the new met station data as both SFC and PFL files in your

C:\Multi_ HEM3\MetData folder. Be careful that the SFC and PFL file names match the
new rows you have added to the metlib_ AERMOD.xlIsx spreadsheet in your Reference
folder. You can also edit the information provided in the rows of this spreadsheet, or
delete met station entries/rows entirely.

Finally, click the “RTR Summary Programs” executable under Software available for
download (on the HEM Download page). Select “run” to begin the installation program
for the RTR Summary Programs. You can use these programs to extract specific risk
estimate results from the Multi HEM-3 outputs. You can copy the RTR Summary
Programs into the same directory containing Multi HEM-3, but in a different folder (e.g.,
named “RTR Summaries”).

4. Multi HEM-3 Inputs

Multi HEM-3 is designed to be launched from the Windows™ desktop via user-friendly input
screens. These graphical user interface (GUI) input screens primarily allow you to point Multi
HEM-3 to the required and optional inputs files and to specify certain modeling options for the
run. The model accepts input files created in any version of Excel™. You will use Excel™ input
files to specify the desired modeling options and the emissions and source configurations of the
facilities to be modeled.

The following is a list of general rules you should follow for all input files:

Use a separate Excel™ workbook for each input file and use only one input file
worksheet (spreadsheet) per workbook. Ensure your Microsoft Office™ Trust Center
settings allow Excel™ version 5 and higher to be fully opened and operational (i.e., not
in protected view only).

Match columns with the format specified for the input file. You can use the template input
files (provided in your Inputs_Multi folder) and substitute actual data for template data.
Delete any extra lines of template data.
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¢ Do notinsert columns between data columns. Multi HEM-3 will read these and any extra
hidden columns as data.

e Use one or two (not more than two) header rows at the top of each spreadsheet file for
all required and optional input files. Make the header rows bold-faced, so that Multi
HEM-3 recognizes them as header rows and not data.

e Do notinclude text in numerical data fields (for instance "<0.001"). Multi HEM-3 may
read these fields as Os (zeroes) or may accept only a portion of the number.

e Enter latitudes and longitudes in decimal degrees. Multi HEM-3 will also accept
Universal Transverse Mercator (UTM) coordinates. You must enter coordinates in 1983
North American Datum (NAD83) geographic projection system format. Do not use 1927
North American Datum (NAD27) formatted data. If inputs locations are based on the
NAD27, convert to NAD83 before use.

¢ Match the units used for parameters, such as emission rates and stack parameters,
with the units given in the file’s format guidelines provided in the following sections
(for example: meters/second, meters, tons/year, etc.). Proper units are also included in
the header rows of the template input files.

4.1 Required Input Files

A minimum of three input files are required to run Multi HEM-3: the Facility List Options file; the
HAP Emissions file; and the Emissions Location file. These three files contain a listing of the
facilities and modeling options for the current run, a listing of the HAP emitted from each facility,
and the location and configuration of emission sources at each facility to be modeled. To aid
you in creating these files, templates for each are provided in your Inputs_Multi folder of
the installed Multi HEM-3 (and are noted in the following subsections in parentheses). In
addition to these three required input files, optional input files may also be used when running
Multi HEM-3, depending on the modeling options you choose. See Section 4.2 for a description
of these optional input files.

4.1.1 Facility List Options File

The Facility List Options Excel™ file is the primary driver specifying the parameters and options
of the model run and is unique to the Multi HEM-3 version. Instead of specifying parameters and
selecting options from input screens as in the Single HEM-3 version, you indicate most options
in this file (e.g., parameters such as the modeling radius and overlap distance, as well as
options such as modeling of acute concentrations, building downwash, deposition). The Facility
List Options file contains one row for every facility that will be run with the various modeling
options listed as columns for each facility row. If you use all default modeling options, the
only field requiring input is the facility ID, which can be up to 30 characters long. All other
fields have defaults which are employed when the field in the Facility List Options file is left
blank. Note: the model also employs the respective default value when the user enters a 0 for
any of the numerical fields in the Facility List Options input file (i.e., Max distance, Modeling
distance, Radials, Circles, Overlap distance, Hours and Acute Multiplier).

Table 2 shows the fields included in the Facility List Options file. As noted above, these fields
are columns in the actual Facility List_Options.xIsx input file that you must provide to Multi
HEM-3, and each row is for a different facility as identified by the Facility ID. The rows in Table 2
are shown in the same column order required by HEM-3 in the input file. You should consult the
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Single HEM-3 User’s Guide (EPA 2019) for more detail on each of these parameters and
options. (For a template, see Template _Multi_Facility List Options.xlIsx in your Inputs_Multi

folder.)

Note: Take care when filling out the Facility List Options File, as this file drives and
controls the modeling run. To avoid error, this file must be consistent with your other
input files. For example, if you indicate a mixture of particles and gases/vapor in the Percent
Particulate column of your HAP Emissions input file and you wish to model deposition, then the
Phase of your emissions entered in the Facility List Options file must be “B” for both (regardless
of whether you choose to model deposition/depletion for particles only or for vapor only).
Furthermore, any mismatch between this file and options selected on user interface
screens (GUIs) will cause an error in the modeling run. For example, the modeling options
you indicate in this file should be consistent with how you complete the model’s Screen 2 (and
Screen 2a), for options including user receptors, building downwash and deposition/depletion.

Table 2. Fields in the Facility List Options Input File (Required)

Default Setting

Field Description of Facility List Options Field
' (if field left blank) L ity List Dptions F
Facility ID You must enter an alphanumeric string (up to 30 characters
long) identifying the facility being modeled. This field is
mandatory; all other fields have default values when blank.
Met Station Met station selected = The name of the meteorological surface station (e.g.,
by model as closest NAMEO2.SFC, up to 20 characters long) to be used by
to the facility AERMOD when modeling each facility. The met station
closest to facility is chosen, unless you specify a name.
Rural/Urban D for default Used to set the type of dispersion environment for

Max distance

Modeling distance

Radials

Circles

Overlap distance

50,000 meters

3,000 meters

[Note: no entry or an
entry of O will default
to 3,000 meters]

16

13

30 meters

[Note: no entry or an
entry of O will default
to 30 meters]

AERMOD. “R” indicates rural land use surrounding the
facility; “U” indicates urban land use; and “D” indicates the
default setting under which the model will find the nearest
Census block to the facility center and determine whether
that Census block is located in an urbanized area as
designated by the 2010 Census. [Note: The default setting
when using the 2000 Census is always rural.]

The outside max radius of the modeling domain in meters
(must be = the modeling distance and < 50,000 meters).

The cutoff distance (in meters) for individual modeling of
ambient impacts at census blocks; beyond this distance
ambient impacts are interpolated rather than explicitly
modeled. [Note: For polygon source types, set the modeling
distance > the largest distance across the polygon.]

The number of radials in the polar receptor network
emanating from the facility center (must be = 4).

The number of concentric circles in the polar receptor
network, centered on the facility center (must be = 3).

The distance (in meters) measured from each emission
source at a facility at and below which a source and receptor
are considered to be overlapping. Must be an integer value =
1 meter and < 500 meters.
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Default Setting

Field Description of Facility List Options Field
(if field left blank) P y P

Acute N Selecting “Y” directs the model to include short-term (acute)
concentration calculations and hazard predictions. If left
blank, acute impacts are not estimated in the model run.

Hours 1-hour The short-term (acute) averaging period that AERMOD will
use for ambient concentrations. The averaging period
options are: 1, 2, 3, 4, 6, 8, 12 and 24-hr. The default is 1-hr.

Elevations Y Elevations of receptors are accounted for by default;
entering an “N” excludes elevations from the model run.

Acute Multiplier 10 The acute multiplier applied to the average annual emission

First ring distance
(ring1)

Deposition
(dep)

Depletion
(depl)

Phase

Particle
Deposition

(pdep)

Calculated by model
to be just outside the
source locations, but
not less than 100 m
from facility center

N

B

[Note: this field
should accurately
reflect your
emissions,
regardless of what
kind of
deposition/depletion
is desired.]

NO

rate and used to approximate the short-term emission rate
(e.g., 10 times the rate entered in the HAP Emissions file).
Note: Multi HEM-3 also assumes that this short-term rate
can occur at the same time as the worst case meteorological
conditions. Two-decimal precision is accommodated;
minimum value is 1.00

The distance to the first ring (circle) of the polar network as
measured from the facility center. You can override the
default distance calculated by Multi HEM-3 to fit the size and
shape of the facility properties to be modeled.

Deposition is not modeled by default; entering “Y” directs the
model to calculate deposition in the model run (particle,
vapor, or both as designated below) and provide the
deposition flux in the output files. Note: you may model
deposition with or without plume depletion (below).

Depletion is not modeled by default; entering “Y” directs the
model to deplete the plume by the calculated deposition flux.
Note: You may enter “Y” here even if you chose “N” for
deposition; in that case the model will internally calculate
deposition flux to deplete the plume, but will not provide the
deposition flux values in the output files. (This option saves
space, if you do not need the deposition flux.)

This field is required when calculating deposition/depletion,
but it merely describes your emissions, not what type of
deposition/depletion will be modeled. The default value “B”
indicates that emissions are both particle and vapor. Enter
“P” for deposition/depletion modeling only if emissions are
100% particle. Enter “V” for deposition/depletion modeling
only if emissions are 100% vapor. Note that the phase
entered here must be consistent with the percent particulate
in your HAP Emissions file.

The value “WD?” directs the model to incorporate both wet
and dry deposition for particles. Use “WO” for wet only; use
“DO” for dry only; use “NO” (or leave blank) if not modeling
deposition of particles.
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Field

Default Setting
(if field left blank)

Description of Facility List Options Field

Particle Depletion

(pdepl)

Gaseous
Deposition

(vdep)
Gaseous

Depletion
(vdepl)

All Receptors

User receptors

Building
Downwash

(bldg_dw)

Urban Population

FASTALL

NO

NO

NO

None; only needed if
“U” specified in
Rural/Urban field

The value “WD” directs the model to incorporate both wet
and dry deposition for particles (when depleting the plume).
Use “WQO” for wet only; use “DO” for dry only; use “NO” (or
leave blank) if not considering deposition of particles (when
depleting the plume).

The value “WD” directs the model to incorporate both wet
and dry deposition for gaseous (vapor) pollutants; use “WO”
for wet only; use “DO” for dry only; use “NO” (or leave blank)
if not modeling 