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Executive Summary

This document describes the risk assessment that the U.S. Environmental Protection Agency
(EPA) conducted to assess the human health and environmental risks posed by hazardous air
pollutant (HAP) emissions from the synthetic organic chemical manufacturing industry. This
rule is commonly known as the Synthetic Organic Chemical Manufacturing Industry
(SOCMI). Section 112 of the Clean Air Act (CAA) establishes a two-stage regulatory process
for addressing emissions of HAP from stationary sources. In the first stage, EPA must
promulgate technology-based national emission standards for hazardous air pollutants
(NESHAP) for categories of sources. EPA has completed this stage. For NESHAP that
require maximum achievable control technology (MACT) standards, EPA is required to
complete a second stage of the regulatory process — the residual risk review. In this second
stage, EPA is required to assess the health and environmental risks that remain after
implementation of the standards. EPA must also review each of the technology-based
standards at least every eight years and revise them, as necessary, taking into account
developments in practices, processes and control technologies. If appropriate based on the
results of the risk and technology reviews, the Agency will revise the rule. For efficiency, the
Agency includes the analyses in the same regulatory package and calls the rulemakings the
Risk and Technology Review (RTR).

The specific source category results contained in this document are from the SOCMI risk and
technology review in support of EPA’s 2024 final rule, New Source Performance Standards
for the Synthetic Organic Chemical Manufacturing Industry and National Emission Standards
for Hazardous Air Pollutants for the Synthetic Organic Chemical Manufacturing Industry and
Group I & Il Polymers and Resins Industry. The EPA is amending the NESHAP for this
source category, under 40 CFR part 63, subparts F, G, H, and I, to address the results of the
RTR review of the MACT standards, required under Section 112. The Synthetic Organic
Chemical Manufacturing Industry (SOCMI) source category, also referred to the Hazardous
Organic NESHAP (HON), includes synthetic organic chemical manufacturing industry
facilities, regulated under subparts F, G, and H. The SOCMI is a segment of the chemical
manufacturing industry that includes the production of many high-volume organic chemicals,
derived from petrochemical feedstocks. Of the hundreds of organic chemicals that are
produced by the SOCMI, some are final products, and some are the feedstocks for production
of other non-SOCMI chemicals or synthetic products such as plastics, fibers, surfactants,
pharmaceuticals, synthetic rubber, dyes, and pesticides. The SOCMI source category also
applies to equipment leaks from certain non-SOCMI processes located at chemical plants,
regulated under subpart I. Emission points include pressure relief devices, equipment leaks,
process vents, flares, wastewater, heat exchange systems, storage tanks, and transfer racks.
We estimate that there are 195 HON-subject facilities in the SOCMI source category
operating in the U.S. These 195 HON facilities correspond to 222 Emission Information
System (EIS) facility IDs used in the risk assessment. The total reported emissions of HAP for
the source category are approximately 8,200 tons per year. The reported HAP emitted in the
largest quantity are methanol, n-hexane, toluene, xylenes (mixed), benzene, styrene,
hydrochloric acid, ethylene glycol, acetonitrile, ethylene dichloride, methyl chloride, vinyl
acetate, vinyl chloride, 1,3-butadiene, ethyl benzene, chlorine, acetaldehyde, methyl
methacrylate, phenol, chlorobenzene, maleic anhydride, cumene, phthalic anhydride,
acrylonitrile, methylene chloride, chloroform, ethyl chloride, formaldehyde, naphthalene,
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methyl isobutyl ketone, ethylene oxide, methyl bromide, propylene oxide, carbonyl sulfide, p-
xylene, tetrachloroethene, carbon tetrachloride, hydrogen cyanide, 2,2,4-trimethylpentane,
acrylic acid, carbon disulfide, methyl tert-butyl ether, diethanolamine, biphenyl, aniline,
1,1,1-trichloroethane, glycol ethers, trichloroethylene, epichlorohydrin, propionaldehyde, 2-
nitropropane, acetophenone, polycyclic aromatic hydrocarbons (PAH), bromoform,
phenanthrene, 1,1,2-trichloroethane, o-xylene, triethylamine, hydrofluoric acid, and 1,4-
dioxane. Emissions of these 60 pollutants make up over 99 percent of the total HAP emissions
by mass. Emissions of persistent and bioaccumulative HAP (PB-HAP) include polycyclic
organic matter (POM), lead compounds, arsenic compounds, cadmium compounds, mercury
compounds, and dioxins. Emissions of environmental HAP include the above PB-HAP plus
hydrochloric acid (HCl) and hydrofluoric acid (HF).

The below table summarizes the results of the risk assessment for the SOCMI Source
Category. The results of the chronic inhalation cancer risk assessment are estimated using
modeling, which has been EPA’s standard approach for residual risk analyses under CAA
section 112 (f)(2) and applies to all risk results (both risk estimates and numbers of people
exposed to such risks) presented here and in subsequent sections. Based on actual emissions
from the source category, the modeled estimates indicate that the maximum lifetime
individual cancer risk posed by the 222 facilities could be as high as 2,000-in-1 million, with
ethylene oxide emissions from pressure relief devices and equipment leaks as the major
contributors to the risk. The total estimated cancer incidence from this source category is one
excess cancer case every 6 months. Approximately 50,000,000 people live within 50
kilometers of the 222 modeled HON facilities, and 7,170,000 people are estimated to have a
cancer risk at or above 1-in-1 million from HAP emitted from the facilities in this source
category, with 83,000 people estimated to have a cancer risk above 100-in-1 million.

Risk Summary for the SOCMI Source Category

. . . . Max Chronic Individual Max Acute Multipathway
Inhalation Cancer Risk Population Cancer Risk Noncancer Risk Noncancer Risk A "
Maximum Cancer H d
Individual . . Incidence >100 in 1 >1inl azar Risk Hazard Risk Risk Driver
. Risk Driver J. e Index . P .
Risk* (cases per million million (TOSHI) Driver Quotient Driver and
(in 1 million) year) Health Endpoints
B Actual Emissi
2 maleic Non-cancer Tier 3
. 3 chlorine = 60 (methyl
Source 2,000 ethylene 2 83,000 7,170,000 anhydride mercury)
Category oxide i . _
5 chlorine 3 acrolein Cancer Tier 3 =20
(POM)
Whole 2,000 ethylene 2 90,000 8,920,000 4 chlorine
Facility oxide
B Allowable Emissi (same as Baseline Actual Emissions)
2 maleic 3 chlorine
Source 2,000 cthy}cnc 2 83,000 7,170,000 anhydride Same as Baseline
Category oxide . Actuals
. 3 acrolein
2 chlorine
Post-Control Emissions
o 2 maleic .
acrylonitrile, . 3 chlorine .
Source 100 cthylene 04 0 6,270,000 anhydride Same as Baseline
Category . . Actuals
oxide . 3 acrolein
2 chlorine
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a. The MIR facility for this source category and the facility with the highest risk for all modeled health matrix
is the Indorama Port Neches Plant, located in Port Neches, TX. The excess cancer risk of 2000-in-1 million
is driven by fugitive ethylene oxide emissions from equipment leaks and pressure relief valves.

b. The max acute off-site HQ = 3, based upon the 1-hr REL for chlorine and acrolein, no other acute health
benchmarks for these pollutants were exceeded. The max off-site acute value of 3 for chlorine is located
alongside a public highway, while the max off-site acute value of 3 for acrolein is located in a
public/residential area.

¢. The maximum non-cancer screening value (SV) for cadmium and mercury are based upon upper-bound
ingestion rates for the fisher scenario, with mercury having a non-cancer Tier 3 SV =60 and a Tier 3 SV =2
for cadmium. For the gardener scenario, the maximum Tier 3 cancer SV = 20 for POM emissions. Based
upon site-specific assessments conducted for each of the above PB-HAPs from other source categories, we
would expect decreases of the Tier 3 SV to values that are protective of public health for both cancer and
non-cancer health effects.

Regarding the noncancer risk assessment, the maximum chronic noncancer hazard index
value for the source category could be up to 2 (for the respiratory hazard index) driven by
emissions of maleic anhydride from a process vent operation at one facility and chlorine from
three control devices at another facility. Of the 50,000,000 people living within 50 kilometers
of these facilities, approximately 83 people are exposed to a noncancer hazard index above 1,
based on actual source category emissions. The maximum acute offsite hazard quotient from
actual emissions is 3. The estimated worst-case off-site acute exposures to emissions from the
SOCMI source category result in a maximum modeled acute noncancer HQ of 3 based on the
REL for chlorine at one facility and acrolein at another facility. HON process emissions from
two other facilities result in acute noncancer HQs of 2 based on the RELs for formaldehyde
and chloroform.

Whole facility (or “facility-wide”) emissions include those regulated under this source
category plus all other emissions generated at each facility. The results of the chronic
inhalation cancer risk assessment based on whole facility emissions are more uncertain and
rely on the quality of the emissions data collected for source categories outside this regulatory
review. These emissions sources may not undergo the same level of data quality review as
those being assessed in this regulatory assessment. The maximum lifetime individual cancer
risk posed by the 222 facilities, based on whole facility emissions, is 2,000-in-1 million with
ethylene oxide from pressure relief devices and equipment leaks driving the risk. The total
estimated cancer incidence based on whole facility emissions is 2 excess cancer cases per
year, or one excess case every 6 months. Approximately 8,920,000 people are estimated to
have cancer risks above 1-in-1 million from HAP emitted from all sources at the facilities in
this source category, with 90,000 people estimated to have a cancer risk above 100-in-1
million. For the noncancer risk assessment, the maximum chronic noncancer hazard index
posed by whole facility emissions is estimated to be 4 (for the respiratory hazard index)
driven by emissions of chlorine, acrylic acid, and acrylonitrile from whole facility sources
(heat exchange systems and equipment leaks) coming mostly from 2 facilities. Emissions
from one facility contribute to 83 percent of the TOSHI, with approximately 60 percent of the
total TOSHI from non-source category emissions of chlorine and another 15 percent from
source category emissions of chlorine. Emissions from the second facility contribute to 15
percent of the TOSHI, with approximately 11 percent of the total TOSHI from source
category emissions of acrylic acid and 2 percent from source category emissions of

7



Residual Risk Assessment for the Synthetic Organic Chemical Manufacturing Industry (SOCMI)
Source Category in Support of the 2024 Risk and Technology Review Final Rule

acrylonitrile. Approximately 1,100 people are exposed to noncancer hazard index levels
greater than 1, based on whole facility emissions from the 222 facilities in this source
category.

Potential multipathway health risks under a fisher, farmer, and gardener scenario were
identified using a 3-Tier screening assessment of the PB-HAP emitted by facilities in this
source category and if necessary a site-specific assessment utilizing TRIM.FaTE. Of the 222
facilities in the source category, 34 facilities reported emissions of carcinogenic PB-HAP
(arsenic, POM, and dioxins) and 11 facilities reported emissions of non-carcinogenic PB-HAP
(cadmium and mercury) that exceed the Tier 1 screening value of 1. For facilities that
exceeded the Tier 1 multipathway screening values for one or more PB-HAP, we used
additional facility site-specific information to perform a Tier 2 assessment and determine the
maximum chronic cancer and non-cancer impacts for the source category.

In the Tier 2 cancer screening assessment, arsenic and dioxin screening values were below the
Tier 2 screening threshold and therefore no additional assessment was deemed necessary. For
mercury and cadmium, a Tier 3 non-cancer screening assessment was conducted for the fisher
scenario while a Tier 3 screening assessment was conducted for POM for the gardener
scenario. In the Tier 3 non-cancer screening for the fisher scenario, the screening values for
mercury and cadmium were 60 and 2, respectively. The Tier 3 gardener screening assessment
indicated the maximum Tier 3 cancer screening value for POM was 20.

The EPA determined that it is not necessary to go beyond the Tier 3 analysis or conduct a
site-specific assessment for cadmium, mercury, or POM. The EPA compared the Tier 2
screening results to site-specific risk estimates for five previously assessed source categories.
These assessments indicated that cancer and noncancer site-specific risk values were at least
50 times lower than the respective Tier 2 screening values for the assessed facilities, with the
exception of noncancer risks for cadmium for the gardener scenario, where the reduction was
at least 10 times.

Based on our review of these analyses, if the Agency was to perform a site-specific
assessment for the SOCMI Source Category, the Agency would expect similar magnitudes of
decreases from the Tier 2 SVs (which were the same as the Tier 2 values for mercury and
cadmium). As such, given the conservative nature of the screens and the level of additional
refinements that would go into a site-specific multipathway assessment, were one to be
conducted, we are confident that the HQ for ingestion exposure, specifically cadmium and
mercury through fish ingestion, is at or below 1. For POM, the maximum cancer risk under
the rural gardener scenario would likely decrease to below 1-in-1 million. For this reason and
considering the conservative nature of the multipathway exposure screening scenario, further
analyses were not performed, refer to Section 3.2.1 and App. 10 — 11 for more detail results
on the screening analysis and the site-specific Tier 3 screen.

In evaluating the potential multipathway risk from emissions of lead compounds, rather than
developing a screening threshold emission rate, we compare maximum estimated chronic
inhalation exposure concentrations to the level of the current National Ambient Air Quality
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Standard (NAAQS) for lead of 0.15 pg/m>.! Values above the level of the primary (health-
based) lead NAAQS are considered to have a potential for multipathway risk. Based upon a
Pb screening approach for this source category the estimated max off-site 3-month
concentration was below the Pb NAAQS. Based on the results of the risk screening analysis,
we do not expect an adverse health and/or environmental effect because of lead emissions
from this source category if facilities are complying with the NESHAP.

A screening-level evaluation of the potential adverse environmental risk associated with
emissions of arsenic, cadmium, dioxin, methyl mercury, divalent mercury, POM, hydrofluoric
acid, and hydrochloric acid indicated that no ecological benchmarks were exceeded for
arsenic, hydrofluoric acid, or hydrochloric acid. For the other pollutants, the maximum Tier 1
screening value was 200 for methyl mercury emissions for the surface soil No Observed
Adverse Effects Level (NOAEL) avian ground insectivores benchmark. For all pollutants that
had Tier 1 screening values above various benchmarks (cadmium, dioxins, POMs, divalent
mercury, methyl mercury) a Tier 2 screening assessment was performed.

In the Tier 2 screen, cadmium, dioxins, and POM emissions did not exceed any ecological
benchmark. The following Tier 2 screening values were exceeded for methyl mercury
emissions: a screening value of 5 for the fish-eating birds NOAEL benchmark (specifically
for the small duck called the merganser), a screening value of 2 for the maximum allowable
toxicant level for the merganser, and a screening value of 3 for avian ground insectivores
(woodcock). The following Tier 2 screening values were exceeded for divalent mercury
emissions: a screening value of 4 for a sediment threshold level and a screening value of 2 for
an invertebrate threshold level.

Since there were Tier 2 exceedances, we conducted a Tier 3 environmental risk screen. In the
Tier 3 environmental risk screen, we looked at aerial photos of the lake being impacted by
mercury emissions from the three HON-subject facilities. The aerial photos show that the
“lake” is located in an industrialized area, has been channelized, and largely filled/drained.
Therefore, it was determined that this “lake” would not support a fish population.

Potential differences between actual emission levels and the maximum emissions allowable
under EPA’s standards (i.e., “allowable emissions”) were also determined for the HON
facilities. For this source category, allowable emissions are equal to baseline actual emissions.
Therefore, the cancer and noncancer risk assessment results based on allowable emissions are
the same as the risk assessment results based on actual emissions, summarized above.

!'In doing so, the EPA notes that the legal standard for a primary NAAQS — that a standard is
requisite to protect public health and provide an adequate margin of safety (CAA section 109(b))
— differs from the CAA section 112(f) standard (requiring, among other things, that the standard
provide an “ample margin of safety to protect public health”). However, the primary lead NAAQS
is a reasonable measure of determining risk acceptability (i.e., the first step of the Benzene
NESHAP analysis) since it is designed to protect the most susceptible group in the human
population — children, including children living near major lead emitting sources. 73 FR 67002/3;
73 FR 67000/3; 73 FR 67005/1. In addition, applying the level of the primary lead NAAQS at the
risk acceptability step is conservative, since that primary lead NAAQS reflects an adequate
margin of safety.
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In addition to the baseline source category and whole facility analyses, an analysis of post-
control emissions was performed, a scenario which modeled ethylene oxide controls
described in the action. The results of the chronic inhalation cancer risk assessment based on
these post-control emissions from the SOCMI source category indicate that the maximum
lifetime individual cancer risk posed by the 222 facilities could be as high as 100-in-1
million (compared to 2,000-in-1 million at baseline), with acrylonitrile emissions from
equipment leaks and waste operations as the major contributors to the risk. The total
estimated cancer incidence based on post-control emissions is one excess cancer case every
2.5 years. Approximately 6,270,000 people are estimated to have a cancer risk at or above 1-
in-1 million from HAP emitted from the facilities in this source category under the post-
control scenario, with no one estimated to have a cancer risk above 100-in-1 million.
Regarding the noncancer risk assessment, the maximum chronic noncancer hazard index
posed by post-control emissions is estimated to be 2 (for the respiratory hazard index) driven
by emissions of maleic anhydride from process vent analyzer operations. Approximately 83
people are exposed to noncancer hazard index levels above 1, based on post-control
emissions from the 222 facilities in the SOCMI source category. The maximum acute offsite
hazard quotient from post-control emissions is 3, the same as based on baseline actual
emissions.

This document summarizes the methods used to conduct the risk assessment of this source
category as well as the results. Section 1 discusses the relevant regulatory framework
including background on the Clean Air Act sections which require the EPA to conduct these
source category risk assessments. Methods described in Section 2 include those used by EPA
to develop refined estimates of chronic inhalation exposures and human health risks for
cancer and noncancer endpoints, as well as those used to screen for acute health risks, chronic
non-inhalation (i.e., multipathway) health risks, and adverse environmental effects. The
source category-specific results for the risks are presented in Section 3. Section 4 contains a
discussion of the uncertainties of the risk assessment, including uncertainties in the exposure
assessment and in the dose-response values. The appendices to this risk report contain
detailed descriptions of the methods used and the results.

1 Introduction

Section 112 of the Clean Air Act (CAA) establishes a two-stage regulatory process for
addressing emissions of hazardous air pollutants (HAP) from stationary sources. In the first
stage, section 112(d) requires the Environmental Protection Agency (EPA, or the Agency) to
develop technology-based National Emission Standards for Hazardous Air Pollutants
(NESHAP) for categories of sources (e.g., petroleum refineries, pulp and paper mills, etc.).
EPA has completed this stage. For NESHAP that require maximum achievable control
technology (MACT) standards, EPA is required to complete a second stage of the regulatory
process — the residual risk review. In this second stage, EPA is required under section
112()(2) to assess the health and environmental risks that remain after implementation of the
MACT standards. If additional risk reductions are necessary to protect public health with an
ample margin of safety or to prevent an adverse environmental effect, EPA must develop
standards to address these remaining risks. For each source category for which EPA issued
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MACT standards, the residual risk stage must be completed within eight years of
promulgation of the initial technology-based standard.

Also, under section 112(d)(6), EPA must review each of the technology-based standards at
least every eight years and revise it, as necessary, taking into account developments in
practices, processes and control technologies. If appropriate based on the results of the risk
and technology reviews, the Agency will revise the rule. For efficiency, the Agency includes
the 112(f) and 112(d) analyses in the same regulatory package and calls the rulemakings the
Risk and Technology Review (RTR).

In December 2006 we consulted with a panel from the EPA's Science Advisory Board (SAB)
on the “Risk and Technology Review (RTR) Assessment Plan,” and in June 2007 we received
a letter with the results of that consultation. Subsequent to the consultation, in June 2009,
EPA met with an SAB panel for a formal peer review of the “Risk and Technology Review
(RTR) Assessment Methodologies” (USEPA, 2009a). We received the final SAB report on
this review in May 2010 (USEPA, 2010a). Where appropriate, we responded to the SAB’s
key recommendations in developing our current risk assessments and continue our efforts to
improve our assessments by incorporating updates that address the SAB’s recommendations
as they are developed and become available. Our responses to the key recommendations of
the SAB are outlined in a memo entitled, “EPA’s Actions in Response to Key
Recommendations from the SAB Review of RTR risk Assessment Methodologies” (USEPA,
2010b). EPA has updated several aspects of the risk assessment methodologies contained in
the 2009 document. In 2017, we submitted these updated methodologies to SAB for review.
The updated methodologies are described in, Screening Methodologies to Support Risk and
Technology Reviews (RTR): A Case Study Analysis. The SAB’s findings for this review,
Review of EPA’s draft technical report entitled Screening Methodologies to Support Risk and
Technology Reviews (RTR): A Case Study Analysis was submitted to EPA in September 2018.

This document contains the methods we use to conduct the risk assessment, the results of the
residual risk assessment performed for the Synthetic Organic Chemical Manufacturing
Industry (SOCMI) source category, and a description of associated uncertainties.

2 Methods

A risk assessment consists of four steps: 1) hazard identification, 2) dose-response
assessment, 3) exposure assessment, and 4) risk characterization. The first step, hazard
identification, determines whether the pollutants of concern can be linked to the health effects
in question (cancer and/or noncancer). Section 112 of the CAA identifies the HAP to be
considered in the risk assessment for this source category. The second step is the dose-
response assessment, which quantifies the relationship between the dose of a pollutant and the
resultant health effects. Dose-response assessments are performed by EPA through the
Integrated Risk Information System (IRIS) process as well as by other agencies, such as the
Agency for Toxic Substances and Disease Registry (ATSDR). See Section 2.7 of this
document for more information on dose-response assessments. The third and fourth steps, the
exposure assessment and the risk characterization, respectively, are specific to the source
category and are described throughout this report. The exposure assessment includes
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characterization of HAP emissions, environmental fate and transport, and population exposure
for both inhalation and non-inhalation pathways. The fourth and final step, risk
characterization, integrates all the information from the previous steps and describes the
outcome of the assessment. This four-step approach to risk assessment was endorsed by the
National Academy of Sciences in its publication “Science and Judgment in Risk Assessment”
(NAS, 1994) and subsequently was adopted in the EPA’s “Residual Risk Report to Congress”
(USEPA, 1999).

The EPA conducts a risk assessment that provides estimates of the maximum individual risk
(MIR) posed by the HAP emissions from each source in the source category, the hazard index
(HI) for chronic exposures to HAP with potential to cause chronic (or long-term) noncancer
health effects and the hazard quotient (HQ) for acute exposures to HAP with the potential to
cause noncancer health effects. The MIR is defined as the cancer risk associated with a
lifetime of exposure at the highest concentration of HAP where people are likely to live. The
HQ is the ratio of the potential exposure to the HAP to the level at or below which no adverse
effects are expected; the HI is the sum of HQs for HAP that affect the same target organ or
organ system. Hazard Quotient cannot be translated to a probability that adverse health effects
will occur, and is unlikely to be proportional to risk. It is especially important to note that a
Hazard Quotient exceeding 1 does not necessarily mean that adverse effects will occur.

The risk assessment also provides estimates of the distribution of cancer risks within the
exposed populations, cancer incidence and an evaluation of the potential for adverse
environmental effects. The following sections describe how we estimate HAP emissions and
conduct steps three and four of the risk assessment. The methods used to assess risks are
consistent with those peer reviewed by a panel of the EPA’s Science Advisory Board (SAB)
in 2009 and described in their peer review report issued in 2010 (USEPA, 2010a).

2.1 Emissions and source data

To conduct the exposure assessment, EPA gathers the best available data on emissions,
emissions release parameters, and other relevant source category-specific parameters. EPA
determines the HAP emissions levels from emission points in the source category and
identifies the emissions release characteristics of these emission points (e.g., stack height).
EPA often begins with the National Emissions Inventory (NEI) database as the starting point
for emissions and emissions release characteristics for the source category. The NEI database
contains information about sources that emit HAP and it contains annual air pollutant
emissions estimates. EPA’s industry experts review the source category data for consistency
and completeness. This includes an evaluation of facilities contained in the source category,
the emissions units expected to be included for the processes in the source category, and the
HAP compounds and emissions levels typically seen. If necessary, EPA will conduct a formal
information collection request (CAA, Section 114) for emissions data and other data from the
industry associated with the source category under review. Following the creation of the
initial data set, the EPA performs the technology review and the residual risk assessment. If
appropriate, based on the results of these reviews, the EPA proposes regulatory action for the
source category in a Notice of Proposed Rulemaking (NPRM) published in a Federal Register
notice. The NPRM data sets are available for public review in the rulemaking docket.
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Industry, state and local agencies, as well as the public have an opportunity to provide
comments on the data, analyses, and results used to support the proposed action. EPA
incorporates the comments, as appropriate, conducts any re-assessment, and summarizes and
responds to comments before finalizing the action. Through source category-specific
engineering reviews, information collection efforts, and public comment, EPA ensures that
the data used to conduct risk assessments in support of the RTR rulemakings are of high
quality.

In order to put the source category risks in context, we also examine the risks from the entire
“facility,” where the facility includes all HAP-emitting operations within a contiguous area
and under common control. In other words, we examine the HAP emissions not only from the
source category emission points of interest, but also from all other emission sources at the
facility for which we have data. Using the most current available NEI data at the time of the
assessment, the EPA develops “facility-wide” emissions estimates. It is important to note that
the NEI facility-wide inventory may not always reflect the level of detail or be representative
of the same temporal period that is found in the source category-specific inventory. Further
information on the NEI, which is developed from federal/state/local/tribal submitted data, can
be found on the EPA’s web site at: https://www.epa.gov/air-emissions-inventories/national-
emissions-inventory.

Details on the development of the source data, emissions, and associated uncertainties in the
data for the SOCMI source category can be found in Appendix 1 (Emissions Inventory Support
Documents). Section 3 provides a summary of the processes and emissions associated with this
source category.

Additionally, based on comments received on the proposal for two facilities, we used flare
stack parameters following the flare modeling approach from AERSCREEN?, EPA’s
recommended screening-level air quality model based on AERMOD. This approach uses the
gross heat release of the flare to calculate an effective stack height and an effective diameter,
replacing the actual stack height and diameter to better capture the unique characteristics of
flares. More details on specific parameters used in modeling flares at these two facilities can
be found in the document entitled Model Parameters for Flares at Two Facilities in the
SOCMI Source Category, which is available in the docket for this rulemaking.

2.2 Dispersion modeling for inhalation exposure assessment

For the residual risk analyses, we estimate both long- and short-term inhalation exposure
concentrations and associated health risks from each facility in the source category. To do
this, we use the Human Exposure Model 4 (HEM4 or HEM-AERMOD) modeling system —
which combines the Human Exposure Model (HEM) with the American Meteorological
Society/EPA Regulatory Model (AERMOD) dispersion modeling system. HEM4 performs
three main operations: atmospheric dispersion modeling, estimation of individual human
exposures and health risks, and estimation of population risks. The approach used in applying

2 AERSCREEN User’s Guide, EPA-454/B-21-005, April 2021. Available at:
https://gaftp.epa.gov/Air/agmg/SCRAM/models/screening/aerscreen/aerscreen_userguide.pdf

13



https://www.epa.gov/air-emissions-inventories/national-emissions-inventory
https://www.epa.gov/air-emissions-inventories/national-emissions-inventory
https://gaftp.epa.gov/Air/aqmg/SCRAM/models/screening/aerscreen/aerscreen_userguide.pdf

Residual Risk Assessment for the Synthetic Organic Chemical Manufacturing Industry (SOCMI)
Source Category in Support of the 2024 Risk and Technology Review Final Rule

this modeling system is outlined below. Further details are provided in Appendix 2 to this
document (The HEM4 User’s Guide). This section focuses on the dispersion modeling
component.

The dispersion model in the HEM4 modeling system, AERMOD version 21112 is a state-of-
the-science Gaussian plume dispersion model that is preferred by EPA for modeling point,
area, and volume sources of continuous air emissions from facility applications (USEPA,
2005a). Further details on AERMOD can be found in the AERMOD User’s Guide (USEPA,
2021a) and the AERMOD Implementation Guide (USEPA, 2021b).? The model is used to
develop annual average ambient concentrations through the simulation of hour-by-hour
dispersion from the emission sources into the surrounding atmosphere. Unless data are
available on the hours of operation for a source category, default hourly emission rates used
for this simulation are generated by evenly dividing the total annual emission rate from the
inventory into the 8,760 hours of the year.

The first step in the application of the HEM4 modeling system is to predict ambient
concentrations at locations of interest. The AERMOD model options employed are
summarized in Table 2.2-1 and are discussed further below.

Table 2.2-1. AERMOD version 21112 Model Options for RTR Modeling

Modeling Option Selected Parameter for chronic exposure
Type of calculations Hourly Ambient Concentration

Point Volume
Source types Area Polygon

Line Buoyant Line

Polar (13 rings and 16 radials)

Receptor orientation . y .
P Discrete (census block centroids) and user-supplied receptors

Terrain characterization Actual from USGS 1/3-arc-second DEM data
Building downwash Not Included
Plume deposition/depletion Not Included
Urban source option Site Specific (See Appendix 2)
1-year representative NWS from nearest site (838 stations);
Meteorology 791 stations contain 2019 met data, 47 stations contain 2016
through 2018 met data

In HEM4, meteorological data are ordinarily selected from a list of more than 800 National
Weather Service (NWS) surface observation stations across the continental United States,
Alaska, Hawaii, and Puerto Rico, and HEM4 defaults to the station closest to each modeled

3 An explanation of the updates from the previous version of AERMOD can be found at
https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#aermod and
corresponding updates to HEM can be found https://www.epa.gov/fera/human-exposure-model-users-guides.

14



https://www3.epa.gov/ttn/scram/models/aermod/aermod_userguide.pdf
https://www3.epa.gov/ttn/scram/models/aermod/aermod_implementation_guide.pdf
https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#aermod
https://www.epa.gov/fera/human-exposure-model-users-guides

Residual Risk Assessment for the Synthetic Organic Chemical Manufacturing Industry (SOCMI)
Source Category in Support of the 2024 Risk and Technology Review Final Rule

facility. We use data from other stations in special circumstances if we have reason to believe
that other data are more representative for certain facilities. In this analysis, the average
distance between a modeled facility and the respective meteorological station was 14 miles
(22 km). The meteorological data in HEM4’s library are for a single year, and 2019 is the
most recent full year of available data. EPA’s Revisions to the Guideline on Air Quality
Models addresses the regulatory application of air quality models for assessing criteria
pollutants and requires five years of data to capture variability in weather patterns from year
to year. We follow the guideline for air toxics modeling also; however, because dispersion
model runtimes using five years of meteorological data would be too long for RTR source
categories with many sources, we model only a single year. While the selection of a single
year may result in under-prediction of long-term ambient levels at some locations, it may
result in over-prediction at others. The sensitivity of model results to the selection of the
nearest weather station and the use of one year of meteorological data is discussed in “Risk
and Technology Review (RTR) Risk Assessment Methodologies” (USEPA, 2009a).

We use the AERMET meteorological data preprocessor and the Automated Surface
Observing System (ASOS) surface data and Forecast Systems Laboratory (FSL) upper air
data to generate nationwide surface and profile files for input into AERMOD. In 2021, the
Agency released to the public on the EPA’s Support Center for Regulatory Atmospheric
Modeling (SCRAM) website both AERMET and AERMOD (version 21112). Appendix 3 to
this document (Meteorological Data for HEM Modeling) provides a complete listing of
meteorological stations and assumptions, along with further details used in processing the data
through AERMET. EPA has posted the AERMET meteorological data (2019) used in this
analysis on the EPA’s Fate, Exposure, and Risk Analysis (FERA) website under the Human
Exposure Model (HEM) page.

The HEM4 modeling system estimates ambient concentrations at the geographic centroids of
census blocks (using the 2010 Census) and at other receptor locations that can be specified by
the user.* See Appendix 4 of this document (Dispersion Model Receptor Revisions and
Additions) for a discussion of user receptors and centroid location changes specific to this
source category. HEM4 accounts for the effects of multiple facilities when estimating
concentration impacts at each block centroid. We typically combine the impacts of all
facilities within the same source category and assess chronic exposure and risk for all census
blocks® with at least one resident (i.e., locations where people may reasonably be assumed to
reside rather than receptor points at the fenceline of a facility). We then calculate ambient
concentrations as the annual average of all estimated short-term (one-hour) concentrations at
each block centroid. We do not consider possible future residential use of currently
uninhabited areas.

To assess the potential impacts from short-term exposures, we estimate reasonable worst-case
one-hour concentrations (i.e., 99" percentile) at the census block centroids and at points closer

4 We also estimate ambient concentrations for a grid of polar receptors that is specific to each facility, and these
receptors are used to interpolate concentrations for census blocks in the outer part of the modeling domain, and
for finding the maximum offsite concentrations.

5 Census blocks, the finest resolution available in the census data, are typically comprised of approximately 50
people or about 20 households.
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to the facility (using either the polar receptors or user-specified receptors) that represent
locations where people may be present for short periods®. Note that this is in contrast to the
development of ambient concentrations for evaluating long-term exposures, which we
perform only for occupied census blocks. Since short-term emission rates are needed to screen
for the potential for hazard via acute exposures, and since the emission data typically contain
only annual emission totals, we generally apply the assumption to all source categories that
the maximum one-hour emission rate from any source is ten times the average annual hourly
emission rate for that source. However, sources may emit on a more intermittent basis and
source category-specific data may support the use of engineering judgement to determine
peak hourly emissions for any given process. Further information on the factor used to
estimate short-term emissions for this source category is provided in Appendix 1, and further
discussion of the acute risk assessment can be found in Section 2.4.

We determine census block elevations for HEM4 nationally from the US Geological Survey
1/3 Arc Second National Elevation Dataset, which has a spatial resolution of about 10 meters.
Each polar receptor is assigned the highest elevation of any census block in its neighborhood
(all blocks closer to that polar receptor than any other polar receptor). If an elevation is not
provided for an emission source, the model uses the average elevation of all polar receptors
on the innermost polar ring. In addition to using receptor elevation to determine plume height,
AERMOD adjusts the plume’s flow if nearby elevated hills are expected to influence the wind
patterns. For details on how hill heights are estimated and used in the AERMOD modeling,
see Appendix 2 of this document.

2.3 Estimating chronic human inhalation exposure

We use the estimated annual average ambient air concentration of each HAP at each census
block centroid or user-defined receptor as a surrogate for the lifetime inhalation exposure
concentration of all the people who reside in the census block. The risk assessment does not
consider either the short-term or long-term behavior (mobility) of the exposed populations
and its potential influence on their exposure.

We do not address short-term human activity, including indoor air concentrations. Our
experience with our national Air Toxics Screening Assessment (AirToxScreen), the successor
to the National Air Toxics Assessment (NATA), which models daily human activity using
EPA’s HAPEM, suggests that given our current understanding of the ratio of exposure
concentrations to ambient values, including short-term human activity in RTR analyses
would, on average, reduce risk estimates by up to about 25 percent for particulate HAP and
typically by much less for gaseous HAPs. To ensure the risk characterization is health
protective, EPA risk assessors do not include this small potential reduction in exposure
concentrations when calculating risks.

We do not address long-term migration or population growth or decrease over the 70-year
modeling period. Instead, we assume that each person’s predicted exposure is constant over

¢ Generally, we estimate these concentrations at locations no nearer than 100 meters from the center of the
facility (note that for large facilities, this 100-meter ring could still contain locations inside the facility property).
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the course of their lifetime, which is assumed to be 70 years. The assumption of not
considering short- or long-term population mobility does not bias the estimate of the
theoretical MIR (assumes a person stays in one location for 70 years) nor does it affect the
estimate of cancer incidence since the total population number remains the same. It does,
however, affect the shape of the distribution of individual risks across the affected population,
shifting it toward higher estimated individual risks at the upper end and reducing the number
of people estimated to be at lower risks, thereby increasing the estimated number of people at
higher risk levels.

2.4 Acute risk screening and refined assessments

In establishing a scientifically defensible approach for the assessment of potential health risks
due to acute exposures to HAP, we follow a similar approach to that for chronic health risk
assessments under the residual risk program, in that we begin with a screening assessment and
then, if appropriate, perform a refined assessment.

The approach for the acute health risk screening assessment is designed to eliminate from
further consideration those facilities for which we have confidence that no acute adverse
health effects of concern will occur. For this screening assessment, we use readily available
data and conservative assumptions for emission rates, meteorology, and exposure location
that, in combination, approximate a reasonable worst-case exposure.

The following are the steps we take and assumptions we make in the acute screening
assessment:

e When available, we use peak 1-hour emission data obtained from data collection
efforts or estimated based on the operating characteristics and engineering judgement
of facility emission sources; otherwise, we use a default emission adjustment factor of
10 based on an analysis using a short-term emissions data set from a number of
sources located in Texas (originally reported on by Allen et al. 2004) (see Appendix 5
of this document, Technical Support Document for Acute Risk Screening Assessment).

e We assume that the peak emissions occur at all emission points at the same time.

e For facilities with multiple emission points, 1-hour concentrations at each receptor are
assumed to be the sum of the maximum concentrations due to each emission point,
regardless of whether those maximum concentrations occurred during the same hour.

e Reasonable worst-case air dispersion’ (from one year of local meteorology) is
assumed to occur at the same time the peak emission rates occur. The recommended
EPA local-scale dispersion model, AERMOD, is used for simulating atmospheric
dispersion.

e A person is assumed to be at the location of the reasonable worst-case modeled
impact, but no nearer to the source than 100 meters.

7 An explanation of reasonable worst-case air dispersion is provided in Appendix 5 of the report: Technical
Support Document for Acute Risk Screening Assessment.
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As a result of this screening assessment, the 99" percentile HAP concentration is compared to
multiple acute dose-response values for the HAP being assessed to determine whether a
possible acute health risk might exist. The acute dose-response values are described in section
2.7.2 of this report.

A facility will either be found to pose no potential acute health risks (i.e., it will “screen out”)
or will need to undergo a more refined assessment. When we identify levels of a HAP that
exceed its acute health benchmarks, we perform a more refined assessment, if possible.
Where we have used engineering judgement to estimate emissions, a refinement may be to
obtain facility-specific data on HAP emissions. Other refinements may include the temporal
pattern of emissions (number of working hours, batch vs continuous operation), the location
of emission points, the boundaries of the facility, and/or the local meteorology. In some cases,
all of these site-specific data are used to refine the assessment; in others, lesser amounts of
site-specific data may be used to determine that acute exposures are not a concern, and
significant additional data collection is not necessary. See Section 3 of this document for the
approach used for this source category.

2.5 Multipathway human health risk assessment

Due to the potential for significant human health risks due to exposure via routes other than
inhalation (e.g., ingestion), we determine whether any sources emit HAP known to be
persistent and bioaccumulative in the environment (PB-HAP).? The set of PB-HAP
compounds or compound classes initially identified for potential screening assessment (from
EPA’s Air Toxics Risk Assessment (ATRA) Library) included the following: cadmium
compounds, chlordane, chlorinated dibenzodioxins and furans (dioxins), 1,1-dichloro-2,2-
bis(p-chlorophenyl) ethylene (DDE), heptachlor, hexachlorobenzene, hexachlorocyclohexane,
lead compounds, mercury compounds, methoxychlor, polychlorinated biphenyls (PCB),
polycyclic organic matter (POM), toxaphene, and trifluralin. Of these, EPA identified
cadmium compounds, dioxins, mercury compounds, lead, POM, as well as arsenic, as PB-
HAP of primary concern, based on assessment of national emission totals, toxicity
considerations, and bioaccumulation potential. We assess these six PB-HAP for human health
risks due to non-inhalation exposure.

We use a tiered approach to evaluate emissions of these PB-HAP for potential non-inhalation
risks. This approach is designed to eliminate from further consideration those facilities for
which we have confidence that human health risks will not occur due to non-inhalation
exposure to their PB-HAP emissions. The approach was developed for use with EPA’s peer-
reviewed Total Risk Integrated Methodology: Fate, Transport, and Ecological Exposure
(TRIM.FaTE) model.

For each carcinogenic PB-HAP, we have derived a screening threshold emission rate at which
the maximum excess lifetime cancer risk would be 1-in-1 million. For each PB-HAP that

8 Although the two-letter chemical symbol for lead is Pb, in this assessment PB-HAP refers to the many air
pollutants known to be persistent and bioaccumulative in the environment. When this report is specifically
referring to lead, the term is spelled out (i.e., the two-letter chemical symbol for lead is not used in this
document).
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causes noncancer health effects, we have derived a screening threshold emission rate for
which the maximum HQ would be 1. The ratio of facility emissions to the screening threshold
emission rate is termed a “screening value;” facility emissions that exceed the screening
threshold emission rate have a screening value greater than 1. A screening value greater than 1
in any of the tiered screening methods represents a high-end estimate of what the risk or
hazard may be; it cannot be equated with a risk value or a HQ (or HI). For example, for a
carcinogen, a screening value of 30 (i.e., facility emissions are 30 times above the screening
threshold emission rate) means that we are confident that the cancer risk is lower than 30-in-1
million. Similarly, for a non-carcinogen, a screening value of 2 (i.e., facility emissions are 2
times above the screening threshold emission rate) can be interpreted to mean that we are
confident that the noncancer HQ would be lower than 2.

For Tier 1, 2, and 3 assessments, we use hypothetical exposure scenarios to assess whether
non-inhalation exposures pose a potential human health risk. Exposure scenarios were
developed to simulate generic gardening and subsistence farming and subsistence fishing
lifestyles. Each screening exposure scenario is designed to represent the upper end of the
range of possible exposure levels, such that it is a conservative but not impossible scenario.
The exposure scenarios were developed for use in conjunction with the TRIM.FaTE model.
These hypothetical exposure scenarios and associated ingestion exposure pathways are shown
in Table 2.5-1.

Table 2.5-1. Multipathway Scenarios and Ingestion Pathways

Hypothetical Fish Breast | Beef/Pork | Dairy Eggs Soil Fruits and
Exposure Milk * | /Chicken Milk Vegetables °
Scenario
Combined X X X X X X X
Fisher and
Farmer
(Tier 1)
Fisher X X
(Tier 2)
Farmer © X X X X X X
(Tier 2)
Gardener X X X X
(urban or
rural)
(Tier 2)
Pollutants of Hg, dioxin As, As, As, As, As, dioxin,
Concern ! Cd, dioxin, | dioxin, | dioxin, | dioxin, | POM
As, POM POM | POM | POM
dioxin,
POM

2 Health risks from the breast milk pathway are only associated with exposure to dioxins.

b Both protected and unprotected fruits and vegetables are included.

¢ This scenario may be included in a Tier 2 assessment in cases where the Tier 2 farmer scenario exceeds a level
of concern and further screening is required to reflect alternative ingestion rates, that may be more common for
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the area (i.c., either in an urban or rural environment).
4 The health endpoint for exposure to Hg (as methylmercury) and Cd is noncancer and the health endpoint for
exposure to As (as inorganic arsenic), dioxin, and POM is cancer.

For the Tier 1 screening assessment, we determine whether the facility-specific emission rates
for each emitted PB-HAP are high enough to create the potential for significant non-
inhalation human health risks under reasonable worst-case conditions. We do this by
comparing the facility-specific emission rates to the screening threshold emission rates for
each PB-HAP for a hypothetical upper-end screening exposure scenario — the combined fisher
and farmer scenario. The subsistence fisher scenario assumes a high-end fish consumption
rate of 373 g/day for adults, a 99" percentile ingestion rate (Burger, 2002); fish consumption
rates for other age groups are presented in Appendix 6. The farmer scenario involves an
individual that lives for a 70-year lifetime on a farm near the source and consumes produce
grown, and meat and animal products raised, on the farm. The ingestion rates used for these
food groups, and for incidental soil ingestion, are set at the 90th percentile of EPA’s Exposure
Factors Handbook: 2011 Edition (USEPA, 2011) and are considered upper-bound levels. The
fisher and farmer exposure scenarios are combined for the Tier 1 TRIM.FaTE model
application. See Appendix 6 (Technical Support Document for TRIM-Based Multipathway
Tiered Screening Methodology for RTR) for a complete discussion of the development and
testing of the screening scenario and the screening threshold emission rates.

For those facilities with PB-HAP emissions that exceed the Tier 1 screening threshold
emission rate, we conduct a Tier 2 multipathway screening assessment. For the Tier 2
screening assessment, we refine the assessment by using the facility locations and considering
two separate exposure scenarios — the fisher scenario and the farmer scenario, with the home
gardener scenario as appropriate (rural or urban classification) when the Tier 2 farmer
scenario exceeds a level of concern. In some cases, if supported by site-specific information,
the subsistence farmer scenario is retained throughout the screening and potentially
throughout the site-specific multipathway assessment, if needed. For each facility, we use the
Tier 1 PB-HAP screening threshold emission rate, but with adjustments based on the ingested
media and based on an understanding of how exposure concentrations estimated for the
screening scenario change with use of the local meteorology and environmental assumptions.
For Tier 2, separate farmer and fisher scenarios replace the Tier 1 combined fisher and farmer
scenario as more likely exposure scenarios. The farmer and gardener scenarios are primarily
evaluated for exposure to carcinogenic PB-HAP (i.e., arsenic, dioxin, and POM) because the
evaluated non-carcinogens (i.e., mercury and cadmium) do not readily accumulate in soil and
the farm food chain, when compared to the amounts observed in fish tissue.

For the gardener scenario, the Tier 1 PB-HAP screening threshold emission rates are adjusted
for the farmer to reflect exposure only through soil and farm produce (fruits, eggs, and
vegetables), based on the rural/urban classification of the facility site (with urban gardeners
growing and ingesting less home-grown produce than rural gardeners). The gardener
scenarios (rural and urban) involve an individual that maintains a garden and consumes
produce from this garden for 70 years at his/her residence. The evaluated locations of the
gardener correspond to the maximum impacted residential receptor according to the RTR
inhalation cancer assessment for each of the 8 wind octants (N, NE, E, SE, ...) for all
carcinogenic HAPs combined. The screening threshold emission rate can be different at each
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of these gardener locations, based on distance from the facility and based on local
meteorology conditions. The ingestion rates used for the food groups are set at the 90
percentile and mean values for rural and urban, respectively, based on data from EPA’s
Exposure Factors Handbook: 2011 Edition (USEPA, 2011); both gardeners have incidental
soil ingestion rates equal to those of the farmer. The largest of the gardener screening values
is identified for each PB-HAP.

The fisher scenario is conducted for all of the currently evaluated PB-HAP, whose Tier 1 PB-
HAP screening threshold emission rates are adjusted to reflect exposure only through fish
ingestion. For the Tier 2 assessment, to fulfill the adult ingestion rate for the fisher scenario, if
needed, more than one lake may be included in the modeling in order to reach a cumulative
total of 373 acres and achieve the 373-g/day fish ingestion rate. A complete discussion of the
bioassay studies used to support the assumption that the biological productivity limitation of
each lake is 1 gram of fish caught and consumed per acre of water per day is provided in
Appendix 6 of this document. The screening threshold emission rate can be different at each
lake location, based on distance from the facility and based on local meteorology conditions.

If we need to include more than one lake in the Tier 2 screening assessment to achieve the
373 g/day ingestion rate, we begin with the lake with the highest modeled chemical
concentration of a given PB-HAP group and “fish” up to the lake’s biological productivity.
We then systematically proceed to other lakes based on concentration, until the 373 g/day
target is met. A maximum travel radius of 50 km relative to the facility is used to maintain a
realistic scenario for the fisher. The final Tier 2 screening result for the fisher can be
expressed as the sum of the screening result from each lake that is fished (which is based on
the amount of fish ingested from each lake multiplied by the chemical concentration in fish).
If the highest-concentration lake is at least 373 acres in size, the adult fisher catches and
consumes 373 g/day of fish from that lake. If the cumulative size of multiple visited lakes
exceeds 373 acres, the model includes from the final lake only the amount of fish necessary to
satisfy the ingestion rate (i.e., to reach 373 g/day). If the total acreage of lakes within 50 km is
less than 373 acres, the screening result reflects a reduced ingestion rate based on the smaller
lake acreage. The order of fished lakes for a facility follows the order of PB-HAP
concentration in fish from highest to lowest based on the facility’s emissions. However, the
resulting screening value calculations described above also potentially consider chemical
inputs from emissions from multiple facilities. If a fished lake for one facility (“Facility A”) is
also within 50 km of another facility (“Facility B”) in the source category, then the lake
receives chemical input from emissions from two facilities. The order of fished lakes for
Facility A considers only Facility A’s chemical inputs to the lake, but the final fisher
screening values for Facility A include the summed chemical inputs of Facility A and Facility
B. If that lake was also fished for the Facility B scenario, then the same process would be
applied to Facility B.

The Tier 2 assessment yields a facility-specific screening value for each PB-HAP for the
fisher scenario, farmer scenario, and the gardener scenario if warranted. If information is
available to identify subsistence farming operations, the Tier 2 assessment will also include a
screening value for the farmer site-specific location. Tier 2 screening values are evaluated for
the source category to determine whether further refined screening is necessary for those
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facilities that may pose a significant risk. A finding that a facility’s emissions exceed the Tier
2 screening threshold emission rate does not necessarily mean that multipathway impacts are
significant, only that we cannot rule out that possibility based on the results of the screening
assessment. See Appendix 6 of this document for a complete discussion of the Tier 2
screening assessment.

For facilities for which the Tier 2 screening value(s) indicate a potential health risk to the
public, we can conduct a Tier 3 multipathway screening assessment. The Tier 3 screening
assessment has three individual stages; we progress through these stages until the facility’s
screening values indicate that the emissions are unlikely to pose health risks to the public, or
until all three stages are complete.

The first stage of a Tier 3 screening assessment, the lake-assessment stage, is a refinement of
the fisher scenario. We examine the fished lakes from Tier 2 and evaluate the existence, the
potential purpose, the accessibility and fishability, and the suitability of the lakes for the
models and methods used in the screening assessments. We do not reasonably expect a
subsistence fisher to catch and consume fish from lakes or ponds that are for industrial or
wastewater disposal; are covered in thick plant growth (e.g., swamps or marshes); are clearly
closed to public use; or no longer exist (i.e., filled or drained). TRIM.FaTE is not configured
to model chemical processes and environmental fate and transport mechanisms in saltwater or
brackish waters, nor is it configured to model the very large watersheds and water dynamics
of rivers, bays or very large lakes (e.g., larger than 100,000 acres)’. We use aerial imagery
and web inquires to evaluate whether any Tier 2 fished lakes meet these disqualifying criteria
and, if so, remove those lakes from all future screening assessments. If we remove a lake from
a facility’s assessment, and the total acres of fished lakes drops below the target of 373 acres,
we evaluate the previously unfished lake with the highest chemical concentration, and so on,
until the sizes of the qualifying lakes collectively comprise at least 373 acres or all lakes have
been evaluated. We then rerun the fisher screening scenario with the revised lake data set. If
the PB-HAP emissions for a facility exceed the fisher screening threshold emission rate based
on the revised lake data set, we can conduct the next stage of the Tier 3 screening assessment
(i.e., the plume-rise screen); otherwise, the emissions are considered unlikely to pose
significant health risks in the fisher scenario.

The second stage of a Tier 3 screening assessment, the plume-rise stage, is a refinement of the
previously assessed scenarios (i.e., Tier 2 site-specific farmer [if known], Tier 2 gardener,
Tier 3 lake-assessment fisher) where emissions exceeded screening threshold emission rates
and may pose health risks. We use site-specific hourly meteorology and facility-specific
emission-point characteristics to estimate the fraction of annual emissions that stay within
TRIM.FaTE’s mixing layer where exposure occurs (i.e., that do not exit the mixing layer). In
Tiers 1 and 2, all chemicals are emitted inside the mixing layer and are available for ground-
level exposure. In reality, meteorological conditions and emission-point characteristics can
cause emissions occasionally to reach higher than the mixing layer. In TRIM.FaTE, any

% Very large lakes and bays (i.e., those larger than 100,000 acres) are not included because their watersheds are
too large and their lake dynamics are too complex to realistically model in the TRIM.FaTE system. Lakes and
bays larger than 100,000 acres include the Great Lakes, the Great Salt Lake, Lake Okeechobee, Lake
Pontchartrain, Lake Champlain, Green Bay, and Galveston Bay.
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emissions exiting the mixing layer do not reenter the mixing layer, resulting in no ground-
level exposure for those emissions. In this Tier 3 stage, we use thermodynamic equations with
local hourly meteorology and facility stack parameters to calculate hourly plume-rise heights.
The fraction of annual hours during which the plume-rise height is less than the mixing-layer
height equals the fraction of annual emissions available for human exposure in the screening
assessment. We calculate these fractions for the location of each fished lake and for each
relevant farm/garden because lakes and farms/gardens can be in different directions from the
facility; thus, these calculations are conditional on wind direction. The results of this stage of
Tier 3 are revised fisher and/or farmer/gardener screening values for each relevant PB-HAP
and facility, accounting for emissions deposited above the mixing layer. If the revised
screening value still indicates potential health risks to the public, we can proceed to the final
stage of the Tier 3 screening assessment (i.e., the time-series screen); otherwise, the PB-HAP
emissions are considered unlikely to pose significant risks.

In the third and final stage of a Tier 3 screening assessment, the time-series assessment, we
can conduct new runs of TRIM.FaTE for each relevant lake and/or garden location for a
facility for every PB-HAP that represents a risk concern based upon the Tier 3 plume-rise
assessment. For these model runs, we start with the screening configuration corresponding to
the lake and/or garden location, and we use site-specific hourly meteorology and the hourly
plume-rise values calculated in the Tier 3 plume-rise assessment. Allowing TRIM.FaTE- to
model chemical fate and transport with hour-by-hour changes in meteorology and plume rise
produces a more accurate estimate of chemical concentrations in media of interest, as
compared to the static values used in Tier 2 and the post-processing adjustments made in the
Tier 3 plume-rise assessment. If a facility’s model-estimated PB-HAP screening-level cancer
risk is below 1-in-1 million (or screening-level HQ is below 1 for non-carcinogens), the
emissions are considered unlikely to pose significant risks.

If a facility’s PB-HAP Tier 3 screening results still indicate a potential health risk to the
public and data are available, we may elect to conduct a more refined multipathway
assessment. A refined assessment replaces some of the assumptions made in the screening
with site-specific data. The refined assessment also uses the TRIM.FaTE model and facility-
specific emission rates for each PB-HAP. Many variables are available to consider in a
refined multipathway assessment, and we have developed a protocol to maintain consistency
across source categories. This protocol can be found in Appendix 7 of this document
(Protocol for Site-Specific Multipathway Risk Assessment) and details of the site-specific
multipathway assessment can be found in Appendix 11 of this document (Site-Specific
Human Health Multipathway Residual Risk Assessment Report).

Lead

We take a different approach for assessing lead compounds than we do for other HAP. In
evaluating the potential multipathway risks from emissions of lead compounds, rather than
developing a screening emission rate for them, we multiply the maximum annual estimated
atmospheric concentration by 4, to represent a “worst case” 3-month concentration, and
compare it to the national ambient air quality standard (NAAQS) for lead (0.15 ug/m?, 3-
month rolling average). Values below the NAAQS are considered to have a low potential
for multipathway risks. Where values exceed the NAAQS, and where data are available to
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support doing so, further assessment is performed. We calculate 3-month rolling averages
based on modeling and/or monitoring information. Any 3-month rolling average
concentration that is above 0.15 ug/m? indicates a potential public health concern.

The primary NAAQS for lead, a public health policy standard, incorporates the Agency’s
most recent health evaluation of air effects of lead exposure for the purposes of setting a
national ambient air quality standard. In setting this value, the Administrator promulgated a
standard that was requisite to protect public health with an adequate margin of safety. We
consider values below the level of the primary NAAQS to protect against multipathway
risks because, as noted above, the primary NAAQS is set to protect public health with an
adequate margin of safety. However, ambient air lead concentrations above the NAAQS are
considered to pose the potential for increased risk to public health. We consider the lead
NAAQS assessment to be a refined analysis given: 1) the numerous health studies, detailed
risk and exposure analyses, and level of external peer and public review that went into the
development of the primary NAAQS for lead, combined with 2) the site-specific dispersion
modeling used in this assessment to estimate ambient lead concentrations due to the source
category emissions.

The Administrator judged that the lead NAAQS would protect, with an adequate margin of
safety, the health of children and other at-risk populations against an array of adverse health
effects, most notably including neurological effects, particularly neurobehavioral and
neurocognitive effects, in children (73 FR 67007). The Administrator, in setting the
standard, also recognized that no evidence or risk-based bright line indicated a single
appropriate level. Instead, a collection of scientific evidence and other information was used
to select the standard from a range of reasonable values (73 FR 67006).

It should be noted that the comparison to the Lead NAAQS described above does not
account for possible population exposures to lead from sources other than the one being
modeled, such as exposure via consumption of water from untreated local sources or
ingestion of locally grown food.

We further note that comparing ambient lead concentrations to the secondary NAAQS for
lead, also informs whether there is the potential for adverse environmental effects. This is
because the secondary lead NAAQS, set to protect against adverse welfare effects
(including adverse environmental effects), has the same averaging time, form, and level as
the primary standard. Thus, ambient lead concentrations above the NAAQS for lead also
indicate the potential for adverse environmental effects.

See Appendix 11, Attachment A of this document (Application of the Lead NAAQS for RTR
Risk Assessments) for more detailed information on the lead screening assessment.

2.6 Environmental risk assessment

The EPA has developed a screening approach to examine the potential for adverse
environmental effects, as required under section 112(f)(2)(A) of the CAA. The environmental
screening assessment focuses on the following eight environmental HAP:
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e Six persistent bioaccumulative HAP (PB-HAP) — cadmium, dioxins, POM,
mercury (both inorganic mercury and methylmercury), arsenic, and lead;
e Two acid gases — hydrochloric acid (HCI) and hydrofluoric acid (HF).

HAP that persist and bioaccumulate are of particular environmental concern because they
accumulate in the soil, sediment, and water. The acid gases — HCI and HF — were included
due to their well-documented potential to cause direct damage to terrestrial plants. See
Appendix 9 of this document (Environmental Risk Screening Assessment) for a more
detailed discussion of the environmental risk screening assessment.

For the environmental risk screening assessment, EPA first determines whether any facilities
in the source category emit any of the eight environmental HAP. If one or more of the
environmental HAP are emitted by at least one facility in the source category, we proceed to
the second step of the environmental risk screening assessment.

For cadmium, mercury, POM, arsenic, and dioxins, the environmental screening assessment
consists of the same three tiers used in the multipathway human health risk assessment (see
Section 2.5). In the first tier, the same TRIM.FaTE modeling used in human health risk
assessment is conducted, using reasonable worst-case environmental conditions to identify
screening threshold emission rates corresponding to ecological benchmarks for soil, fish,
surface water, and sediment. For each facility and PB-HAP, facility emissions are compared
to these screening threshold emission rates to determine the potential for significant impacts
on off-site ecological receptors. The ratio of facility emissions to the screening threshold
emission rate is termed a “screening value.” Facility emissions that exceed the screening
threshold emission rate have a screening value greater than 1, and risks above levels of
concern for ecological receptors are possible. Screening values below 1 indicate that risks to
ecological receptors are likely below levels of concern.

For those facilities with PB-HAP emissions that exceed a Tier 1 screening threshold
emission rate, we conduct a Tier 2 screening assessment. In Tier 2, the Tier 1 screening
threshold emission rates are adjusted to account for local meteorology and environmental
assumptions. For lake-related ecological receptors, actual locations of lakes within 50 km of
the facility are identified, and the screening threshold emission rate can be different at each
lake location based on distance from the facility and based on local meteorology conditions.
After the screening value (i.e., ratio of facility emissions to screening threshold emission
rate) is calculated at each lake, the largest screening value is identified. Screening threshold
emission rates for soil receptors are evaluated at many locations surrounding the facility and
are also impacted by distance from facility and local meteorology. For soil receptors in Tier
2, we are interested in the overall average screening value across all soil receptors (for a
given facility and PB-HAP), and we are also interested in the total area in the vicinity of the
facility where screening values are above 1 (for a given facility and PB-HAP). If a lake-
related screening value is above 1, or the soil screening value is above 1 at any location, or the
overall average soil screening value is above 1, it does not necessarily mean that the
ecological effects are significant, but only that we cannot rule out that possibility. For
facilities with Tier 2 screening values above 1, we can evaluate their emissions further in
Tier 3.
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Like in the multipathway human health risk assessment, in Tier 3 of the environmental
screening assessment, we examine the suitability of the lakes around the facilities to support
life and remove those that are not (e.g., lakes that have been filled in or are industrial
ponds), adjust emissions for plume-rise, and conduct hour-by-hour time-series assessments.
For the lake assessment, we remove from the screening any lakes that appear to be
industrial, for wastewater disposal, or no longer exist. TRIM.FaTE is not configured to
model chemical processes and environmental fate and transport mechanisms in saltwater or
brackish waters, nor is it configured to model the very large watersheds and water dynamics
of rivers or very large lakes (e.g., larger than 100,000 acres); these types of water bodies are
also removed from the screening assessment. Unlike the multipathway human health risk
assessment, we assume that if lakes that are swampy or are not publicly accessible, they still
can support ecological life and some animals will still eat from them. After lakes are
removed that meet these disqualifying criteria, lake-related receptors are rescreened. For the
plume-rise assessment, as in the human health assessment, we adjust the facility’s
previously calculated screening value based on the fraction of facility emissions that remain
in the mixing layer where exposure occurs, after accounting for plume rise (which is based
on site-specific meteorology and facility-specific emission-point characteristics). If these
Tier 3 adjustments still indicate that ecological risks could be above levels of concern (i.e.,
screening values are above 1), as in the human health assessment, we can conduct new
TRIM.FaTE modeling using the screening configuration corresponding to the relevant lake
and/or soil locations, site-specific hourly meteorology, and hourly plume-rise values. If such
modeling results in screening-level media concentrations or doses above benchmark levels,
we may elect to conduct a more refined assessment using more site-specific information. If,
after additional refinement, the media concentrations or doses are above benchmark levels,
the facility may have the potential to cause adverse environmental effects.

For acid gases, the environmental screening assessment evaluates the potential phytotoxicity
and reduced productivity of plants due to chronic exposure to acid gases. The environmental
risk screening methodology for acid gases is a single-tier screening assessment that
compares the average off-site ambient air concentration over the modeling domain to
ecological benchmarks for each of the acid gases. For purposes of an ecological risk
screening assessment, EPA identifies a potential for adverse environmental effects to plant
communities from exposure to acid gases when the average off-site ambient air
concentration over the modeling domain for a facility exceeds the ecological benchmark for
that acid gas. In such cases, we further investigate factors such as the magnitude of the
exceedance and the characteristics of the area of exceedance (e.g., land use of exceedance
area, size of exceedance area) to determine whether the facility’s emissions have the
potential to cause adverse environmental effects.

For lead compounds, we currently do not have the ability to calculate media concentrations
using the TRIM.FaTE model. However, air concentrations of lead are already calculated as
part of the human health exposure and risk assessment using HEM4. To evaluate the
potential for adverse environmental effects from lead, we compare the average annual
modeled air concentrations of lead around each facility in the source category to the level of
the secondary NAAQS for lead. The secondary lead NAAQS is a reasonable means of
evaluating environmental risk because it is set to provide substantial protection against
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adverse welfare effects which can include “effects on soils, water, crops, vegetation, man-
made materials, animals, wildlife, weather, visibility and climate, damage to and
deterioration of property, and hazards to transportation, as well as effects on economic values
and on personal comfort and well-being.” '° We investigate any modeled exceedances of the
lead NAAQS in a manner similar to that noted above for acid gases.

2.7 Dose-response assessment

2.7.1 Sources of chronic dose-response information

Dose-response assessments (carcinogenic and non-carcinogenic) for chronic exposure (either
by inhalation or ingestion) for the HAP reported in the emissions inventory for this source
category are based on the EPA Office of Air Quality Planning and Standards’ (OAQPS)
existing recommendations for HAP (USEPA, 2021c). This information has been obtained
from various sources and prioritized according to (1) conceptual consistency with EPA risk
assessment guidelines and (2) level of peer review received. The prioritization process was
aimed at incorporating into our assessments the best available science with respect to dose-
response information. The recommendations are based on the following sources, in order of
priority:

1) U.S. Environmental Protection Agency (EPA). EPA has developed dose-response
assessments for chronic exposure for many HAP. These assessments typically provide
a qualitative statement regarding the strength of scientific data and specify a reference
concentration (RfC, for inhalation) or reference dose (RfD, for ingestion) to protect
against effects other than cancer and/or a unit risk estimate (URE, for inhalation) or
slope factor (SF, for ingestion) to estimate the probability of developing cancer. The
RfC is defined as an “estimate (with uncertainty spanning perhaps an order of
magnitude) of a continuous inhalation exposure to the human population (including
sensitive subgroups) that is likely to be without an appreciable risk of deleterious
effects during a lifetime.” The RfD is “an estimate (with uncertainty spanning perhaps
an order of magnitude) of a daily oral exposure to the human population (including
sensitive subgroups) that is likely to be without an appreciable risk of deleterious
effects during a lifetime.” The URE is defined as “the upper-bound excess cancer risk
estimated to result from continuous lifetime exposure to an agent at a concentration of
1 pg/m? in air.” The SF is “an upper bound, approximating a 95 percent confidence
limit, on the increased cancer risk from a lifetime exposure to an agent. This estimate,
[is] usually expressed in units of proportion (of a population) affected per mg/kg-
day...”

10 A secondary standard, as defined in Section 109(b)(2), must “specify a level of air quality the attainment and
maintenance of which, in the judgment of the Administrator, based on criteria, is requisite to protect the public
welfare from any known or anticipated adverse effects associated with the presence of [the] pollutant in the
ambient air.” Welfare effects as defined in section 302(h) (42 U.S.C. 7602(h)) include, but are not limited to,
“effects on soils, water, crops, vegetation, man-made materials, animals, wildlife, weather, visibility and climate,
damage to and deterioration of property, and hazards to transportation, as well as effects on economic values and
on personal comfort and well-being.”
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EPA disseminates dose-response assessment information in several forms, based on
the level of review. The Integrated Risk Information System (IRIS) is an EPA
database that contains scientific health assessment information, including dose-
response information. All IRIS assessments since 1996 have also undergone
independent external peer review. The current IRIS process includes review by EPA
scientists, interagency reviewers from other federal agencies, and the public, as well as
peer review by independent scientists external to EPA. New IRIS values are developed
and old IRIS values are updated as new health effects data become available. Refer to
the IRIS Agenda for detailed information on status and scheduling of current
individual IRIS assessments and updates. EPA’s science policy approach, under the
current carcinogen guidelines, is to use linear low-dose extrapolation as a default
option for carcinogens for which the mode of action (MOA) has not been identified.
We expect future EPA dose-response assessments to identify nonlinear MOAs where
appropriate, and we will use those analyses (once they are peer reviewed) in our risk
assessments. At this time, however, there are no available carcinogen dose-response
assessments for inhalation exposure that are based on a nonlinear MOA.

2) U.S. Agency for Toxic Substances and Disease Registry (ATSDR). ATSDR, which
is part of the US Department of Health and Human Services, develops and publishes
Minimal Risk Levels (MRLs) for inhalation and oral exposure to many toxic
substances. As stated on the ATSDR web site: “Following discussions with scientists
within the Department of Health and Human Services (HHS) and the EPA, ATSDR
chose to adopt a practice similar to that of the EPA's Reference Dose (RfD) and
Reference Concentration (RfC) for deriving substance specific health guidance levels
for non-neoplastic endpoints.” The MRL is defined as “an estimate of daily human
exposure to a substance that is likely to be without an appreciable risk of adverse
effects (other than cancer) over a specified duration of exposure.” ATSDR describes
MRLs as substance-specific estimates to be used by health assessors to select
environmental contaminants for further evaluation.

3) California Environmental Protection Agency (CalEPA). The CalEPA Office of
Environmental Health Hazard Assessment has developed dose-response assessments
for many substances, based both on carcinogenicity and health effects other than
cancer. The process for developing these assessments is similar to that used by EPA to
develop IRIS values and incorporates significant external scientific peer review. The
noncancer information includes available inhalation health risk guidance values
expressed as chronic inhalation reference exposure levels (RELs). CalEPA defines the
REL as a concentration level at (or below) which no health effects are anticipated, a
concept that is substantially similar to EPA’s noncancer dose-response assessment
perspective. CalEPA's dose response assessments for carcinogens and noncarcinogens
are available on-line.

For certain HAP, the dose-response information, based on this prioritization, is limited. To
address data gaps, increase accuracy, and avoid underestimating risk, we made additional
changes to some of the chronic inhalation exposure values. These important changes, outlined
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below and reflected in Appendix 8 (Dose-Response Values Used in the RTR Risk
Assessments) to this document, are as follows:

1y

2)

3)

Acrolein. The EPA derived an IRIS RfC for acrolein in 2003 (USEPA, 2003), which
was based on a 1978 subchronic rodent study that identified a lowest-observed-
adverse-effect level (LOAEL) for nasal lesions (Feron et al., 1978). In 2008, the
California EPA derived a chronic reference exposure level for acrolein that was based
on a more recent subchronic rodent study, which identified a no-observed-adverse-
effect level (NOAEL) for nasal lesions (CalEPA, 2008; Dorman et al., 2008). Because
both studies identified nasal lesions as the critical effect and because the Dorman et al.
(2008) study identified a NOAEL, we have decided to use the CalEPA REL for
acrolein in this RTR risk assessment. The EPA is in the process of updating the IRIS
RfC for acrolein. If the RfC is updated prior to signature of the final rule, we will use
it in the risk assessment for the final rule.

Manganese. The EPA considers the ATSDR MRL for manganese (Mn) the most
appropriate chronic inhalation reference value to be used in RTR assessments. There is
an existing IRIS RfC for Mn (USEPA, 1993a), and ATSDR published an assessment
of Mn toxicity which includes a chronic inhalation reference value (i.e., an ATSDR
Minimal Risk Level, MRL). (ATSDR, 2012). Both the 1993 IRIS RfC and the 2012
ATSDR MRL were based on the same study (Roels et al., 1992); however, ATSDR
used updated dose-response modeling methodology (benchmark dose approach) and
considered recent pharmacokinetic findings to support their MRL derivation. Because
of the updated methods, EPA has determined that the ATSDR MRL is the appropriate
health reference value to use in RTR risk assessments.

Polycyclic Organic Matter. EPA has identified appropriate UREs for many
individual compounds of POM, published in the sources used for RTR risk
assessments. When an individual POM compound is reported in the emission
inventory for the source category, we use the appropriate URE for that compound.
However, if in the emission inventory for the source category a POM compound is
reported for which EPA has not identified a URE, or when POM are not speciated into
individual compounds, then EPA applies simplifying assumptions so that cancer risk
can be quantitatively evaluated without substantially under- or over-estimating risk
(which can occur if all reported POM emissions were assigned the same URE). To
accomplish this, EPA places each POM compound into one of eight POM groups,
generally defined by toxicity and the estimated emission profile of POM compounds.
POM Groups 1 and 2 include unspeciated POM (emissions reported as “polycyclic
organic matter”) and individual POM compounds with no URE assigned from the
sources used in RTR risk assessments. With two exceptions, both Groups 1 and 2 are
assigned a URE equal to 5 percent of that for pure benzo[a]pyrene!!; the two
exceptions are benzo[a]fluoranthene and generic “benzofluoranthenes”, which
received the URE of benzo[b]fluoranthene. POM Groups 3 through 7 comprise POM

' The EPA’s Integrated Risk Information System (IRIS) characterized benzo[a]pyrene as “carcinogenic to
humans” based on the total weight of evidence (USEPA, 2017), in accordance with EPA’s Guidelines for
Carcinogen Risk Assessment (USEPA, 2005).
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compounds for which UREs are available from the sources used for RTR risk
assessments, except for benzo[b+k]fluoranthene and benzo[g,h,i]fluoranthene which
receive the URE of benzo[b]fluoranthene. If reported emissions are for a specific
compound in these groups, then EPA evaluates the cancer risk of the compound using
its unique URE if one has been derived or its group URE if one has not been
specifically derived. If the reported emissions are for a specific POM group rather than
a compound within the group, then EPA evaluates the cancer risk of the POM group
using a URE value that is close to the average of the UREs of the individual
compounds within the group. POM Group 8 is composed of unspeciated polycyclic
aromatic hydrocarbons (PAH) reported as 7-PAH and are assigned a URE equal to
approximately 18 percent of that for pure benzo[a]pyrene. In addition, we have
concluded that three PAHs—anthracene, phenanthrene and pyrene—are not
carcinogenic and therefore no URE is assigned. Details of the analysis that led to this
conclusion can be found in the document titled Development of a Relative Potency
Factor (RPF) Approach for Polycyclic Aromatic Hydrocarbon (PAH) Mixtures: In
Support of Summary Information of the Integrated Risk Information System (IRIS).

4) Glycol Ethers. Often in an emission inventory, the glycol ethers are reported only as
the total mass for the entire group without distinguishing among individual glycol
ether compounds. In other cases, emissions of individual glycol ether compounds that
had not been assigned dose-response values were reported. To avoid underestimating
the health hazard associated with glycol ethers, we protectively apply the RfC for
ethylene glycol methyl ether (the most toxic glycol ether for which an assessment
exists) to glycol ether emissions of unspecified composition.

5) Lead. We consider the primary NAAQS for lead, which incorporates an adequate
margin of safety, to be protective of all potential health effects for the most susceptible
populations. The NAAQS was developed using the EPA Integrated Exposure, Uptake,
Biokinetic Model, using the best available toxicity and dose-response information on
the noncancer adverse impacts of lead. The NAAQS for lead was set to protect the
health of the most susceptible children and other potentially at-risk populations against
an array of adverse health effects, most notably including neurological effects,
particularly neurobehavioral and neurocognitive effects (which are the effects to
which children are most sensitive). The lead NAAQS rolling 3-month average level of
lead in total suspended particles is used in the RTR risk assessment as a screening
value for chronic noncancer hazard.

6) Nickel compounds. To provide a conservative estimate of the potential cancer risks,
the EPA considers the IRIS URE value for nickel subsulfide (which is considered the
most potent carcinogen among all nickel compounds) to be the most appropriate value
to be used in RTR assessments. Based on consistent views of major scientific bodies,
such as the National Toxicology Program (NTP) in their 14" Report of the
Carcinogens (RoC) (NTP, 2016), the International Agency for Research on Cancer
(IARC, 1990), and other international agencies (WHO, 1991) that consider all nickel
compounds to be carcinogenic, we currently consider all nickel compounds to have the
potential of being carcinogenic to humans. The 14th RoC states that “the combined
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7)

8)

9)

results of epidemiological studies, mechanistic studies, and carcinogenic studies in
rodents support the concept that nickel compounds generate nickel ions in target cells
at sites critical for carcinogenesis, thus allowing consideration and evaluation of these
compounds as a single group.” Although the precise nickel compound (or compounds)
responsible for carcinogenic effects in humans is not always clear, studies indicate that
nickel sulfate and the combinations of nickel sulfides and oxides encountered in
industrial emissions of nickel mixtures cause cancer in humans (these studies are
summarized in a review by Grimsrud et al., 2010). The major scientific bodies
mentioned above have also recognized that there may be differences in the toxicity
and/or carcinogenic potential across the different nickel compounds. For this reason,
and given that there are two additional URE values'? derived for exposure to mixtures
of nickel compounds (as a group) that are 2-3 fold lower than the IRIS URE for nickel
subsulfide, the EPA considers it reasonable, in some instances (e.g., when high quality
data are available on the composition of nickel emissions from a specific source
category), to use a value that is 50 percent of the IRIS URE for nickel subsulfide for
providing an estimate of the lower end of the plausible range of cancer potency values
for different mixtures of nickel compounds.

Carbonyl Sulfide. Although the health effects data for carbonyl sulfide (COS) are
very limited, a series of studies (Morgan et. al., 2004; Herr et. al., 2007; Sills et. al.,
2004) conducted by the National Toxicology Program have shown that the major
concern regarding exposure to COS is its potential for neurotoxicity. These studies
have shown consistently and at the same range of COS concentrations that the brain is
a target organ for COS toxicity. Since appropriate health effects benchmarks have not
been derived by our preferred sources of dose-response data including IRIS, ATSDR,
and Cal EPA, the EPA has used the data from the above referenced studies to derive a
chronic screening benchmark level for COS. A chronic screening level of 163 pg/m?
was developed for COS from a No Observed Adverse Effects Level (NOAEL) of 200
ppm based on brain lesions and neurophysiological alterations in rodents. Additional
details on the derivation of the chronic screening level for COS can be found in
Appendix 8.

Pollutant Groups. In the case of HAP groups such as cyanide compounds, mercury
compounds, antimony compounds and others, the most conservative dose-response
value in the chemical group is used as a surrogate for other compounds in the group
for which dose-response values are not available. This is done to examine, under
conservative assumptions, whether those HAP that lack dose-response values may
pose an unacceptable risk and require further examination.

Mutagenic Mode of Action. For carcinogenic chemicals acting via a mutagenic
mode of action (i.e., chemicals that cause cancer by damaging genes), we estimate

12 Two UREs (other than the current IRIS values) have been derived for nickel compounds as a group: one
developed by the California Department of Health Services
(http://www.arb.ca.gov/toxics/id/summary/nickel tech b.pdf) and the other by the Texas Commission on

Environmental Quality
(http://www.tceq.texas.gov/assets/public/implementation/tox/dsd/facts/nickel & compounds.pdf).
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risks to reflect the increased carcinogenicity of such chemicals during childhood. This
approach is explained in detail in the Supplemental Guidance for Assessing
Susceptibility from Early-Life Exposure to Carcinogens. Where available data do not
support a chemical-specific evaluation of differences between adults and children, the
Supplemental Guidance recommends using the following default adjustment factors
for early-life exposures: increase the carcinogenic potency by 10-fold for children up
to 2 years old and by 3-fold for children 2 to 15 years old. These adjustments have the
aggregate effects of increasing by about 60 percent the estimated risk (a 1.6-fold
increase) for a lifetime of constant inhalation exposure. EPA uses these default
adjustments only for carcinogens known to be mutagenic for which data to evaluate
adult and juvenile differences in toxicity are not available. The UREs for several HAP
(see Appendix 8) were adjusted upward, by multiplying by a factor of 1.6, to account
for the increased risk during childhood exposures. Although trichloroethylene is
carcinogenic by a mutagenic mode of action, the age-dependent adjustment factor for
the URE only applies to the portion of the slope factor reflecting risk of kidney cancer.
For full lifetime exposure to a constant level of trichloroethylene exposure, the URE is
adjusted upward by a factor of 1.12 (rather than 1.6 as discussed above). For more
information on applying age-dependent adjustment factors in cases where exposure
varies over the lifetime, see Toxicological Review of Trichloroethylene. The URE for
vinyl chloride includes exposure from birth, although the IRIS assessment contains
URE:s for both exposure from birth and exposure during adulthood. This value already
accounts for childhood exposure; thus, no additional factor is applied.

2.7.2 Sources of acute dose-response information

Hazard identification and dose-response assessment information for preliminary acute
inhalation exposure assessments is based on the existing recommendations of OAQPS for
HAP (USEPA, 2021d). When the benchmarks are available, the results from acute screening
assessments are compared to both “no effects” reference levels for the general public, such as
the California Reference Exposure Levels (RELs), and to emergency response levels, such as
Acute Exposure Guideline Levels (AEGLs) and Emergency Response Planning Guidelines
(ERPGs), with the recognition that the ultimate interpretation of any potential risks associated
with an estimated exceedance of a particular reference level depends on the definition of that
level and any limitations expressed therein. Comparisons among different available inhalation
health effect reference values (both acute and chronic) for selected HAP can be found in an
EPA document of graphical arrays (USEPA, 2009b).

California Acute Reference Exposure Levels (RELs). The California Environmental
Protection Agency (CalEPA) has developed acute dose-response reference values for many
substances, expressing the results as acute inhalation RELSs.

The acute REL is defined by CalEPA as “the concentration level at or below which no
adverse health effects are anticipated for a specified exposure duration (OEHHA, 2019).
RELs are based on the most sensitive, relevant, adverse health effect reported in the
medical and toxicological literature. RELs are designed to protect the most sensitive
individuals in the population by the inclusion of margins of safety. Since margins of
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safety are incorporated to address data gaps and uncertainties, exceeding the REL does
not automatically indicate an adverse health impact.” Acute RELs are developed for 1-
hour (and 8-hour) exposures. The values incorporate uncertainty factors similar to those
used in deriving EPA’s inhalation RfCs for chronic exposures.

Acute Exposure Guideline Levels (AEGLs). AEGLs are developed by the National
Advisory Committee (NAC) on Acute Exposure Guideline Levels (NAC/AEGL) for
Hazardous Substances and then reviewed and published by the National Research Council. As
described in the Committee’s Standing Operating Procedures, AEGLs “represent threshold
exposure limits for the general public and are applicable to emergency exposures ranging
from 10 min to 8 h.” Their intended application is “for conducting risk assessments to aid in
the development of emergency preparedness and prevention plans, as well as real time
emergency response actions, for accidental chemical releases at fixed facilities and from
transport carriers.” The document states that “the primary purpose of the AEGL program and
the NAC/AEGL Committee is to develop guideline levels for once-in-a-lifetime, short-term
exposures to airborne concentrations of acutely toxic, high-priority chemicals.” In detailing
the intended application of AEGL values, the document states, “It is anticipated that the
AEGL values will be used for regulatory and nonregulatory purposes by U.S. Federal and
State agencies, and possibly the international community in conjunction with chemical
emergency response, planning, and prevention programs. More specifically, the AEGL values
will be used for conducting various risk assessments to aid in the development of emergency
preparedness and prevention plans, as well as real-time emergency response actions, for
accidental chemical releases at fixed facilities and from transport carriers.”

The NAC/AEGL defines AEGL-1 and AEGL-2 as:

“AEGL-1 is the airborne concentration (expressed as ppm or mg/m?) of a substance above
which it is predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic nonsensory effects.
However, the effects are not disabling and are transient and reversible upon cessation of
exposure.”

“AEGL-2 is the airborne concentration (expressed as ppm or mg/m?) of a substance above
which it is predicted that the general population, including susceptible individuals, could
experience irreversible or other serious, long-lasting adverse health effects or an impaired
ability to escape.”

“Airborne concentrations above AEGL-1 represent exposure levels that can produce mild
and progressively increasing but transient and nondisabling odor, taste, and sensory
irritation or certain asymptomatic, nonsensory effects. With increasing airborne
concentrations above each AEGL, there is a progressive increase in the likelihood of
occurrence and the severity of effects described for each corresponding AEGL. Although
the AEGL values represent threshold levels for the general public, including susceptible
subpopulations, such as infants, children, the elderly, persons with asthma, and those with
other illnesses, it is recognized that individuals, subject to unique or idiosyncratic
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responses, could experience the effects described at concentrations below the
corresponding AEGL.”

Emergency Response Planning Guidelines (ERPGs). The American Industrial Hygiene
Association (AIHA) has developed ERPGs for acute exposures at three different levels of
severity. These guidelines represent concentrations for exposure of the general population
(but not particularly sensitive persons) for up to 1 hour associated with effects expected to be
mild or transient (ERPG-1), irreversible or serious (ERPG-2), and potentially life-threatening
(ERPG-3).

ERPG values are described in their supporting documentation as follows: “ERPGs are air
concentration guidelines for single exposures to agents and are intended for use as tools to
assess the adequacy of accident prevention and emergency response plans, including
transportation emergency planning, community emergency response plans, and incident
prevention and mitigation.”

ERPG-1 and ERPG-2 values are defined by AIHA’s as follows:

ERPG-1 is the maximum airborne concentration below which nearly all individuals could
be exposed for up to 1 hour without experiencing more than mild, transient health effects
or without perceiving a clearly defined objectionable odor.

ERPG-2 is the maximum airborne concentration below which nearly all individuals could
be exposed for up to 1 hour without experiencing or developing irreversible or other
serious adverse health effects or symptoms that could impair an individual's ability to take
protective action.

2.8 Risk characterization

2.8.1 General

The final product of the risk assessment is the risk characterization, in which the information
from the previous steps is integrated and an overall conclusion about risk is synthesized that is
complete, informative, and useful for decision makers. In general, the nature of this risk
characterization depends on the information available, the application of the risk information
and the resources available. In all cases, major issues associated with determining the nature
and extent of the risk are identified and discussed. Further, it is EPA’s policy that a risk
characterization be prepared in a manner that is clear, transparent, reasonable, and consistent
with other risk characterizations of similar scope prepared across programs in the Agency.
These principles of transparency and consistency have been reinforced by the Agency’s Risk
Characterization Handbook (USEPA, 2000a), in the Agency’s information quality guidelines
(USEPA, 2002a), and in the Office of Management and Budget (OMB) Memorandum on
Updated Principles for Risk Analysis (OMB, 2007), and they are incorporated in these
assessments.
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Estimates of health risk are presented in the context of uncertainties and limitations in the data
and methodology. Through our tiered, iterative analytical approach, we have attempted to
reduce both uncertainty and bias to the greatest degree possible in these assessments, within
the limitations of available time and resources. We provide summaries of risk metrics
(including maximum individual cancer risks and noncancer hazards, as well as cancer
incidence estimates) along with a discussion of the major uncertainties associated with their
derivation to provide decision makers with the fullest picture of the assessment and its
limitations.

For each carcinogenic HAP included in an assessment for which a potency estimate is
available, individual and population cancer risks are calculated by multiplying the
corresponding lifetime average exposure estimate by the appropriate URE. This calculated
cancer risk is defined as the upper-bound probability of developing cancer over a 70-year
period (i.e., the assumed human lifespan) at that exposure. Because UREs for most HAP are
upper-bound estimates, actual risks at a given exposure level may be lower than predicted.

Increased cancer incidence for the entire population within the area of analysis is estimated by
multiplying the estimated lifetime cancer risk for each census block by the number of people
residing in that block, then summing the results for the entire modeled domain. This lifetime
population incidence estimate is divided by 70 years to obtain an estimate of the number of
cancer cases per year.

Unlike linear dose-response assessments for cancer, noncancer health hazards generally are
not expressed as a probability of an adverse occurrence. Instead, the estimated human health
risk for noncancer effects is expressed by comparing an exposure to a reference level as a
ratio. The hazard quotient (HQ) is the estimated exposure divided by a reference level (e.g.,
the RfC). For a given HAP, exposures at or below the reference level (HQ < 1) are not likely
to cause adverse health effects. As exposures increase above the reference level (HQs
increasingly greater than 1), the potential for adverse effects increases. For exposures
predicted to be above the RfC, the risk characterization includes the degree of confidence
ascribed to the RfC values for the compound(s) of concern (i.e., high, medium, or low
confidence) and discusses the impact of this on possible health interpretations.

The risk characterization for chronic effects other than cancer is developed using the HQ for
inhalation, calculated for each HAP at each census block centroid. As discussed above, RfCs
incorporate generally conservative uncertainty factors in the face of uncertain extrapolations,
such that an HQ greater than 1 does not necessarily suggest the onset of adverse effects. The
Hazard Index (HI) is the sum of hazard quotients for substances that affect the same target
organ or organ system and is an approximation of the aggregate effect on a specific target
organ (e.g., the lungs). The HQ and HI cannot be translated to a probability that adverse
effects will occur, and it is unlikely to be proportional to adverse health effect outcomes in a
population.

Screening for potentially significant acute inhalation exposures also follows the HQ approach.

We divide the 99" percentile estimated acute exposure concentration by each available acute
dose-response value to develop an array of HQs. In general, when none of these HQs is
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greater than one, there is no potential for acute risk. When one or more HQ is above 1, we
evaluate additional information (e.g., proximity of the facility to potential exposure locations)
to determine whether there is a potential for significant acute risks.

2.8.2 Mixtures

Since most or all receptors in these assessments receive exposures to multiple pollutants
rather than a single pollutant, we estimate the aggregate health risks associated with exposure
to all of the HAP from a particular source category.

To combine risks across multiple carcinogens, our assessments use the mixtures guidelines’
default assumption of additivity of effects and combine risks by summing them using the
independence formula in the mixtures guidelines (USEPA, 1986; USEPA, 2000b).

In assessing noncancer hazard from chronic exposures, in cases where different pollutants
cause adverse health effects via completely different modes of action, it may be inappropriate
to aggregate HQs. In consideration of these mode-of-action differences, the mixtures
guidelines support aggregating effects of different substances in specific and limited ways. To
conform to these guidelines, we aggregate noncancer HQs of HAP that act by similar toxic
modes of action, or (where this information is absent) that affect the same target organ. This
process creates, for each target organ, a target-organ-specific hazard index (TOSHI), defined
as the sum of HQs for individual HAP that affect the same organ or organ system. For the
RTRs, TOSHI calculations are based exclusively on effects occurring at the “critical dose”
(i.e., the lowest dose that produces adverse health effects). Although HQs associated with
some pollutants have been aggregated into more than one TOSHI, this has been done only in
cases where the critical dose affects more than one target organ. Because impacts on organs or
systems that occur above the critical dose have not been included in the TOSHI calculations,
some TOSHIs may have been underestimated. As with the HQ, the TOSHI should not be
interpreted as a probability of adverse effects or as strict delineation of “safe” and “unsafe”
levels. Rather, the TOSHI is another measure of the potential for adverse health outcomes
associated with pollutant exposure and needs to be interpreted carefully by health scientists
and risk managers.

Because of the conservative nature of the acute inhalation screening assessment and the
variable nature of emissions and potential exposures, acute impacts are screened on an
individual pollutant basis, not using the TOSHI approach.

3 Risk results for the Hazardous Organic NESHAP source category

3.1 Source category description and emissions

The Synthetic Organic Chemical Manufacturing Industry (SOCMI) source category includes
synthetic organic chemical manufacturing industry (SOCMI) facilities. The SOCMI is a
segment of the chemical manufacturing industry that includes the production of many high-
volume organic chemicals, derived from petrochemical feedstocks. Of the hundreds of
organic chemicals that are produced by the SOCMI, some are final products, and some are the
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feedstocks for production of other non-SOCMI chemicals or synthetic products such as
plastics, fibers, surfactants, pharmaceuticals, synthetic rubber, dyes, and pesticides. The
SOCMI source category also applies to equipment leaks from certain non-SOCMI processes
located at chemical plants. Emission points include pressure relief devices, equipment leaks,
process vents, flares, wastewater, heat exchange systems, storage tanks, and transfer racks.
The MACT standards for the SOCMI source category are contained in 40 CFR part 63,
subparts F, G, and H (for the SOCMI processes), and subpart I (for the non-SOCMI
equipment leaks). A complete description of the source category can be found in the text of
the NPRM.

The emission estimates for this source category were obtained from a 2022 information
collection request (ICR) survey, updated with more recent data from industry stakeholders, and
reviewed to ensure quality control of facility and emission locations. We estimate that there are
222 HON facilities operating in the U.S. Emissions from the SOCMI source category are
summarized in Table 3.1-1. The total HAP emissions from the source category are
approximately 8,200 tons per year. The HAP emitted in the largest quantities are methanol, n-
hexane, toluene, xylenes (mixed), benzene, styrene, hydrochloric acid, ethylene glycol,
acetonitrile, ethylene dichloride, methyl chloride, vinyl acetate, vinyl chloride, 1,3-butadiene,
ethyl benzene, chlorine, acetaldehyde, methyl methacrylate, phenol, chlorobenzene, maleic
anhydride, cumene, phthalic anhydride, acrylonitrile, methylene chloride, chloroform, ethyl
chloride, formaldehyde, naphthalene, methyl isobutyl ketone, ethylene oxide, methyl bromide,
propylene oxide, carbonyl sulfide, p-xylene, tetrachloroethene, carbon tetrachloride, hydrogen
cyanide, 2,2,4-trimethylpentane, acrylic acid, carbon disulfide, methyl tert-butyl ether,
diethanolamine, biphenyl, aniline, 1,1,1-trichloroethane, glycol ethers, trichloroethylene,
epichlorohydrin, propionaldehyde, 2-nitropropane, acetophenone, polycyclic aromatic
hydrocarbons (PAH), bromoform, phenanthrene, 1,1,2-trichloroethane, o-xylene,
triethylamine, hydrofluoric acid, and 1,4-dioxane. Emissions of these 60 HAP make up over 99
percent of the total emissions by mass. The PB-HAP reported as emissions from these
facilities include polycyclic organic matter (POM), lead compounds, arsenic compounds,
cadmium compounds, mercury compounds, and dioxins. The following environmental HAP
are emitted from the SOCMI sources and are included in the environmental risk screening
assessment: hydrochloric acid, POM, hydrofluoric acid, lead compounds, arsenic compounds,
cadmium compounds, mercury compounds, and dioxins.

The emissions for this source category are estimates of actual emissions on an annual basis.
The risk results presented in the following sections are based on these actual emissions.
Facility-wide emissions were also estimated and the risk results based on those emissions are
presented below as well. Details on the development of the actual and facility-wide emission
estimates and the source of the data for this source category can be found in Appendix 1.

For the chronic inhalation risk assessment, the emissions inventory for the SOCMI source
category includes emissions of 213 HAP and 171 of these have available chronic inhalation
dose-response values. Of these, 103 are classified as known, probable, or possible
carcinogens, with quantitative cancer dose-response values available and 123 HAP have
quantitative noncancer dose-response values available. These HAP, their emissions and dose-
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response values are listed in Table 3.1-1 and the source of each dose-response value is listed
in Appendix 8.

For the acute inhalation risk assessment, for the SOCMI source category, maximum
hourly emissions estimates were available, so we did not use a default acute emissions
multiplier of 10 (as described in Section 2.4), but rather, we used process level-specific
acute emissions multipliers, generally ranging from a factor of 2 to 10 as was done in past
chemical and petrochemical residual risk reviews such as for the 2015 the Petroleum
Refinery Sector rule, 2020 MON rule, 2020 EMACT rule, and 2020 OLD rule, where
similar emission sources and standards exist. See Appendix 1 to this document for a
detailed description of how the maximum hourly emissions were developed for this source
category.

The emissions inventory for the SOCMI source category includes emissions of 83 HAP with
relevant and available quantitative acute dose-response values. These HAP, their emissions
and acute and chronic dose-response values are listed in Table 3.1-1 and the source of each
dose-response value is listed in Appendix 8.

As mentioned previously, when we identify acute impacts which exceed their relevant dose-
response values, we refine our acute screening estimates to the extent possible. For the
SOCMI source category, the acute screening results were refined to ensure all locations
were off facility property. The acute results for the source category are summarized in the
following section and detailed information is contained in Appendix 10 to this document
(Detailed Risk Modeling Results).

For the multipathway risk assessment, PB-HAP identified in the emissions inventory for
the SOCMI source category include POM (of which PAH is a subset), lead compounds,
arsenic compounds, cadmium compounds, mercury compounds, and dioxins. Of these, all but
lead have quantitative chronic oral cancer or noncancer dose-response values available, which
are presented in Table 3.1-1, and were screened for non-inhalation risks using a tiered
screening approach described in Section 2.5. In evaluating the potential multipathway risks
from emission of lead compounds, we compared maximum estimated chronic atmospheric
concentrations with the current NAAQS for lead, also as described in Section 2.5. The results
of the multipathway assessment for the source category are summarized in the following
section and detailed information is contained in Appendix 10 to this document for the
multipathway screening assessment and Appendix 11 of this document for the site-specific
multipathway assessment.

For the environmental risk assessment, the PB-HAP identified above as well as two acid
gases (hydrochloric acid and hydrofluoric acid) were screened for potential adverse
environmental effects as described in Section 2.5. The benchmark values and a detailed
discussion of the approach for this assessment can be found in Appendix 9. The results of the
environmental assessment for the source category are summarized in the following section
and detailed information is contained in Appendix 10 to this document.
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Table 3.1-1 Summary of Emissions from the SOCMI Source Category and Dose-Response Values
Used in the Residual Risk Assessment

Prioritized Inhalation Dose-Response Value PB-HAP Oral
Number of Identified by OAQPS Benchmark
Facilities Health Values for
HAP Emissions Reporting Unit Risk Reference Benchmark Cancer
(tpy) HAP (222 | Estimate for | Concentration Values for (1/(mg/kg/d))
facilities in Cancer for Noncancer Acute and/or
data set) (1/(ug/m>)) (mg/m?) Noncancer Noncancer
(mg/m?) (mg/kg/d)?
Methanol 1819 148 20 28 (REL)
10000
(AEGL-2
n-Hexane 860 120 0.7 (1-hr))
190
Toluene 570 131 5 (ERPG-1)
Xylenes (mixed) 493 107 0.1 22 (REL)
160
Benzene 386 136 | 0.0000078° 0.03 (ERPG-1)°
Styrene 319 85 1 21 (REL)
Hydrochloric Acid 228 79 0.02 2.1 (REL)
Ethylene Glycol 206 66 0.4
22 (AEGL-1
Acetonitrile 182 34 0.06 (1-hr))
200
Ethylene Dichloride 166 34 0.000026 2.4 (ERPG-1)
310
Methyl Chloride 143 34 0.09 (ERPG-1)
Vinyl Acetate 135 24 0.2 18 (ERPG-1)
Vinyl Chloride 134 28 0.0000088 0.1 180 (REL)
1,3-Butadiene 134 79 0.00003 0.002 22 (ERPG-1)¢
140 (AEGL-1
Ethyl Benzene 130 103 0.0000025 0.3 (1-hr))
Chlorine 123 72 0.00015 0.21 (REL)
Acetaldehyde 120 70 0.0000022 0.009 0.47 (REL)
70 (AEGL-1
Methyl Methacrylate 118 18 0.7 (1-hr))
Phenol 115 75 0.2 5.8 (REL)
46 (AEGL-1
Chlorobenzene 109 26 1 (1-hr))
Maleic Anhydride 107 22 0.0007 0.8 (ERPG-1)
250 (AEGL-1
Cumene 98 70 0.4 (1-hr))
Phthalic Anhydride 91 15 0.02
3.7 (AEGL-2
Acrylonitrile 89 25 0.000068 0.002 (1-hr))
Methylene Chloride 84 43 | 0.000000016* 0.6 14 (REL)
Chloroform 77 43 0.098 0.15 (REL)
Ethyl Chloride 72 39 10
Formaldehyde 70 85 0.000013 0.0098 0.055 (REL)
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Table 3.1-1 Summary of Emissions from the SOCMI Source Category and Dose-Response Values
Used in the Residual Risk Assessment

Prioritized Inhalation Dose-Response Value PB-HAP Oral
Number of Identified by OAQPS Benchmark
Facilities Health Values for
HAP Emissions Reporting Unit Risk Reference Benchmark Cancer
(tpy) HAP (222 | Estimate for | Concentration Values for (1/(mg/kg/d))
facilities in Cancer for Noncancer Acute and/or
data set) (1/(ug/m>)) (mg/m?) Noncancer Noncancer
(mg/m?) (mg/kg/d)?
Naphthalene 69 83 0.000034 0.003
Methyl Isobutyl Ketone 68 34 3
81 (AEGL-2
Ethylene Oxide 66 24 0.005k 0.03 (1-hr))
Methyl Bromide 58 12 0.005 3.9 (REL)
Propylene Oxide 55 21 0.0000037 0.03 3.1 (REL)
140 (AEGL-2
Carbonyl Sulfide 55 20 0.163¢ (1-hr))
p-Xylene 50 5 0.1 22 (REL)
Tetrachloroethene 48 47 | 0.00000026 0.04 20 (REL)
Carbon Tetrachloride 46 32 0.000006 0.1 1.9 (REL)
Hydrogen Cyanide 43 26 0.0008 0.34 (REL)
2,2,4-Trimethylpentane 41 36
Acrylic Acid 39 21 0.001 2.9 (ERPG-1)
Carbon Disulfide 33 32 0.7 3.1 (ERPG-1)
180 (AEGL-1
Methyl Tert-butyl Ether 29 26 | 0.00000026 3 (1-hr))
Diethanolamine 28 29 0.003
61 (AEGL-2
Biphenyl 22 54 (1-hr))
30 (AEGL-1
Aniline 21 13 0.0000016 0.001 (1-hr))
1,1,1-Trichloroethane 19 21 5 68 (REL)
Glycol Ethers:
Glycol Ethers 16 23 0.02 0.093 (REL)
Ethylene Glycol Methyl
Ether 2 10 0.02 0.093 (REL)
Ethylene Glycol Ethyl
Ether 0.05 1 0.2 0.37 (REL)
Diethylene Glycol
Monobutyl Ether 0.0001 2 0.02 0.093 (REL)
540
Trichloroethylene 14 24 | 0.0000048 0.002 (ERPG-1)
Epichlorohydrin 14 10 | 0.0000012 0.001 1.3 (REL)
110 (AEGL-1
Propionaldehyde 13 21 0.008 (1-hr))
2-Nitropropane 13 3 0.0000056 0.02
Acetophenone 12 14
Polycyclic Organic Matter (POM):
PAH, Total | 12 32| 0.000048 | 0.05 (cancer)
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Table 3.1-1 Summary of Emissions from the SOCMI Source Category and Dose-Response Values
Used in the Residual Risk Assessment

Prioritized Inhalation Dose-Response Value PB-HAP Oral
Number of Identified by OAQPS Benchmark
Facilities Health Values for
HAP Emissions Reporting Unit Risk Reference Benchmark Cancer
(tpy) HAP (222 | Estimate for | Concentration Values for (1/(mg/kg/d))
facilities in Cancer for Noncancer Acute and/or
data set) (1/(ug/m>)) (mg/m?) Noncancer Noncancer
(mg/m?) (mg/kg/d)?
Phenanthrene 9 24 f
Polycyclic Organic Matter 0.3 19 0.000048 0.05 (cancer)
Anthracene 0.2 13 f
Fluoranthene 0.1 6 0.000048 0.05 (cancer)
Acenaphthene 0.04 4 0.000048 0.05 (cancer)
Benzo(ghi)perylene 0.02 15 0.000048 0.05 (cancer)
Fluorene 0.02 7 0.000048 0.05 (cancer)
Acenaphthylene 0.008 4 0.000048 0.05 (cancer)
2-Acetylaminofluorene 0.007 1 0.00208 1 (cancer)
Pyrene 0.004 7 f
Benzo[a]pyrene 0.0008 6 0.00096 ¢ 0.000002 1 (cancer)
Benz[a]anthracene 0.0007 5 0.000096 0.1 (cancer)
Benzo[b]fluoranthene 0.0006 4 0.000096 0.1 (cancer)
Chrysene 0.0005 51 0.00000096 0.001 (cancer)
Indeno[1,2,3-c,d]pyrene 0.0002 4 0.000096 0.1 (cancer)
Dibenzo[a,h]anthracene 0.0002 4 0.00096 ¢ 1 (cancer)
Benzo[j]fluoranthene 0.0002 1 0.000096 0.1 (cancer)
Benzo[k]fluoranthene 0.0001 4 0.0000096 0.01 (cancer)
Dibenzo[a,h]pyrene 0.0001 1 0.0096
2-Methylnaphthalene 0.00001 5 0.000048 0.05 (cancer)
3-Methylcholanthrene 0.0000002 2 0.01008 22 (cancer)
Bromoform 11 10 0.0000011
1,1,2-Trichloroethane 9 22 0.000016
0-Xylene 8 5 0.1 22 (REL)
Triethylamine 7 15 0.007 2.8 (REL)
Hydrofluoric Acid 7 22 0.014 0.24 (REL)
1,4-Dioxane 7 16 0.000005 0.03 3 (REL)
Nitrobenzene 7 8 0.00004 0.009
Methoxytriglycol 6 3 0.02 0.093 (REL)
Chloroprene 6 11 0.00048 % 0.02
2000
Vinylidene Chloride 4 15 0.2 (ERPG-2)
Ethylidene Dichloride 4 17 | 0.0000016 0.5
Acrylamide 4 7 0.00016 ¢ 0.006
m-Xylene 4 2 0.1 22 (REL)
Hydroquinone 3 15
Dimethyl Formamide 3 10 0.03 6 (ERPG-1)
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Table 3.1-1 Summary of Emissions from the SOCMI Source Category and Dose-Response Values
Used in the Residual Risk Assessment

Prioritized Inhalation Dose-Response Value PB-HAP Oral
Number of Identified by OAQPS Benchmark
Facilities Health Values for
HAP Emissions Reporting Unit Risk Reference Benchmark Cancer
(tpy) HAP (222 | Estimate for | Concentration Values for (1/(mg/kg/d))
facilities in Cancer for Noncancer Acute and/or
data set) (1/(ug/m>)) (mg/m?) Noncancer Noncancer
(mg/m?) (mg/kg/d)?
8.8 (AEGL-1
Allyl Chloride 3 11 0.000006 0.001 (1-hr))
0.041
Ethyl Acrylate 3 9 (ERPG-1)
Acrolein 2 33 0.00035 0.0025 (REL)
Propylene Dichloride 2 15 0.004
1,1,2,2-Tetrachloroethane 2 22
Cresols (mixed) 2 36 0.6
Cobalt Compounds 2 29 0.0001
Lead Compounds 2 43 0.00015¢
Nickel Compounds 1 43 0.00048 0.00009 h
Hexachlorobutadiene 1 9 0.000022 11 (ERPG-1)
130 (AEGL-1
Methyl Todide 1 5 (1-hr))
Methylene Diphenyl
Diisocyanate 1 5 0.0006 0.012 (REL)
210 (AEGL-1
1,2-Epoxybutane 1 10 0.02 (1-hr))
3.7 (AEGL-1
Phosphorus 1 4 (1-hr))
Phosgene 1 7 0.0003 0.004 (REL)
130 (AEGL-1
Ethylene Dibromide 0.9 6 0.0006 0.009 (1-hr))
Manganese Compounds 0.7 33 0.0003!
p-Phenylenediamine 0.7 4
4,4'-Methylenedianiline 0.6 5 0.00046 0.02
26 (AEGL-2
Chloroacetic Acid 0.6 4 (1-hr))
Bis(2-ethylhexyl)phthalate 0.6 8 0.0000024
Dibutylphthalate 0.5 8
Hexachloroethane 0.5 12 0.03
Isophorone 0.4 2 2
o-Toluidine 0.4 8 0.000051
2,4-Dinitrotoluene 0.4 4 0.000089
Catechol 0.3 5
2,4-Dinitrophenol 0.3 4
1,3-Dichloropropene 0.3 7 0.000004 0.02
0.13 (AEGL-
Hydrazine 0.3 5 0.0049 0.0002 1 (1-hr))
Dibenzofuran 0.3 3
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Table 3.1-1 Summary of Emissions from the SOCMI Source Category and Dose-Response Values
Used in the Residual Risk Assessment

Prioritized Inhalation Dose-Response Value

PB-HAP Oral
Number of Identified by OAQPS Benchmark
Facilities Health Values for
HAP Emissions Reporting Unit Risk Reference Benchmark Cancer
(tpy) HAP (222 | Estimate for | Concentration Values for (1/(mg/kg/d))
facilities in Cancer for Noncancer Acute and/or
data set) (1/(ug/m>)) (mg/m?) Noncancer Noncancer
(mg/m?) (mg/kg/d)?
Antimony Compounds 0.3 22 0.0002
Dimethyl Phthalate 0.2 4
Chromium Compounds:
Chromium (IIT) Compounds 0.2 35
Chromium (VI) Compounds 0.08 36 0.012 0.0001
Selenium Compounds 0.2 19 0.02
Arsenic Compounds 0.2 26 0.0043 0.000015 0.0002 (REL) 1.5 (cancer)
2,4,6-Trichlorophenol 0.2 4 0.0000031
0.1 (AEGL-1 0.001
Cadmium Compounds 0.2 28 0.0018 0.00001 (1-hr)) (noncancer)
Coal Tar 0.1 2 0.00099
Polychlorinated Biphenyls 0.1 7 0.0001
0.025
Beryllium Compounds 0.1 19 0.0024 0.00002 (ERPG-2)
Anisidine 0.1 2
Benzyl Chloride 0.1 5 0.000049 0.24 (REL)
Titanium Tetrachloride 0.08 4 0.0001 5 (ERPG-1)
p-Dichlorobenzene 0.07 15 0.000011 0.06
4-Aminobiphenyl 0.07 2
Hexamethylene-1,6-
diisocyanate 0.07 3 0.00001
Hexachlorobenzene 0.07 11 0.00046
Quinoline 0.06 4
Mercury Compounds:
0.0001
Gaseous Divalent Mercury 0.04 36 0.0003 (noncancer)
Mercury (elemental) 0.03 36 0.0003 0.0006 (REL) -j
Particulate Divalent 0.0001
Mercury 0.01 36 0.0003 (noncancer)
0.12 (AEGL-
Dimethyl Sulfate 0.04 5 1 (1-hr))
Vinyl Bromide 0.03 2 0.000032 0.003
2,4-d, Salts and Esters 0.03 2
Ethyl Carbamate 0.03 1 0.000464 *
Lindane (gamma-HCH) 0.02 2 0.00031
28 (AEGL-2
1,2-Propylencimine 0.02 2 (1-hr))
1,2-Diphenylhydrazine 0.02 1 0.00022
3,3'-Dichlorobenzidine 0.02 1 0.00034
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Table 3.1-1 Summary of Emissions from the SOCMI Source Category and Dose-Response Values
Used in the Residual Risk Assessment

Prioritized Inhalation Dose-Response Value PB-HAP Oral
Number of Identified by OAQPS Benchmark
Facilities Health Values for
HAP Emissions Reporting Unit Risk Reference Benchmark Cancer
(tpy) HAP (222 | Estimate for | Concentration Values for (1/(mg/kg/d))
facilities in Cancer for Noncancer Acute and/or
data set) (1/(ug/m>)) (mg/m?) Noncancer Noncancer
(mg/m?) (mg/kg/d)?
3,3'-Dimethoxybenzidine 0.02 1
3,3'-Dimethylbenzidine 0.02 1
Benzotrichloride 0.02 1
Chlorobenzilate 0.02 1 0.000078
1.6 (AEGL-2
Chloromethyl Methyl Ether 0.02 1 (1-hr))
Dimethylcarbamoyl Chloride 0.02 1
Ethylene Thiourea 0.02 1 0.000013
p-Dimethylaminoazobenzene 0.02 1 0.0013
7.4 (AEGL-2
1,1-Dimethylhydrazine 0.02 1 (1-hr))
N-Nitroso-n-methylurea 0.02 1
0.21 (AEGL-
Bis(chloromethyl)ether 0.02 1 0.062 2 (1-hr))
8.1 (AEGL-2
Ethylene Imine (aziridine) 0.02 1 (1-hr))
1.7 (AEGL-2
Methyl Hydrazine 0.02 1 (1-hr))
2,4-Toluene Diamine 0.02 2 0.0011
Pentachlorophenol 0.02 4 0.0000051
0-Cresol 0.02 5 0.6
1,2,4-Trichlorobenzene 0.01 5 0.2
Dichloroethyl Ether 0.009 6 0.00033
4,6-Dinitro-o-cresol 0.008 1
2,4-Toluene Diisocyanate 0.006 6 0.000011 0.00007 0.002 (REL)
Trifluralin 0.005 2
2,4,5-Trichlorophenol 0.004 1
Asbestos 0.003 4
p-Cresol (4-methy phenol) 0.003 4 0.6
m-Cresol (3-methylphenol) 0.003 3 0.6
Acetamide 0.002 3 0.00002
Chlordane 0.002 1 0.0001 0.0007
Phosphine 0.002 1 0.0003 0.7 (ERPG-2)
Methoxychlor 0.002 2
4,4'-Methylene bis(2-
chloroaniline) 0.001 1 0.00043
Heptachlor 0.0006 1 0.0013
4-nitrophenol 0.0005 2
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Table 3.1-1 Summary of Emissions from the SOCMI Source Category and Dose-Response Values
Used in the Residual Risk Assessment

Prioritized Inhalation Dose-Response Value PB-HAP Oral
Number of Identified by OAQPS Benchmark
Facilities Health Values for
HAP Emissions Reporting Unit Risk Reference Benchmark Cancer
(tpy) HAP (222 | Estimate for | Concentration Values for (1/(mg/kg/d))
facilities in Cancer for Noncancer Acute and/or
data set) (1/(ug/m>)) (mg/m?) Noncancer Noncancer
(mg/m?) (mg/kg/d)?
0.058
Methyl Isocyanate 0.0005 1 0.001 (ERPG-1)
Captan 0.0004 1
Toxaphene 0.0003 1 0.00032
Quinone 0.0002 2
1,2-Dibromo-3-chloropropane 0.0002 1 0.002 0.0002
Propyl Cellosolve 0.0002 1 0.02 0.093 (REL)
Diethyl Sulfate 0.0002 2
Hexachlorocyclopentadiene 0.0002 2 0.0002
Benzidine 0.0001 1 0.1072%
Hexamethylphosphoramide 0.0001 1
Dioxins and Furans:
1,2,3,4,6,7,8,9-
octachlorodibenzofuran 0.00003 9 0.0099 0.00013 45 (cancer)
1,2,3,4,6,7,8-
heptachlorodibenzofuran 0.00001 9 0.33 0.000004 1500 (cancer)
1,2,3,4,7,8,9-
heptachlorodibenzofuran 0.000002 8 0.33 0.000004 1500 (cancer)
1,2,3,4,6,7,8,9-
octachlorodibenzo-p-dioxin 0.000002 9 0.0099 0.00013 45 (cancer)
7,12-
dimethylbenz[a]anthracene 0.000002 3 0.1136% 250 (cancer)
1,2,3,4,7,8-
hexachlorodibenzofuran 0.000002 9 3.3 0.0000004 15000 (cancer)
1,2,3,6,7,8-
hexachlorodibenzofuran 0.0000008 9 3.3 0.0000004 15000 (cancer)
2,3,7,8-
tetrachlorodibenzofuran 0.0000007 8 3.3 0.0000004 15000 (cancer)
1,2,3,4,6,7,8-
heptachlorodibenzo-p-dioxin 0.0000005 9 0.33 0.000004 1500 (cancer)
2,3,4,6,7,8-
hexachlorodibenzofuran 0.0000003 8 3.3 0.0000004 15000 (cancer)
1,2,3,7,8-
pentachlorodibenzofuran 0.0000002 9 0.99 0.0000013 4500 (cancer)
2,3,4,7,8-
pentachlorodibenzofuran 0.0000002 9 9.9 0.00000013 45000 (cancer)
1,2,3,7,8,9-
hexachlorodibenzofuran 0.00000006 6 33 0.0000004 15000 (cancer)
1,2,3,6,7,8-
hexachlorodibenzo-p-dioxin 0.00000005 8 33 0.0000004 6200 (cancer)
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Table 3.1-1 Summary of Emissions from the SOCMI Source Category and Dose-Response Values
Used in the Residual Risk Assessment

Prioritized Inhalation Dose-Response Value PB-HAP Oral
Number of Identified by OAQPS Benchmark
Facilities Health Values for
HAP Emissions Reporting Unit Risk Reference Benchmark Cancer
(tpy) HAP (222 | Estimate for | Concentration Values for (1/(mg/kg/d))
facilities in Cancer for Noncancer Acute and/or
data set) (1/(ug/m>)) (mg/m?) Noncancer Noncancer
(mg/m?) (mg/kg/d)?
1,2,3,7,8,9-
hexachlorodibenzo-p-dioxin 0.00000004 8 33 0.0000004 6200 (cancer)
1,2,3,4,7,8-
hexachlorodibenzo-p-dioxin 0.00000003 7 33 0.0000004 15000 (cancer)
1,2,3,7,8- 150000
pentachlorodibenzo-p-dioxin 0.00000002 8 33 0.00000004 (cancer)
2,3,7,8-tetrachlorodibenzo- 150000
p-dioxin 0.000000005 6 33 0.00000004 (cancer)

Notes:

2 Benchmark values are provided only for PB-HAPs for which multipathway risk is assessed (via TRIM). There
may be other PB-HAPs in this table, even though no benchmark is presented.

® The EPA IRIS assessment for benzene provides a range of plausible UREs. This assessment used the highest
value in that range, 7.8E-06 pug/m?>. The low end of the range is 2.2E-06 pg/m>.

¢Based on examination of California EPA’s acute (1-hour) REL for benzene, and considering aspects of the
methodology used in the derivation of the value and how this assessment stands in comparison to the ATSDR
toxicological assessment, we have decided not to use this value to support EPA’s risk and technology review
rules.

4 Based on examination of California EPA’s acute (1-hour) REL for this pollutant and considering aspects of the
methodology used in the derivation of the value, we have decided not to use this value to support EPA’s risk and
technology review rules.

¢ A chronic screening level of 0.163 mg/m? was developed for carbonyl sulfide by EPA ORD from a No
Observed Adverse Effects Level of 200 ppm based on brain lesions and neurophysiological alterations in
rodents.

T IRIS has determined this POM to be not carcinogenic.

¢ There is no reference concentration for lead. The primary (health-based) standard is a maximum or not-to-be-
exceeded, rolling three-month average, measured as total suspended particles (TSP). The secondary (welfare-
based) standard is identical to the primary standard. In considering noncancer hazards for lead in this assessment,
as a first screening step, we multiply the maximum annual estimated atmospheric concentration by 4, to
represent a “worst case” 3-month concentration, and compare it to the national ambient air quality standard
(NAAQS) for lead (0.15 pg/m?®, 3-month rolling average). Where values exceed the NAAQS and where data are
available to support doing so, further assessment is performed. We calculate 3-month rolling averages based on
modeling and/or monitoring information. Any 3-month rolling average concentration that is above 0.15 ug/m?
indicates a potential public health concern.

h Based on an in-depth examination of the available acute value for nickel [California EPA’s acute (1-hour)
REL], we have concluded that this value is not appropriate to use to support EPA’s risk and technology review
rules. This conclusion considers: the effect on which the acute REL is based; aspects of the methodology used in
its derivation; and how this assessment stands in comparison to the ATSDR toxicological assessment, which
considered the broader nickel health effects database. (79 FR 60247-8; October 6, 2014)

I EPA uses the ATSDR MRL for manganese (Mn) instead of the IRIS RfC in RTR assessments. Both the 1993
IRIS RfC and the 2012 ATSDR MRL were based on the same study (Roels et al., 1992); however, ATSDR used
updated dose-response modeling methodology (benchmark dose approach) and considered recent
pharmacokinetic findings to support their MRL derivation. Because of the updated methods, EPA has
determined that the ATSDR MRL is the appropriate health reference value to use in RTR risk assessments.
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i The predominant form of mercury assessed in our multipathway risk screening assessment is methyl mercury,
which is a transformation product of divalent mercury and accumulates in fish. While elemental mercury
emissions can convert to divalent mercury in the atmosphere, such transformations generally occur beyond the
50 km modeling domain around the emissions sources in our assessment. *Emissions reported as “mercury
compounds” is speciated into elemental, particulate divalent, and gaseous divalent and modeled accordingly in
the multipathway screening assessment.

K Age-dependent adjustment factor (ADAF) has been applied to the Unit Risk Estimate (URE).

3.2 Baseline risk characterization

This section presents the results of the risk assessment for the SOCMI source category based
on the modeling methods described in the previous sections. All baseline risk results are
developed using the best estimates of actual HAP emissions summarized in the previous
section. The basic chronic inhalation risk estimates presented here are the maximum
individual lifetime cancer risk, the maximum chronic hazard index, and the cancer incidence.
We also present results from our acute inhalation screening assessment in the form of
maximum acute hazard quotients for the reasonable worst-case exposure scenario, as well as
the results of our preliminary screening assessment for potential non-inhalation risks and
environmental risk from PB-HAP. Also presented are the HAP “drivers,” which are the HAP
that collectively contribute 90 percent of the maximum cancer risk or maximum hazard at the
highest exposure location. A detailed summary of the facility-specific inhalation and
multipathway risk assessment results is available in Appendix 10 of this document.

3.2.1 Risk assessment results based on actual emissions

Source Category Inhalation

Table 3.2-1 summarizes the chronic and acute inhalation risk results for this source category
based upon baseline actual emissions. The results of the chronic inhalation cancer risk
assessment are that the maximum lifetime individual cancer risk posed by the 222 facilities
could be as high as 2,000-in-1 million, with ethylene oxide emissions from pressure relief
devices and equipment leaks as the major contributors to the risk. The total estimated cancer
incidence from this source category is one excess cancer case every 6 months. Approximately
50,000,000 people live within 50 kilometers of the 222 modeled HON facilities, and
7,170,000 people are estimated to have a cancer risk at or above 1-in-1 million from HAP
emitted from the facilities in this source category, with 2,200,000 of those people estimated to
have a cancer risk at or above 10-in-1 million, 150,000 people estimated to have a cancer risk
at or above 100-in-1 million, 83,000 people estimated to have a cancer risk above 100-in-1
million, and 2,900 people estimated to have a cancer risk at or above 1,000-in-1 million. The
maximum chronic noncancer hazard index value for the source category could be up to 2
(respiratory) driven by emissions of maleic anhydride from a process vent operation.
Approximately 83 people are exposed to a noncancer hazard index above 1, based on actual
source category emissions.

Maximum acute HQs were calculated for every HAP that has an acute dose-response value, as
shown in Table 3.1-1. For cases where the screening HQ was greater than 1, we further
refined the estimates by determining the highest HQ that might occur outside facility
boundaries. Based on actual baseline emissions, the highest refined screening acute HQ of 3
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(based on the acute RELs for chlorine and acrolein) is shown in Table 3.2-2. This value
includes a refinement of determining the highest HQ that is outside facility boundaries. It is
also important to note that the highest HQ assumes that the primary sources of the chlorine
emissions and acrolein emissions driving the HQ values were modeled with an hourly
emissions multiplier of 10 times the annual emissions rate. Further, this exceedance for
acrolein was predicted to occur in a residential land area just adjacent to the facility fence line
for 1 hour a year. The exceedance for chlorine was only predicted to occur in a remote, non-
inhabited area just adjacent to the facility fence line for 1 hour a year. No facilities are
estimated to have an HQ based on AEGL or EPRG greater than 1. Acute HQ estimates for
each plant and pollutant are provided in Appendix 10 of this document.

Table 3.2-1. Source Category Level Inhalation Risks for the SOCMI Based on Actual

Emissions
Result \ HAP “Drivers”

Facilities in Source Category
Number of Facilities Estimated to be in

222 n/a
Source Category
Number of Facilities Modeled in Risk

222 n/a

Assessment

Cancer Risks

Maximum Individual Lifetime Cancer Risk
(in 1 million)

2,000

ethylene oxide

Number of Facilities with Maximum Individual Lifetime Cancer Risk:

Greater than or equal to 1,000-in-1 million

1

ethylene oxide

Greater than 100-in-1 million 8 ethylene oxide
Greater than or equal to 100-in-1 million 14 ethylene oxide, acrylonitrile, ethylene
dichloride, naphthalene, vinyl chloride
Greater than or equal to 10-in-1 million 46 Top 10: ethylene oxide, acrylonitrile,
ethylene dichloride, naphthalene, vinyl
chloride, chloroprene, benzene, hydrazine,
acrylamide, nickel compounds
Greater than or equal to 1-in-1 million 112 Top 10: ethylene oxide, acrylonitrile,
ethylene dichloride, naphthalene, vinyl
chloride, chloroprene, benzene, hydrazine,
acrylamide, nickel compounds
Chronic Noncancer Risks
Maximum Respiratory Hazard Index | 2 | maleic anhydride, chlorine

Number of Facilities with Maximum Respiratory Hazard Index:

Greater than 1 2 maleic anhydride, chlorine, nickel
compounds, hydrochloric acid
Acute Noncancer Screening Results
Maximum Acute Hazard Quotient 3 chlorine (REL), acrolein (REL)
Number of Facilities with Potential for 3 chlorine, acrolein, formaldehyde,
Acute Effects chloroform
Population Exposure
Number of People Living Within 50
Kilometers of HOIIzI Facilitiges Modeled 20,000,000 n/a
Number of People Exposed to Cancer Risk within 50 km of HON facilities:
Greater than or equal to 1,000-in-1 million | 2,900 n/a
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Table 3.2-1. Source Category Level Inhalation Risks for the SOCMI Based on Actual

Emissions
Result HAP “Drivers”
Greater than 100-in-1 million 83,000 n/a
Greater than or equal to 100-in-1 million 150,000 n/a
Greater than or equal to 10-in-1 million | 2,200,000 n/a
Greater than or equal to 1-in-1million | 7,170,000 n/a
Number of People Exposed to Noncancer Respiratory Hazard Index:
Greater than 1 83 n/a
Estimated Cancer Incidence (excess cancer ) n/a
cases per year)
Contribution of HAP to Cancer Incidence
ethylene oxide 89% n/a
naphthalene 2% n/a
1,3-butadiene 2% n/a
acrylonitrile 1% n/a
benzene 1% n/a
ethylene dichloride 1% n/a
chloroprene 1% n/a
arsenic compounds 0.5% n/a
95 other HAP | each <0.5% n/a

Facility-wide Inhalation

The facility-wide chronic MIR and TOSHI, available in Appendix 10, are based on emissions
from all sources at the identified facilities (both MACT and non-MACT sources). The results
of the facility-wide assessment for cancer risks, as compared to the SOCMI source category
assessment, are summarized in Table 3.2-2. The results indicate that 141 facilities have a
facility-wide cancer MIR at or above 1-in-1 million, 60 of those facilities have a facility-wide
cancer MIR at or above 10-in-1-million, 20 facilities have a facility-wide cancer MIR at or
above 100-in-1 million, 14 facilities have a facility-wide cancer MIR above 100-in-1 million,
and 2 facilities have a facility-wide cancer MIR at or above 1,000-in-1 million. The maximum
facility-wide cancer MIR is 2,000-in-1 million, mainly driven by ethylene oxide emissions
from pressure relief devices and equipment leaks. The total estimated cancer incidence from
the whole facility is 2 excess cancer cases per year, or one excess case every 6 months.

Approximately 8,900,000 people are estimated to have cancer risks at or above 1-in-1 million
from exposure to HAP emitted from both MACT and non-MACT sources at the 222 facilities
in this source category, with 3,400,000 of those people estimated to have cancer risks at or
above 10-in-1 million, 180,000 people estimated to have cancer risks at or above 100-in-1
million, 90,000 people estimated to have cancer risks above 100-in-1 million, and 2,900
people estimated to have cancer risks at or above 1,000-in-1 million. The maximum facility
wide TOSHI for the source category is estimated to be 3, mainly driven by emissions of
chlorine from non-MACT sources, heat exchange systems, and equipment leaks.
Approximately 1,100 people are exposed to noncancer (respiratory) hazard index levels above
1, based on facility-wide emissions from the 222 facilities in this source category.
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Table 3.2-2 Source Category Contribution to Facility-Wide Cancer Risks Based on
Actual Emissions

SOCMI Number of Facilities. Binn(.ed. by Facility-Wide MIR
(in 1 million)
Source Category MIR
Contribution to Facility- <1 ISMIR<10 | 10<MIR<100 | >100 | Total
Wide MIR

>90% 39 41 20 10 110

50-90% 12 15 5 4 36

10-50% 3 12 9 4 28

<10% 27 13 6 2 48

Total 81 81 40 20 222

Multipathway

Table 3.2-3 summarizes the multipathway risk results for this source category based on
baseline actual emissions. The PB-HAP emitted by facilities in this source category include
POM (of which PAH is a subset), lead compounds, arsenic compounds, cadmium compounds,
mercury compounds, and dioxins. To identify potential multipathway health risks from PB-
HAP other than lead, we first performed a tiered screening assessment (Tiers 1, 2, and 3)
based on emissions of PB-HAP emitted from each facility in the source category (see section
2.5).

Of the 222 facilities in the source category, 34 facilities reported emissions of carcinogenic
PB-HAP (arsenic, POM, and dioxins) and 11 facilities reported emissions of non-carcinogenic
PB-HAP (cadmium and mercury) that exceed a Tier 1 screening value of 1. For carcinogenic
PB-HAP, the maximum emission rates of arsenic, POM, and dioxins exceeded the Tier 1
screening values by a factor of 700, 2,000, and 1,000, respectively. For the non-carcinogens,
mercury and cadmium were emission exceeded the screening value with the maximum
exceedance by a factor of 300 for mercury and 30 for cadmium. Due to the theoretical
construct of the screening model, these factors are not directly translatable into estimates of
risk or hazard quotients; rather they indicate that the initial multipathway screening
assessment does not rule out the potential for multipathway impacts of concern. Table 3.2-3
summarizes the results of the Tier 1 screening assessment.

For the PB-HAP and facilities that exceeded the Tier 1 multipathway screening value, we
used facility site-specific information to refine some of the assumptions associated with the
local area around the facilities. While maintaining the exposure assumptions, we refine the
scenario to examine a subsistence fisher and a gardener separately to develop a Tier 2
screening value. (See Section 2.5 and Appendix 6 of this document for more information on
the Tier 2 screening assessment.) The additional site-specific information included the land
use around the facilities, the location of fishable lakes, and local wind direction and speed.
The result of this assessment was the development of site-specific emission screening values
for each of the PB-HAP. Based on this Tier 2 screening assessment, the arsenic and dioxin
emission rates for all facilities were below levels of concern. The maximum Tier 2 screening
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value for POM was 6 for the fisher scenario and 100 for the gardener scenario. For mercury,
the maximum Tier 2 screening value was 60 for the fisher scenario. Finally, for cadmium, the
maximum Tier 2 screening value was 2 for the fisher scenario. Table 3.2-3 summarizes the
results of the Tier 2 screening assessment.

For the PB-HAP and facilities that exceeded the Tier 2 multipathway screening values, we
conducted a Tier 3 multipathway lake screening assessment for the fisher scenario and a
direction and proximity for the gardener scenario. (See Section 2.5 and Appendix 6 of this
document for more information on Tier 3.) Based on this Tier 3 screening assessment, the
maximum screening values for POM was reduced to 20 for the gardener scenario while the
maximum screening value for mercury and cadmium remained at 60 and 2, respectively for
the fisher scenario. Table 3.2-3 summarizes the results of the Tier 3 screening assessment.

An exceedance of a screening value in any of the tiers cannot be equated with a risk value or a
hazard quotient (or hazard index). Rather, it represents a high-end estimate of what the risk or
hazard may be. For example, facility emissions exceeding the screening value by a factor of 2
for a non-carcinogen can be interpreted to mean that we are confident that the HQ would be
lower than 2. Similarly, facility emissions exceeding the screening value by a factor of 30 for
a carcinogen means that we are confident that the risk is lower than 30-in-1 million. Our
confidence comes from the conservative, or health-protective, assumptions encompassed in
the screening tiers: we choose inputs from the upper end of the range of possible values for
the influential parameters used in the screening tiers; and we assume that the exposed
individual exhibits ingestion behavior that would lead to a high total exposure.

Table 3.2-3. Source Category Level Multipathway Screening Assessment Risk
Results for the SOCMI Source Category

Tiered Multipathway Maximum Screening
Values (SV)
SV (# facilities SV greater than 1)*
Tier 1 Tier 2 Tier 3
Facilities | Fisher and Fisher | Gardener Fisher
Emitting Farmer and/or
PB-HAP PB-HAP Gardener
Carcinogens”
Arsenic 24 700 (9) 5(1) 70 (4) NA
Dioxins as 2,3,7,8-TCDD 9 2000 (9) 20 (2) 2(1) NA
Polycyclic Organic Matter 59 1000 (20) 6(2) 100 (3) 20 (3)
as Benzo(a)pyrene TEQ
Arsenic + Dioxins + POM 69 2000 (35) 20 (5) 100 (7) 20 (3)
Non-carcinogens
Cadmium Compounds 26 30 (3) 2(2) 0.6 (0) 2(2)
Mercury Compounds 27 300 (9) 60 (2) 0.04 (0) 60 (2)
Notes:

2The maximum Tier 2 and Tier 3 screening values consider aggregate impacts from nearby facilities
while the number of facilities with a screening value above | only considers impacts from individual

facilities
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®POM and dioxin emissions were normalized to BaP and 2,3,7,8-TCDD, respectively, for oral toxicity
and modeled for environmental fate and transport.

When tiered screening values for any facility indicate a potential health risk to the
public, we can conduct a more refined multipathway assessment for a specific
facility. A refined assessment replaces some of the assumptions made in the tiered
screening with facility-specific information. We determined that it is not necessary to
go beyond the Tier 3 lake analysis or conduct a site-specific assessment for cadmium,
mercury, or POM. We compared the Tier 2 screening results to site-specific risk
estimates for five previously assessed source categories. These are the five source
categories, assessed over the past 4 years, which had characteristics that make them
most useful for interpreting the HON screening results. For these source categories,
the EPA assessed fisher and/or gardener risks for arsenic, cadmium, and/or mercury
by conducting site-specific assessments. The EPA used AERMOD for modeling air
dispersion and Tier 2 screens that used multi-facility aggregation of chemical loading
to lakes where appropriate. These assessments indicated that cancer and noncancer
site-specific risk values were at least 50 times lower than the respective Tier 2
screening values for the assessed facilities, with the exception of noncancer risks for
cadmium for the gardener scenario, where the reduction was at least 10 times (refer
to EPA Docket ID: EPA-HQ-OAR-2017-0015 and EPA-HQ-OAR-2019-0373 for a
copy of these reports).'3

Based on our review of these analyses, if we were to perform a site-specific
assessment for the SOCMI Source Category, we would expect similar magnitudes of
decreases from the Tier 2 screening values. As such, given the conservative nature of
the screens and the level of additional refinements that would go into a site-specific
multipathway assessment, were one to be conducted, we are confident that the HQ
for ingestion exposure, specifically cadmium and mercury through fish ingestion, is
at or below 1. For POM, the maximum cancer risk under the rural gardener scenario
would likely decrease to below 1-in-1 million.

13 EPA Docket records (EPA-HQ-OAR-2017-0015): Appendix 11 of the Residual Risk
Assessment for the Taconite Manufacturing Source Category in Support of the Risk and
Technology Review 2019 Proposed Rule; Appendix 11 of the Residual Risk Assessment for the
Integrated Iron and Steel Source Category in Support of the Risk and Technology Review
2019 Proposed Rule; Appendix 11 of the Residual Risk Assessment for the Portland Cement
Manufacturing Source Category in Support of the 2018 Risk and Technology Review Final
Rule; Appendix 11 of the Residual Risk Assessment for the Coal and Oil-Fired EGU Source
Category in Support of the 2018 Risk and Technology Review Proposed Rule; and EPA
Docket: (EPA-HQ-OAR-2019-0373): Appendix 11 of the Residual Risk Assessment for Iron
and Steel Foundries Source Category in Support of the 2019 Risk and Technology Review
Proposed Rule.

52



Residual Risk Assessment for the Synthetic Organic Chemical Manufacturing Industry (SOCMI)
Source Category in Support of the 2024 Risk and Technology Review Final Rule

In evaluating the potential for multipathway effects from emissions of lead, modeled
maximum annual ambient lead concentrations, multiplied by 4, were compared to the
NAAQS for lead (0.15 pg/m?®). Lead emissions were reported from 103 facilities. The
maximum ambient lead concentration was 0.004 pg/m?>. That value, multiplied by 4, is well
below the NAAQS for lead , and therefore the NAAQS for lead is not expected to be
exceeded by any facility. See Appendix 11 of this document (Site-Specific Human Health
Multipathway Residual Risk Assessment Report) for more detailed information on the lead
screening assessment.

Environmental

We conducted a screening-level evaluation of the potential adverse environmental risks
associated with emissions of the following environmental HAP for the SOCMI source
category: hydrochloric acid, POM, hydrofluoric acid, lead compounds, arsenic compounds,
cadmium compounds, mercury compounds, and dioxins.

An environmental screening assessment was conducted for PB-HAP. Table 3.2-4
summarizes the source category level environmental risk screening assessment PB-HAP
results. For the Tier 1 environmental screening assessment:

e Arsenic emissions had no Tier 1 exceedances for any ecological benchmark.

e Methyl mercury emissions had Tier 1 exceedances, with a maximum screening value
of 200 for a surface soil NOAEL avian ground insectivores benchmark.

¢ Divalent mercury emissions had Tier 1 exceedances, with a maximum screening
value of 100 for a surface soil threshold invertebrate benchmark.

e POM emissions had Tier 1 exceedances, with a maximum screening value of 30 for a
sediment community no-effect level benchmark.

¢ Dioxin emissions had Tier 1 exceedances, with a maximum screening value of 10 for
a surface soil NOAEL mammalian insectivores benchmark.

e Cadmium emissions had Tier 1 exceedances, with a maximum screening value of 9
for a surface soil NOAEL mammalian insectivores benchmark.

A Tier 2 screening assessment was performed for methyl mercury, divalent mercury,
cadmium, dioxins, and POM emissions.

¢ Cadmium, dioxin, and POM emissions had no Tier 2 exceedances for any
ecological benchmark.

e Methyl mercury emissions exceeded the Tier 2 screen with a maximum screening
value of 5 for the fish-eating birds NOAEL benchmark.

e Divalent mercury emissions exceeded the Tier 2 screen with a maximum screening
value of 4 for a sediment threshold level benchmark.

Since there were Tier 2 exceedances, we conducted a Tier 3 environmental risk screen. In
the Tier 3 environmental risk screen, we looked at aerial photos of the lake being impacted
by mercury emissions from the three HON-subject facilities (all of the Tier 2 exceedances
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are the result of emissions from 3 facilities acting on the same lake). The aerial photos
show that the “lake” is located in an industrialized area, has been channelized, and largely
filled/drained. Therefore, it was determined that this “lake” would not support a fish
population. We also looked at aerial photos of the facility that was driving the invertebrate
and insectivore Tier 2 soil exceedances due to mercury emissions. The aerial photos show
that the facility is located in a heavily industrialized area with the nearest “natural areas”
being located more than 1500 meters from the facility. We re-calculated the soil screening
values with the industrial areas removed and calculated a maximum Tier 3 soil screen
value for mercury of 1.

Table 3.2-4. Source Category Level Environmental Risk Screening Assessment PB-
HAP Results for the SOCMI Source Category

TIER 1 TIER 2
Facilities Max SV Max SV % Soil Area
Emitting | Ecological Benchmark (# of (# of with SV >1
PB-HAP | PB-HAP Endpoint Effect Level facilities facilities for Highest
with SV with SV >1) Facility
>1)
Cadmium 26 Surface Soil NOAEL - 9(3) <1(0) 0.1%
Mammalian
Insectivores
(shrew)
NOAEL — 4(3) <1(0) 0%
Avian Ground
Insectivores
(woodcock)
Fish — Avian NOAEL 3(2) <1(0) NA
Piscivores (merganser)
GMATL 312 <1(0) NA
(merganser)
LOAEL 2(D) <1(0) NA
(merganser)
Fish NOAEL 2(D) <1(0) NA
Mammalian (mink)
Piscivores
Dioxin 9 Surface Soil NOAEL — 10 (4) <1(0) 2.2%
Mammalian
Insectivores
(shrew)
Divalent 27 Surface Soil Threshold 100 (6) 2(D) 21.8%
Mercury Level —
Invertebrate
Community
Threshold 50 (3) <1(0) 10.6%
Level — Plant
Community
Sediment Threshold 10 (1) 4(D) NA
Community Level
Probable- 2(D) <1(0) NA
effect Level
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Methyl
Mercury

90

Surface Soil

NOAEL —
Avian Ground
Insectivores
(woodcock)

200 (9)

3(1)

42.8%

NOAEL —
Mammalian
Insectivores

(shrew)

30 (3)

<1(0)

4.5%

Threshold
Level —
Invertebrate
Community

2(1)

<1(0)

0%

Fish — Avian
Piscivores

NOAEL
(merganser)

10 (1)

5(1)

NA

GMATL
(merganser)

5(1)

2(1)

NA

LOAEL
(merganser)

2(1)

<1(0)

NA

Fish —
Mammalian
Piscivores

NOAEL
(mink)

2(1)

<1(0)

NA

POM

59

Sediment
Community

No-effect
Level

30 (5)

1(0)

NA

Threshold
Level

7(1)

<1(0)

NA

Water-
column
Community

Threshold
Level

4D

<1(0)

NA

Surface Soil

NOAEL —

4D

<1

0.2%

Mammalian
Insectivores
(shrew)

NA — Not Applicable
NP — Not performed
SV — Screening Value

For lead, we did not estimate any exceedances of the secondary lead NAAQS.

For HCI and HF, each individual concentration (i.e., each off-site data point in the modeling
domain) was below the ecological benchmarks for all facilities.

3.2.2 Risk assessment results based on allowable emissions

Inhalation

Potential differences between actual emissions levels and the maximum emissions allowable
under the MACT standards (i.e., MACT-allowable emissions) were also determined for the
HON facilities. For this category, allowable emissions are equal to baseline actual emissions,
and therefore the cancer and noncancer risk assessment results based on allowable emissions
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are the same as the risk assessment results based on SOCMI baseline actual emissions,
summarized above in Section 3.2.1.

3.3 Post-control risk characterization

Ethylene oxide emissions are primarily driving the baseline risks. Given this, using the same
risk assessment methods described above, we estimated what the risks would be if ethylene
oxide emissions were controlled from equipment leaks, flares, heat exchange systems,
maintenance vents, process vents, storage vessels, and wastewater at HON processes. The
results of the chronic inhalation cancer risk assessment based on these post-control
emissions from the source category are summarized in Table 3.3-1. Based on this scenario,
we estimate that the cancer MIR would be reduced from 2,000-in-1 million (i.e., pre-control)
to approximately 100-in-1 million (i.e., post-control), with acrylonitrile from equipment
leaks and waste operations driving the post-control risk. There is an estimated reduction in
cancer incidence to 0.4 excess cancer cases per year (post-control), from 2 excess cancer
cases per year (pre-control). In addition, the number of people estimated to have a cancer
risk greater than or equal to 1-in-1 million would be reduced from 7,170,000 (pre-control) to
6,270,000 (post-control). The number of people estimated to have a cancer risk greater than
or equal to 10-in-1 million would be reduced from 2,200,000 (pre-control) to 600,000 (post-
control). The number of people estimated to have a cancer risk greater than 100-in-1 million
would be reduced from 83,000 (pre-control) to 0 (post-control); and the number of people
estimated to have a cancer risk greater than or equal to 1,000-in-1 million would be reduced
from 2,900 people (pre-control) to 0 (post-control).

Regarding noncancer risk, the control of ethylene oxide emissions is not expected to
significantly change the baseline chronic and acute noncancer risk assessment. Accordingly,
the maximum chronic noncancer hazard index posed by post-control emissions is the same
as the baseline actual emissions, which is estimated to be 2 (for the respiratory hazard index)
driven by emissions of maleic anhydride from process vent analyzer operations at one
facility and by emissions of chlorine from three control devices at another facility.
Approximately 83 people are exposed to noncancer hazard index levels above 1, based on
post-control emissions from the 222 facilities in the SOCMI source category. The maximum
acute offsite hazard quotient from post-control emissions is 3 driven by emissions of
chlorine at one facility and by emissions of acrolein at another facility, the same as based on
baseline actual emissions.

Likewise, the multipathway assessment based on post-control emissions is not expected to
differ significantly from the multipathway assessment based on pre-control (baseline actual)
emissions, discussed above in Section 3.2.1.

Table 3.3-1. Source Category Level Inhalation Risks for the SOCMI Based on Post-
Control Emissions

Result \ HAP “Drivers”

Cancer Risks
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Table 3.3-1. Source Category Level Inhalation Risks for the SOCMI Based on Post-

Control Emissions

Result

HAP “Drivers”

Maximum Individual Lifetime Cancer Risk
(in 1 million)

100

acrylonitrile, ethylene oxide

Number of Facilities with Maximum Individual Lifetime Cancer Risk:

Greater than or equal to 1,000-in-1 million 0 n/a
Greater than 100-in-1 million 0 n/a
Greater than or equal to 100-in-1 million 4 acrylonitrile, ethylene oxide, ethylene
dichloride, naphthalene, vinyl chloride
Greater than or equal to 10-in-1 million 43 Top 10: acrylonitrile, ethylene oxide,
ethylene dichloride, naphthalene, vinyl
chloride, chloroprene, benzene, hydrazine,
propylene oxide, ethyl benzene
Greater than or equal to 1-in-1 million 112 Top 10: acrylonitrile, ethylene oxide,
ethylene dichloride, naphthalene, vinyl
chloride, chloroprene, benzene, hydrazine,
propylene oxide, ethyl benzene
Chronic Noncancer Risks
Maximum Respiratory Hazard Index | 2 | maleic anhydride, chlorine

Number of Facilities with Maximum Respiratory Hazard Index:

Greater than 1 2 maleic anhydride, chlorine, nickel
compounds, hydrochloric acid
Acute Noncancer Screening Results
Maximum Acute Hazard Quotient 3 chlorine (REL), acrolein (REL)
Number of Facilities with Potential for 3 chlorine, acrolein, formaldehyde,
Acute Effects chloroform
Population Exposure
Number of People Living Within 50
Kilometers cl))f Facilitiges Modeled 50,000,000 n/a
Number of People Exposed to Cancer Risk:
Greater than or equal to 1,000-in-1 million 0 n/a
Greater than 100-in-1 million 0 n/a
Greater than or equal to 100-in-1 million 5,000 n/a
Greater than or equal to 10-in-1 million 600,000 n/a
Greater than or equal to 1-in-1million | 6,270,000 n/a
Number of People Exposed to Noncancer Respiratory Hazard Index:
Greater than 1 83 n/a
Estimated Cancer Incidence (excess cancer
0.4 n/a
cases per year)
Contribution of HAP to Cancer Incidence
ethylene oxide 63% n/a
naphthalene 6% n/a
1,3-butadiene 6% n/a
acrylonitrile 4% n/a
benzene 4% n/a
ethylene dichloride 3% n/a
chloroprene 3% n/a
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Table 3.3-1. Source Category Level Inhalation Risks for the SOCMI Based on Post-
Control Emissions

Result HAP “Drivers”
arsenic compounds 2% n/a
chromium (VI) compounds 1% n/a
nickel compounds 1% n/a
coal tar 1% n/a
vinyl chloride 1% n/a
formaldehyde 1% n/a
bis(chloromethyl)ether 1% n/a
PAH 1% n/a
54 other HAP | each < 0.5% n/a

4 General discussion of uncertainties in the risk assessment

The uncertainties in virtually all of the RTR risk assessments can be divided into three areas:
1) uncertainties in the emission data sets, 2) exposure modeling uncertainties, and 3)
uncertainties in the dose-response relationships. Uncertainties in the emission estimates and in
the air quality models lead to uncertainty in air concentrations. Uncertainty in exposure
modeling can arise due to uncertain activity patterns, the locations of individuals within a
census tract, and the microenvironmental concentrations as reflected in the exposure model.
Finally, uncertainty in the shape of the relationship between exposure and effects, the URE
and the RfC, also contributes to uncertainties in the risk assessment. These three areas of
uncertainty are discussed below.

4.1 Emissions inventory uncertainties

Although the development of the RTR emissions data set involves an extensive quality
assurance/quality control process, the accuracy of emission values will vary depending on
certain factors, for example, the source of the data, the degree to which data are incomplete or
missing, the degree to which assumptions made to complete the data sets are accurate, and the
extent to which there are errors in these emission estimates. The emission estimates used in
the risk assessment generally are annual totals for certain years, and they do not reflect short-
term fluctuations during the course of a year or variations from year to year.

For the acute screening assessment, therefore, in the absence of available specific estimates or
measurements, we use estimates of peak hourly emission rates. These estimates typically are
calculated by first estimating the average annual hourly emissions rates by evenly dividing the
total annual emission rate from the inventory into the 8,760 hours of the year. An emission
adjustment factor that is intended to account for emission fluctuations during normal facility
operations is then applied to these average annual hourly emission rates. The adjustment
factor can be based on actual fluctuations seen in the available emission data for sources in a
category or on engineering judgment; in the absence of such information, a default factor is
applied.
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To prepare the emissions data set, EPA gathers the best available data on emissions, emission
release parameters, and other relevant source category-specific parameters. EPA often begins
with its National Emissions Inventory (NEI) database as the starting point for emission rates,
emissions release characteristics, and locations of the emission release points for each facility
in the source category. The NEI is a composite of emission measurements and estimates
produced by state and local regulatory agencies, industry, and EPA. EPA’s industry experts
then review the data for consistency and completeness and conduct extensive quality
assurance/quality control checks. Available information, which may include compliance data,
information from project files, permits, and other sources regarding facilities and emission
sources, are also incorporated into the data set. This additional information may be
incorporated in addition to the NEI data or in place of the NEI data, depending on EPA’s
evaluation of the quality of the various sources of data. In order to fill data gaps, EPA may
conduct a formal information collection request (ICR) under the authority of section 114 of
the Clean Air Act to obtain current, complete emissions data and other data from the facility
owners and operators associated with the source category under review.

Uncertainty in the emissions data set stems from data gaps, default assumptions, and the
emission models used to develop emissions inventory estimates. A variety of methods, such
as emission factors, material balances, engineering judgement, air permit information and
source testing, are used to develop emission estimates. Other parameters that are part of the
emissions data set, including facility location and emission point parameters, may also be a
source of uncertainty. Some release point locations use an average facility location instead of
the location of each specific unit within the facility. In some instances, default release point
parameters may be in the inventory. Where fugitive release parameters are not available,
default values are included. Another potential source of emission estimate uncertainty may be
low or poor quality data (e.g., out-of-date parameter values). For more information on the
uncertainties in the emission estimates for this source category see Appendix 1 (Emissions
Inventory Support Documents) of this document.

4.2 Exposure modeling uncertainties

4.2.1 Inhalation exposure modeling

Although every effort is made to identify all of the relevant facilities and emission points, as
well as to develop accurate estimates of the annual emission rates for all relevant HAP, the
uncertainties in our emission inventory likely dominate the uncertainties in the exposure
assessment. The ambient air modeling uncertainties are considered relatively small in
comparison, since we are using EPA’s refined local dispersion model with site-specific
parameters and reasonably representative meteorology. These uncertainties include the fact
that the population exposure estimates do not account for short- or long-term population
mobility and do not address processes like deposition, plume depletion, and atmospheric
degredation. Additionally, estimates of maximum individual risk (MIR) contain uncertainty
because they are derived at census block centroid locations rather than actual residences. This
uncertainty is known to create potential underestimates and overestimates of the actual MIR
values for individual facilities; however, overall, it is not thought to have a significant impact
on the estimated MIR for a source category. We also do not factor in the possibility of a
source closure occurring during the 70-year chronic exposure period, leading to a potential
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upward bias in both the MIR and population risk estimates. Nor do we factor in the possibility
of population growth during the 70-year chronic exposure period, which could lead to a
potential downward bias in both the MIR and population risk estimates. Finally, we do not
factor in time an individual spends indoors.

We did not include the effects of human mobility on exposures in the assessment.
Specifically, short-term mobility and long-term mobility between census blocks in the
modeling domain were not considered. (Short-term mobility is movement from one micro-
environment to another over the course of hours or days. Long-term mobility is movement
from one residence to another over the course of a lifetime.) The approach of not considering
short or long-term population mobility does not bias the estimate of the theoretical MIR (by
definition), nor does it affect the estimate of cancer incidence because the total population
number remains the same. It does, however, affect the shape of the distribution of individual
risks across the affected population, shifting it toward higher estimated individual risks at the
upper end and reducing the number of people estimated to be at lower risks, thereby
increasing the estimated number of people at specific high risk levels (e.g., 1-in-10 thousand
or 1-in-1 million). We also do not account for population growth or decline and instead
assume populations are constant over the next 70 years. This approach does not bias the
estimate of the theoretical MIR but may underestimate cancer incidence in areas with
population growth or overestimate it in areas with population decline.

In addition, the assessment predicted the chronic exposures at the centroid of each populated
census block as surrogates for the exposure concentrations for all people living in that block.
Using the census block centroid to predict chronic exposures tends to over-predict exposures
for people in the census block who live farther from the facility and under-predict exposures
for people in the census block who live closer to the facility. Thus, using the census block
centroid to predict chronic exposures may lead to a potential understatement or overstatement
of the true maximum impact, but is an unbiased estimate of average risk and incidence. We
reduce this uncertainty by analyzing large census blocks near facilities using aerial imagery
and adjusting the location of the block centroid to better represent the population in the block,
as well as adding additional receptor locations where the block population is not well
represented by a single location.

The assessment evaluates the cancer inhalation risks associated with pollutant exposures over
a 70-year period, which is the assumed lifetime of an individual. In reality, both the length of
time that modeled emission sources at facilities actually operate (i.e., more or less than 70
years) and the domestic growth or decline of the modeled industry (i.e., the increase or
decrease in the number or size of domestic facilities) will influence the future risks posed by a
given source or source category. Depending on the characteristics of the industry, these
factors will, in most cases, result in an overestimate both in individual risk levels and in the
total estimated number of cancer cases. However, in the unlikely scenario where a facility
maintains, or even increases, its emissions levels over a period of more than 70 years,
residents live beyond 70 years at the same location, and the residents spend more of their days
at that location, then the cancer inhalation risks could potentially be underestimated.
However, annual cancer incidence estimates from exposures to emissions from these sources
would not be affected by the length of time an emissions source operates.
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The exposure estimates used in these analyses assume chronic exposures to ambient (outdoor)
levels of pollutants. Because most people spend the majority of their time indoors, actual
exposures may not be as high, depending on the characteristics of the pollutants modeled. For
many of the HAP, indoor levels are roughly equivalent to ambient levels, but for very reactive
pollutants or larger particles, indoor levels are typically lower.

A sensitivity analysis, discussed in “Risk and Technology Review (RTR) Risk Assessment
Methodologies” (USEPA, 2009a), found that the selection of the meteorology data set
location could have an impact on the risk estimates. The analysis found that cancer MIR
derived using different meteorological stations varied by as much as 63 percent below to 51
percent above the value derived using the nearest meteorological station. Cancer incidence
estimated using different meteorological stations varied by as much as 68 percent below to
120 percent above the value estimated using the nearest meteorological station. Similarly, air
concentrations estimated using different meteorological stations varied by as much as 49
percent below to 21 percent above the value estimated using the nearest meteorological
station. Since this analysis was performed EPA has increased the number of meteorological
stations used in our risk assessments; thus, we expect variability to be reduced.

For the acute screening assessment, the results are intentionally biased high, and thus health-
protective, by assuming the co-occurrence of independent factors, such as hourly emission
rates, meteorology and human activity patterns. Furthermore, in cases where multiple acute
dose-response values for a pollutant are considered scientifically acceptable, we choose the
most conservative of these dose-response values, erring on the side of overestimating
potential health risks from acute exposures. In cases where these results indicate the potential
for exceeding acute HQs, we refine our assessment by developing a better understanding of
the geography of the facility relative to potential exposure locations.

4.2.2 Multipathway exposure modeling

In modeling the fate and transport of pollutants through the environment and the non-
inhalation exposure (i.e., ingestion) to these pollutants, TRIM.FaTE uses simplified
representations of many complex real-world processes. This simplified representation
introduces uncertainty. Uncertainties arise from model assumptions and structure, as reflected
in the algorithms that describe the environmental movement of pollutants, and in the input
values for numerous environmental parameters.

Uncertainty in the algorithms is inherent to any model attempting to represent complex
processes in the real world. How persistent, bioaccumulative chemicals such as mercury,
cadmium, arsenic, PAHs, and dioxins behave in the environment is highly complex, and many
natural processes are represented in a simplified manner by TRIM.FaTE, including, for
example:
— gaseous and particulate deposition from air;
— biogeochemical cycling in the aquatic environment, particularly mercury
transformations through methylation and demethylation at the sediment-surface
interface;
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— mixing processes in air, water, and sediment;
— suspended and benthic sediment dynamics in lakes; and
— biotic processes such as growth, reproduction, and predation.

Even though some processes, such as diffusion, are known to follow second-order dynamics,
the TRIM.FaTE model represents all fate and transport processes in terms of first-order
differential equations. TRIM.FaTE also does not explicitly deal with lateral or vertical
dispersion in the air compartments. Some algorithms, such as those addressing methylation
and sediment transport, for example, do not consider all of the factors known to affect the
process. Biotic processes including chemical absorption, chemical elimination, growth,
reproduction, predation, and death have been represented relatively simplistically in the
model. Although the model’s algorithms have been validated and are based on professional
judgment, some level of uncertainty results from such simplifications.

The input values for parameters are also associated with uncertainty. Algorithms that describe
the environmental movement of pollutants depend on numerous environmental parameters for
which the values might be naturally variable and for which available data are often limited.
Examples of parameters for which input values are variable and uncertain include aquatic
food web structure (e.g., diet of each fish species), biokinetic parameters that influence
bioaccumulation (e.g., assimilation efficiencies and elimination rates), topographic
characteristics (e.g., lake depth, runoff rates, and erosion rates), meteorological parameters
(e.g., evaporation and precipitation rates), chemical transformation rates (e.g., methylation
and demethylation rates, in the case of mercury), and human exposure parameters (especially
fish consumption rates).

For TRIM.FaTE modeling, we use central tendency values and combinations of values that
would lead to estimates of reasonable maximum exposures to bound risk estimates. We have
conducted analyses of the sensitivity of risk estimates to parameter input values. For those
parameters to which the model is particularly sensitive, we have continued to collect
additional data to better quantify the variability and distribution of input values.

A more comprehensive explanation of the uncertainties related to fate, transport, and exposure
modeling using TRIM.FaTE is provided in Appendix 6 (Technical Support Document for
TRIM-Based Multipathway Tiered Screening Methodology for RTR) of this report for the
tiered assessments and Appendix 11 (Site-Specific Human Health Multipathway Residual Risk
Assessment Report) of this report for a site-specific assessment if one was conducted.

4.2.3 Environmental risk screening assessment

For each source category, we generally rely on site-specific levels of environmental HAP
emissions to perform an environmental screening assessment. The environmental screening
assessment is based on the outputs from models that estimate environmental HAP
concentrations. The same models, specifically the TRIM.FaTE multipathway model and the
AERMOD air dispersion model, are used to estimate environmental HAP concentrations for
both the human multipathway screening analysis and for the environmental screening
analysis. Therefore, both screening assessments have similar modeling uncertainties. Two
important types of uncertainty associated with the use of these models in RTR environmental
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screening assessments (and inherent to any assessment that relies on environmental modeling)
are model uncertainty and input uncertainty.

Model uncertainty concerns whether the selected models are appropriate for the assessment
being conducted and whether they adequately represent the movement and accumulation of
environmental HAP emissions in the environment. For example, does the model adequately
describe the movement of the pollutant through the soil? This type of uncertainty is difficult
to quantify. However, based on feedback received from previous EPA SAB reviews and other
reviews, we are confident that the models used in the screening assessments are appropriate
and state-of-the-art for the environmental risk assessments conducted in support of our RTR
analyses.

Input uncertainty is concerned with how accurately the models have been configured and
parameterized for the assessment at hand. For Tier 1 of the environmental screening
assessment for PB-HAP, we configured the models to avoid underestimating exposure and
risk to reduce the likelihood that the results indicate the risks are lower than they actually are.
This was accomplished by selecting upper-end values from nationally-representative datasets
for the more influential parameters in the environmental model, including selection and
spatial configuration of the area of interest, the location and size of any bodies of water,
meteorology, surface water and soil characteristics, and structure of the aquatic food web. In
Tier 1, we use the maximum facility-specific emissions for the PB-HAP (other than lead
compounds, which were evaluated by comparison to the Secondary Lead NAAQS) that are
included in the environmental screening assessment and each of the media when comparing to
ecological benchmarks. This is consistent with the conservative design of the Tier 1 screening
assessment. In Tier 2 of the environmental screening assessment for PB-HAP, we refine the
model inputs to account for meteorological patterns in the vicinity of the facility versus using
upper-end national values, and we identify the locations of water bodies near the facility
location. By refining the screening approach in Tier 2 to account for local geographical and
meteorological data, we decrease the likelihood that concentrations in environmental media
are overestimated, thereby increasing the usefulness of the screening assessment. To better
represent widespread impacts, the modeled soil concentrations are averaged in Tier 2 to
obtain one average soil concentration value for each facility and for each PB-HAP. For PB-
HAP concentrations in water, sediment, and fish tissue, the highest value for each facility for
each pollutant is used.

For the environmental screening assessment for acid gases, we employ a single-tiered
approach. We use the modeled air concentrations and compare those with ecological
benchmarks.

For both Tiers 1 and 2 of the environmental screening assessment, our approach to addressing
model input uncertainty is generally cautious. We choose model inputs from the upper end of
the range of possible values for the influential parameters used in the models, and we assume
that the exposed individual exhibits ingestion behavior that would lead to a high total
exposure. This approach reduces the likelihood of not identifying potential risks for adverse
environmental impacts.

63



Residual Risk Assessment for the Synthetic Organic Chemical Manufacturing Industry (SOCMI)
Source Category in Support of the 2024 Risk and Technology Review Final Rule

4.3 Uncertainties in the dose-response relationships

In the sections that follow, separate discussions are provided on uncertainty associated with
cancer potency factors and for noncancer reference values. Cancer potency values are derived
for chronic (lifetime) exposures. Noncancer dose-response values are generally derived for
chronic exposures (up to a lifetime) but may also be derived for acute (less than 24 hours),
short-term (from 24 hours up to 30 days), and subchronic (30 days up to 10 percent of
lifetime) exposure durations, all of which are derived based on an assumption of continuous
exposure throughout the duration specified. For the purposes of assessing all potential health
risks associated with the emissions included in an assessment, we rely on both chronic (cancer
and noncancer) and acute (noncancer) dose-response values, which are described in more
detail below.

Although every effort is made to identify peer-reviewed dose-response values for all HAP
emitted by the source category included in an assessment, some HAP have no peer-reviewed
values. Since exposures to these pollutants cannot be included in a quantitative risk estimate,
an understatement of risk for these pollutants at estimated exposure levels is possible. To help
alleviate this potential underestimate, where we conclude similarity with a HAP for which a
dose-response assessment value is available, we use that value as a surrogate for the
assessment of the HAP for which no value is available. To the extent use of surrogates
indicates appreciable risk, we may identify a need to increase priority for a new IRIS
assessment of that substance. We additionally note that, generally speaking, HAP of greatest
concern due to environmental exposures and hazards are those for which dose-response
assessments have been performed, reducing the likelihood of understating risk. Further, HAP
not included in the quantitative assessment are assessed qualitatively and considered in the
risk characterization that informs the risk management decisions, including with regard to
consideration of HAP reductions achieved by various control options.

Additionally, chronic dose-response values for certain compounds included in the assessment
may be under EPA IRIS review. In those cases, revised assessments may determine in the
future that these pollutants are more or less potent than currently thought.

For a group of compounds that are unspeciated (e.g., glycol ethers), we conservatively use the
most protective reference value of an individual compound in that group to estimate risk.
Similarly, for an individual compound in a group (e.g., ethylene glycol diethyl ether) that does
not have a specified reference value, we apply the most protective reference value from the
other compounds in the group to estimate risk.

Cancer assessment

The discussion of dose-response uncertainties in the estimation of cancer risk below focuses
on the uncertainties associated with the specific approach currently used by the EPA to
develop cancer potency factors. In general, these same uncertainties attend the development
of cancer potency factors by CalEPA, the source of peer-reviewed cancer potency factors
used where EPA-developed values are not yet available. To place this discussion in context,
we provide a quote from the EPA’s Guidelines for Carcinogen Risk Assessment (herein
referred to as Cancer Guidelines). (USEPA, 2005d) “The primary goal of EPA actions is
protection of human health; accordingly, as an Agency policy, risk assessment procedures,
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including default options that are used in the absence of scientific data to the contrary, should
be health protective.” The approach adopted in this document is consistent with this approach
as described in the Cancer Guidelines.

For cancer endpoints EPA usually derives an oral slope factor for ingestion and a unit risk
value for inhalation exposures. These values allow estimation of a lifetime probability of
developing cancer given long-term exposures to the pollutant. Depending on the pollutant
being evaluated, EPA relies on both animal bioassay and epidemiological studies to
characterize cancer risk. As a science policy approach, consistent with the Cancer Guidelines,
EPA uses animal cancer bioassays as indicators of potential human health risk when other
human cancer risk data are unavailable.

Extrapolation of study data to estimate potential risks to human populations is based upon
EPA’s assessment of the scientific database for a pollutant using EPA’s guidance documents
and other peer-reviewed methodologies. The EPA Cancer Guidelines describe the Agency’s
recommendations for methodologies for cancer risk assessment. EPA believes that cancer risk
estimates developed following the procedures described in the Cancer Guidelines and
outlined below generally provide an upper bound estimate of risk. That is, EPA’s upper bound
estimates represent a plausible upper limit to the true value of a quantity (although this is
usually not a true statistical confidence limit). In some circumstances, the true risk could be as
low as zero; however, in other circumstances the risk could also be greater.'* When
developing an upper bound estimate of risk and to provide risk values that do not
underestimate risk, EPA generally relies on conservative default approaches. > EPA also
uses the upper bound (rather than lower bound or central tendency) estimates in its
assessments, although it is noted that this approach can have limitations for some uses (e.g.
priority setting, expected benefits analysis).

Such health risk assessments have associated uncertainties, some which may be considered
quantitatively, and others which generally are expressed qualitatively. Uncertainties may vary
substantially among cancer risk assessments associated with exposures to different pollutants,
since the assessments employ different databases with different strengths and limitations and
the procedures employed may differ in how well they represent actual biological processes for
the assessed substance. Some of the major sources of uncertainty and variability in deriving
cancer risk values are described more fully below.

14 The exception to this is the URE for benzene, which is considered to cover a range of values, each end of
which is considered to be equally plausible, and which is based on maximum likelihood estimates.

15 According to the NRC report Science and Judgment in Risk Assessment (NRC, 1994) “[Default] options are
generic approaches, based on general scientific knowledge and policy judgment, that are applied to various
elements of the risk-assessment process when the correct scientific model is unknown or uncertain.” The 1983
NRC report Risk Assessment in the Federal Government: Managing the Process defined default option as “the
option chosen on the basis of risk assessment policy that appears to be the best choice in the absence of data to
the contrary” (NRC, 1983a, p. 63). Therefore, default options are not rules that bind the Agency; rather, the
Agency may depart from them in evaluating the risks posed by a specific substance when it believes this to be
appropriate. In keeping with EPA’s goal of protecting public health and the environment, default assumptions
are used to ensure that risk to chemicals is not underestimated (although defaults are not intended to overtly
overestimate risk). See EPA 2004 An Examination of EPA Risk Assessment Principles and Practices,
EPA/100/B-04/001.
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(1) The qualitative similarities or differences between tumor responses observed in
experimental animal bioassays and those which would occur in humans are a source of
uncertainty in cancer risk assessments. In general, EPA does not assume that tumor locations
observed in an experimental animal bioassay are necessarily predictive of the locations at
which tumors would occur in humans. However, unless scientific support is available to show
otherwise, EPA assumes that tumors in animals are relevant for humans, regardless of target
organ concordance.'® For a specific pollutant, qualitative differences in species responses can
lead to either under-estimation or over-estimation of human cancer risks.

(2) Uncertainties regarding the most appropriate dose metric for an assessment can also lead
to differences in risk predictions. For example, the measure of dose is commonly expressed in
units of mg/kg/d ingested or the inhaled concentration of the pollutant. However, data may
support development of a pharmacokinetic model for the absorption, distribution, metabolism
and excretion of an agent, which may result in improved dose metrics (e.g., average blood
concentration of the pollutant or the quantity of agent metabolized in the body). Quantitative
uncertainties result when the appropriate choice of a dose metric is uncertain or when dose
metric estimates are themselves uncertain (e.g., as can occur when alternative
pharmacokinetic models are available for a compound). Uncertainty in dose estimates may
lead to either over or underestimation of risk.

(3) For the quantitative extrapolation of cancer risk estimates from experimental animals to
humans, EPA uses scaling methodologies (relating expected response to differences in
physical size of the species), which introduce another source of uncertainty. These
methodologies are based on both biological data on differences in rates of process according
to species size and empirical comparisons of toxicity between experimental animals and
humans. For a particular pollutant, the quantitative difference in cancer potency between
experimental animals and humans may be either greater than or less than that estimated by
baseline scientific scaling predictions due to uncertainties associated with limitations in the
test data and the correctness of scaled estimates.

(4) EPA cancer risk estimates, whether based on epidemiological or experimental animal data,
are generally developed using a benchmark dose (BMD) analysis to estimate a dose at which
there is a specified excess risk of cancer, which is used as the point of departure (or POD) for
the remainder of the calculation. Statistical uncertainty in developing a POD using a
benchmark dose (BMD) approach is generally addressed though use of the 95 percent lower
confidence limit on the dose at which the specified excess risk occurs (the BMDL),
decreasing the likelihood of understating risk. EPA has generally utilized the multistage
model for estimation of the BMDL using cancer bioassay data (see further discussion below).

(5) Extrapolation from high to low doses is an important source of uncertainty in cancer risk
assessment. EPA uses different approaches to low dose risk assessment (i.e., developing

16 From EPA’s Guidelines for Carcinogen Risk Assessment (USEPA, 2005d), pages A-5 and A-3, respectively:
“Target organ concordance is not a prerequisite for evaluating the implications of animal study results for
humans.” and “The default option is that positive effects in animal cancer studies indicate that the agent under
study can have carcinogenic potential in humans.”
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estimates of risk for exposures to environmental doses of an agent from observations in
experimental or epidemiological studies at higher dose) depending on the available data and
understanding of a pollutant’s mode of action (i.e., the manner in which a pollutant causes
cancer). EPA’s Cancer Guidelines express a preference for the use of reliable, compound-
specific, biologically-based risk models when feasible; however, such models are rarely
available. The mode of action for a pollutant (i.e., the manner in which a pollutant causes
cancer) is a key consideration in determining how risks should be estimated for low-dose
exposure. A reference value is calculated when the available mode of action data show the
response to be nonlinear (e.g., as in a threshold response). A linear low-dose (straight line
from POD) approach is used when available mode of action data support a linear (e.g.,
nonthreshold) response or as the most common default approach when a compound’s mode of
action is unknown. Linear extrapolation can be supported by both pollutant-specific data and
broader scientific considerations. For example, EPA’s Cancer Guidelines generally consider a
linear dose-response to be appropriate for pollutants that interact with DNA and induce
mutations. Pollutants whose effects are additive to background biological processes in cancer
development can also be predicted to have low-dose linear responses, although the slope of
this relationship may not be the same as the slope estimated by the straight line approach.

EPA most frequently utilizes a linear low-dose extrapolation approach as a baseline science-
policy choice (a “default”) when available data do not allow a compound-specific
determination. This approach is designed to not underestimate risk in the face of uncertainty
and variability. EPA believes that linear dose-response models, when appropriately applied as
part of EPA’s cancer risk assessment process, provide an upper bound estimate of risk and
generally provide a health protective approach. Note that another source of uncertainty is the
characterization of low-dose nonlinear, non-threshold relationships. The National Academy of
Sciences (NAS, 1994) has encouraged the exploration of sigmoidal type functions (e.g., log-
probit models) in representing dose-response relationships due to the variability in response
within human populations. Another National Research Council report (NRC, 2006) suggests
that models based on distributions of individual thresholds are likely to lead to sigmoidal-
shaped dose-response functions for a population. This report notes sources of variability in the
human population: “One might expect these individual tolerances to vary extensively in
humans depending on genetics, coincident exposures, nutritional status, and various other
susceptibility factors...” Thus, if a distribution of thresholds approach is considered for a
carcinogen risk assessment, application would depend on ability of modeling to reflect the
degree of variability in response in human populations (as opposed to responses in bioassays
with genetically more uniform rodents). Note also that low dose linearity in risk can arise for
reasons separate from population variability: due to the nature of a mode of action and
additivity of a chemical’s effect on top of background chemical exposures and biological
processes.

As noted above, EPA’s current approach to cancer risk assessment typically utilizes a straight
line approach from the BMDL. This is equivalent to using an upper confidence limit on the
slope of the straight line extrapolation. The impact of the choice of the BMDL on bottom line
risk estimates can be quantified by comparing risk estimates using the BMDL value to central
estimate BMD values, although these differences are generally not a large contributor to
uncertainty in risk assessment (Subramaniam et. al., 2006). It is important to note that earlier
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EPA assessments, including the majority of those for which risk values exist today, were
generally developed using the multistage model to extrapolate down to environmental dose
levels and did not involve the use of a POD. Subramaniam et. al. (2006) also provide
comparisons indicating that slopes based on straight line extrapolation from a POD do not
show large differences from those based on the upper confidence limit of the multistage
model.

(6) Cancer risk estimates do not generally make specific adjustments to reflect the variability
in response within the human population — resulting in another source of uncertainty in
assessments. In the diverse human population, some individuals are likely to be more
sensitive to the action of a carcinogen than the typical individual, although compound-specific
data to evaluate this variability are generally not available. There may also be important life
stage differences in the quantitative potency of carcinogens and, with the exception of the
recommendations in EPA’s Supplemental Cancer Guidance for carcinogens with a mutagenic
mode of action, risk assessments do not generally quantitatively address life stage differences.
However, one approach used commonly in EPA assessments that may help address variability
in response is to extrapolate human response from results observed in the most sensitive
species and sex tested, resulting typically in the highest URE which can be supported by
reliable data, thus supporting estimates that are designed not to underestimate risk in the face
of uncertainty and variability.

Chronic noncancer assessment

Chronic noncancer reference values represent chronic exposure levels that are intended to be
health-protective. That is, EPA and other organizations, such as the Agency for Toxic
substances and disease Registry (ATSDR), which develop noncancer dose-response values
use an approach that is intended not to underestimate risk in the face of uncertainty and
variability. When there are gaps in the available information, uncertainty factors (UFs) are
applied to derive reference values that are intended to be protective against appreciable risk of
deleterious effects. Uncertainty factors are commonly default values'’ (e.g., factors of 10 or 3)
used in the absence of compound-specific data; where data are available, uncertainty factors
may also be developed using compound-specific information. When data are limited, more
assumptions are needed and more default factors are used. Thus, there may be a greater
tendency to overestimate risk—in the sense that further study might support development of

17 According to the NRC report Science and Judgment in Risk Assessment (NRC, 1994) “[Default] options are
generic approaches, based on general scientific knowledge and policy judgment, that are applied to various
elements of the risk-assessment process when the correct scientific model is unknown or uncertain.” The 1983
NRC report Risk Assessment in the Federal Government: Managing the Process defined default option as “the
option chosen on the basis of risk assessment policy that appears to be the best choice in the absence of data to
the contrary” (NRC, 1983a, p. 63). Therefore, default options are not rules that bind the Agency; rather, the
Agency may depart from them in evaluating the risks posed by a specific substance when it believes this to be
appropriate. In keeping with EPA’s goal of protecting public health and the environment, default assumptions
are used to ensure that risk to chemicals is not underestimated (although defaults are not intended to overtly
overestimate risk). See EPA 2004 An examination of EPA Risk Assessment Principles and Practices,
EPA/100/B-04/001.
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reference values that are higher (i.e., less potent) because fewer default assumptions are
needed. However, for some pollutants it is possible that risks may be underestimated.

For noncancer endpoints related to chronic exposures, EPA derives a reference dose (RfD) for
exposures via ingestion, and a reference concentration (RfC) for inhalation exposures. As
stated in the IRIS Glossary, these values provide an estimate (with uncertainty spanning
perhaps an order of magnitude) of daily oral exposure (RfD) or of a continuous inhalation
exposure (RfC) to the human population (including sensitive subgroups) that is likely to be
without an appreciable risk of deleterious effects during a lifetime. To derive values that are
intended to be “without appreciable risk,” EPA’s methodology relies upon an uncertainty
factor (UF) approach (USEPA, 1993b; USEPA, 1994) which includes consideration of both
uncertainty and variability.

EPA begins by evaluating all of the available peer-reviewed literature to determine noncancer
endpoints of concern, evaluating the quality, strengths and limitations of the available studies.
EPA typically chooses the relevant endpoint that occurs at the lowest dose, often using
statistical modeling of the available data, and then determines the appropriate POD for
derivation of the reference value. A POD is determined by (in order of preference): (1) a
statistical estimation using the BMD approach; (2) use of the dose or concentration at which
the toxic response was not significantly elevated (no observed adverse effect level—
NOAEL); or (3) use of the lowest observed adverse effect level (LOAEL).

A series of downward adjustments using default UFs is then applied to the POD to estimate
the reference value (USEPA, 2002b). While collectively termed “UFs”, these factors account
for a number of different quantitative considerations when utilizing observed animal (usually
rodent) or human toxicity data in a risk assessment. The UFs are intended to account for: (1)
variation in susceptibility among the members of the human population (i.e., inter-individual
variability); (2) uncertainty in extrapolating from experimental animal data to humans (i.e.,
interspecies differences); (3) uncertainty in extrapolating from data obtained in a study with
less-than-lifetime exposure (i.e., extrapolating from subchronic to chronic exposure);

(4) uncertainty in extrapolating from a LOAEL in the absence of a NOAEL; and

(5) uncertainty when the database is incomplete or there are problems with applicability of
available studies. When scientifically sound, peer-reviewed assessment-specific data are not
available, default adjustment values are selected for the individual UFs. For each type of
uncertainty (when relevant to the assessment), EPA typically applies an UF value of 10 or 3
with the cumulative UF value leading to a downward adjustment of 10-3000-fold from the
selected POD. An UF of 3 is used when the data do not support the use of a 10-fold factor. If
an extrapolation step or adjustment is not relevant to an assessment (e.g., if applying human
toxicity data and an interspecies extrapolation is not required) the associated UF is not used.
The major adjustment steps are described more fully below.

1) Heterogeneity among humans is a key source of variability as well as uncertainty.
Uncertainty related to human variation is considered in extrapolating doses from a subset or
smaller-sized population, often of one sex or of a narrow range of life stages (typical of
occupational epidemiologic studies), to a larger, more diverse population. In the absence of
pollutant-specific data on human variation, a 10-fold UF is used to account for uncertainty
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associated with human variation. Human variation may be larger or smaller; however, data to
examine the potential magnitude of human variability are often unavailable. In some
situations, a smaller UF of 3 may be applied to reflect a known lack of significant variability
among humans.

2) Extrapolation from results of studies in experimental animals to humans is a
necessary step for the majority of chemical risk assessments. When interpreting animal data,
the concentration at the POD (e.g., NOAEL, BMDL) in an animal model (e.g., rodents) is
extrapolated to estimate the human response. While there is long-standing scientific support
for the use of animal studies as indicators of potential toxicity to humans, there are
uncertainties in such extrapolations. In the absence of data to the contrary, the typical
approach is to use the most relevant endpoint from the most sensitive species and the most
sensitive sex in assessing risks to the average human. Typically, compound specific data to
evaluate relative sensitivity in humans versus rodents are lacking, thus leading to uncertainty
in this extrapolation. Size-related differences (allometric relationships) indicate that typically
humans are more sensitive than rodents when compared on a mg/kg/day basis. The default
choice of 10 for the interspecies UF is consistent with these differences. For a specific
chemical, differences in species responses may be greater or less than this value.

Pharmacokinetic models are useful to examine species differences in pharmacokinetic
processing and associated uncertainties; however, such dosimetric adjustments are not always
possible. Information may not be available to quantitatively assess toxicokinetic or
toxicodynamic differences between animals and humans, and in many cases a 10-fold UF
(with separate factors of 3 for toxicokinetic and toxicodynamic components) is used to
account for expected species differences and associated uncertainty in extrapolating from
laboratory animals to humans in the derivation of a reference value. If information on one or
the other of these components is available and accounted for in the cross-species
extrapolation, a UF of 3 may be used for the remaining component.

3) In the case of reference values for chronic exposures where only data from shorter
durations are available (e.g., 90-day subchronic studies in rodents) or when such data are
judged more appropriate for development of an RfC, an additional UF of 3 or 10-fold is
typically applied unless the available scientific information supports use of a different value.

4) Toxicity data are typically limited as to the dose or exposure levels that have been
tested in individual studies; in an animal study, for example, treatment groups may differ in
exposure by up to an order of magnitude. The preferred approach to arrive at a POD is to use
BMD analysis; however, this approach requires adequate quantitative results for a meaningful
analysis, which is not always possible. Use of a NOAEL is the next preferred approach after
BMD analysis in determining a POD for deriving a health effect reference value. However,
many studies lack a dose or exposure level at which an adverse effect is not observed (i.e., a
NOAEL is not identified). When using data limited to a LOAEL, a UF of 10 or 3-fold is often
applied.

5) The database UF is intended to account for the potential for deriving an
underprotective RfD/RfC due to a data gap preventing complete characterization of the
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chemical’s toxicity. In the absence of studies for a known or suspected endpoint of concern, a
UF of 10 or 3-fold is typically applied.

Acute noncancer assessment

Many of the UFs used to account for variability and uncertainty in the development of acute
reference values are quite similar to those developed for chronic durations. For acute
reference values, though, individual UF values may be less than 10. UFs are applied based on
chemical- or health effect-specific information or based on the purpose of the reference value.
The UFs applied in acute reference value derivation include: 1) heterogeneity among humans;
2) uncertainty in extrapolating from animals to humans; 3) uncertainty in LOAEL to NOAEL
adjustments; and 4) uncertainty in accounting for an incomplete database on toxic effects of
potential concern. Additional adjustments are often applied to account for uncertainty in
extrapolation from observations at one exposure duration (e.g., 4 hours) to arrive at a POD for
derivation of an acute reference value at another exposure duration (e.g., 1 hour).

Not all acute dose-response values are developed for the same purpose and care must be taken
when interpreting the results of an acute assessment of human health effects relative to the
reference value or values being exceeded. Where relevant to the estimated exposures, the lack
of dose-response values at different levels of severity should be factored into the risk
characterization as potential uncertainties.

Environmental Risk Screening Assessment

Uncertainty also exists in the ecological benchmarks for the environmental risk screening
assessment. We established a hierarchy of preferred benchmark sources to allow selection of
benchmarks for each environmental HAP at each ecological assessment endpoint. In general,
EPA benchmarks used at a programmatic level (e.g., Office of Water, Superfund Program)
were used if available. If not, we used EPA benchmarks used in regional programs (e.g.,
Superfund Program). If benchmarks were not available at a programmatic or regional level,
we used benchmarks developed by other agencies (e.g., NOAA) or by state agencies.

In all cases (except for lead compounds, which were evaluated through a comparison to the
NAAQS), we searched for benchmarks at the following three effect levels, as described in
Section 2.6 of this report and in Appendix 9 (Environmental Risk Screening Assessment) of
this report: a no-effect level (i.e., NOAEL), threshold-effect level (i.e., LOAEL), and
probable-effect level (i.e., PEL).

For some ecological assessment endpoint/environmental HAP combinations, we could
identify benchmarks for all three effect levels, but for most we could not. In one case, where
different agencies derived significantly different numbers to represent a threshold for effect,
we included both. In several cases, only a single benchmark was available. In cases where
multiple effect levels were available for a particular PB-HAP and assessment endpoint, we
used all of the available effect levels to help us determine whether risk exists if risks could be
considered significant and widespread.
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MEMORANDUM

TO: Andrew Bouchard, U.S. EPA/OAQPS/SPPD — EPA Office of Air Quality
Planning and Standards

FROM: Eastern Research Group, Inc.

DATE: March 2023

SUBJECT: Emissions Data Used in Technology Review Modeling Files for Facilities
Located in the SOCMI and Neoprene Production Source Categories that are
Associated with Processes Subject to HON and P&R 1

1.0 INTRODUCTION

The U.S. Environmental Protection Agency (EPA) is proposing amendments to the
National Emission Standards for Hazardous Air Pollutants (NESHAP) for three subparts in 40
CFR 63 (subparts F, G, and H) that apply to the Synthetic Organic Chemical Manufacturing
Industry (SOCMI) and for one subpart in 40 CFR 63 (subpart I) that applies to equipment leaks
from certain non-SOCMI processes located at chemical plants. These four NESHAP are more
commonly referred together as the Hazardous Organic NESHAP (HON). The emissions sources
affected by the current HON includes heat exchange systems and maintenance wastewater
regulated under NESHAP subpart F; process vents, storage vessels, transfer racks, and
wastewater streams regulated under NESHAP subpart G; equipment leaks associated with
SOCMI processes regulated under NESHAP subpart H; and equipment leaks from certain non-
SOCMI processes at chemical plants regulated under NESHAP subpart 1.

The Group I Polymers and Resins NESHAP (P&R 1, codified at 40 CFR 63, subpart U)

regulates the following elastomer product source categories:
o Butyl rubber

Epichlorohydrin elastomer
Ethylene propylene rubber
Halobutyl rubber
Hypalon™
Neoprene
Nitrile butadiene latex
Nitrile butadiene rubber
Polybutadiene rubber/styrene butadiene rubber by solution
Polysulfide rubber
Styrene butadiene latex
Styrene butadiene rubber by emulsion



The EPA conducted a residual risk and technology review for the HON in 2006 and
Neoprene Production source category in P&R I in 2008, concluding that there was no need to
revise the standards under either CAA section 112(f) or 112(d)(6). As part of the residual risk
review, the EPA conducted a risk assessment, and based on the results of the risk assessment,
determined that the current level of control called for by the existing MACT standards both
reduced HAP emissions to levels that presented an acceptable level of risk and protected public
health with an ample margin of safety (see 71 FR 76603, December 21, 2006 and 73 FR 76220,
December 16, 2008, for additional details). This action constitutes another 112(d)(6) technology
review for the SOCMI (HON) and Neoprene Production source categories. We note that
although there is no statutory CAA obligation under CAA section 112(f) for the EPA to conduct
a second residual risk review of the SOCMI and Neoprene Production source categories, the
EPA retains discretion to revisit its residual risk reviews where the Agency deems that is
warranted. For the SOCMI source category, the EPA is concerned about the risks posed from
ethylene oxide and chloroprene, due to the fact that revisions to the EPA’s Integrated Risk
Information System (IRIS) inhalation unit risk estimate (URE) for ethylene oxide were finalized
in 2016 showing it to be more toxic than previously known as well as because of the
development of the EPA’s IRIS inhalation URE for chloroprene in 2010. Similarly, for the
Neoprene Production source category, the EPA is concerned about the risks posed from
chloroprene due to the development of the EPA’s IRIS inhalation URE for chloroprene in 2010.
Thus, since the EPA was unable to consider these factors in its residual risk review for the
SOCMI source category in 2006 and Neoprene source category in 2008, it is conducting a risk
assessment in this action so that the results of the risk assessment can be considered to ensure
that the MACT standards continue to provide an ample margin of safety to protect public health.
This memorandum describes the methodology used to develop the risk modeling file used for
this additional review.

2.0 INITIAL FACILITIES LIST DEVELOPMENT

The list of existing facilities potentially subject to the HON and Neoprene Production
standards was initially developed using several sources. First, the EPA compiled a list of
facilities representing the chemical manufacturing sector from the 2017 National Emissions
Inventory (NEI) and in the Toxics Release Inventory (TRI) with a primary facility North
American Industry Classification System (NAICS) code beginning with 325. Second, this list
was supplemented with information from the Office of Enforcement and Compliance
Assurance’s (OECA) Enforcement and Compliance History Online (ECHO) tool! as well as
other internal chemical sector facility lists from the EPA’s recent petrochemical sector RTR
rulemakings (e.g., Miscellaneous Organic Chemical Manufacturing NESHAP (40 CFR part 63,
subpart FFFF), Organic Liquids Distribution NESHAP (40 CFR part 63, subpart EEEE),
Ethylene Production NESHAP (40 CFR part 63, subparts XX and YY), Petroleum Refineries
NESHAP (40 CFR part 63, subparts CC and UUU)).? Third, the list was overlaid with the

' See https://echo.epa.gov/facilities/facility-search?srch=adv.
2 See 85 FR 49084, August 12, 2020, 85 FR 40740, July 7, 2020, 85 FR 40386, July 6, 2020, and 80 FR
75178, December 1, 2015, respectively.



facility list the EPA used for the latest review of the HON back in 2006 and Neoprene
Production back in 2008.

To determine which facilities on the comprehensive chemical manufacturing sector
facility list were subject to the HON and P&R I standards for Neoprene Production, the EPA
obtained title V air permits from publicly available online State databases (where available). In
cases where an online database was incomplete or did not exist, the EPA contacted the Region
and/or State for help in obtaining the air permits or determining whether a facility was subject to
the HON. The EPA also conducted internet searches to determine the status of the facility (e.g.,
whether the facility was still open, permanently closed, and/or sold). In some cases where a
permit could not be obtained, the EPA assumed that the facility was subject to the HON.

Lastly, the EPA shared a draft of the compiled facility list with the American Chemistry
Council (ACC) in October 2021. Based on feedback provided by ACC, a facility list consisting
of 207 hazardous organic chemical manufacturing facilities subject to the HON standards, herein
referred to as “HON facilities,” was finalized and used to assess impacts for this rulemaking. The
list of facilities located in the United States that are major sources of HAP and part of the
SOCMI source category with processes subject to HON is available in the memorandum titled:
“Lists of Facilities Subject to the HON, Group I and Group II Polymers and Resins NESHAPs,
and NSPS subparts VV, VVa, III, NNN, and RRR” (ERG, 2023a). For the 207 HON facilities,
only 195 had reported HAP emissions in the 2017 NEI, and we note that two facilities included
in the 207 are new/under construction and were not operating in 2017. We also note that one
facility was identified as a Neoprene Production facility (which is also subject to the HON).

3.0 PROCEDURES USED TO OBTAIN BASELINE EMISSIONS

For each HON and Neoprene Production facility (see Section 2.0 of this memorandum),
we gathered emissions data from the January 2021 version of the 2017 NEI. The 2017 NEI was
the most vetted and recent publicly available data set at the time of this analysis. However, in a
few instances where facility-specific data was not available in the 2017 NEI, we attempted to
obtain data from a more recent data set (i.e., from 2018 NEI or 2019 or 2020 state submittals to
the Emissions Inventory System (EIS) for NEI). The more recent data are not part of a larger,
publicly available, triennial NEI; and therefore, have not undergone the same level of review as
the 2017 NEI data set.? Ultimately, the EPA deemed this data set as the baseline emissions for
the HON source category (and improvements to this baseline emissions data set are discussed in
Section 4 of this memorandum).

We then reviewed description data fields for each NEI record in the baseline emissions
data set associated with any ethylene oxide emitting HON facility.* For each of these specific
NEI records, we allocated the record to one of the emission process groups identified in Table 1
using information provided in the description data fields for each emission unit, process, release

Refer to the 2017 NEI Technical Support Document for detailed discussion on the types of review and
augmentation performed for 2017 NEI (https://www.epa.gov/sites/default/files/202 1 -

02/documents/nei2017 tsd_full jan2021.pdf).

4 Although EPA conducts whole facility risk assessments of all HON facilities, it was anticipated that HON
facilities emitting ethylene oxide would likely require a more elaborate review of specific emission process
groups.



point, and standard classification code (SCC). We used automated queries (see Appendix A) for
much of this task; however, assignments were also made manually.

Table 1. Emission Process Groups Related to Ethylene Oxide Emitting HON Facilities
Emission Process Group Description’
Bottoms Receiver
Equipment Leak
Heat Exchange System
Hotwell
Nitrogen Inert System
Process Vent?
Storage Tank
Surge Control Vessel
Transfer Rack
Wastewater
Control Device (UnknownEPG)?
Flare*
Non-CMATTR Source Category Process Group®
Unknown®

If discernible, we differentiated between maintenance and non-maintenance activities for each emission process
group.
If discernible, we identified analyzer vents separate from process vents.
Although a specific control device (e.g., carbon adsorber, incinerator, or thermal oxidizer) could often be
determined using the various description data fields associated with the NEI record, we could not determine the
emission process group associated with the control device, including whether the record involves co-mingled
emissions from more than one emission process group due to a shared control device.
If discernible, we differentiated between emergency and non-emergency flaring activities, as well as the
emission process group associated with the flare, and whether the flare is operating in a Texas county subject to
specific flare control requirements for highly reactive volatile organic compounds.
These are instances where we determined the NEI record is either: (1) entirely outside the HON source category
(e.g., abrasive blasting operations, degreasers, emergency generators, marine loading operations, painting
operations, etc), or (2) already considered in a previous EPA residual risk review for the Organic Liquid
Distribution (OLD) NESHAP, Ethylene Production (EMACT) NESHAP, or Miscellaneous Organic NESHAP
(MON).
These are instances when the description data fields of the NEI record are not descriptive enough to assign an
emission process group.

w

4.0 PROCEDURES USED TO IMPROVE DATA

4.1 Responses to Section 114 Request

A CAA section 114 information collection request (ICR) was developed and sent to nine
entities (comprising of 18 facilities® which we identified through initial review of the source
category) (ERG, 2023b). Many of these entities were chosen because they have some facilities
that produce, use, and emit ethylene oxide or chloroprene, which are pollutants with considerable
concern for cancer risk for the HON source category.

The first CAA section 114 ICR, sent on June 15, 2021, went to Denka Performance
Elastomers, LLC to gather information about emissions from their chemical plant and the various

5 The ICR originally encompassed 22 facilities; however, the EPA reduced this number to 18 facilities based on a
March 3, 2022 petition that the EPA received from industry.



NESHAP they are subject to, including the HON (and others such as the Group I Polymers and
Resins NESHAP (40 CFR part 63, subpart U)). In addition, on January 19, 2022, eight other
entities (BASF Corporation, The Dow Chemical Company, Eastman Chemical Company,
Formosa Plastics Corporation, Huntsman Petrochemical, Indorama Ventures Oxides and
Derivatives, Sasol Chemicals, and Union Carbide Corporation) received CAA section 114 ICRs
to ask for additional information about their HON processes, processes subject to other chemical
sector NESHAP, and SOCMI New Source Performance Standards (NSPS) that apply to emission
sources at their chemical manufacturing facilities. These CAA section 114 ICRs sought to gather
specific information about various emission sources, emission inventories (using the 2017 NEI
as a baseline), and chemical manufacturing production processes via a questionnaire (Component
1) as well as emissions data via requests for historical data, stack testing, and fugitive emissions
testing with fenceline monitoring (Component 2). For more information regarding the CAA
section 114 ICRs, please refer to the memorandum entitled “Data Received from Information
Collection Request for Chemical Manufacturers.” (ERG, 2023Db).

The EPA requested facilities (those that were part of the January 19, 2022 CAA section
114 ICR) review their NEI records for completeness and accuracy, given that these records
formed the underlying basis of our emissions modeling input files for the residual risk review.
The NEI records were sent to entities in separate Microsoft Excel worksheet(s) via email
requesting review (and revise, if necessary) emission values, emission release point parameters,
coordinates, emission unit descriptions, periods of operation, and emission process group
assignments. We used all this information to reevaluate our emission process group assignments
(see Table 1) for each NEI record in the modeling file (i.e., records associated with any ethylene
oxide emitting HON facility). We also used this information to update emission release point
parameter data. In other words, we used the CAA section 114 response data wherever possible
(in lieu of the 2017 NEI), unless it failed our QA checks (see Section 5.0 of this memorandum).
For example, if a CAA section 114 response indicates the emission release point is associated
with a process vent, but the modeling file says a storage vessel, we updated the modeling file to
reflect a process vent. Also, as another example, if a CAA section 114 response indicates a stack
height of 10 feet, but the modeling file says the stack height is 7 feet, we updated the modeling
file to reflect the stack height of 10 feet.

Once each of the steps discussed above were complete, we performed an overall review
of the RTR emissions modeling file to determine if the data for each facility were both complete
and representative.

4.1.1 Stack Test Data for Dioxins and Furans & Chlorine

We reviewed stack test data from nine HON facilities that tested for, among other things,
dioxins and furans (D/F) in 2010, 2011, and 2014 and that formed the basis of our proposed
emission standard for these pollutants. These stack test reports are available in the rulemaking
docket (EPA-HQ-OAR-2022-0730). Upon review of the records in 2017 NEI for these nine
facilities, we found that emission records for these pollutants were missing. Accordingly, we
added records consistent with this stack test data for each incinerator/thermal oxidizer that
controls emissions from a vinyl chloride monomer (VCM)/ethylene dichloride (EDC) chemical
manufacturing process unit that was stack tested for D/F emissions at these nine HON facilities.



A list of these facilities and the number of incinerator/thermal oxidizer at each facility for which
emissions data for D/F emissions were added can be found in the table 2 below.

Table 2. D/F Emitting HON Facilities

# of Incinerators or
Facility Name in 2017 NEI | thermal oxidizers at Additional Notes
Facility
Formosa Plastics Corp )
Louisiana
DEER PARK VCM PLANT 2 This is the Oxyvinyls plant.
Shintech Louisiana LLC - )
Shintech Plaquemine Plant
Axiall LLC - Westlake Lake Formerly Georgia Gulf-Lake
2 Charles as it relates to stack test
Charles North
data.
Westlake Vinyls Co LP 1
Axiall LLC - Plaquemine 2 Westlake acquired Axiall.
Facility
Eagle US 2 LLC - Lake 4 Formerly PPG Lake Charles as it
Charles Complex relates to stack test data.
BLUE CUBE OPERATIONS ) Formerly Dow Oyster Creek as it
FREEPORT relates to stack test data.
FORMOSA POINT 3
COMFORT PLANT

For chlorine, Formosa Plastics Corp Louisiana had reported higher than expected
emissions from their VCM production Incinerators A & B of 16.0 tons/yr and 21.3 tons/yr,
respectively. Following a brief conference call with the company on October 5, 2022, the
company conveyed that these reported values to the 2017 NEI were based on emissions stack
testing that occurred in 1992, well before the HON was finalized in 1994. More recent stack
testing for Incinerator B was conducted in 2014 (and was also tested for D/F emissions and is in
the docket for this action). This post-HON compliance test is much more recent and represents
post-HON controls and much more current operations. It shows that the annual average chlorine
emissions for this incinerator are actually 0.56 tons/yr. Thus, the emissions for chlorine for
Incinerators A & B were revised to this annual emissions value.



4.1.2 CAA Section 114 and Other Ethylene Oxide Specific Revisions

After EPA reviewed CAA section 114 ICR data, we reviewed ethylene oxide records to
determine whether the emissions were associated with HON processes or non-HON processes
and updated the regulatory code in the risk modeling input files to account for this review. We
also reviewed the 2021 EPA Region 6 emissions modeling® and reviewed reported upset
emissions data, and made minor revisions to ethylene oxide emissions records. Amendments
were made to the ethylene oxide emissions records for select emission sources at the following
facilities:

Huntsman Petrochemical — Conroe Plant
Eastman Chemical Company — Texas Operations
Union Carbide Corporation — Seadrift Operations
Indorama Ventures — Port Neches Operations

As part of the CAA section 114 ICR data submission, Huntsman Petrochemical
suggested an amendment to the reported ethylene oxide emissions associated with the Pump P-
G-125 seal flush. The reported ethylene oxide emissions in the 2017 NEI, assumed a continuous
annual operation of 8,760 hours per year. At the request of Huntsman Petrochemical, we
amended the ethylene oxide emissions to reflect eight hours of operation. The emissions from
this operation are associated maintenance activities on the pump, rather than a continuous
operation.

As part of EPA’s review of reported emissions upset data, ethylene oxide emissions were
amended for the model at the Eastman Chemical Company, Texas Operations and Union Carbide
Corporation, Seadrift Operations facilities. At the Eastman facility, we added upset emissions
associated with a control valve as reported to the Texas Commission on Environmental Quality
(TCEQ) in Incident Report 254349, to the NEI emissions record for Cooling Tower 56U-501.
Similarly, at the Seadrift Operations we added ethylene oxide upset emissions associated with a
leak in the condenser (heat exchange) system, reported to the TCEQ in Incident Report 293911.
The emissions in the model reflect, estimated releases under a 45 day window of repair
consistent with the HON. EPA estimated the release using an average of the attached emissions
models, and added a new record to the model associated with the release. This is discussed
further in our memorandum, entitled “Analysis of Control Options for Heat Exchange Systems to
Reduce Residual Risk of Ethylene Oxide in the SOCMI Source Category for Processes Subject
to HON” (ERG, 2023b).

Table 3 below includes the emission unit specific amendments made at the Huntsman
Conroe, Eastman Texas Operations, and Union Carbide Corporation Seadrift facilities:

Table 3. Adjusted Ethylene Oxide Emissions (Relative To 2017 NEI) For Certain Facilities

6 https.//www.epa.gov/system/files/documents/202 1-07/region-6-risk-assessment-of-ethylene-oxide-
emitting-facilities-in-texas-and-louisian-jul-8-202 1.pdf



Conroe Ethylene oxide
Company Name Facilit Emission Unit Emissions (tpy) Data Source
Y 2017 NEI | Adjusted
CAA Section
Huntsman Conroe Pump Seal | 5618 | 0.0039 | 114 ICR Data
Petrochemical Facility P-G-125 .
Submission
Eastman Chemical Texas Cooling Tower 057 0.8849 TCEQ Incident
Company Operations 56U-501 ' ' Report 254349
) . Oxide Glycol .

Union Carb ide Seadrift Heat Exchange NA 6.52 TCEQ Incident
Corporation System Report 293911

Additionally, in an attempt to better include upset releases at the Port Neches facility, we
utilized model values reflective of 2018 emissions data collected by EPA Region 6 and compiled
in the 2018 NEL This data was used in lieu of the 2017 NEI records for Port Neches. In
correspondence with the facility regarding these upsets, we also received updated stack test
characteristics for the Port Neches regenerator and reabsorber vents (see Appendix C); therefore,
we used this information in lieu of the stack test characteristics in the 2017 NEI records.

Finally, although other emissions revisions were suggested by facilities as part of the
CAA section 114 ICR responses, we did not use this data. Instead, we continued to use emissions
reported in the 2017 NEI because there was insufficient information provided to support the
suggested changes from industry.

4.1.3 CAA Section 114 and Chloroprene Specific Revisions

EPA reviewed CAA section 114 ICR data from Denka Performance Elastomers, LLC. In
particular, EPA requested emission inventories from the past 5 years (i.e., 2016-2020) from the
facility’s operations as part of this request. As 2017 NEI data did not represent current controls
being employed at Denka Performance Elastomers, LLC, EPA chose to use the most current data
it had available and that is reflective of current operations and emissions. Given concerns about
decreased production and emissions in 2020 from the COVID-19 pandemic, EPA elected to use
Denka’s 2019 emissions inventory submitted as part of the CAA section 114 request in its risk
assessment for the HON and Neoprene Production source categories in lieu of the 2017 NEI
data. EPA also reviewed chloroprene emission records to determine whether the emissions were
associated with HON processes, neoprene processes, or other non-HON and non-neoprene
processes and updated the regulatory code in the risk modeling input files to account for this
review.



5.0 EMISSION RELEASE POINT QA STEPS

The emission release point parameters in the modeling file are stack height, exit gas
temperature, stack diameter, exit gas velocity, and exit gas flow rate. As described in Section 3.0
above, priority was given to emission release point parameters provided in the CAA section 114
responses. If emission release point parameters from the CAA section 114 responses were
missing or out of range, then the original NEI parameters were retained. If the emission release
point parameters from the NEI data were missing or outside of typical QA range checks, then the
missing or out of range parameters were calculated where possible. An example of this
calculation is using reported diameter and velocity to calculate a missing exit gas flow rate. If it
was not possible to calculate a missing value, then a surrogate value was assigned based on the
SCC.” All diameters, velocities, and flow rates for fugitive releases were set to default values of
0.003 feet (ft), 0.0003 feet per second (ft/sec), and 0 actual cubic feet per second (acfs),
respectively. If height and/or temperature were not available for fugitive sources, default values
of 10 ft for stack height and 72 degrees Fahrenheit for temperature were assigned.

6.0 WHOLE FACILITY EMISSIONS ESTIMATES

Our analyses and data quality review efforts were primarily focused on emissions of
ethylene oxide and chloroprene, given that this is of central relevance to the residual risk review.
A simpler cursory review of the whole facility emissions was also done to ensure that any
emissions of major risk driving pollutants was reflective of best available emissions data.

7.0 ACUTE EMISSIONS MULTIPLIER & MACT-ALLOWABLE EMISSIONS

To develop estimates of acute exposures, the Agency generally assumes the 1-hr
emissions rate for any emission point could be 10 times higher than its average hourly emissions
(calculated by dividing the actual annual emissions by 8,760 hours per year) in situations where
the EPA lacks sufficient information on hourly emissions for given emissions sources. The basis
for this assumption was derived from an analysis of short-term release information collected
from a Texas study of facilities in a four-county area (Harris, Galveston, Chambers, and Brazoria
Counties, Texas) which was then compared against routine emissions rates for an entire facility.
The conclusions for this analysis were that the ratio of hourly emissions from any single release
event to the average annual volatile organic compound (VOC) release rate for an entire facility
was seldom greater than a factor of 10. We used additional knowledge of the emission point
release characteristics to refine the default factor for the SOCMI and Neoprene Production
source categories. The acute multipliers we used are in Table 5 which are based on the acute
multipliers that we used for the MON source category (EPA, 2020). These values were also used
in other more recent risk reviews previously discussed in this memorandum such as for
Petroleum Refineries and Ethylene Production sources.

Table 5. Acute Multipliers

Emissions Source Acute Multiplier
Bottoms Receiver 6
Equipment Leak 2

7 In certain instances where we added a record to the modeling file due to information received from the Section

114, the SCC may not have been included. For these records, we assigned a default SCC based on the emission
process group assignment.
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Emissions Source Acute Multiplier
Heat Exchange System 2
Hotwell 6
Nitrogen Inert System 6
Process Vent 6
Storage Tank 4
Surge Control Vessel 6
Transfer Rack 10
Wastewater 4
Control Device (UnknownEPQG) 10
Flare 10
Unknown 10

8.0 Quality Assurance (QA) Procedures

In addition to the procedures used to improve the modeling file data described in Section
4.0 above, Appendix B to this memo describes the general procedures used to review and correct
RTR modeling files that were also conducted in the QA of our modeling file.
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Appendix A
The following automated queries were used to assign an emission process group.

(These queries were run in the order presented below. If no query is provided below for a specific
emission process group, then the assignment was made manually.)
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If the record was assigned to EMACT, MON, or OLD, we left it alone, and labeled it as a “Non-CMATTR
Source Category Process Group” emission process group.

To be assigned to the “Process Vents” emission process group, we searched emission unit description, process
description, and scc description:

o Like "*oxidation*" Or Like "*distillation*" Or Like "*reactor*"

o Like "*vent*" And Not Like "*solvent*"

To be assigned to the “Equipment Leak” emission process group, we searched emission unit description,
process description, release point description, and scc description:
o Like "*fug*"

To be assigned to the “Heat Exchange System” emission process group, we searched emission unit description,
process description, release point description, and scc description:
o Like "*cool*"

To be assigned to the “Storage Tank™ emission process group, we searched scc description:
o Like "*storage*" And Not Like "*wastewater*"

To be assigned to the “Transfer Rack” emission process group, we searched emission unit description, process
description, and scc description:

o Like "*transfer*" (for emission unit description)

o Like “*trans*” (for process description)

o Like “*load*” (for scc description)

To be assigned to the “Wastewater” emission process group, we searched emission unit description and scc
description:
o Like "*wastewater*"

To differentiate between maintenance and non-maintenance activities for each emission process group, we
searched emission unit description, process description, release point description, and scc description:
o Like "*maintenance™"

To be assigned to the “Non-CMATTR Source Category Process Group” emission process group, we searched
emission unit description, process description, release point description, and scc description:

Like "*boiler*"

Like "*coating*"
Like "*cracking*"
Like "*marine*"
Like "*barge*"

Like "*paint*"

Like "*gasoline*"
Like "generator*"
Like "*diesel*"

Like "*heater*"

Like "*compressor*"
Like "*combustion*"
Like "*engine*"
Like "*groundwater*"

Like "*abrasive*"
Like "*dust*"(excluded from scc description search)
Like "*silo*"

Like "*hopper*"
Like "*degreaser*"
Like "*R&D*"
Like "*pilot plant*"
Like "*baghouse*"
Like "*bag filter*"
Like "*fabric filter™*
Like "*bagfilter*"
Like "*fabricfilter*"
Like "*HEPA*"

O 0O OO OO0OO0OO0OO0OO0OO0oOO0oOOoOO0
O O O O OO OO O0OO0OO0oOOoOOo
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Appendix B

RTR QA Documentation
INTRODUCTION
This document provides an overview of the QA checks and corrections implemented in Risk and
Technology Review (RTR) modeling files.

The QA checks conducted by the EPA are intended to identify clearly incorrect data and missing
data, and in any instance where a value was replaced or a default value was applied, those data
are in the record. Note that use of defaults or replacement of incorrect data are functions that
occur throughout various data systems (e.g., the NEI), and any changes made through the QA
process serve to improve the accuracy of the data.

GENERAL QA OF MODELING FILE FIELDS

The following modeling file fields should not be null after a file is developed. EPA checks for
null entries in these fields and populates them where possible using existing EPA data sets,
facility-specific information, and/or valid codes from lookup tables:

e FRS ID — cannot always be populated
e SPPD Facility ID

e Region

e State Abbreviation

e County Name

e State County FIPS

e Tribal Code

e Facility Name

e Location Address

e C(City

e Zip Code

e NAICS Code (NAICS Primary)
e Facility Category Code

¢ Emission Unit ID

e Process ID

e SCC

e Regulatory Code

¢ Emission Process Group

e Emission Release Point ID

e Emission Release Point Type Code
e Stack Height (ft)

e Stack Default Flag

e Pollutant Code
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e Actual Emissions (tpy)

e Start Date

e End Date

e Data Source Code

e Emission Calc Method Code

Similarly, the following fields are primary keys and must be populated. If identifier fields
are not populated, EPA assigns IDs as needed:

e SPPD Facility ID

e Emission Unit ID

e Process ID

e Emission Release Point ID
e Pollutant Code

Additional Checks for Invalid and Null Values

EPA checks to see if the fields listed below are populated with invalid information or are null.
EPA uses code lookup tables to QA and augment reported values for data fields that use codes.

e Control Measure Code

e Control Status Code

e Emission Calc Method Code

e Emission Release Point Type Code

e Facility Category Code

e Location Default Flag

e NAICS Code (NAICS Primary)

e North American Datum

e Pollutant Code

e Regulatory Code

e SCC

e Stack Default Flag - use Stack Default Code to populate
e Start/End Dates — must be in YYYYMMDD format
e State County FIPS

e Tribal Code

EMISSION RELEASE POINT AND FUGITIVE RELEASE QA

The first step for stack and fugitive parameter review is to QA the Emission Release Point Type
Code. RTR modelers use the Emission Release Point Type Code to determine how to model the
release. If the Emission Release Point Type Code is incorrect, it can greatly affect risk results. In
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RTR modeling files, the Emission Release Point Type Code identifies the type of release.
Emission Release Point Type Codes in RTR modeling files include the following:

Emission Release Point Type Codes
1-Fugitive General

2-Vertical Stack

3-Horizontal Stack

4-Goose Neck Stack

5-Vertical with rain cap Stack
6-Downward-facing vent Stack
7-Fugitive Area (Reserved for historical data)
8-Low Flow Vent

9-Fugitive Two-dimensional
10-Fugitive Three-dimensional

Low Flow Vent source (<10sqft) is an emission release from a single point. Examples include a
single roof or wall vent for building fugitives.

Required parameters are:

e release height (ft),

e cxit gas temperature >50F,

e stack diameter (default is 0.1 (ft),

e cxit gas velocity (ft/sec) (default is 0.1 ft/sec),

e cxit gas flow rate (cu ft/sec) (default is 0.0008 cu ft/sec), and
e lat/lon of release

Fugitive two-dimensional source (>10sqft) is an emission release on one plane. For example,
an elongated roof vent or a wastewater holding pond.

Instructions for populating the required parameters of a two-dimensional release:

Pick the midpoints of two opposing sides of the source, and enter the lat/lon of these midpoints.
A width is also required, which is the distance between the remaining two sides of the source
(that is, the width is perpendicular to the line between the two midpoints). For irregularly shaped
sources, first create a rectangle that best approximates the shape of the actual source, then
determine the parameters described above. Also, estimate the height where the release occurs.

See the examples of fugitive two-dimensional sources in Figures 1 and 2.
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Midpoint 1 - Latitude and Longitude J

Midpoint 2 - Latitude and Longitude

Note: Height of
release required

Figure 1. Example 1 of Fugitive Two-dimensional Source

Midpoint 1 - Latitude and
Longitude

Midpoint 2 - Latitude and
Longitude

Note: Height of
release required

Figure 2. Example 2 of Fugitive Two-dimensional Source

17




Fugitive three-dimensional source has multiple release vents, a few examples would be a
building with many wall and roof vents or an outdoor material storage pile.

Required parameters are:

e side length (ft) [length and width are equal with three-dimensional sources]
e lat/lon is the center of the footprint of the square and
e height of the three-dimensional source

A three-dimensional shape with equal length
and width (Length = Width) and a specified
height. The lat/lon is the center of the
footprint (or bottom face of the shape).

Figure 3. Depiction of Fugitive Three-dimensional Source Parameters

Fugitive area source (>10 sqft) is an alternative way of representing a fugitive two-dimensional
source. It is an emission release on one plane. For example, an elongated roof vent or a
wastewater holding pond.

Required parameters description:

e Enter the coordinates of the southwest corner of the release. The figure below shows
examples of how fugitive area source rectangles are created. The red dashed lines
represent the coordinate plane with north towards the top. The purple SW points to the
southwest corner to show correct location of fugitive coordinates.

e The X and Y represent fugitive length and width.

e The rotation of each angle is also shown. You may wish to review your coordinates and
fugitive areas in a GIS program or Google Earth to verify the accuracy.
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Angle =0°

Figure 4. Depiction of Fugitive Area Source Parameters

Quality assurance (QA) range checks implemented by EPA include range checks for release
parameters (stack height, exit gas temperature, stack diameter, and exit gas velocity). The
acceptable QA ranges are shown below. If values are outside of these ranges, then the record is
examined to see if it is in fact correct for the facility or if it appears to be incorrect.

e Height: 1 —1300 ft

e Temperature: 30 — 1800 °F (temperatures should be >250 °F for combustion sources)
e Diameter: 0.1 — 100 ft

e Velocity: 0.1 — 200 ft/sec

e Stack height > diameter

When stack parameters are missing or incorrect, the missing or incorrect value is replaced with a
calculated value where possible. For example, valid diameter and velocity can be used to
calculate a missing or invalid exit gas flow rate. If it is not possible to calculate a replacement
stack parameter value, average stack parameters for similar emission units at the same facility
are used as default parameters. If there are no similar emission units at the same facility, then
average stack parameters for the source category are used as default parameters. The reported
flow rate is compared to the calculated flow rate using the reported diameter and velocity. If the
reported flow rate is not within ten percent of the calculated flow rate, then all three related
parameters are examined to determine which values are correct.

For fugitive releases including low flow vents that have missing or out of range height and/or
temperature, the default values of 10 ft for stack height and 72 degrees Fahrenheit for
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temperature are assigned. For a low flow vent, the default diameter and velocity are set to the
minimum values of the QA range checks (i.e., 0.1 ft for diameter and 0.1 ft/sec for velocity.

The stack default flag description field in the emissions modeling file indicates which stack
parameters are original or are revised for each modeling file record. If stack parameters were
reviewed and accepted or revised by industry, then those are considered “original” values.

Table 1 below summarizes the required parameters and QA range check values for each release
type.

Finally, coordinates and fugitive dimensions are plotted and reviewed using ArcGIS Online
maps to verify accuracy.
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Low Flow Vent Fugitive Three- Fugitive Two- Fugitive Area
Release Parameter Point (Stack) Source Dimensional Dimensional (Reserved for
Source s .
Source Source Historical Data)
Fugitive Length (ft) NA NA NA —only a single | NA Required (Between 1
side required and 10,000)
Fugitive Width (ft) NA NA Required Required Required (Between 1
(Between 1 and (Between 1 and and 10,000)
10,000) 10,000)
Fugitive Angle NA NA NA NA Required (Between 0 —
90)
Stack Diameter (ft) Required (Between 0.1 — 100) | 0.1 (Default) NA NA NA
Exit Gas Velocity (ft/sec) Required (Between 0.1 —200) | 0.1 (Default) NA NA NA
Exit Gas Flow Rate (cu Calculated based on velocity 0.0008 (Calculated NA NA NA
ft/sec) and stack diameter (assuming Default = (n R?)V
round stack)
Release Height (ft) Required (Between 1 — 1300) Required (Between 1 | Required >0 Release height Required (Between 1 —
—1300) (Top of Three- required >0 1300)
Use 1 for ground- Dimensional Use 1 for ground-level
level releases Source) releases
Exit Gas Temperature (F) Required (Between 30 — 1800) | Required (Between NA NA NA
30 —1800)
Latitude (decimal degrees), Required Required Required, center Two sets of Required Southwest
Longitude (decimal degrees) of source footprint | lat/long for the corner of source
midpoints of
opposing sides of
source
Examples APCD stack, powered building | Single roof Entire building Wastewater Wastewater holding
vent vent/opening/window | with multiple holding pond, pond, building with
for building fugitives | release point on building with elongated roof vent,
walls and/or roof, | elongated roof haul road
outdoor storage vent, haul road
pile
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Appendix C

Stack Test Characteristics

(Provided to the EPA on 12/8/2022 by Port Neches Facility for regenerator and reabsorber vents.)
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Coordinates

Stack Parameters Exit Gas Conditions
Emission Source  |Height (ft)| Diameter (ft){Velocity (ft/s)| Temp (F) Lat Long
F4 Regenerator Vent 183 13 2426 2047 | 2896257 | -93.93254
F& Regenerator Vent 186 167 2024 193 2996537 | -93.93144
F& Regenerator Vent 150 167 1184 2027 | 2996268 | -93.9336
F4 Reabsorber Vent 436 0.33 Varies™ 100 2096562 | -93.93186
F& Reabsorber Vent 64.3 0.67 Varies™ 100 2096354 | -03.93392
F8 Reabsorber Vent o978 05 Varies™ 100 2096233 | -93.93309

Motes:

1. This emission point is a safety release and does not have a continuous flow to

determine normal velocity. Max and average numbers have been provided below based

on actual emission events.

Exit Gas Velocity (ft/s)

Emiszion Source Max Avg
F4 Reabsorber Vent 7 43
F& Reabsorber Vent 54 30
FE Reabsrober Vent 56 31

2. This emission point is a safety release and does not have a continuous flow. The
release hours provided below were determined by the amount of time the reabsorber
vent opened to atmosphere in 2021 during an emission event.

Emission Source

Release
Hours

F4 Reabsorber Vent

5.13

F& Reabsorber Vent

482

FE Reabsrober Vent

49.4

24




Appendix 2
Technical Support Document for HEM4 Modeling



The HEM4 User’s Guide

Instructions for using the Human Exposure Model 4
for Single and Multiple Facility Exposure and Risk Modeling

Open-Source Version 1.0

October 2020

Prepared by:

SC&A Incorporated
>,
3:SCRA
1414 Raleigh Road, Suite 450
Chapel Hill, NC 27517

Prepared for:

Air Toxics Assessment Group

Health and Environmental Impacts Division
Office of Air Quality Planning & Standards
U. S. Environmental Protection Agency
Research Triangle Park, NC 27711

EPA Contract EP-W-12-011




Disclaimer

The development of HEM4 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 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.

HEM4 User’s Guide

Page ii



Contents

DUSCIAIMET ... i
FIQUIES e Vi
=1 o =SS viii
L (g1 e o [¥ o3 To ] o F PP PPTR R PPPPI 1
1.1 Organization of the HEM4 USer's GUIE ...........c.uuiiiiiiiiiiiiiieiieeeee e 1
1.2 Main Features OF HEMA .........oe e e e e e e e e e e e e e e aaaeaeas 2
1.3 Differences between HEM4 and 2019 Version of HEM-3.............coooiiiiiiiiiiiiiiieee. 4
1.4  Strengths and Limitations Of HEMA4 ............eeeiim e 6
1.5 Requirements for Running HEMA4 ...........ooo e 7
2. Installing HEMA ... ettt nnaaae 8
2.1 Downloading the HEM4 Program..............uuuuiieeuiiuiuiiiiiieiieeeeeieeeieeseesessssnesneeeesseeeeneneneees 8
2.2  Downloading Chemical Health Effects Data.............coovviiiiiiiiiiiiiiiiiiiiiiiiieiie 9
2.21  Description of Chemical Health Effects Library ..........cccoeeeeeiiiiiii 9

2.3  Downloading CensuUS Data...........couuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeieieie e 10
2.3.1  Description of Census Library ... 11

2.4  Downloading Meteorological Data..............coooiiiiiiiii e 11
241  Description of Meteorological Library ... 12

3. Preparing HEM4 INPUL FIES .......uuiii e 15
3.1 Overview and General RUIES ............oooiiiiiiiiiiiiie e 15
3.2 Facility List Options File .......uuueiiiiiiieee e 17
3.2.1  Fields in the Facility List Options File ..............uuumiiiiiii 18
3.2.2  Meteorological Station and Period Oplions ...........coovviiiiiiiiiiiiicce e, 22
3.2.3 Rural and Urban Dispersion OpliONS...........ccoiiiiiiiiiiiiiiieie e 23
3.2.4  Modeling Domain OPtiONS.........uuuuuuuuiiiiiii s 24
3.2.5  ACULE OPtIONS ... 26
3.2.6  Deposition and Depletion Options..........ccouuiiiiiiiiiiiiiiicc e, 27
T2 A = A7 {1 o o) i o ] o [ 31
3.2.8  User Receptors OPlion .......oooiiiiiiiii e 31
3.2.9 Building DownNwash OpPtioN .........cooiiiiiiiiiiiieee e 31
3.2.10  FASTALL OPlON. ..ottt e a e e e e 32
3.2.11  Emissions Variation OptioNn..........cccoooiiiiiiiiii e 32

3.3 HAP EMISSIONS File ... 33
3.3.1  Pollutant EMISSIONS PEF SOUICE ........uuuuiiiiiiiiceeece e 34
3.3.2  Percent Particulate for Deposition and Depletion .............ccccooiiiiiiiiiiiiiiiiieiee, 35

3.4 EmIsSions LOCAtioN File .......uuiiiiiiiceee e 35
3.4.1  Source Types and Parameter Requirements ...........ccccoooiiiiiiiiiiiiiiiiieeieeeeeeeeee e 40
3.4.2  Particle Deposition Method ... 45

3.5  Additional INPUL FIlES......coiiiiiiiiiiiiiiiiiieeee e 45
3.5.1  Polygon Vertex Input File for Modeling Polygon Emission Sources...................... 46
3.5.2 Buoyant Line Parameter Input File for Modeling Buoyant Line Sources............... 48
3.5.3 Particle Data Input File for Modeling Particulate Deposition and Depletion .......... 49
3.5.4 Input Files Required for Modeling Vapor Deposition and Depletion...................... 51
3.5.5 Building Dimensions Input File for Modeling Building Downwash......................... 55
3.5.6  User-Defined ReCeptors File......... .. 56
3.5.7 Emissions Variation INPUt Fil€S .........cooiiiiiiiiiiii e 59
3.5.8 Alternate Receptors file........ooouiiuiiiiiiiiie e 62
3.5.9  Census Update file ......ccooiiiiiiiiiiie e 64
3.5.10 Updating the Chemical Unit Risk Estimates and Health Benchmarks Input Files .66

4. Step-by-Step Instructions for Running HEM4 ... 67

HEM4 User’s Guide Page iii



4.1 Provide Standard Input Files and Indicate ReCEptOrs ...........ouvvviiiiiiiiiiiiiiiiiiiiiiiiiieiiiiiienns 69

4.2 Provide Additional INPUL FIlES ......cooviiiie e 71
4.3 Provide Deposition and Depletion INput Files ...........ccooviiiiiiiiiiciie e, 72
i O 1= o Qo | =1V 1o T 74
4.5 SUMMANZE RISKS ....eeviiiiiiiiiiiiiiiiiiiiiiieiii s 76
I N o= 1YY @ U1 o 10 T 77
4.7 Revise Census Data OpPtion ............uuieiiiiiiiiiiiiiiiiiiiiiiiii s annnsnnnnnnnnnnnnnnes 81
4.8 Error Messages and Failed RUNS ............ooiiiiiiiiiiiiiiii e 82
5. HEM4 Modeling Calculations for each Facility............cccoooioiiiii, 85
5.1 Dispersion MOAEIING .........coiiiiiiiiiiiiiiiiiiiee ettt eeaeenenene 85
5.1.1  Regulatory Default, ALPHA and BETA OPLioNS ........cccoeiiiiiiiiiiiiiiieieeeeeeeeeee e 85
T 2 B 1101 1 o] =T (o ] = TR 86
5.2 Estimating Risks and Hazard INAICES ...........cuuiiiiiiiiiiiiiiiiiiiiiiieieeeeee 86
5.2.1 Explicit Modeling of Inner Receptors, User Receptors and Polar Receptors ........ 86
5.2.2 Interpolated Modeling of Outer Receptors using the Polar Receptor Network....... 88
5.2.3 Maximum Individual Risks, Hazard Indices, and Hazard Quotients...................... 89
5.2.4  Maximum OffSite IMPaCES.........uu 89
5.2.5 Contributions of Different Pollutants and Emission Sources.............cccccccccuvnnnnnnn. 89
5.3 Population Exposures and INCIAENCE .........coeiriiiiiiiiiee e 90
5.4  Summarizing Human Health IMpacts............coooiiiiiiiiiiiiiiiiiiie 92
B. HEM4 OULPUL FlES ... e 93
6.1  Facility-Specific QUIPULS.........oiiiiieee e 93
6.1.1  Maximum Individual RISK ............coiiiiiiiiie e 93
6.1.2  Maximum Offsite IMpPacts..........uciiiiiii e 95
6.1.3  RISK BreakKdOWN ..... ... 95
6.1.4  Block SUMMArY CRIONIC ........uuiii s 96
6.1.5  RING SUMMArY CRIONIC. ... ... 97
6.1.6  Source RISK KMZ IMAQGE .......oovriuiiiii e 98
G200 A 1o Tox o [= o o7 NP 99
6.1.8  Cancer RiSK EXPOSUIE .......ccoieiiiiiiiei e e et e e e e e e e eeeaannns 100
6.1.9  Noncancer RiSK EXPOSUIE.......cccuuiiiiiiii e e e e e e e s 100
T I O | T T =Yt =T o) (o] 101
6.1.11 Al OULEr RECEPIOIS. ...uui e 101
T I 2 | B o =T gl = To =T o] (] 3 102
6.1.13 AERMOD OULPULS ..ottt e e e e 103
6.1.14  Input Selection OPLioNS.........coviiiiii i e 105
6.1.15 Acute Maximum Concentrations (Optional).............ccouiiiieiiiiiiiiiice e, 106
6.1.16 Acute Populated Concentrations (Optional) .............eeeiiiiiiiiiiiii e 106
6.1.17 Acute Breakdown (Optional) ........ccooooioioieeeeee e 108
6.2  RUN Group OUIPULS.......oiiiiiiiiiiiiiieec ettt eaneennnennnes 109
6.2.1  Facility Max Risk @and HI ... 109
6.2.2  Facility Cancer RiSK EXPOSUIE .........c..uuiiiiiiiiiiiiiiiiiie e 110
6.2.3  Facility TOSHI EXPOSUIE.........uiieeeee e 110
6.2.4  Additional RUn Group OUIPULS ........uui e 110

7. RiSK SUMMANY REPOITS ..o 112
7.1 Max RiSK SUMMAIY ........ooiiiiiiiiiiiieecieeee ettt eeeeannees 112
7.2 Cancer DriVErs SUMIMAIY .........oouiiiiiiiiiiiiiiiiiiieieteeeeeeeeteeeeeeeeebeeeeeeeeeeeeeeeesesaenasssnnnnnnnnes 113
7.3  Hazard Index Drivers SUMMAIY ..........ooueiiiiiiiiiiiiiiieiieeeeeieeeeeeeeeeeessessessnesnsnnnssnnsnnnnnnnns 113
7.4  Risk Histogram SUMMArY .........ooooiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeee e eeeaesnnnnnnnnnnnnes 114
7.5 Hazard Index Histogram SUMMAIY .........ccooiiiiiiiiiiiiiiiiiiiiiiieieeiiiieeieeseeeeeeeeaeeeeeneeeeeenees 115
7.6 INCidence Drivers SUMMANY ........cooiiiiiiiiiiiiiiiieieieieeeeeeeeeeeteeeeeeeeeeeeaaeeeeeaesnnnesssnennnnnnnnns 116

HEM4 User’s Guide Page iv



7.7  Acute IMpPactS SUMMAIY ........ooiiiiiiiiiii et a e e e e 116

7.8 Multipathway SUMMAIY.........ciiiiiiiiie e e e 117
7.9  Source Type Risk Histogram Summary ...........ccoooeeiiiiiiiiiiccc e, 119
8. Understanding the RiSK RESUILS ... 120
9. Quality Assurance RemMOEIING .......ccooiiiiiiiiiiiiiiiii e 122
10. REIEIENCES. ...ttt aennennnnnenne 126
11. Appendix A: Sample HEM4 Output Files ... 129

HEM4 User’s Guide Page v



Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.

Figures

Summary of Key Improvements for HEM4 versus 2019 HEM-3 ...............oooeiriiiiinnnnnn. 6
HEM4 Meteorological Stations ...........couoi e 14
Example Orientations of Area Emission Sources for the HEM4 Model...................... 44
HEMZ4 THIE SCIrEEN ....ceiiiiiiiiiiieei s 69
Run HEM4 with U.S. Census RECEPLOIS .....uiiiiiiiiiiiiicie e 70
Run HEM4 with Alternate ReCeptors ......... oo 70
Confirm HEM4 Run Pop-Up Start BoX.........ooooiiiiie 71
Provide Additional INPUL FIlES ..........uueeiiii e 72
Provide Deposition and Depletion Input Files ..., 73
(oo JRS Yo7 (=11 o R 75
Run the Risk SUMMaAry Programs ..........cccooooeeeeeeeeeeee e 76
View and ANalyZe OULPULS ........eiiiiiiiiiiiiiiiiiiiiieiiieiieieieee e eeeeeeeeeeenneeeennnnnnnnnnnnnnnnes 77
Hazard Index Drivers File Opened via Spreadsheet App......cccccceeeieiiiiiiiiiiiieeeeeninein, 78
Select Data to Plot Widget ... 78
Chronic Risk Map shown in Google Earth™ ..............c.oooooiiiiiieecee e 79
Acute Map View Of HTIML Fil@ .........uuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieteeeesenessnneneennnes 80
Example Graphical Visualization of Incidence by Pollutant and Source Type.......... 81
Revise Census Data SCrEEN ... 82
Sample Google Earth™ Map of Results............cooooiiii e, 99
Sample Max Risk Summary Output............ccooooieiiii e 112
Sample Cancer Drivers Summary OUtpUL..........coovviiiiiiiiiiiiiiiiiiiiieieeee 113
Sample Hazard Index Drivers Summary Output.............cccoooiiiii, 114
Sample Risk Histogram Summary Output ..o 115
Sample Hazard Index Histogram Summary Output (Partial)..............ooooeeeeiii. 115
Sample Incidence Drivers Summary Output.............ccoooiiiiii, 116
Sample Acute Impacts Summary Output (abbreviated).............ccceeeeeeeee. 118
Sample Multipathway Summary Output.............ooooiii 118
Sample Sourcetype Histogram_Sorted RTR Summary Output...................ooooo. 119
Sample Source_risk.kmz HEM4 OUtpUL .........coovmiiiiiiiicce e, 123
Sample Maximum Individual Risk HEM4 Output (facility-specific) ......................... 129
Sample Maximum Offsite Risk HEM4 Output (facility-specific)............cccceeeeeeie. 129
Sample Risk Breakdown HEM4 Output (facility-specific, abbreviated) .................. 130
Sample Block Summary Chronic HEM4 Output (facility-specific, abbreviated)...... 131
Sample Ring Summary Chronic HEM4 Output (facility-specific, abbreviated) ....... 132
Sample Source Risk KMZ Google Earth™ Image (facility-specific) ....................... 133
Sample Incidence HEM4 Output (facility-specific, abbreviated)...............ccccceeeen. 134
Sample Cancer Risk Exposure HEM4 Output (facility-specific) .............ccccvveeeeeeen. 135
Sample Noncancer Risk Exposure HEM4 Output (facility-specific) ...................... 135
Sample All Inner Receptors HEM4 Output (facility-specific, abbreviated).............. 136
Sample All Outer Receptors HEM4 Output file (facility-specific, abbreviated)........ 137
Sample All Polar Receptors HEM4 Output file (facility-specific, abbreviated)......... 138
Sample AERMOD.inp file (facility-specific, abbreviated)....................cccc . 139
Sample AERMOD.out file (facility-specific, abbreviated) ............cccccciiiiiiiinnnen. 140
Sample ploftfile.plt output file (facility-specific, abbreviated) ............ccccccceeeiiiiin. 141
Sample maxhour.plt output file (optional facility-specific, abbreviated) .................. 142

Sample Input Selection Options HEM4 Output file (facility-specific, abbreviated)..143

HEM4 User’s Guide Page vi



Figure 47. Sample Acute Maximum Concentrations HEM4 Output file (optional facility specific,

ADDIEVIAIEA) ... e ———— 143
Figure 48. Sample Acute Populated Concentrations HEM4 Output file (optional facility-specific,

=] o] oL oAV/ =1 (Yo ) TP PERTP 144
Figure 49. Sample Acute Breakdown HEM4 Output file (optional facility-specific).................. 144
Figure 50. Sample Facility Max Risk and HI HEM4 Output file (for run group, abbreviated)...145
Figure 51. Sample Facility Cancer Risk Exposure HEM4 Output file (for run group) .............. 145
Figure 52. Sample Facility TOSHI Exposure HEM4 Output file (for run group)............cc.e..... 145
Figure 53. Sample All Facility Source Locations Google Earth™ Image (for run group) ......... 146
Figure 54. Sample HEM4 Log Output file (for run group, abbreviated)..............c...ccooriininnnnnnn. 147

HEM4 User’s Guide Page vii



Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.
Table 10

Table 11.
Table 12.
Table 13.
Table 14.
Table 15.
Table 16.
Table 17.
Table 18.
Table 19.
Table 20.
Table 21.
Table 22.
Table 23.
Table 24.
Table 25.
Table 26.
Table 27.
Table 28.
Table 29.
Table 30.
Table 31.
Table 32.
Table 33.
Table 34.
Table 35.
Table 36.
Table 37.
Table 38.
Table 39.

Tables

Fields in the Facility List Options Input File (Required) ...........ccoovvvmiiiiiiiiiiiiieiceee, 18
Sample Deposition and Depletion Options and Model Results ...............ccccuvveeeee. 29
Format Guidelines for the HAP Emissions Input File (Required)............cccooiiiiieeennn. 33
Sample HAP EmiIssions INPUt File ............ooiiiiiiiiii e 34
Fields in the Emissions Location Input File (Required) ..........ccoooviiiiiiiiiiiiiiiiiiiiiiiiiiines 35
Sample Emissions Location INput File ..............eeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeees 39
Format Guidelines for the Polygon Vertex File ... 46
Sample Polygon VerteX File ............ i i 47
Format Guidelines for the Buoyant Line Parameter Input File .............oooovvvviiiiiinnnnn.n. 49
Sample Buoyant Line Parameter INput File ...............ooeviiiiiiiiiiiiiiiiiiiiieiiiees 49
Format Guidelines for the Particle Data Input File ... 50
Sample Particle Data INpUt File ... 50
Format Guidelines for Land Use INpUt File ..........ccooiiiiiiiiiee e, 53
Sample Input File fOor Land USE ...........uuu e 53
Format Guidelines for Month-to-Seasons Input File...............oooviiiiiiiiiiiiiiiiiiiiiiiiiiis 54
Sample Month-to-Seasons INPUt File...........c.coooiiiiii e, 54
Format Guidelines for the Building Dimensions File ..., 55
Sample Building Dimensions INPUt File ..........cooiiiiiiiiii e 56
Format Guidelines for the User—Defined Receptors File............cccooeeeiiiiiiiiiiieenn. 58
Sample Input File for User—Defined Receptors..........cccoooeiiiiiiiiiiiiiiiiiiiiee e, 58
Format Guidelines for the Emissions Variation Input Files...........ccccccceeiiiiiiiiiiininnnn. 60
Sample Emissions Variation File based on Seasons (4 factors) ...........ccccccvveeee..e. 60
Sample Emissions Variation File based on Hour of Day (24 factors)........ccccccce........ 61
Sample Emissions Variation File based on Month (12 factors) ............ccccvvviiiiiinnnnne. 61
Sample Emissions Variation File based on Season and Hour of Day (96 factors) ....61
Sample Emissions Variation File based on Wind Speed (6 factors)..........c...cc.......... 61
Format Guidelines for Alternate Receptors File (CSV) ... 63
Sample Input File for Alternate Receptor Input File ... 63
Format Guidelines for the Census Update File...........ccccoceeiiiiiiiiiii e, 65
Sample Census Update File............coooiiiiiiiii e 65
Summary of HEM4 Template Input FileS .........oooriiiiiiiii e 67
Sample List of Error Messages and Causes inHEM4 ............cccoooiiiiiiiiiiiiiiieeeeeeees 83
Fields Included in the Maximum Individual Risk & Maximum Offsite Impacts Files...94
Fields Included in the Risk Breakdown File ............ooooiiiiiiiiiiiiiie e 96
Fields Included in the Block Summary and Ring Summary Chronic Files.................. 98
Fields Included in the Incidence File...........ooooiiiiiiiiiiiiiiiiiiiiee 100
Fields Included in the All Inner and All Outer Receptor Files ...........ccccooeeviiiiinnnnnnnn. 102
Fields included in the All Polar Receptors Fil€.........cccooviiiiiiiiiiiiie e, 103
Fields included in the Acute Chem Max and Acute Chem Pop Files....................... 107

HEM4 User’s Guide Page viii



1. Introduction

The Human Exposure Model 4 (HEM4) Open Source Version 1.0 is a streamlined, but rigorous
tool you can use for estimating ambient concentrations, human exposures and health risks that
may result from air pollution emissions from complex industrial facilities. HEM4 can be used to
model impacts from a single facility or from multiple facilities located across the entire United
States (U.S.) and its territories, as well as anywhere in the world. HEM4 is designed for use by
the U.S. Environmental Protection Agency (EPA), states, local agencies, industry and other
stakeholders, and is currently used in the Risk & Technology Review (RTR) assessments by
EPA of entire source categories. In RTR assessments, HEM4 — like its predecessor, HEM-3 — is
used to model emissions and the resulting ambient concentrations from hundreds of facilities,
located both near as well as thousands of miles away from each other. The model then predicts
the potential exposures and inhalation health risks posed by these emissions, including in zones
with combined impacts from multiple nearby facilities. Compared to HEM-3, HEM4 incorporates
additional front-end and back-end features and capabilities in the model platform, including
additional modeling options, risk summary reports that summarize the cancer risk and
noncancer health impacts for your modeled group of facilities, and multiple output viewing and
analysis tools. Unlike HEM-3, HEM4 also enables the user to model concentrations, risk and
health impacts for their own receptors inside or outside the U.S. HEM4 is available for download
at http://www.epa.gov/fera/download-human-exposure-model-hem.

1.1 Organization of the HEM4 User’s Guide

This User’s Guide is organized into 10 sections plus an appendix:

Section 1 Provides a brief introduction to HEM4, including the main features and
requirements of the model and a comparison to HEM-3

Section 2 Provides instructions for installing HEM4, including descriptions of the
data libraries provided during installation

Section 3 Provides instructions for preparing the input data files needed by HEM4

Section 4 Provides step-by-step instructions for running HEM4

Section 5 Describes the calculations performed by HEM4 for each modeled facility

Section 6 Describes the facility-specific outputs produced by HEM4

Section 7 Describes the risk summary reports produced for each run group
Section 8 Explains how to understand the basic risk results
Section 9 Discusses quality assurance remodeling

Section 10 References

Section 11 Appendix A: Sample HEM4 Output Files
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1.2 Main Features of HEM4

HEM4 performs three main operations: dispersion modeling, estimation of population exposure,
and estimation of human health risks. For dispersion modeling, the American Meteorological
Society - U.S. EPA Regulatory Model (AERMOD) is run by HEM4 as a compiled executable
program. AERMOD is a state-of-the-science Gaussian plume dispersion model that EPA prefers
for most industrial source modeling applications for air toxics applications (EPA 2005).
AERMOD was developed under the auspices of the American Meteorological Society -
Environmental Protection Agency Regulatory Model Improvement Committee (AERMIC) as
summarized on EPA’s AERMOD website. (See https://www.epa.gov/scram/air-quality-
dispersion-modeling-preferred-and-recommended-models#aermod for all AERMOD model
documentation as well as links to AERMOD’s preprocessors, AERMET, AERMAP,
AERSCREEN, AERSURFACE and BPIPPRIM and post-processor, LEADPOST.)

This version 1.0 of HEM4 incorporates AERMOD version 19191 which was originally made
available to the public in August 2019 (EPA 2019a, EPA 2019b). AERMOD can handle a wide
range of different source types that may be associated with an industrial source complex,
including stack sources, area sources, and volume sources. Additionally, AERMOD is capable
of modeling polygon, line and buoyant line source types. AERMOD can also optionally model
emissions that vary in time or with wind speed, deposition with or without plume depletion, and
other complex plume processes such as building downwash.

HEM4 supplies AERMOD with meteorological data pre-processed by AERMET and required for
AERMOD’s dispersion calculations. HEM4’s Meteorology Library contains meteorological
(“met”) data from over 800 observation stations across the continental U.S., Alaska, Hawaii, and
Puerto Rico. Section 2.4 provides information on how to download the met data used by HEM4,
discusses how the met files were processed and the data contained in each, and includes a
national map of the locations for all 2019 met stations.

HEM4 runs AERMOD as many times as is necessary to address the gaseous pollutants and
particulate matter emitted from each modeled facility. AERMOD outputs annual average
ambient concentrations at discretely modeled receptor locations, through the simulation of hour-
by-hour dispersions from the emission sources into the surrounding atmosphere.

For U.S. emission sources, after running AERMOD for dispersion modeling, HEM4 estimates
population exposure and human health risks by drawing on additional data libraries that are
provided with the model, including a U.S. Census Library and a Chemical (Pollutant) Health
Effects Library. The Census Library of census block internal point (“centroid”) locations and
populations provides the basis of human exposure calculations. The model includes location
and population data from the 2010 U.S. Census. HEM4 draws upon the Census Library to
identify all census block locations within the study domain as defined by the default modeling
radius around each facility or a radius that you specify. The Census Library includes locations
and populations, elevations, and controlling hill heights for all of the approximately 6.3 million
populated blocks tabulated in the 2010 U.S. Census (Census 2010). Section 2.3 provides
information on how to download the census data and discusses the data contained in HEM4’s
Census Library.

Alternatively, HEM4 can model without the U.S. Census Library by using Alternate Receptors
that the user can provide within the U.S. or anywhere in the world.

HEM4 User’s Guide Page 2


https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#aermod
https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#aermod

HEM4 uses the Chemical Health Effects Library of pollutant unit risk estimates (URE) and
reference concentrations (RfCs) to calculate population cancer risks and noncancer 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. More information on how EPA
uses these dose-response values in risk assessments, including the source for these values, is
provided in EPA’s Dose-Response Assessment webpage (EPA 2018a) and in Section 2.2.

Using the air concentration results from AERMOD in combination with the data supplied by
HEM4’s Census and Chemical Health Effects Libraries, HEM4 estimates cancer risks and
noncancer “risks” (health hazard indices) due to inhalation exposure at U.S. Census block
locations and at other receptor locations that you may specify. As noted above, HEM4 (unlike
the previous HEM-3 version of the model) can also be used outside the U.S., without U.S.
Census block receptors, to predict concentrations and risk anywhere in the world at receptors
specified by the user surrounding emission sources. The predicted risk estimates are generally
conservative with respect to the modeled emissions because they are not adjusted for
attenuating exposure factors (such as indoor/outdoor concentration ratios, daily hours spent
away from the residential receptor site, and years of lifetime spent living elsewhere than the
current residential receptor site).

HEM4 computes cancer risks 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. HEM4 estimates noncancer
“risk” (or health hazards) using hazard quotients (HQs) and hazard indices for 14 “target” organs
or systems. The HQ for a given pollutant and receptor site is the ratio of the ambient
concentration of the pollutant 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. HEM4 computes target organ-specific hazard indices
(TOSHIs) 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. Like the cancer risk estimates, noncancer
hazard indices are not adjusted for attenuating exposure factors and are therefore considered
conservative estimates.

Optionally, HEM4 can estimate acute (short-term, such as hourly) concentrations for each
pollutant and receptor site, including the location of the maximum acute concentration for each
pollutant emitted from the facility. In addition, the model outputs a listing of the associated acute
benchmarks for each pollutant (at or below which certain acute adverse effects are not
expected). From these acute concentrations and benchmarks, the ratio of the maximum acute
concentration to the associated benchmark is computed to determine the maximum acute HQ
for each pollutant of concern. Acute noncancer HQs, like chronic noncancer TOSHIs and cancer
risk are conservative estimates in HEM4. Section 2.2.1 discusses the terms URE, RfC, HQ, HI
and TOSHI in more detail.

HEM4 estimates the predicted lifetime cancer risk, chronic noncancer TOSHIs, annual
concentrations, and (optionally) acute concentrations at every receptor location, and also
identifies receptor locations where the impact is highest. For these locations, the model gives
the concentrations of the modeled pollutants (HAP) emitted from each emission source driving
the overall cancer risks, chronic TOSHIs, and acute impacts. The model also estimates the
number of people exposed to various cancer risk levels and TOSHI levels.
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HEM4 provides these results for each individual modeled facility and also consolidates facility-
specific results into output files that provide results for all modeled facilities. HEM4’s post-
processors, the risk summary programs, produce additional outputs of combined and
summarized results that are useful in capturing the risk and health hazards, as well as the
pollutant and emission source drivers of these impacts, for a group of modeled facilities as a
whole (e.g., an entire source category of facilities modeled under the EPA’s RTR program).
HEM4 provides a browser-based option of viewing all the summarized results in graphical form,
including an interactive map of the facilities modeled, pie and bar charts of overall cancer
incidence, population risks, and pollutant and source risk drivers, and an interactive table of the
main results for each facility.

1.3 Differences between HEM4 and 2019 Version of HEM-3

HEM was originally developed as a screening tool for exposure assessment in the 1980s (EPA
1986). The original model was upgraded to run in a Windows™ environment, eventually called
HEM-3, and regularly improved and re-released by EPA in several HEM-3 versions over the
years, including most recently in 2007, 2014, 2017 and 2019. HEM4 is written in the open-
source software language Python™, while HEM-3 is written in the FoxPro® language, last
published by Microsoft® in 2007 and now unsupported. In addition, HEM4 includes improved
and streamlined user interfaces as well as enhanced graphical output capabilities compared to
HEM-3, as listed below, and summarized in Figure 1.

o HEM4 bases model selection options primarily on the data in your input files, rather than
on responses to user interface questions, which is less prone to user error.

e HEM4 can model impacts anywhere in the world with user-provided “alternate
receptors”, in addition to U.S. Census block receptors.

e HEM4 includes an integrated processor to change the U.S. Census database you use to
model by zeroing out block populations, moving blocks, and/or deleting blocks.

o HEM4 will default to using the full year of selected met data, but you may instead model
with a specified period of met data by indicating a start and end date and even hour.

o HEMA4 allows you to specify the exact location of the facility center or use the center
location calculated by the model.

e HEM4 allows you to specify polar ring distances or use the polar ring locations
calculated by the model.

¢ HEMA4 allows you to choose Method 1 or Method 2 for particle deposition. Method 2
requires less knowledge of the particle size distribution of your emissions compared to
Method 1, which requires a detailed particle size input file.

¢ HEMA4 allows you to choose a different acute high value for each facility (e.g., maximum,
99" percentile, 98" percentile), rather than modeling each facility with the same
maximum acute value.
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¢ HEMA4 includes the Risk Summary Report programs (previously called the RTR
Summary Programs) integrated into the model itself, rather than as an add-on suite of

programs.

o HEM4’s Risk Summary Reports are enhanced. The HI Histogram output accounts for all
14 TOSHIs (not just three). The Incidence Drivers output is now sorted in descending
order of pollutant-specific incidence and includes the pollutant’s percentage contribution
to total incidence. The Source Type Risk Histogram output includes the maximum
overall risk histogram and incidence for all modeled facilities in your run group, in
addition to the histogram and incidence specific to each source type.

e HEM4 performs consistency checks on your input files and includes more specific and
instructive error messages, to aid you in rectifying any errors or inconsistencies in your
input files before the model run begins.

¢ In addition to spreadsheet output files, HEM4 includes enhanced capabilities for
visualization and analysis of outputs, including browser-based interactive tables, graphs,

and mapping options.

e Note: In addition to the enhancements listed above, HEM4 has maintained all the
capabilities of the 2019 HEM-3 version, which included numerous enhancements
compared to the previous versions.

Model Feature

HEM4

2019 HEM-3

Software language

Written in open-source
Python™ language

Written in Microsoft FoxPro®
language, now unsupported

Minimal user interface

Model options based primarily
on data in input files; less
prone to user error

Model options based on input
files as well as responses to
user interface questions;
more prone to user error

Receptor enhancement and
flexibility

Modeling can occur anywhere
in the world because users
can specify alternate
populated receptors in lieu of
U.S. Census blocks

Only U.S. modeling was
possible because U.S.
Census receptor data was
required for any model run

Census database revisions

Census blocks may be
revised or removed using an
integrated processor

Census database could not
be edited by user

Meteorological Period Options

Period start and end fields
allow you to specify exactly
what met period HEM4
should instruct AERMOD to
use for your modeling run,
down to the year, month, day
and even hour

HEM-3 always used the
default annual period of met
data

Facility center

User may specify the location
of the facility center

The facility center was always
calculated by model based on
source locations
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Model Feature

HEM4

2019 HEM-3

Polar ring distances

User may specify polar ring
distances or use defaults

Polar ring distances were set
by default only

Particle deposition

User can choose AERMOD’s
Method 1 or 2 to model
particle deposition. Method 2
requires less particle data.

Particle deposition was
always modeled via
AERMOD Method 1, which
requires detailed particle size
distribution data

Acute high value

User can specify a different
percentile to use as the acute
high value for each facility

The same maximum value
had to be used for every
facility in the modeling run

Risk Summary Programs

Risk Summary Programs are
integrated into HEM4

RTR Summary Programs
were a separate executable

Risk Summary Report
Enhancements

The HI Histogram output
accounts for all 14 TOSHIs.
The Incidence Drivers output
is sorted in descending order
of pollutant-specific incidence
and includes the pollutant’s
percentage contribution to
total incidence. The Source
Type Risk Histogram output
includes the maximum overall
histogram for the run group.

HEM-3 accounted for only 3
TOSHIs in the HI Histogram
output. HEM-3’s Incidence
Drivers output was unsorted
and did not include the
percentage that each
pollutant contributes to the
total incidence. HEM-3’s
Source Type Risk Histogram
did not include the maximum
overall column for the run.

Error messages

Input file inconsistency
checks are automatically
made prior to model run with
more specific and instructive
error messages to aid user in
correcting errors pre-run

Error messages were not
specific enough and did not
capture many input file
inconsistencies prior to runs

Graphical outputs

Browser-based interactive
tables, graphs, and mapping
options for visualization and

analysis of outputs, in
addition to spreadsheet-
based output files

Graphical output options were
not available in HEM-3

Figure 1. Summary of Key Improvements for HEM4 versus 2019 HEM-3

1.4 Strengths and Limitations of HEM4

HEM4 is designed to perform detailed and rigorous analyses of chronic and acute air pollution
risks for populations located near industrial emission sources. The model was previously
updated with the goal of simplifying the running of AERMOD without sacrificing any of
AERMOD'’s strengths. In keeping with this goal, you can specify complex emission source
configurations, including point sources for stacks, area and volume sources for fugitive
emissions, obliquely oriented area sources for roadways, line sources for airport runways,
buoyant line sources for roof vents, and polygon sources for a variety of area source shapes
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including entire census blocks and tracts. The model identifies all receptors located near each
facility, including census blocks (if in the U.S.) and alternate receptors. You can also specify the
locations of individual houses, schools, facility boundaries, monitors, or other user-defined
receptors to model. HEM4 can account for impacts of terrain, building downwash effects,
pollutant deposition and plume depletion, and temporally-varying emissions. HEM4 also
analyzes multiple pollutants concurrently, with the capability of including particulate and
gaseous pollutants in the same model run.

However, HEM4’s framework has some limitations. First, AERMOD, like all air pollutant
dispersion models, is subject to uncertainties. Likewise, pollutant UREs for cancer, RfCs for
noncancer HI, and benchmarks for acute health effects are subject to uncertainties. Another
limitation of HEM4 is that, when modeling with census block receptors in the U.S., the model
estimates pollutant concentrations and risks for the block centroid, as defined by the U.S.
Census Bureau. Values calculated for this internal point are not representative of the range of
values over the entire block, and may not represent where most people reside within a block.
Further, these values do not account for the movement of people from their home census blocks
to other census blocks, due to commuting or other daily activities. In addition, as previously
noted, HEM4 calculates outdoor concentrations of air pollutants. These concentrations do not
account for indoor sources of pollution, or the reduction of outdoor pollution in indoor air.

HEM4 performs several tests on user input data—including ensuring consistency of input files
and some parameters—before using AERMOD to calculate air pollution impacts. However,
there are some potential problems users may introduce to their input files that HEM4 may not
detect in these initial tests. To avoid this, carefully review the model input guidelines to make
sure that the contents and format of your input files meet these guidelines before launching
HEM4.

1.5 Requirements for Running HEM4

You can use HEM4 on any Windows ™-based personal computer running Windows 98™ or
later. Disk space requirements will depend on the number of census and meteorological files
that you use. To model an individual facility, the model requires, at minimum, 10 megabytes
(MB) of disk space for a small facility and 1 to 2 gigabytes (GB) for a large, complex facility.
Furthermore, disk space requirements can be 10 to 20 times larger (than 2 GB) for complex
facilities located in densely populated urban areas (i.e., with many receptors), depending on the
modeling options you choose. The full census and meteorological libraries that you can
download in addition to the model require about 3.3 GB of space. The HEM4 model also will
need a minimum of 8 GB of random-access memory (RAM). Once installed, you can use HEM4
to model risks and exposures for any location in the U.S. or around the world, and for a wide
range of emission source configurations.

For each model analysis, you should provide emission rates for all HAP and emission source
locations in the form of Excel™ spreadsheet files. HEM4 requires separate estimates of
emission rates of each pollutant, from each emission source, for each facility to be modeled.
The model also requires detailed information on each emission source, including location,
release height, emission velocity and temperature for point (stack) sources, and the
configuration of non-point emission sources (e.g., area sources which emit with negligible
velocity at ambient temperature). You will be able to design the model receptor network around
each facility to be modeled via an input spreadsheet file. You can also use an optional
spreadsheet file to provide the dimensions of buildings near emission sources, for use in
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computing building downwash effects. When modeling particulate emissions, you can use an
optional spreadsheet file to provide particle size information and deposition parameters. If you
opt to model deposition of gaseous emissions, you will need to provide additional spreadsheet
input files describing the land use and vegetation surrounding the facility. You will be prompted
to indicate the location of your input spreadsheet files through user input screens, which are
discussed in more detail in Section 4, Step-by-Step Instructions for Running HEM4.

This user’s guide is designed to provide all the information you will need to run HEM4. However,
some of the options for running HEM4 draw on advanced features of AERMOD. If unfamiliar
with the AERMOD dispersion model, you may need to refer to the AERMOD documentation
(available at https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-
recommended-models#aermod.) in order to develop some of the inputs needed for HEM4 (EPA
2019a, EPA 2019b). This is particularly true for some of the more complex modeling options,
such as plume deposition and depletion, building downwash, temporal and wind speed emission
variations, and complex source configurations.

2. Installing HEM4

This section provides instructions for downloading and installing the HEM4 model and required
data libraries from the EPA’s HEM Download Page.

2.1 Downloading the HEM4 Program

The HEM4 model is available from EPA’s HEM Download webpage at
http://www.epa.gov/fera/download-human-exposure-model-hem. This site includes general
installation instructions, including hardware and software requirements, as well as links to
download and install HEM4. Download the HEM4 zip install package under “Software available
for download.” HEM4 can be installed anywhere on your PC and the root folder is not required
to be named HEM4. However, for the purposes of this User’s Guide, it is assumed the root
folder will be named “HEM4”. HEM4 is started by running the executable file ending in “.exe”.
Note: The HEM4 source code is available on github.com/USEPA/HEM4.

In addition to user-supplied inputs describing the nature and location of the emissions
(discussed in Section 3.1), HEM4 relies upon several data libraries that supply other required
inputs for a modeling run. To complete the installation of HEM4, download the following data
libraries:

¢ the Chemical Health Effects Library containing the pollutant (hazardous air pollutant,
HAP)-specific dose response values and benchmark values for affected organs, a.k.a.
“Toxicity Value Files” (Note: upon installation, HEM4’s resources folder will include a
Dose Response Library and Target Organ Endpoints table);

o the Census Library containing nationwide files that provide the population numbers and
terrain elevation data surrounding a facility location (based on the 2010 Census); Note:
upon installation, HEM4’s census folder will include the census files needed to run the
template/sample files only; and

o the Meteorological Library containing met station files (a surface and profile file for each
station) with data for over 800 stations nationwide; Note: upon installation, HEM4’s
AERMOD MetData folder will include the meteorological files needed to run the
template/sample files only.
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You will find links to these data libraries on the HEM Download Page. The following sections
provide instructions for downloading these files, along with a brief description of each of these
data libraries.

2.2 Downloading Chemical Health Effects Data

HEM4 uses a chemical health effects library of pollutant unit risk estimates (UREs) and
reference concentrations (RfCs) to calculate risks. To download these values, click on the
“Toxicity Value Files” link on EPA’s HEM Download Page (http://www.epa.gov/fera/download-
human-exposure-model-hem). Before initiating a modeling run, always check for updated
versions of these files on the HEM Download Page. When updated files become available, copy
these into the “resources” folder under the HEM4 directory that you selected during installation.
Be sure to unzip the files and verify they are located in the specified folder when finished. The
folder for chemical health effects data is “HEM4\resources.”

2.2.1 Description of Chemical Health Effects Library

For each pollutant or HAP, the Chemical Health Effects Library includes the following
parameters, where available:

URE for cancer;

RfC for chronic noncancer health effects;

reference benchmark concentration for acute health effects; and
target organs affected by the pollutant (for chronic noncancer effects).

These parameters are based on the EPA’s database of recommended dose response values for
HAP (EPA 2018a), which is updated periodically, consistent with continued research on these
parameters. The URE represents the upper-bound excess lifetime cancer risk estimated to
result from continuous exposure to an agent (HAP) at a concentration of 1 microgram per cubic
meter (ug/m?3) in air. For example, if the URE is 1.5 x 10 per ug/m?3, then 1.5 excess cancer
cases are expected per 1 million people, if all 1 million people were exposed daily for a lifetime
to 1 microgram of the pollutant in 1 cubic meter of air. UREs are considered plausible upper
limits to the true value; the true risk is likely to be less but could be greater (EPA 2018b).

The RfC is a concentration estimate of a continuous inhalation exposure to the human
population that is likely to be without an appreciable “risk” of deleterious noncancer health
effects during a lifetime (including to sensitive subgroups such as children, asthmatics and the
elderly). No adverse effects are expected to result from exposure if the ratio of the potential
exposure concentration to the RfC, defined as the hazard quotient (HQ), is less than one (1).
Note that the uncertainty of the RfC estimates can span an order of magnitude. (EPA 2018b).
Target organs are those organs (e.g., kidney) or organ systems (e.g., respiratory) which may be
impacted with chronic noncancer health effects by exposure to the pollutant in question. The
hazard index (HI) is the sum of hazard quotients for substances that affect the same target
organ or organ system, also known as the target organ specific hazard index (TOSHI).

The reference concentrations for acute health effects include both “no effects” reference levels
for the general public, such as the California Reference Exposure Levels (RELs), and
emergency response levels, such as Acute Exposure Guideline Levels (AEGLs) and
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Emergency Response Planning Guidelines (ERPGs). A more in-depth discussion of the
development and use of the health reference values may be found in the EPA’s Air Toxics Risk
Assessment Library (EPA 2017), available for download at http://www.epa.gov/fera/risk-
assessment-and-modeling-air-toxics-risk-assessment-reference-library.

You can add pollutants and associated health effect values, as needed, to the two Excel™
spreadsheets comprising HEM4’s Chemical Health Effects Library: the Dose Response
Library file and the Target Organ Endpoints file. These files are located in HEM4’s resources
folder:

o HEMA4\resources\Dose Response_Library.xlsx; and
HEM4\resources\Target_Organ_Endpoints.xIsx.

The Dose Response Library file includes a listing of HAP and other toxic pollutants and the
various URE values, RfC values, and acute benchmark values associated with these pollutants.
The Target Organ Endpoints file includes a listing of HAP and other toxic pollutants and the
organs or organ systems that may be impacted with chronic noncancer health effects, by
exposure to these pollutants above the RfC level.

Note that each pollutant you list in your facility-specific input files (discussed in Section
3.1) needs to match exactly (the spelling of) a pollutant name in HEM4’s Dose Response
Library file, and there can be no extra pollutants listed in your facility-specific input files
that are not also listed in the Dose Response Library file. The Target Organ Endpoints file
need not contain every pollutant listed in your inputs. You should ensure, however, that every
pollutant in your input files that has chronic noncancer health effects associated with it — and
that you wish to model as such — has an RfC value in the Dose Response Library file and is also
listed in the Target Organ Endpoints file, with the impacted organs and organ systems checked.
Note: Only pollutants with RfC values need to be listed in the Target Organ Endpoints file.

2.3 Downloading Census Data

You will need census files for the region or regions you wish to model. You can obtain
nationwide files from the 2010 Census on the HEM Download Page
(http://www.epa.gov/fera/download-human-exposure-model-hem) of EPA’s FERA website.

Nationwide files are provided on a state-by-state basis in JavaScript Object Notation format
(.json). HEM4 will access census files to cover the area within 50 kilometers of each facility you
are modeling. Multiple states may be needed to model a particular facility if the facility is located
within 50 kilometers of a state boundary.

Download, unzip and copy the nationwide census files into the census folder under the HEM4
folder you selected during installation. Once unzipped, check to be sure that these files are now
located in the specified folders when finished. The census folder is “HEM4\census”.

Do not delete the Census_key.json file (HEM4\census\Census_key.json). This file is required for
HEM4 modeling runs. Note that the lllinois and North Carolina files for the 2010 Census are also
included with the installation package to allow running of the template input files (discussed in
Section 3) with or without downloading of all nationwide census files.
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2.3.1 Description of Census Library

The HEM4 Census Library includes census block identification codes, locations, populations,
elevations, and controlling hill heights for the over 6 million populated census blocks identified in
the 2010 Census. The location coordinates reflect an internal point selected by the Census
Bureau to be roughly in the center of the block. For complex shapes, the internal point may not
be in the geographic center of the block, but they are still referred to as “centroids” in this guide.
Locations and population data for census blocks in the 50 states, Puerto Rico, and the Virgin
Islands are extracted from the U.S. Census Bureau website for Census 2010 (Census 2010).

HEM4’s census database includes elevation and controlling hill height data, in addition to the
population and location data supplied by the Census Bureau. U.S. Geological Survey data were
used to estimate the elevation of each census block in the continental U.S. and Hawaii. The
elevation data contained within the 2010 Census files were derived from North American Digital
Elevation Model (DEM) data at a resolution of 1/3 of an arc second, or about 10 meters (USGS
2015). Using the ArcGIS® 10 analysis tool, elevation was estimated for each census block in
Alaska and the U.S. Virgin Islands. The point locations of the census blocks in Alaska and the
U.S. Virgin Islands were overlaid with a raster layer of DEM elevations (in meters) (USGS
2000). An elevation value was assigned to each census block point based on the closest point
in the ArcGIS elevation raster file. HEM4 uses these block elevations to estimate the elevation
of each nearby polar grid receptor and the elevation of each source, if the user does not provide
source elevations, as discussed later in this guide.

An algorithm used in AERMAP, the AERMOD terrain processor (EPA 2018c), is used to
determine controlling hill heights. These values are used for flow calculations within AERMOD.
To save run time and resources, the HEM4 census block elevation database is substituted for
the DEM data generally used in AERMAP. As noted above, the census block elevations were
originally derived from the DEM database. To determine the controlling hill height for each
census block, a cone is projected away from the block centroid location, representing a 10%
elevation grade. The controlling hill height is selected based on the highest elevation above that
10% grade (in accordance with the AERMAP methodology). The distance cutoff for this
calculation is 100 kilometers. (This corresponds to an elevation difference at a 10% grade of
10,000 meters, which considerably exceeds the maximum elevation difference in North
America.)

In addition to census block location, population, elevation and controlling hill height data, the
HEM4 Census Library also includes the locations for over 125,000 schools and 1,000 monitors.
School location data is for public and private schools, spanning pre-kindergarten through high
school, and are from the NCES 2009 data (NCES 2009a, NCES 2009b). You can obtain
monitoring locations from the Air Toxics Data section of the EPA’s Technology Transfer Network
Ambient Monitoring Technology Information Center (EPA 2018d). Note that the precision of the
latitude/longitude location of these monitors varies and, in some cases, is precise to only two
decimal places (roughly £ 600 meters), making comparison with HEM4 modeling results
inexact.

2.4 Downloading Meteorological Data

You can obtain nationwide meteorological data files from the HEM Download Page
(http://www.epa.gov/fera/download-human-exposure-model-hem). Each set of meteorological
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files contains surface data and upper air data and is named beginning with the state
abbreviation for the state in which the station is located. Generally, the closest set of stations
will be most representative of the meteorology in the modeling domain. However, there are
several situations where a different combination of meteorological stations will be more
representative. For instance, if the modeling domain is located on the Gulf of Mexico, a surface
station near the Gulf may be more representative than an inland station, even if there is a closer
inland station.

Download the nationwide meteorological files into the “MetData” folder in the “aermod” folder
under the HEM4 folder you selected during installation. Unzip the meteorological files. After
unzipping, verify they are located in the specified folder. The meteorological folder is
“‘HEM4\aermod\MetData.” AERMOD uses two files for each meteorological station and these
files have extensions of SFC (surface data) and PFL (profile data).

Note that when you download the HEM4 model (as described in Section 2.1), the installation
package will place an Excel™ spreadsheet named “metlib_ AERMOD.xIsx” in your
“HEM4\resources” 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 may edit this spreadsheet to include additional
met station files, but you must provide the new met station data as both SFC and PFL files in
your “HEM4\aermod\MetData” folder. Be careful that the SFC and PFL file names match the
new rows you have added to the metlib_ AERMOD.xIsx spreadsheet in your resources folder.
You may also edit rows in this spreadsheet or delete met station entries entirely. (A Python error
message will be displayed if HEM4 cannot locate the metlib_ AERMOD.xIsx spreadsheet in your
resources folder.)

2.4.1 Description of Meteorological Library

AERMOD requires surface and upper air meteorological data that meet specific format
requirements. HEM4 includes a library of meteorological data from National Weather Service
(NWS) observation stations. The current HEM4 AERMOD Meteorological Library includes over
800 nationwide locations, depicted in Figure 2.

USEPA meteorologists obtained calendar year 2019 Integrated Surface Hourly Data (ISHD) for
over 800 Automated Surface Observation System (ASOS) (http://www.nws.noaa.gov/asos/)
stations spanning the entire US, as well as Puerto Rico and the US Virgin Islands, from the
National Centers for Environmental Information (NCEI) (formerly, the National Climatic Data
Center (NCDC)). The AERMOD meteorological processor, AERMET (EPA 2019c) and its
supporting modeling system (AERSURFACE and AERMINUTE) were used to process the
meteorological data.

To estimate the boundary layer parameters required by AERMOD, AERMET requires hourly
surface weather observations (which may include hourly values calculated from 1-minute data)
and the full (i.e., meteorological variables reported at all levels) twice-daily upper air soundings.
The surface and upper air stations are paired to produce the required input data for AERMOD.
To support AERMET, ASOS 1-minute data for each surface station were obtained from NCEI in
a DSI 6405 format. Further, upper air sounding data for the same time period for over 80
observation sites were obtained from the National Oceanic & Atmospheric Administration
(NOAA) Earth System Research Laboratory’s (ESRL) online Radiosonde Database (see
http://www.esrl.noaa.gov/raobs/General _Information.html). These datasets were produced by
ESRL in Forecast Systems Laboratory (FSL) format.
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AERMET Processing

Utilizing the AERMET meteorological data pre-processor, and the ASOS surface and FSL upper
air stations, surface and profile files for input into AERMOD were generated nationwide. The
surface stations were paired with representative upper air stations by taking the upper air station
closest to each surface station. The AERSURFACE tool was used to estimate the surface
characteristics for input into AERMET utilizing land cover data surrounding the surface station.
In addition, the AERMINUTE pre-processor was used to process 1-minute ASOS wind data for
input into AERMET. The following provides more detail regarding the pre-processors, AERMET
and AERMINUTE, used to generate the AERMOD meteorological data.

o AERMET Options: Version 19191 used to process ASOS site data; surface data in NCEI
TD-3505 (ISHD) format; upper air data in FSL (all levels, tenths m/s) format; used the
ADJ_U* non-Default BETA option to adjust the friction velocity (u* or ustar) for low wind
speed stable conditions.

¢ AERMINUTE Options: Version 15272 used for 1-minute ASOS data in TD-6405 format
where available.

The surface files were examined for completeness. If more than 10 percent of the data were
missing, the station was not considered suitable for the HEM4 meteorological database. In all,
838 met station pairs were found suitable and are included in the HEM4 meteorological library,
as depicted in Figure 2. Of these 838 met stations, 791 stations contain 2019 met data, while
the rest are 2016 through 2018.
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3. Preparing HEM4 Input Files

This section explains how to prepare the required and optional user-supplied input files for
HEMA4. In addition to the instructions provided in this section regarding how to set up your input
files, especially for more advanced modeling options, it is important to review the AERMOD
documentation for further guidance (EPA 2019a, EPA 2019b).

3.1 Overview and General Rules

HEM4 requires a series of Excel™ spreadsheet files to specify the emissions and configuration
of the facilities (or facility) you are modeling. HEM4 accepts all recent Microsoft Excel™
versions using the xlIsx spreadsheet format (e.g., Excel 2007 and later). It should be noted that
Excel 2007/2010, 2013, 2016, and 2019 versions have a 1,048,576-row capacity (and 16,384-
column capacity).

To use HEMA4 to calculate ambient pollutant concentrations (using AERMOD), you will need the
following three files at minimum:

o afacility list options file, which is the primary driver of the model run listing the facilities
to be modeled and specifying the model run parameters and options;

e an emissions location file, which provides emission source locations and configurations
for the facilities being modeled; and

e a HAP emissions file, which provides the names and amounts of the pollutants emitted
from each emission source at the modeled facilities.

You may also need the following additional input files, depending on the options you choose to
use in your modeling run.

¢ a polygon vertex file — this file is required if one or more of your sources is configured as
a polygon; it specifies the location of the polygon(s) by providing coordinates of the
vertices. (Note: this file is not needed for area sources.)

e abuoyant line parameter file — this file is required if one or more of your sources is a
buoyant line; it defines the values for a single buoyant line source (or the average values
for a group of parallel buoyant lines) including building length, building height, building
width, line source width, building separation (between the individual lines when multiple
lines are averaged) and buoyancy parameter.

e a building dimensions file — this file is required to model building downwash effects; it
describes building dimensions or other obstructions near emission sources that would
produce wake effects.

¢ An emission variations file — this file provides emission rate factors for individual sources
for one or more of the facilities you specify and is required to model temporally-varying
emissions (e.g., emissions reflecting diurnal, weekly, monthly, and seasonal variations)
or emissions impacted by wind speed variations.
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e a particle data file — this file is required to model particulate deposition; it specifies the
particle size distribution for various size ranges.

o the gas parameter file (included in HEM4’s resources folder) — this file is required to
model gaseous deposition; it specifies the parameters needed for modeling dry and/or
wet deposition of gaseous (vapor) pollutants including diffusion coefficients, cuticular
resistance and Henry’s Law coefficients. (Note: defaults are provided by the model
automatically, but you should provide pollutant-specific parameters if available by editing
the Gas_param.xisx file as discussed in Section 3.5.4.)

e aland use and month-to-seasons files — these two files are required to model dry
deposition of gaseous pollutants; they describe the land use and vegetative land cover
surrounding emission source(s) for facilities listed in the files.

¢ a user-defined receptors file — this file specifies the locations of additional discrete
receptors and is required if you want HEM4 to compute pollutant concentrations and
risks at locations you specify (e.g., houses, schools, or other sites near a facility), in
addition to U.S. census block receptors. (Note: your facility list options file must indicate
the facilities to be modeled with user receptors.)

e an alternate receptor file — this file is required if you wish to use receptors other than
U.S. Census block centroids in your modeling run and instead provide your own list of
receptors for modeling within the U.S. or anywhere in the world; the file specifies the ID,
location, elevation, hill height and population of the alternate receptors to be modeled.

These files are described in more detail below in Sections 3.2 through 3.5. In addition to the
above list of input files, you can also optionally revise the census database (as described below
in Section 3.5.9) and also revise the chemical health effect input files — the dose response
values and target organ assumptions — used in the model (as described below in Section
3.5.10).

HEM4 will prompt you to provide the input files required for your model run by opening up
Browse lines that allow you to search your computer for the location of each required input file.
Directly inputting data from spreadsheets avoids having to retype the emission rates and other
calculated parameters. However, this method of input has its drawbacks. Notably, HEM4 will not
run successfully unless you have formatted the input files exactly as specified in the format
guidelines. This section describes general rules you should follow to avoid common mistakes.
To make formatting easier, specific formatting requirements are exemplified in template input
files, which are provided in the default “HEM4\Inputs” folder. Note: If this is your first time
running HEM4, it is highly recommended that you first run the model with the template
input files provided, as practice, and to confirm that HEM4 installed properly on your
computer.

General Rules for Input Files

e Use a separate Excel™ workbook for each input file. 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).
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e Use only one input file worksheet per workbook.

¢ Match columns with the format specified for the input file. You can use the template input
files and substitute actual data for template data. Delete any extra lines of template data.

e Do not insert columns between data columns. HEM4 will read these, including any extra
hidden columns, as data.

e Use the number of header rows indicated in the template input files (included with the
HEM4 download) at the top of each spreadsheet file for all required and optional input
files.

e Do not include text in numerical data fields (for instance "<0.001"). HEM4 may read
these fields as Os (zeroes) or may accept only a portion of the number.

e For location coordinates, HEM4 will accept latitudes and longitudes in decimal degrees
as well as Universal Transverse Mercator (UTM) coordinates. The maximum precision
HEM4 uses for latitude and longitude decimal degrees is 5 places after the
decimal. (HEM4 will convert latitudes/longitudes to UTMs for use in AERMOD.) You
must enter coordinates in the World Geodetic System of 1984 (WGS84) format.! The
1983 North American Datum (NAD83) and the WGS84 are identical for most
applications, so no conversion is needed if using coordinates based on NAD83.
However, if coordinates are based on the 1927 North American Datum (NAD27)
geographic system format, they would need to be converted to WGS84 before being
used in HEM4.

¢ 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.). The required units are also
indicated in parentheses in the header rows of the template input files which are
included with the model.

¢ Note that the length and decimal places indicated in the format guidelines for each field
in the various input files is, in most cases, the suggested length based on HEM4’s
internal rounding conventions. For the Source ID field, however, it should be noted that
AERMOD does not accept Source IDs longer than 8 characters.

3.2 Facility List Options File

The Facility List Options Excel™ file is the primary driver specifying the parameters and options
of the modeling run and is required for any HEM4 run. This file is an enhanced version of the
Facility List Options file used in Multi HEM-3, with several columns added allowing for additional
features and several columns re-arranged for more intuitive grouping of fields. The Facility List
Options file contains one row for every facility that will be run with the various modeling options

TWGS84, NAD83 and NAD27 are different world reference frames (a.k.a. geographic systems) that are
used as the basis for projected coordinate systems like UTMs. HEM4 uses WGS84. For more information
see https://www.nga.mil/ProductsServices/GeodesyandGeophysics/Pages/\WorldGeodeticSystem.aspx
and https://gisgeography.com/wgs84-world-geodetic-system/.
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listed as columns for each facility row. If you use all default modeling options, the only field
requiring input is the Facility ID. All other fields have defaults which are employed when the
field in the Facility List Options file is left blank.

3.21

Fields in the Facility List Options File

Table 1 shows the fields included in the Facility List Options file. These fields are columns in the
actual Facility _List_Options.xIsx input file that you must provide to HEM4, and each row is for a
different facility as identified by the Facility ID. The rows in Table 1 are shown in the same
column order required by HEM4 in the input file. (For a template, see HEM4_
_Facility_List_Options.xlsx in your HEM4 inputs folder.) The options listed in Table 1 are
described in more detail following the table.

Table 1. Fields in the Facility List Options Input File (Required)

Default Setting
Field Description of Facility List Options Field
(if field left blank) P y B
Facility ID You must enter an alphanumeric string identifying the facility
(FacilitylD) 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.,

(met_station)

Rural/Urban
(rural_urban)

Urban Population
(urban_pop)

Max distance
(max_dist)
Modeling distance
(model_dist)

Radials
(radials)

by model as closest
to the facility

HEM4 determines
when using U.S.
Census block
receptors; HEM4
defaults to rural for
alternate receptors

Defaults to 50,000
people if left blank,
but only used and
needed if “U”
specified in
Rural/Urban field

50,000 meters

3,000 meters

16

NAMEO2.SFC) to be used by AERMOD when modeling
each facility. The met station closest to facility is chosen
unless you specify a name.

Used to set the type of dispersion environment for
AERMOD. “R” indicates rural land use surrounding the
facility; “U” indicates urban land use. If left blank when
modeling using U.S. Census block receptors, HEM4 will
determine whether the closest census block to the facility is
located in an urbanized area, based on the 2010 Census.
When using alternate receptors instead of U.S. Census
block receptors, a blank in this column will cause HEM4 to
default to a rural dispersion environment.

If you indicate “U” for urban land use (in Rural/Urban field
above), then you should provide the model with the urban
population size, otherwise leave blank. Note: If you specify
“U” in the Rural/Urban field but provide no urban population
value in this field, HEM4 will use a default urban population
of 50,000 people.

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).
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Default Setting

Field (if field left blank) Description of Facility List Options Field
Circles 13 The number of concentric circles in the polar receptor
(circles) network, centered on the facility center (must be = 3).

Overlap distance
(overlap_dist)

First ring distance
(ring1)

Facility Center

Ring Distances

Acute
(acute)

Hours

(hours)

Acute Multiplier
(multiplier)

High Value
(high_value)

30 meters

If left blank,
calculated by HEM4
to be just outside the
source locations, but
not less than 100 m
from facility center

If left blank,
calculated by HEM4
based on the source
locations in the
emissions locations
input file

HEM4 will
automatically place
13 polar rings
(circles) by default

1-hour

10

Maximum acute
value is used as the
high value when this
field is left blank

The distance (in meters) between an emissions source and
a census block or alternate receptor, within which you do not
want the receptor to be considered as a point of maximum
exposure/risk because it might be on facility property.

Must be an integer value = 1 meter and < 500 meters.

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 HEM4 to fit the size and
shape of the facility properties to be modeled.

You can enter the facility center location in this field to
override HEM4's (default) location. Enter as a comma
separated list that should start with either "U" (if using UTM
coordinates) or "L" (if using lat/lon coordinates). The list
should contain two values if L for latitude followed by
longitude (L, 35.91,-78.89) or three values if U for northing,
easting and UTM zone number with hemisphere (U,
3975044, 690891, 17N). Hemisphere is S or N and defaults
to N if omitted.

You can override HEM4's placement of polar rings (circles)
by specifying a list of distances in this field. Enter a comma
separated list that contains at least 3 values representing the
distance in meters for each polar ring from the facility center.
The distances entered must be > 0 and <= 50,000 meters,
and the values must be increasing (e.g.,
100,500,1000,5000,10000,50000).

Entering “Y” directs HEM4 to calculate short-term (acute)
concentrations for that facility. If left blank or “N” is entered,
acute impacts are not estimated in the model run.

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

The acute multiplier applied to the average annual emission
rate and used to approximate the short-term emission rate
(e.g., 10 times the rate entered in the HAP Emissions file).
Note: HEM4 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

This field indicates which acute concentration to report as
the high acute value in the outputs, for each facility. If you
wish to use a value other than the maximum (e.g., the 98" or
99t percentile), then enter the value in this field. The number
you enter must be an integer and is calculated based on the
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Default Setting

Fiel
ield (if field left blank)

Description of Facility List Options Field

Deposition N
(dep)

Depletion N
(depl)

Particle NO
Deposition

(pdep)

Particle Depletion  NO
(pdepl)

Vapor (gaseous) NO
Deposition

(vdep)

number of hourly values in the modeled run. For example, if
you want the 98th percentile acute value used from a data
set of 8,760 hourly values (in one year), then enter 175 in
this field, which is the truncated product of 0.02 x 8760.
Similarly, if you want to use the 99th percentile acute value,
then enter 87 in the text box, which is the truncated product
of 0.01 x 8760. The default acute high value (if this field is
left blank) is the maximum modeled acute concentration.

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. You may model deposition
with or without plume depletion (below). Note that you
cannot model deposition/depletion for any facility that
contains a buoyant line.

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.) Note that you
cannot model deposition/depletion for any facility that
contains a buoyant line.

The value “WD” directs the model to incorporate both wet
and dry deposition for particles. Use “WQ” for wet only
particle deposition; use “DO” for dry only particle deposition;
use “NO” (or leave blank) if not modeling deposition of
particles. If you enter WD, WO or DO in this field for a given
facility (or facilities), then HEM4 will prompt you to provide a
particle size input file for that facility (or facilities), if you are
using Method 1 for deposition. Note that you cannot model
deposition/depletion for any facility that contains a buoyant
line.

The value “WD” directs the model to incorporate both wet
and dry depletion of particles from the plume. Use “WQO” for
wet only particle depletion; use “DO” for dry only particle
depletion; use “NO” (or leave blank) if not modeling depletion
of particles from the plume. If you enter WD, WO or DO in
this field for a given facility (or facilities), then HEM4 will
prompt you to provide a particle size input file for that facility
(or facilities), if you are using Method 1 for deposition. Note
that you cannot model deposition/depletion for any facility
that contains a buoyant line.

The value “WD” directs the model to incorporate both wet
and dry vapor deposition of pollutants; use “WQO” for wet only
vapor deposition; use “DO” for dry only vapor deposition; use
“NO” (or leave blank) if not modeling deposition of vapor
pollutants. If you entered WD or DO in this field, HEM4 will
prompt you to provide a land use input file and a month-to-
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Field

Default Setting
(if field left blank)

Description of Facility List Options Field

Vapor (gaseous)

Depletion
(vdepl)

Elevations
(elev)

User receptors
(user_recpt)

Building
Downwash
(bldg_dw)

FASTALL
(fastall)

Emissions
Variation

(emiss_var)

Annual
(annual)

NO

seasons input file, which are needed for dry deposition/
depletion modeling. Note that you cannot model
deposition/depletion for any facility that contains a buoyant
line.

The value “WD” directs the model to incorporate both wet
and dry depletion of vapor pollutants from the plume. Use
“WO?” for wet only vapor depletion; use “DO” for dry only
vapor depletion; use “NO” (or leave blank) if not considering
depletion of vapor pollutants from the plume. If you entered
WD or DO in this field, HEM4 will prompt you to provide a
land use input file and a month-to-seasons input file, which
are needed for dry deposition/depletion modeling. Note that
you cannot model deposition/depletion for any facility that
contains a buoyant line.

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

Enter “Y” to include user receptors in the modeling run, for
each facility. User receptors are not included by default.
Note: if you are modeling using user receptors, HEM4 will
prompt you for a separate user receptor input file.

Enter “Y” in this field for each facility containing point
sources for which you wish to model downwash over a
nearby building. Building downwash is not included by
default. If you are modeling building downwash, HEM4 will
prompt you for a separate input file that must contain
building dimension information, for (applicable point sources
in) each facility marked with a "Y" in this column. Note that
building downwash may only be modeled with vertical point
(P), capped point (C), and horizontal point (H) source types.

Entering “Y” directs HEM4 to use AERMOD’s control option
FASTALL for modeling that facility, which conserves model
run time by simplifying AERMOD’s dispersion algorithms.
FASTALL is not used by default. Note that you cannot use
FASTALL for any facility that contains a buoyant line.

Entering “Y” indicates that you want to vary the emissions of
one or more sources at this facility. This field allows the
application of variations to the emission inputs from specific
sources by different user-supplied time scales (e.g., by
season, month, hour of day, day of week), or by different
wind speeds (6 ranges). If you enter a “Y” for a given facility,
then HEM4 will prompt you for a separate emissions
variation input file for that facility, and that file must contain
variation factors for at least one source at each facility
marked with a "Y".

Entering an "N" in the annual field indicates that you want
the modeling run to be based on meteorological data from a
period other than an annual period. If you enter an "N" in this
annual field, then you must enter values in the "period_start"
and "period_end" fields (below). Leaving this field blank or
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Default Settin
Field (if field left blagnk) Description of Facility List Options Field

entering a "Y" will cause HEM4/AERMOD to calculate
annual concentration averages using the entire met data file,
which is the default.

Period Start [Entry required if an The period_start field indicates the start of the
(period_start) “N" is entered in meteorological period during which AERMOD will run. You
- Annual field above] should enter a comma separated list of 3 or optionally 4

values here indicating the year, month, day and (optionally)
hour of when the modeling period should begin. For
example, if you enter 2016,02,11,12 then the model will use
2016 met data starting on February 11th at the 12th hour
(noon) and end on the date and time indicated in the
period_end field. Note that if you do not enter an hour here,
then the model will use hour 1 as the default.

Period End [Entry required if an The period_end field indicates the end of the meteorological
(period_end) “N” is entered in period during which AERMOD will run. You should enter a
- Annual field above] comma separated list of 3 or optionally 4 values here

indicating the year, month, day and (optionally) hour of when
the modeling period should end. For example, if you enter
2016,06,30,17 then the model will use the met data starting
on the date and time indicated in the previous period_start
field and ending in 2016 on June 30th at the 17th hour (5
pm). Note that if you do not enter an hour here, then the
model will use hour 24 as the default.

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 100% particles in the Percent Particulate column of
your HAP Emissions input file and you wish to model deposition and/or depletion, then you
cannot choose to model vapor deposition and/or depletion (by entering a “Y” in either the vdep
or vdepl columns of your Facility List Options file). In addition, the modeling options you indicate
in the Facility List Options file may require additional input files for modeling. For example, if you
indicate in the Facility List Options file that you would like building downwash modeled for
certain facilities (by entering a “Y” in this field), then one or more point sources at those facilities
must be included in the separate building dimensions input file that HEM4 will prompt you for.
You will also need to provide consistent input files if you marked a “Y” for any facilities in the
user receptor or emissions variations fields. The various modeling options driven by the Facility
List Options file are discussed more in the next sections.

3.2.2 Meteorological Station and Period Options

HEM4’s library of meteorological (met) station data is described in Section 2.4.1. By default,
HEM4 chooses the met station closest to the facility to be modeled (i.e., if this field is left blank).
If you do not want HEM4 to choose the closest met station’s data to use for your modeling run,
in the meteorological station (met_station) column/field of the Facility List Options file, enter the
name of the met surface station you want AERMOD to use when modeling each facility (e.g.,
NC13722.SFC). The names of all stations in the met library can be found in the
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metlib_aermod.xlsx file in “HEM4\resources” folder, and the stations’ met data can be found in
the “HEM4\aermod\MetData folder”. You can also add your own met station to the
metlib_aermod.xlsx file in the HEM4’s resources subfolder and provide the new met station data
as both SFC and PFL files in your “HEM4\aermod\MetData” folder, as explained in more detail
in Section 2.4.

The other fields related to met data are at the end of the Facility List Options file, on the far-right
side of the spreadsheet, and include “annual”, “period_start”, and “period_end”. These columns,
as noted above in Table 1, allow you to choose to model with a period other than the default
annual period of met data. And the period start and period end fields allow you to specify exactly
what met period HEM4 should instruct AERMOD to use for your modeling run, down to the year,
month, day and even hour. The period start and end dates you specify must be included in
the meteorological files being used. If the set of meteorological files you specify, or that
HEM4 chooses, does not cover the dates you specify, AERMOD will generate an error
and that facility will not be modeled. These period options are useful if modeling, for
example, facilities that come on and offline during different parts of a year. The options may also
be helpful in performing analyses to determine what time periods in the year produce the
highest local concentrations and impacts.

It should be noted that the selection of the met station and met period for your modeling run can
have a significant effect on the air concentrations and therefore risk and HI estimates that HEM4
produces. See Table 1 for HEM4’s default settings used in the Facility List Options for the met
station and period options.

3.2.3 Rural and Urban Dispersion Options

The Rural or Urban column/field is used by HEM4 to set the type of dispersion environment for
AERMOD, for each facility. If you are modeling using U.S. Census blocks as receptors, then by
default HEM4 will find the nearest U.S. Census block to the facility center and determine
whether that census block is located in an urbanized area, as designated by the 2010 Census
(ER 77:59). If the block is in an urbanized area, then the population of the designated urbanized
area will be used to specify the population input for AERMOD's urban mode for that facility. If
the block is not in an urbanized area, then AERMOD will use a rural dispersion environment for
that facility.

If you are modeling using alternate receptors instead of census blocks (e.g., outside the U.S.),
ideally you should determine which dispersion environment to use for each facility. If instead
you leave the rural/urban field blank when using alternate receptors, then AERMOD will default
to a rural dispersion environment, resulting typically in more conservative (higher) concentration
predictions.

The EPA provides guidance on whether to select urban or rural dispersion in its Guideline on Air
Quality Models (Appendix W). In general, use the urban option if (1) the land use is classified as
urban for more than 50% of the land within a 3-kilometer radius of the emission source, or (2)
the population density within a 3-kilometer radius is greater than 750 people per square
kilometer. Of these two criteria, the land use criterion is more definitive. If you choose the urban
dispersion environment for the model run, you should specify the population of the urban area
surrounding the facility, if known, by entering it in the urban population column/field (urban_pop)
of the Facility List Options file. This is true whether you are modeling with U.S. Census block
receptors or with alternate receptors. If you choose to model using an urban dispersion
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environment and do not provide a population, HEM4 will set your urban population column/field
(urban_pop) to 50,000 people. As noted above, AERMOD uses the urban population value in its
dispersion algorithms for urban areas.

3.2.4 Modeling Domain Options

You will provide HEM4 the parameters that define each facility’s modeling domain in columns E
through L of the Facility List Options file. The modeling domain is circular and centered on each
facility, with a user-specified radius. HEM4 identifies all of the receptor locations in the modeling
domain — census blocks for U.S. runs based on the census database, or alternate receptors for
non-census modeling runs. The model then divides the blocks into two groups — inner and outer
receptors — based on their distance from the facility. For the inner group of receptors (closest to
the facility), each census block or alternate receptor location is modeled as a separate receptor
in AERMOD.

Maximum Distance: In column E of the Facility List Options file, enter the maximum radius (in
meters) to be modeled; this is the radius around each facility of the entire modeling domain. The
maximum distance must be greater than or equal to the “modeling distance” (discussed next),
but not greater than 50,000 meters because, as a Gaussian dispersion model, AERMOD is not
recommended beyond 50 kilometers. If you leave this field blank, HEM4 will use a default
maximum distance of 50,000 meters. The maximum distance is the radius of the circular study
area for which HEM4 will model ambient impacts (at census block centroid receptors or
alternate receptors, polar grid receptors, and user receptors, as explained below in this section).
The center of this modeling domain is by default the geographical center of each facility (based
on source locations for each facility) you are modeling, but you can change this center using the
“facility center” column K, as discussed below.

Modeling Distance: In column F of the Facility List Options file, enter the distance (in meters)
within which census blocks will be modeled individually. This is the cutoff distance around each
facility for explicitly including census block or alternate receptors in the AERMOD run. Within
this radial distance measured from the facility center, AERMOD will model each census block
centroid or alternate receptor explicitly as a receptor. Outside of this radius, AERMOD will not
model the census blocks or alternate receptors directly; ambient impacts at receptors beyond
the modeling distance will be interpolated using dispersion modeling results for the polar
receptor network, described below. If you leave this field blank, HEM4 will by default use a
modeling distance of 3,000 meters. It should be noted that the Modeling Distance may not be
greater than the Maximum Distance (above),

It should be noted that larger values for this cutoff modeling distance will require more time to
model, because the number of receptors requiring explicit AERMOD modeling will be higher.
However, you should set this cutoff value at a large enough distance so that the maximum risk
receptor (discussed in Section 6.1.1) will be modeled individually. This distance will vary
depending on the configuration of the sources but is generally between 1,500 and 2,000 meters.
A typical modeling cutoff distance for larger facilities is 3,000 meters (or 3 km). When modeling
large sources configured as polygons (e.g., U.S. Census tracts), set this modeling cutoff
distance to be greater than the largest distance across the polygon, to ensure discrete modeling
of all census blocks within the polygon.

Radials: In column G of the Facility List Options file, enter the number of radials in the area to
be modeled. The polar grid receptors of the polar network are located at the intersection of a

HEM4 User’s Guide Page 24



radial and a polar ring (or “circle”, described next). A typical run would include 13 concentric
rings and 12 or 16 radial directions. HEM4 will distribute the radial directions evenly around the
facility. For instance, if you select 16 directions, receptors will be modeled at compass bearings
of 0, 22.5, 45, 67.5, 90, 112.5, 135, 157.5, 180, 202.5, 225, 247.5, 270, 292.5, 315, and 337.5
degrees. If you leave this field blank, by default HEM4 will use 16 radial directions. If you
choose to enter a different number of radials, you must specify at least 4 radials in this field.

Circles: In column H of the Facility List Options file, enter the number of concentric circles
(rings) in the polar receptor network around each facility, centered on the facility center. You
must enter at least 3 rings. If you leave this field blank, by default HEM4 will use 13 rings. Also,
by default, HEM4 will calculate the inner radius of the polar network, unless you choose to
specify a distance to the first ring (or “Ring1”, described below). This model-calculated first ring
distance is based on the location of the emission sources and the facility center. HEM4 selects
the distance that places the first modeling ring just beyond all emission sources, but not less
than 100 meters from the facility center. HEM4 will place the concentric rings at a logarithmic
progression of distances starting at the inner ring distance and ending at the outer radius of the
modeling domain. However, you have the option to specify different ring distances (than
HEM4’s calculated distances) in the “ring_dists” column, described below. Although the polar
grid receptors are used primarily for interpolating risks at census blocks outside of the modeling
cutoff distance, it is important to include some rings close to the facility.

Overlap Distance: In column | of the Facility List Options file, enter the distance (in meters)
where source and receptor are considered to be overlapping. This distance must be greater
than or equal to 1 meter and less than or equal to 500 meters. If you leave this field blank,
HEM4 by default will use an overlap distance of 30 meters, which is approximately equal to the
width of a narrow buffer and a roadway. Within this distance, sources and receptors will be
considered to be overlapping, as measured from each source at the facility (e.g., stack, edges
of area and volume sources). This feature is provided to address situations, for example,
wherein U.S. Census blocks are very close to a facility and have complex shapes. In such
cases, the centroid of a census block may be much closer to the facility than the nearest actual
dwelling. (In fact, if a census block surrounds a portion of the facility, the centroid of the block
may be on facility property.) If a receptor falls within this distance, HEM4 will not calculate risks
based on the location of that receptor but will instead assume that the risks associated with the
receptor are the same as the highest predicted value for any receptor that does not overlap
facility property (including polar receptors). An exception to this occurs when modeling polygon
sources. Unlike other sources, when modeling polygons, overlapping of source and receptor is
permitted. This allows the impacts, for example, of a U.S. Census tract modeled as a polygon
source (e.g. mobile source emissions modeled uniformly across a census tract) to be calculated
within the census tract being modeled.

Ring1 or First Ring: In column J of the Facility List Options file, enter the distance (in meters) to
the first ring (circle) of the polar network for each facility, as measured from the facility center.
As noted above (under “Circles”), if you leave this field blank then HEM4 will calculate the
default value to the first ring to be just outside the source locations, but not less than 100 meters
from the facility center. You can override the default distance calculated by the model to fit the
size and shape of the facility properties to be modeled. For example, you should set the first
receptor ring to less than 100 meters (or conversely greater than what HEM4 calculates), if
appropriate to the size and shape of the facility property. Place the nearest polar receptor ring
as close as possible to the facility boundary— this inner radius of the polar network should be
the minimum distance from the facility center that is generally outside of facility property. For
complex or irregularly shaped facilities however, you may find it useful to specify an inner ring
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that encroaches on facility property in some directions. Furthermore, you may want to specify a
set of boundary receptors by employing the user-defined receptors file (as described in Section
3.2.8). Note that the first ring distance must be less than the modeling cutoff distance (for
explicit modeling of receptors).

Facility Center: In column K of the Facility List Options file, you may specify the facility center
location to override HEM4's determination of where the facility center is located. If you leave this
field blank, HEM4 will by default choose the facility center by determining the geographic center
of the locations of all emission sources for that facility in your Emissions Location file (discussed
in Section 3.4). If you wish to specify a different facility center location, then enter its location in
this field as a comma separated list that should start with either "U" (if using UTM coordinates)
or "L" (if using latitude/longitude coordinates). The list should contain two values if L for latitude
followed by longitude (L, 35.91,-78.89) or three values if U for northing, easting and UTM zone
number with hemisphere (U, 3975044, 690891, 17N). Hemisphere is S or N and defaults to N if
omitted.

Ring distances: In column L of the Facility List Options file, you may override HEM4's placement
of polar rings (circles) by specifying a list of distances in this field. To do so, enter a comma
separated list that contains at least 3 values representing the distance in meters for each polar
ring from the facility center. The distances entered must be greater than 0 and less than or
equal to 50,000 meters, and the values must be increasing (e.g.,100,500,1000,5000,10000,
50000). If you leave this field blank, HEM4 will by default place 13 polar rings (circles), as noted
above under “Circles”.

A note about the Polar Network: Columns G and H of the Facility List Options file, and optionally
columns J, K and L, define HEM4’s polar network. In addition to ambient impacts at receptors
(census block centroids or alternate receptors) within the modeling cutoff distance, HEM4 (using
AERMOD) also explicitly models ambient impacts at polar grid receptors within the polar
network. This polar network extends beyond the modeling cutoff distance to the maximum
(outside) radius. The polar receptor network in HEM4 serves three functions:

(1) it is used to estimate default impacts if one or more U.S. Census block receptor or
alternate receptor locations are inside the overlap cutoff distance;

(2) it is used to evaluate potential acute effects that may occur due to short-term
exposures in unpopulated locations outside the facility boundary; and

(3) it is used to interpolate long- and short-term impacts at receptors (U.S. Census block
locations or alternate receptors) that are outside the cutoff distance for modeling of
individual receptors

Note that, if modeling with terrain effects, the elevation of each polar grid receptor is based on
the elevation of nearby individually (explicitly) modeled or “discrete” receptors (including census
blocks, alternate receptors and user receptors). The maximum elevation of nearby discrete
receptors is assigned to each polar receptor, to ensure terrain effects on receptor
concentrations are conservatively estimated. The importance of the polar network is
discussed further in Section 5.

3.2.5 Acute Options

As introduced in Section 1.2, you can use HEM4 to estimate chronic health risks and, optionally,
acute (short-term) health risks as well. Chronic health risks are estimated based on long-term
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average concentrations, as predicted by AERMOD. The time frame of this average is
determined by the number of years covered by the meteorological data file selected for the
model run: the default is generally one year when running AERMOD, although periods other
than one year can be chosen as discussed in Section 3.2.2 above regarding met station and
period options. Acute health risks are based on short-term average exposures such as 1, 2, 3,
4,6, 8, 12 and 24 hours.

You can choose to model acute health risks using columns M, N, O and P of the Facility List
Options file. HEM4 uses what you input in these fields for each facility to direct AERMOD to
model acute concentrations, and then HEM4 uses these acute concentration predictions by
AERMOD to estimate acute health risks. Enter a Y (for “yes”) in column M “acute” to indicate
you want HEM4/AERMOD to model short-term (acute) concentrations for that facility. (If you
leave this field blank then by default HEM4 will not model acute impacts, regardless of what you
put in columns N, O and P.) Next, in column N “hours”, enter the short-term (acute) averaging
period that AERMOD will use for ambient concentrations, for each facility. The averaging period
options are: 1, 2, 3, 4, 6, 8, 12 and 24 hours. (If you entered Y in column M and leave column N
blank, then HEM4 will by default use an averaging period of 1 hour.)

In column O “multiplier”, enter the acute multiplier for each facility. This multiplier is applied to
the average annual emission rate (in tons/year from your HAP Emissions input file, which the
model converts to grams/second) and used to approximate the short-term emission rate. If you
entered a Y in column M, but leave this field blank, then by default HEM4 will use a multiplier of
10 for that facility (e.g., the default of 10 times the average annual emission rate entered in the
HAP Emissions file might be used to approximate short-term emission spikes). Regarding short-
term spikes, it is important to note that AERMOD applies this short-term rate over the course of
the entire met period chosen (in Section 3.2.2) and the peak acute value will occur at the
same time as the worst-case meteorological conditions. Therefore, the acute results
produced with an appropriate multiplier can be viewed as conservative estimates. Two-decimal
precision is accommodated in the multiplier column O, but the multiplier entered must be greater
than or equal to 1.00.

The peak acute value reported by HEM4 is also impacted by what you enter in column P “high
value”. This field indicates which acute concentration to report as the high acute value in the
outputs, for each facility. If you wish to use a value other than the maximum (e.g., the 98" or
99" percentile), then enter the associated value in this field. The number you enter must be an
integer and is dependent on the number of hourly values in the modeled run. For example, if
you want the 98" percentile acute value used from a dataset of 8,760 hourly values (in one
year), then enter 175 in this text box, which is the truncated product of 0.02 x 8,760. Similarly, if
you want to use the 99" percentile acute value, then enter 87 in the text box, which is the
truncated product of 0.01 x 8,760. If instead you leave column P blank, then HEM4 will by
default use the maximum modeled acute concentration as the “high value”.

3.2.6 Deposition and Depletion Options

Deposition and Depletion: Deposition and depletion are not modeled by default by HEM4.
However, depending on the deposition and depletion options you choose in the Facility List
Options file in columns Q through V, HEM4 will (1) calculate and output a deposition flux and (2)
deplete the plume (or not) based on the calculated deposition. Generally speaking, deposition
modeled with plume depletion will reduce the ambient impacts from the emission sources by
removing pollutants from the plume. Air concentrations will be depleted as pollutants are
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deposited to the ground. Alternatively, you may choose to calculate the deposition flux, but not
deplete the plume (to allow for non-depleted air concentrations that a standard run would
produce). Deposition without plume depletion will not affect the air concentrations but will
provide a deposition flux in the outputs. Whether you choose to deplete the plume or not, the
modeled deposition flux may be then used as an input to a separate multipathway model such
as the Total Risk Integrated Methodology (TRIM) (EPA 2018e).

Enter a Y (for “yes”) in column Q of your Facility List Options file if you would like AERMOD to
model deposition and HEM4 to output a deposition flux column (in g/m?3/y)? for all polar
receptors and for the inner discretely modeled receptors. Enter a Y in column R if you would like
AERMOD to model depletion (i.e., deplete the plume based on a calculated deposition flux). If
you enter a Y in both columns Q and R, then HEM4 will output a deposition flux column AND
deplete the plume. If you enter a Y in only column R (and leave column Q blank or enter an “N”),
then no deposition flux will be provided, but the plume will be depleted (based on an internally
calculated deposition flux). If you do not need the deposition flux output by the model, this
option saves space.

HEM4 uses AERMOD to calculate deposition and depletion effects for particulate matter, vapor
(gaseous) pollutants, or both. The make-up of your emissions — that is, the percentage
particulate and gas — is dictated to HEM4 by your HAP Emissions input file. Specifically, column
E in the HAP Emission input file (“Fraction emitted as particulate matter (%)”) indicates to HEM4
whether your emissions are 100% particle (if column E is populated with 100 for all pollutants),
100% gas (if column E is left blank or populated with 0 for all pollutants), or a mixture of
particles and gas. However, for each facility, you can choose to model deposition and/or
depletion for merely the particulate portion of your emissions (if you have a particulate portion),
the vapor portion of your emissions (if you have a gas portion), or both (if you have both particle
and gas, as indicated in column E of your HAP Emissions input file).

Particle and Vapor Deposition and Depletion Types (Wet and Dry; Wet Only; Dry Only; None): If
you entered “Y” in column Q and/or R regarding modeling deposition and/or depletion, you must
also indicate what type of deposition and/or depletion you wish HEM4 to direct AERMOD to
model: wet and dry (WD), dry only (DO), wet only (WO), or none (No or leave blank). Use
columns S, T, U and V of your Facility List Options file to indicate what kinds of deposition
and/or depletion you want modeled for particulates and vapor (gas). In column S “pdep” you
should indicate the type of deposition of particles you want modeled, if any. In column T “pdepl”,
you should indicate the type of depletion of particles you want modeled, if any. Do likewise in
columns U “vdep” and V “vdepl” for the types of deposition and depletion of your vapor
pollutants, respectively. See the AERMOD User’s Guide (EPA 2019a) and AERMOD
Implementation Guide (EPA 2019b) for a more detailed discussion of these processes.

You can mix and match the type of deposition and depletion you tell HEM4 to model. For
example, you can direct HEM4 to model wet and dry (WD) deposition, and then deplete the
plume based on those wet and dry (WD) deposition processes. Alternatively, you can choose
wet and dry deposition (WD), but then only deplete the plume based on the wet deposition
process (WO). In addition, the “none” option (No or blank) allows you to model deposition for
particles only, for example, even if your HAP Emissions file shows a mixture of particles and
gas. To do this, you can indicate in column S “pdep” what type of deposition to model for your
particle emissions (WD, WO or DO) and then leave column U “vdep” blank or enter “No”. You

2 If you specify a PERIOD average instead of an ANNUAL average, deposition results will be given in
g/m2.
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may use these same options for depletion-only modeling. Table 2 below provides a partial list of
some deposition/ depletion combinations and their modeling results.

Table 2. Sample Deposition and Depletion Options and Model Results

Entries in Columns Q - V of the Facility List Options File*

Q: dep

R: depl

S: pdep

T: pdepl

U: vdep

V: vdepl

Model Results*

Y

Y

WD

WD

WD

WD

Deposition flux will be provided
and the plume will be depleted,
using wet and dry processes for
both particles and vapor, for both
deposition and depletion

WO

DO

Deposition flux will be provided
with no depletion of the plume,
using wet-only processes for
particles and dry-only processes
for vapor

WD

WD

No deposition flux will be
provided but the plume will be
depleted using both wet and dry
processes for particle and vapor

DO

WO

Deposition flux will be provided
and the plume will be depleted,
using dry only processes for
particle-only deposition and wet-
only processes for particle-only
depletion

WO

No deposition flux will be
provided but the plume will be
depleted using wet-only
processes for vapor only

WD

Deposition flux will be provided
with no depletion of the plume,
using wet and dry processes for
particle-only deposition

WD

WO

WD

DO

Deposition flux will be provided
and the plume will be depleted,
using wet and dry processes for
particle and vapor deposition, but
wet-only processes for particle
depletion and dry-only processes
for vapor depletion

[The above is merely a partial list of some of the possible deposition/depletion combinations, for
illustration purposes. Many more variations may be chosen that are not illustrated here.]

*Note: These Model Results will happen if your column entries are consistent with your emissions (e.g.,
you cannot model deposition and/or depletion of particulates if your emissions have no particulates in
column E of your HAP Emissions file).

Concentration Outputs Broken Out into Particle and Vapor: Also, if your pollutants are a mixture

of both particles and vapor and you would like the concentration outputs broken down by
particle and vapor (instead of combined, as is the default in a standard run), you can also use
the deposition/depletion fields in the Facility List Options file to do this. In other words, you can
direct HEM4 merely to produce more detailed concentration outputs, showing the breakdown of
particle and vapor concentration at each receptor location, without modeling either deposition or
depletion. To do so, enter “Y” in column Q “dep” but leave all other deposition/depletion fields
blank (indicating No or None). Neither deposition nor depletion will be modeled in this case.
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However, the outputs will show distinct rows for particles (“P”) and vapor (“V”) at each location,
rather than the standard combined (“C”) row. Again, this is helpful only if your HAP Emissions
file shows a mixture of particles and gas.

Additional Deposition/Depletion Input Files: Depending on the type of deposition and/or
depletion you indicate in columns Q through V for each facility, and depending also on the
method of particle deposition you indicate for each source at these facilities in your Emissions
Location file (explained further in Section 3.4.2), HEM4 will prompt you to provide additional
files. These files are introduced below and described in detail in Sections 3.5.3 and 3.5.4.

If you want to model deposition and/or depletion of particles in your emissions using Method 1
(described further in Section 3.4.2), HEM4 requires a particle data file. This additional input file
will need to contain particle size (diameter) information, mass fraction percentages for each
size, and particle density for each size, for emissions from each source (for which you wish to
model particle deposition and/or depletion using Method 1). The particle data file is described
further in Section 3.5.3.

If you want to model dry deposition and/or depletion of gaseous/vapor pollutants, HEM4
requires a land use input file and a month-to-seasons input file. These additional input files are
needed to describe the land use and vegetation surrounding each facility at which you wish to
model dry only (DO) or wet and dry (WD) deposition and/or depletion of gaseous pollutants, as
discussed in Section 3.5.4. If you wish to model wet only (WO) deposition and/or depletion of
gaseous pollutants, these additional input files are not needed by HEM4. (These files are also
not needed for 100% particulate emissions.)

Finally, you should check to ensure that the gaseous pollutants in your HAP Emissions file are
included in the Gas Parameter (Gas_Param) reference file, described further in Section 3.5.4. If
these pollutants are not included — or if you wish to include different parameter values than the
Gas Parameter file currently uses — you should edit the Gas Parameter file, as discussed in
Section 3.5.4. Otherwise, generic default gas parameter values will be used.

It should be noted that HEM4 requires additional modeling time compared to a standard run
(with no deposition and/or depletion modeling). Furthermore, HEM4 requires significantly more
time to run if you opt to model deposition and/or depletion and you are also modeling acute
impacts. The exact run time will depend on the particular source configuration and modeling
domain, but the combination of acute calculations and deposition/depletion will generally
increase run times from a few minutes to over an hour, or more, per facility.

Deposition and plume depletion have more of an effect on ambient concentrations farther from
the facility than these processes do closer to the facility, where the maximum impact generally
occurs. Therefore, if you select the deposition and/or depletion options for a model run, you may
save time by performing two separate runs. For example, you can use the first HEM4 run to
calculate chronic effects and include deposition and plume depletion. You can then use the
second run to calculate acute effects without deposition and depletion.

It should also be noted that HEM4 does not model deposition and/or depletion at census block
and alternate receptors beyond the modeling distance, except at the polar receptors. This
means that deposition and/or depletion is modeled at only the “inner receptors” (discussed in
Section 6.1.10) and the polar receptors. If you need deposition and/or depletion modeled for the
entire modeling domain at all census block or alternate receptors, you should set the modeling
distance equal to the maximum distance. HEM4 will require additional modeling time in this
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scenario, compared to using a smaller modeling distance. As noted above, you may save
modeling time by performing two separate runs, especially if you are also modeling acute
impacts.

3.2.7 Elevation Option

HEM4 includes terrain elevations by default in your modeling run if you leave column W “elev”
blank or enter a “Y” in this field in your Facility List Options file. To exclude terrain elevations in
your modeling run (i.e., to model as flat terrain), enter an “N” in this field for a given facility.

Elevated terrain around the facility can cause local impacts to increase, though impacts will
differ for each set of sources and elevations. It is especially important to include terrain
elevations if the height of receptors around the facility may exceed the height of any stacks at
the facility. Consult the EPA's Guideline on Air Quality Models (also published as Appendix W of
40 CFR Part 51) (EPA 2005) for more explicit directions on when the use of terrain elevations is
recommended. If you choose to include elevations in the model run, you can specify elevations
for each source in the Emissions Location file. If you do not provide elevations in the Emissions
Location file, HEM4 will calculate source elevations from neighboring census block elevations.
Note: You should provide elevations for every source or for no sources at each facility, as noted
in Section 3.4 regarding the Emissions Location file.

3.2.8 User Receptors Option

If you would like to include additional “user receptors” in your model run for one or more facilities
— in addition to the census block or alternate receptors, enter a “Y” in column X “user_rcpt” of
your Facility List Options file. HEM4 does not include user receptors by default, so if this column
is blank then user receptors will not be included for that facility. If you are modeling impacts at
user receptor locations, HEM4 will prompt you for a separate input file containing the user
receptor information, for each facility marked with a "Y". The user receptor input file is described
in Section 3.5.6.

3.2.9 Building Downwash Option

If you would like to model building downwash over a building, which is under or near a point
source, then enter “Y” in column Y “bldg_dw” of your Facility List Options file. HEM4 does not
model building downwash by default and you should simply leave this field blank if you do not
wish to model it as part of the plume dispersion. If you are modeling building downwash, HEM4
will prompt you for a separate input file that must contain building dimension information, for
applicable point sources in each facility marked with a "Y" in this column. Note that building
downwash may only be modeled with vertical point (P), capped point (C), and horizontal point
(H) source types. The building dimension input file is described in more detail in Section 3.5.5.

Under AERMOD’s regulatory option, the effects of building downwash should be taken into
account when a building is close enough to impact dispersion from an emission source. Building
downwash will affect dispersion predictions when:
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o the stack height is less than either 2.5 times the building height or the sum of the
building height and 1.5 times the building width; and

¢ the distance between the stack and the nearest part of the building is less than or equal
to five times the lesser of the height or the projected width of the building (EPA 1995, pg.
1-22 and 1-23).

AERMOD incorporates the Plume Rise Model Enhancements (PRIME) algorithms (Schulman
2000) for estimating enhanced plume growth and restricted plume rise for plumes affected by
building wakes (EPA 2019d). A building may impact emissions from multiple sources. To model
the impact of building downwash, HEM4 requires information on the configuration of the building
when viewed from different wind directions, and this information is contained in the building
dimensions input file, described further in Section 3.5.5.

3.2.10 FASTALL Option

To conserve model run time by simplifying the dispersion algorithms used to model a given
facility’s emissions, enter a “Y” in column Z “fastall” of your Facility List Options file. HEM4 does
not employ FASTALL by default, so if you leave this field blank AERMOD will use the more
rigorous (non-simplified) dispersion algorithms.

The FASTALL option conserves model runtime by simplifying the AERMOD algorithms used to
represent meander of the pollutant plume. This simplification is achieved by eliminating the
upwind component of dispersion for point and volume sources, and by reducing the requirement
for uniformity of emissions over the extent of area sources (EPA 2019a). For faster runs, you
may want to select the FASTALL option which includes these plume and source simplifications.
(More information on AERMOD’s FASTALL option is available for download at
https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-
models#aermod.)

Note that if a facility listed in your Facility List Options file includes buoyant line sources in your
accompanying Emissions Location file, you cannot use the FASTALL option for that facility. You
may, however, use FASTALL for the other facilities in your Facility List Options file.

3.2.11 Emissions Variation Option

Enter a “Y” in column AA “emiss_var” of your Facility List Options to apply variations to the
emissions from one or more sources at a given facility. You may vary emissions by different
user-supplied time scales (e.g., by season, month, day of week, hour of day), or by different
wind speeds (6 ranges). Note: HEM4 will prompt you for an emissions variation file if you
entered "Y" for one or more facilities, and that file must contain variation factors for at least one
source at each facility marked with a "Y". The emission variation input files are described in
more detail in Section 3.5.7.

Finally, it should be noted that these emission variation factors will compound the effects of the
acute multiplier (specified in column O “multiplier”) on the short-term/acute emission rates used
by AERMOD. For example, whatever factors you supply in an emission variations input file
(described in Section 3.5.7) will be multiplied by an acute multiplier of 10 (if the default multiplier
is used) to derive the short-term emission rate. Therefore, if applying hour-of-day emission
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variation factors, you may want to set the acute multiplier to 1, unless it is reasonable to assume

that the short-term rate may still exceed the hour-of-day factors by an additional multiple.

3.3 HAP Emissions File

The HAP Emissions Excel™ file, like the Facility List Options file, is required for any HEM4
modeling run. This file includes emissions in tons per year (tpy) for each HAP emitted from
modeled sources, for all facilities listed in the Facility List Options file. Tables 3 and 4 give the
format guidelines for the HAP Emissions file and a sample HAP emissions input file,
respectively. A template input file is provided in the HEM4 Inputs folder named
HEM4_HAP_Emiss.xIsx. The pollutants emitted per source at each facility are required in every
HAP Emissions file and are discussed in Section 3.3.1. The percent particulate emitted from
each source is generally only required if you are modeling deposition or depletion (see Section
3.2.6) and is discussed in Section 3.3.2.

Table 3. Format Guidelines for the HAP Emissions Input File (Required)

Field Type Description

Facility ID Character An alphanumeric string identifying the facility being
modeled

Source ID Character An alphanumeric character string up to 8 characters long.
It must contain at least one alphabetic character and all
Source IDs must match a Source ID used in the Emissions
Location file. Note: AERMOD allows a maximum of 8
characters for the Source ID; and all Source IDs will be
converted to upper case by AERMOD.

Pollutant Character The pollutant name must correspond to one of the chemical
names listed in the dose response library. (see
Dose _Response_Library.xlsx in the resources folder)

Emission Numeric  The emitted amount of the pollutant in tons per year (tpy).

Amount

Percent Numeric  The percent of pollutant emitted as particulate. Required if

Particulate deposition and/or depletion will be modeled, or if a

breakdown by particulate and vapor is desired in the
concentration outputs. If left blank, defaults to 0%
particulate when deposition is modeled. If deposition is not
modeled, this field is ignored by HEM4.
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Table 4. Sample HAP Emissions Input File

Fraction

Emitted as

Emissions | Particulate

Facility ID |Source ID Pollutant (tons/year) | Matter (%)
Fac2-IL CT0001 Antimony compounds 1.2E-01 100.0
Fac2-IL CT0001 Chromium (VI) compounds 3.2E-04 100.0
Fac2-IL CT0001 Mercury (elemental) 4.2E-02 50.0
Fac2-IL CV0001 Dibenzofuran 1.1E-01 90.0

Fac2-IL CV0001 Xylenes (mixed) 1.3E+00 0.0

Fac1-NC SR0001 Benz(a)anthracene 7.3E-06 11.9
Fac1-NC SR0001 Benzo(a)pyrene 2.5E-08 23.9
Fac1-NC SR0001 Benzo(b)fluoranthene 2.8E-06 17.8
Fac1-NC MS0001 Chrysene 3.2E-05 52.3
Fac1-NC MS0001 Dibenz(a,h)anthracene 3.6E-08 99.3
Fac1-NC MS0001 Indeno(1,2,3-cd)pyrene 1.1E-07 98.9
Fac1-NC RWO0001 Chromium (VI) compounds 3.8E-05 100.0
Fac1-NC RWO0001 Mercury (elemental) 3.6E-04 50.0
Fac1-NC RV0001 Nickel compounds 4.8E-03 100.0
Fac1-NC RV0001 Selenium compounds 2.1E-04 100.0

3.3.1 Pollutant Emissions per Source

You should include one record (row) for each combination of facility (Facility ID), emission
source (Source ID) and chemical (Pollutant) in your HAP Emissions file. The Source ID is a key
parameter in the HAP Emissions file, because HEM4 uses the Source ID to link the emitted
HAP at that source to other input files, such as the Emissions Location input file (discussed in
Section 3.4) and other optional input files (discussed in Section 3.5). The Source ID should
provide each source a distinct name, and different sources should have unique Source IDs even
if they will be modeled at the same location. AERMOD requires that the Source ID be
restricted to eight (8) characters (or fewer) and it must consist of all alphanumeric
characters. Do not use spaces at the beginning or in the middle of the Source ID. In addition,
AERMOD converts all letters in the Source ID string to upper case. Therefore, upper and
lowercase characters cannot be discriminated between; so "ABC" and "abc" would be
treated as the same Source ID. While each source should have a unique Source ID, it is
advantageous to group certain types of sources within part of the Source ID. For example, “ST”
could be used in the Source ID to indicate a storage tank and each distinct storage tank could
be given a number (e.g., ST01, ST02). Such grouping is important for certain summary
programs, as discussed in Section 4.5.

Each chemical you name in the HAP Emissions file (under “Pollutant” in the sample shown in
Table 4) must match one of the chemical names listed in the dose response table located in the
HEM4 resources folder. The dose response values are part of HEM4’s Chemical Health Effects
Library, described in Section 2.2. If necessary, you can add pollutants to the two Excel™
spreadsheets comprising HEM4’s Chemical Health Effects Library: the dose response table and
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the target organ endpoints table. Section 3.5.10 explains how to make changes to the Chemical
Health Effects Library. Finally, emission amounts for each HAP emitted from each Source
ID must be expressed in tons/year. Be sure your input files use the correct units.

3.3.2 Percent Particulate for Deposition and Depletion

If you are modeling deposition or depletion, or if you want separate records for particle phase
and vapor phase at each receptor location in the concentration outputs, then you must provide
HEM4 with the breakdown between vapor and particulate matter in the emission inputs. Provide
this breakdown in column E of the HAP Emissions file, expressed as the fraction emitted as
particulate for each emission record (each combination of source and pollutant). For a given
facility, if you are not modeling deposition or depletion, then HEM4 will ignore the field. If you
are modeling deposition or depletion and have left this field blank, then HEM4 assigns the blank
a default value of 0% particulate. Note that if you are modeling deposition or depletion, you will
need additional input files depending on the type of deposition to be modeled, as described in
Section 3.2.6 and Sections 3.5.3 and 3.5.4. (Note: You do not need any additional input files if
you merely want a breakdown of particle and vapor in your outputs.)

3.4 Emissions Location File

The Emissions Location Excel™ file, like the HAP Emissions file and the Facility List Options
file, is required for any HEM4 run. The file includes emission source locations and types (e.g.,
the latitude and longitude of a stack) for all Source IDs listed in the HAP Emissions file, for all
facilities listed in the Facility List Options file. Tables 5 and 6 display the format guidelines for
the fields in the Emissions Location file and a sample file, respectively. A template input file is
provided in the HEM4 Inputs folder named HEM4_Emiss_Loc.xlIsx. For each Source ID at every
facility, the Emissions Location file includes the location, source type and required parameters,
as discussed in Section 3.4.1. Additionally, the Emissions Location file includes the particle
deposition method you will identify, for any sources for which you wish to model particle
deposition or depletion, as discussed in Section 3.4.2.

Table 5. Fields in the Emissions Location Input File (Required)

. Source i
Field Type " Description
YPe 1 type(s) P
Facility ID Character all An alphanumeric string identifying the facility being
modeled
Source ID** Character all Source ID is a unique alphanumeric character

string up to 8 characters long, with no spaces. It
must match exactly the Source ID in other input
files (e.g., the HAP Emissions file). Note: AERMOD
allows a maximum of 8 characters for the Source
ID; and all Source IDs will be converted to upper
case by AERMOD.
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Field

Type

Source
type(s)*

Description

Coordinate
system

X-coordinate

Y-coordinate

UTM zone

Source type

Length - x

Length -y

Angle

Lateral

Vertical

Character

Numeric

Numeric

Character

Character

Numeric

Numeric

Numeric

Numeric

Numeric

all

all

all

all

all

AN

V, AL

Type of coordinates: L = latitude, longitude; U =
UTM. Base all coordinates on the WGS84
geographic system. Note: NAD83 and WGS84 are
identical for most applications, but coordinates
based on NAD27 need to be converted to WGS84
before being used in HEM4.

UTM east coordinate, in meters (if coordinate
system = U) or decimal longitude (if system = L) of
the center of point or volume sources, the
southwest corner of area sources, the first vertex of
polygon sources, or the starting point of line and
buoyant line sources.*** For longitudes, 5 decimal
place accuracy is recommended, corresponding to
1-meter accuracy.

UTM north coordinate, in meters (if coordinate
system = U) or decimal latitude (if system = L) of
the center of point or volume sources, the
southwest corner of area sources, the first vertex of
polygon sources, or the starting point of line and
buoyant line sources. *** For latitudes, 5 decimal
place accuracy is recommended, corresponding to
1-meter accuracy.

UTM zone where the source is located if the
coordinate system = U; leave this field blank if the
coordinate system = L. If using the UTM
coordinate system, enter the UTM Zone from 1 to
60 followed by the hemisphere (S or N). For
example, 17N. If you do not include a hemisphere,
HEM4/AERMOD will default to N.

Type of source*: P = vertical point, C = capped
point, H = horizontal point, A = area, V = volume,
| = polygon, N = line, B = buoyant line

Length in meters in x-dimension direction for area
and line sources. For area source types, the x
direction refers to the direction before the source is
rotated (if it is rotated). For line source types, enter
the width (m), which must be >= 1 meter.

Length in meters in y-dimension direction for area
sources. This is the length in the y direction before
the source is rotated (if it is rotated).

Angle of rotation: blank except for area sources.
For area source types, enter the angle of rotation
(from North) between 0 and 90 degrees. (HEM4
defaults to O if left blank).

Initial lateral/horizontal dimension (in meters) for
volume sources.

Initial vertical dimension (in meters) for volume
sources. Optional for area, polygon & line sources.
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Field

Type

Source
type(s)*

Description

Release height

Stack height
Diameter
Velocity
Temperature

Elevation

X-coordinate2

Y-coordinate2

Method

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

V, Al
N, B

P,C,H
P,C,H
P,C,H
P,C,H

all

N, B

N, B

Any but
B

Height of release (in meters) for area, volume,
polygon, line and buoyant line sources. Use the
height (top) of the source for area and polygon
sources and the vertical center for volume sources.
Note: that for buoyant line sources, AERMOD
requires a minimum release height of 2 meters.

Release height above ground (in meters) for all
point source types.

Diameter of stack (in meters) for all point source
types.

Velocity at which emissions are released from the
stack (in meters/second) for all point source types.

Temperature (in Kelvin) at which emissions exit the
stack for all point source types.

Elevation above sea level in meters at the source
location. Use when modeling terrain effects and
user-specified elevations are desired. This field is
optional; HEM4 will calculate if all source
elevations are left blank. Note: if an elevation value
is provided by the user for one or more sources,
any blanks (i.e., non-entries for other source
elevations) will be interpreted by the model as an
elevation of 0 meters; therefore, either enter
elevations for every source or leave all blank.

Second X (end) coordinate for line and buoyant
line source types. UTM east coordinate, in meters
(if coordinate system = U) or decimal longitude (if
system = L) of the ending point of line and buoyant
line sources.* ™ For longitudes, 5 decimal place
accuracy is recommended, corresponding to 1-
meter accuracy.

Second Y (end) coordinate for line and buoyant
line source types. UTM north coordinate, in meters
(if coordinate system = U) or decimal latitude (if
system = L) of the ending point of line and buoyant
line sources.*** For latitudes, 5 decimal place
accuracy is recommended, corresponding to 1-
meter accuracy.

The Method field indicates the type of particle
deposition AERMOD should use. Enter 1 or leave
blank for Method 1 (which is the default); enter 2
for Method 2. Use Method 1 when greater than 10
percent of the total particulate mass has a diameter
of 10 ym or larger, or when the particle size
distribution is known. For Method 1, these source-
specific particle size distributions must be provided
in a separate particle data file (described in Section
3.5.3). Method 2 may be used when the particle
size distribution is not well-known and when a
small fraction (less than 10 percent of the mass) is
in particles with a diameter of 10 um or larger. The
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Source
type(s)*

Field Type Description

particle data required for Method 2 is less specific
than Method 1 but requires that you enter the mass
fraction of fine particles and the mass-mean
particle diameter for the given source in the next
two fields.

Mass Fraction Numeric All, The Mass Fraction field refers to the fraction of the
except particle mass emitted from this source in the fine
B particle category (less than 2.5 microns). Leave

this field blank if you are using Method 1. For
Method 2, you should enter a number between 0
and 1 that is the fraction of particles emitted in the
fine category (a blank will be interpreted as a 1, the
default, meaning that all are emitted as fine
particles). For example, if one-half of the emissions
from this source are fine particles (< 2.5 microns),
enter a mass fraction in this field of 0.50.

Particle Numeric All, The Particle Diameter field is the representative
Diameter except mass-mean aerodynamic particle diameter in
B microns emitted from this source when using
Method 2 for particle deposition (a blank is
interpreted as 1 micron, the default). Leave this
field blank for Method 1. For Method 2, enter the
mass-mean particle diameter in microns.

Table Notes:

* Source types for which the parameter is used: all = needed for every source type, A = area, P =
vertical point, C = capped point, H = horizontal point, V = volume, | (capital “i") = polygon, N = line, B =
Buoyant line. Note that currently AERMOD cannot model deposition/depletion for buoyant lines (B), nor
can the FASTALL option be used with buoyant lines. For additional information on these source types,
including what additional fields are needed, see the AERMOD User's Guide at
https://www3.epa.gov/ttn/scram/models/aermod/aermod_userguide.pdf

** |f you are modeling deposition or depletion and pollutant properties are known to vary, use a separate
record for each pollutant and source. Thus, if you are modeling vapor deposition/depletion, use a unique
Source ID for each pollutant emitted from a given source (e.g., SAMPLE3A for benzene, SAMPLE3B for
1,3-butadiene). The same is true for particulate deposition/depletion if the particulate properties (size
and density distributions) are known and vary by pollutant, not just source. If you are not modeling vapor
deposition/depletion and the same properties are assumed for all particulates emitted from a source,
one Source ID per emission source is sufficient (e.g., SAMPLES for all modeled pollutants from the
same source).

*** Start/end coordinates for buoyant line sources generally should be entered in order from West to
East, and from South to North. However, in the case where the buoyant lines are parallel to the Y axis,
the order that the lines should be entered is dependent on which endpoint is entered first, the southern
or northern endpoint of the lines. If the southern endpoint is entered first, the lines should be entered in
the order of the eastern most line to the western most line. If the northern endpoint is entered first, lines
should be ordered west to east. Incorrect ordering of these parameters will result in an AERMOD error
stating “Input buoyant line sources not in correct order”
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Table 6. Sample Emissions Location Input File

Source Locations & Types Dimensions & Release Height (non-point sources)
Facility ID | Source ID | Coordinate [X-coordinate(Y-coordinatel UTM |Source type |Lengthinx-\Lengthiny-/ —Angle Lateral (Vertical Dim.| Release
system Longitude Latitude zone (P,C,H= direction direction (degrees) Dim. (m) height
(decimal) |[(decimal) or point, (m) (m) R
= or UTM East| UTM North A = area A sources (m) V sources or (m) g
(U=UTM, (m) (m) V= volume A&N A sources V sources| optionally £
L= latitude/ I = pol sources A land N AV,LN | B
longitude) | (All source | (All source _Np: I{ﬁ:n (width for N s:ources and B 8
(All source types) types) B = buoyant sources) sources
types) line)
Fac2-IL CT0001 L -88.257293 | 41.480164 P [or C or H]
Fac2-IL CVv0001 L -88.256715 | 41.481944 A 130 120 45 2
Fac1-NC SR0001 L -78.883686 | 35.900628 V 20 3 10
Fac1-NC MS0001 L -78.888792 | 35.905920 | 5
Fac1-NC RWO0001 L -78.888430 | 35.901810 N 20 50
Fac1-NC RV0001 U 690891 3975044 40
Point Source Parameters Buoyant & Line Endpoints Particle Deposition Method
...C(;nt/nued Stack height | Stack Diameter | Exit Velocity Exit Elevation X-coord.2 Y-coord.2 N:eth;(.j FMats_s El;artlctle
rom (m) (m) (ml/s) Temperature (m) Longitude Latitude (1or2; raction Jlameter
above . . defaults to 1) | (decimal > 0 | (microns, for
S " (K) HEM4 will (decimal) or | (decimal) or d<1f Method 2
(Source type | p ¢ or P,C,orH P,C,orH .| UTMEast | UTM North an or etho
indicated for sources sources sources P.C.orH |Calculate if (m) (m) All sources, | Method 2 only)
reference) s’ou’rces blank for except B only)
every B&N B&N All sources, | All sources,
source sources sources except B except B
...(P,CorH) 50 2.8 21.83 322 2 0.04 0.0006
...(A)
...(V)
..()
..(N) -78.886303 35.902183
...(B) 691291 3975044
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3.4.1 Source Types and Parameter Requirements

Generally, the Emissions Location file should include one record for each individual source
(e.g., stack/point source, area source, line source, buoyant line source) to be modeled, at each
facility. For certain modeling situations, more than one record per source is recommended.®
This record provides information on the location, size, height, and configuration for each source.
You must enter every Facility ID to be modeled in column A of the Emissions Location file. Enter
each Source ID in column B, taking care to match each named Source ID with a corresponding
Source ID in the HAP Emissions file, described in Section 3.3.

Source Locations: In column C “Coordinate system”, you can enter source locations as UTM
coordinates, or as latitude and longitude (which HEM4 will convert to UTM coordinates for use
in AERMOD). Complete the coordinate system field for each source record and specify which
coordinates you are entering. Enter “U” for UTM or “L” for latitude and longitude. If using UTM
coordinates, specify the UTM zone (in each emission source record). Enter the location
coordinates for each source in column D “X coordinate, Longitude (decimal) or UTM East (m)”
and in column E “Y coordinate, Latitude (decimal) or UTM North (m)”. (The endpoints for line
and buoyant line source types, discussed further below, will be entered is columns S and T.) If
you are using longitudes and latitudes, 5-decimal places are recommended which corresponds
to an accuracy of roughly 1 meter. See Table 5 above for further specifications for these fields.
You must base all coordinates on the WGS84 geographic system. As noted in Section 3.1,
NAD83 and WGS84 are identical for most applications, so no conversion is needed if using
coordinates based on NAD83. However, if coordinates are based on NAD27, they would need
to be converted to WGS84 before being used in HEM4. There are various commercial computer
programs available that can perform this conversion.

Source Types: Use the source type field in column G to indicate whether the emission source is
a vertical non-capped point source (P), a capped point source (C), a horizontal point source (H),
an area source (A), a volume source (V), a polygon source (I, for upper case “i”), a line source
(N), or a buoyant line source (B)*. For additional information on these source types, including
assumptions used by AERMOD to model their emissions as well as the additional parameters
needed for each, you should consult the AERMOD User's Guide at

https://www3.epa.gov/ttn/scram/models/aermod/aermod userquide.pdf.

Point Sources - Vertical stack, Horizontal stack, and Capped stack: Point source types include
vertical stacks (P), horizontal stacks (H) and capped stacks (C) source types. These point
sources require you to specify the stack height (in meters in column N), the stack diameter (in
meters in column O), the exit velocity (in meters/second in column P), and the exit/release
temperature (in Kelvin in column Q) for the pollutant plume. Although capped and horizontal

3 If modeling deposition or depletion (described in Section 3.2.6) at a facility, and pollutant properties are
known to vary, we recommend you include a separate Source ID record for each pollutant and source—
that is, a unique Source ID—for each pollutant being emitted from the same source. This is generally
recommended for modeling of vapor deposition/depletion and for modeling of particulate deposition/
depletion if the size or density distributions are known for each pollutant (HAP) and vary for each
pollutant. If you are not modeling deposition/depletion of vapor phase pollutants, and the same particulate
properties are assumed for all pollutants being emitted from a given source, one record per source in the
emissions location input file is sufficient.

4 Note that the current AERMOD version 19191 cannot model deposition or depletion for buoyant lines
(B), nor can the FASTALL option in the Facility List Options file be used with buoyant lines.
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stacks (C and H, respectively) require the same user-specified parameters as vertical stacks
(P), AERMOD models these point sources differently than vertical stacks (EPA 2019a, EPA
2019b).

Non-Point Sources: Columns H through N in the Emissions Location file pertain to area (A)
sources, volume (V) sources, polygon (I for capital “i) sources, line (N) sources, and buoyant
line (B) sources. Table 5 above provides guidance on what you should provide in each of these
fields. Fugitive emissions are often modeled as rectangular area (A) sources. A conveyor belt, in
which release temperature is assumed to be ambient and release velocity zero or negligible,
may be simulated as volume (V) sources. A polygon (I) can be used to represent a complex
(non-rectangular) area source with many vertices. A polygon (l) may also be used to represent
an entire U.S. Census tract from which a source is modeled as a uniform emission (e.g., for
mobile sources). Polygon source types require a Polygon Vertex file as an additional input, as
discussed in Section 3.5.1. Line source (N) types can be used to represent roadways and
airport runways and may be used instead of similarly shaped area sources.

Unlike point source types (P, C, or H), area (A), volume (V), polygon (I) and line (N) source
types in AERMOD all assume ambient pollutant release temperatures and zero or negligible
pollutant release/exit velocities. Buoyant line sources (B), on the other hand, are useful in
simulating continuous vents along a roofline where the emissions, similar to point sources (P, C
or H), are released at elevated (non-ambient) temperature and with a non-zero release velocity.
However, unlike tall stack sources where the plume can move in all directions without
impediment, buoyant line source types simulate pollutants emitted close to a building’s roof
where vertical wind shear and building downwash effects become important. Buoyant line (B)
source types require a Buoyant Line Parameters file as an additional input, as discussed in
Section 3.5.2.These non-point source types are discussed in more detail below.

Area Sources: An area source (A) type represents a rectangular area from which emissions are
released at ambient temperature and with zero or negligible velocity (e.g., fugitive emissions
from a building or tank farm). In AERMOD, area sources can be at ground level, or at a height
above ground level. Specifying a release height (in column M) is optional and defaults to 0. The
default orientation for area sources is with one axis in the north-south direction, but you can
rotate these sources using the “angle” parameter (in column J), which specifies the rotation of
the source from north (in the clockwise direction), to better fit the orientation of the source you
are modeling. The X and Y coordinates you choose (in columns D and E) should reflect the
southwest corner of the area source. The length in the X direction you enter (in column H)
should reflect the length of the area source in the easterly direction, or in the southeasterly
direction if the source is rotated. The length in the Y direction you enter (in column ) should
reflect the length of the area source in the northerly direction, or the northeasterly direction if the
source is rotated. Unlike AERMOD, where 360-degree rotation is allowed, the angle parameter
for HEM4 area sources must be between 0 and 90 degrees. You can use this angle to represent
any possible orientation by switching the X and Y lengths (shown in Figure 3). You can also
optionally enter an initial vertical dimension of the area source (in column L).

Volume Sources: Volume source (V) types — such as multiple vents and conveyor belts — are
specified by a lateral /horizontal dimension (you enter in column K), a vertical dimension (you
enter in column L), and a release height (you enter in column M). Emissions from a volume
source are assumed to be released at ambient temperature and with zero or negligible velocity.
Both the release height (in column M) and the source location coordinates (in columns D and E)
should reflect the center of the source.
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Polygon Sources: You can create a polygon source (I, for capital “i”) type to represent a polygon
with 3 sides or many more (up to 20 sides). This source type provides considerable flexibility in
specifying the shape of an area source. You can use a polygon source type to reflect U.S.
Census tract boundaries, for example, when modeling mobile source emissions provided at the
tract level. An associated polygon vertex input file is required when modeling polygon source
types. Section 3.5.1 discusses this in more detail. The shape of the polygon source, as defined
in the Polygon Vertex Input file, is determined by a list of X and Y coordinates representing the
vertices of the polygon. You can order these X and Y coordinates in either a clockwise or
counterclockwise direction. However, the first coordinates entered in the Polygon Vertex Input
file must match the coordinates entered in the emissions location file (in columns D and E) as
the location of the first vertex of the polygon. You can also optionally enter an initial vertical
dimension of the polygon (in column L). Emissions from polygon source types are assumed to
be released at ambient temperature and zero or negligible velocity.

Line Sources: The line source (N) type allows you to specify long, narrow sources, such as
roadways or airport runways. You must enter a start-point (in columns D and E) and end-point
of the line (in columns S and T), as well as the width of the line (a value equal to or greater than
1 meter that you enter in column H). Optionally, you can also specify an initial vertical dimension
(in column L). In this way, the line source can be used as an alternative to a rectangular area
source (A). [Note: According to the AERMOD User’s Guide (EPA 2019a, p.3-100) the line
source type utilizes the same routines as the area source type and will give identical results,
given the same inputs.] Like area, volume and polygon source types, emissions from line source
types are assumed to be released at ambient temperature and zero or negligible velocity.

Buoyant Line Sources: Like the line source, for the buoyant line source (B), you must enter the
starting coordinates (in columns D and E) and the end coordinates (in columns S and T).% The
buoyant line source (B) type was first developed to simulate the transport and diffusion of
emissions from aluminum reduction plants in which some emissions from the reduction process
escape through continuous (rooftop) ridge ventilators (ERT 1980). In general, the buoyant line
source can be used to characterize emissions from a continuous roof vent that spans a portion
or the entire building. Emissions from such buoyant line sources result in enhanced plume rise
(especially from multiple rows of closely spaced emission lines) and the plume is subject to
vertical wind shear and building downwash effects. This source type incorporates an average
buoyancy parameter (in meters*/seconds?®) as well as the average building dimensions (in
meters) of the building(s) on which the buoyant line source is located. You must provide HEM4
with these inputs for your buoyant line source type in a Buoyant Line Parameters Input file, as
discussed in Section 3.5.2. It should be noted that AERMOD 19191 requires a minimum release
height (in your Emissions Location file) of 2 meters and a minimum wind speed (determined
from your met station data) of 1 meter-per-second for buoyant line sources. (If you enter a
release height less than 2 meters, AERMOD will change it to 2 meters.) Also, as noted
previously, AERMOD 19191 cannot model deposition or depletion for buoyant lines, nor can the
FASTALL option in the Facility List Options file be used with buoyant lines. For more detailed
information regarding the necessary inputs for the buoyant line source type, see the AERMOD

5 You may wish to use a series of buoyant lines to represent multiple roof vent lines. AERMOD requires a
strict ordering of these lines in order to run properly. The start/end coordinates for buoyant line sources
generally should be entered in order from West to East, and from South to North. However, in the case
where the buoyant lines are parallel to the Y axis, the order that the lines should be entered is dependent
on which endpoint is entered first, the southern or northern endpoint of the lines. If the southern endpoint
is entered first, the lines should be entered in the order of the eastern most line to the western most line.
If the northern endpoint is entered first, lines should be ordered west to east.
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User’s Guide (EPA 2019a), as well as documentation for the buoyant line and point source
(BLP) dispersion model (ERT 1980).

Elevation: If you wish to consider terrain impacts in your modeling, you can specify the elevation
above sea level in meters for each emission source. Enter elevations (in column R) for every
source or for no sources; do not enter a partial list, because in that case blanks/non-entries will
be interpreted by the model as a zero (0) elevation if a value is entered for one or more other
sources. If you leave the elevation field blank for all sources, and if you chose to model
elevations in the Facility List Options file, then HEM4 will estimate an elevation for the emission
sources based on the elevations of nearby U.S. Census blocks or alternate receptors. Note that
if you chose to not model elevations in your Facility List Options file, then no elevations will be
considered in the model run including for sources in the Emissions Location file.

It should be noted that HEM4 will model area, volume, polygon, line, and buoyant line sources
as flat surfaces, which can result in strangely located (underground) impacts if the source is
located, for example, on a hillside with varying elevations. To avoid this, either opt to model with
no elevations in the Facility List Options file, or break-up the source into smaller pieces with
uniform elevations.

It should also be noted that “release height” (in column M) is different than elevation and
indicates the height above the ground elevation where emissions are released (in which the
ground is set to an elevation above sea level, or not, as reported in the preceding paragraphs
discussing the elevation field). For point sources, fill in the “stack height” field (in column N) to
designate the release height (for vertical stack, horizontal stack and capped stack source
types). For all other source types (area, volume, polygon, line and buoyant line), you should fill
in the “release height” (in column M) with the source’s height above the ground (in meters). If
you leave this field blank, HEM4 will assume the release height is zero (0), meaning at ground
level.
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Figure 3. Example Orientations of Area Emission Sources for the HEM4 Model
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3.4.2 Particle Deposition Method

Columns U (Method), V (Massfrac), and W (Partdiam) of the Emissions Location file should only
be filled in if you wish to model particle deposition or depletion using Method 2. If you do not
wish to model particle deposition/depletion or if you wish to use AERMOD’s Method 1 to model
particle deposition/ depletion, then leave these fields blank for those sources.

Particle Deposition/Depletion Method: The Method field (in column U) indicates to HEM4 the
type of particle deposition AERMOD should use. As noted above, you should enter 1 or leave
this field blank for Method 1 (which is the default). Method 1 should be used when a significant
fraction (greater than about 10 percent) of the total particulate mass has a diameter of 10 um or
larger, or when the particle size distribution is known. The particle size distribution must be
known reasonably well in order to use Method 1 and these source-specific particle size
distributions must be provided in a separate Particle Data file, as discussed in Section 3.5.3.
You should also leave this field (column U) blank if you are not modeling particle deposition/
depletion at all. Enter 2 in this field if you wish to model particle deposition or depletion for the
given source using AERMOD’s Method 2. Method 2 may be used when the particle size
distribution is not well known and when a small fraction (less than 10 percent of the mass) is in
particles with a diameter of 10 um or larger. The particle data required for Method 2 is less
detailed than Method 1 but does require that you enter the mass fraction of fine particles and
the mass-mean particle diameter for the given source in the next two fields.

Mass Fraction for Method 2: The Mass Fraction field (in column V) refers to the fraction of the
particle mass emitted from this source in the fine particle category (less than 2.5 microns).
Leave this field blank if you are using Method 1, or if you are not modeling particle deposition/
depletion at all. For Method 2, you should enter a number between 0 and 1 that is the fraction of
particles emitted in the fine category (a blank will be interpreted by the model as a 1, the default,
meaning that all are emitted as fine particles). For example, if one-half of the emissions from
this source are fine particles (< 2.5 microns), enter a mass fraction in this field of 0.50.

Particle Diameter for Method 2: The Particle Diameter field (in column W) is the representative
mass-mean aerodynamic particle diameter in microns emitted from this source when using
Method 2 for particle deposition (a blank is interpreted by the model as 1 micron, the default).
Leave this field blank for Method 1, or if you are not modeling particle deposition/depletion at all.
For Method 2, enter the mass-mean particle diameter in microns.

3.5 Additional Input Files

In addition to the three required input files (Facility List Option, HAP Emissions, and Emissions
Location) discussed in Sections 3.2, 3.3 and 3.4, other files may be required for your modeling
run depending on (a) what modeling options you chose in the Facility List Options file, (b) what
source types you are modeling in your Emissions Location file, (c) what kinds of receptors you
are modeling with, and/or (d) what changes you may wish to make to HEM4’s underlying
databases and resource files. These additional input files are discussed in the next sections.
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3.5.1 Polygon Vertex Input File for Modeling Polygon Emission Sources

If your Emissions Location input file contains one or more polygons (source type “I”), then HEM4
will prompt you for a Polygon Vertex file. This file provides HEM4 with the locations of the
polygon vertices. Polygons are useful for complex source configurations at a facility, and for
modeling U.S. Census tracts as sources (e.g., for mobile source emissions modeled uniformly
across a tract).

Include a separate record for each vertex of the polygon in the Polygon Vertex file. A polygon
may have any number of vertices (= 3 and < 20). Each record must include information for one
vertex of the polygon. As noted in Section 3.4.1, you can order the X and Y vertex coordinates
in either a clockwise or counterclockwise direction. The first and last vertex must have identical
coordinates, and these coordinates must match the coordinates listed as the location of the first
vertex of the polygon source in your Emissions Location file. The first record for each polygon
source must also include the number of vertices for the polygon and the total area of the
polygon, in meters squared. You can enter coordinates as UTM coordinates, or as longitudes
and latitudes. If using UTM coordinates, you must specify the UTM zone. Base all coordinates
on the WGS84 reference system.

Optionally, you can assign an ID (name) to the polygon. This may be useful, for example, if you
are using the polygon to model a U.S. Census tract. In this case, you may wish to use the U.S.
Census tract ID as the polygon ID and enter it in the last column of the Polygon Vertex file.

Tables 7 and 8 give the format guidelines for the Polygon Vertex file, and a sample Polygon

Vertex file, respectively. A template input file is provided in the HEM4 Inputs folder named
HEM4_polygon_vertex.xIsx.

Table 7. Format Guidelines for the Polygon Vertex File

Field Type Description
Facility ID Character An alphanumeric character identifying the facility being
modeled
Source ID Character An alphanumeric character string up to 8 characters long,

with no spaces. The Source ID must be listed as polygon
(Type = 1) source types in the Emissions Location file. Note:
AERMOD allows a maximum of 8 characters for the Source
ID; and all Source IDs will be converted to upper case by

AERMOD.
Coordinate Character Type coordinates: L = longitude, latitude; U = UTM
system [WGS84].
X-coordinate Numeric  UTM east coordinate, in meters (if Coordinate System = U)

or decimal longitude (if System = L). For longitudes, 5
decimal place accuracy is recommended, corresponding to
1-meter accuracy.

Y-coordinate Numeric  UTM north coordinate, in meters (if Coordinate System = U)
or decimal latitude (if System = L). For latitudes, 5 decimal
place accuracy is recommended, corresponding to 1-meter
accuracy.
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Field Type Description
UTM zone Numeric  If using the UTM coordinate system (U), enter the UTM
Zone from 1 to 60 followed by the hemisphere (S or N). For
example, 17N (default hemisphere is N if not specified). If
using longitudes/latitudes, leave this cell blank.
Num of Vertices  Numeric  Number of vertices in the polygon. This number must be 3
or greater. The upper limit is 20.
Area Numeric  Size of area within polygon, in meters squared.
Polygon ID Character Optional ID to indicate the name of the polygon (e.g., a
U.S. Census tract is sometimes modeled as a polygon and
the polygon ID may be the U.S. Census tract ID).
Table 8. Sample Polygon Vertex File
Coordinate
system Longitude Latitude Num of
(U=UTM, L | (decimal) or | (decimal) or Vertices Polygon
= latitude, | UTM East | UTM North UTM (=23 and Area ID
Facility ID Source ID | longitude) (m) (m) zone <20) (m?) (optional)
Fac1-TX SAMPLE4 L -95.3586 29.7674 9 402939.4
Fac1-TX SAMPLE4 L -95.3524 29.7685 0
Fac1-TX SAMPLE4 L -95.3515 29.7663 0
Fac1-TX SAMPLE4 L -95.3533 29.7654 0
Fac1-TX SAMPLE4 L -95.3533 29.7622 0
Fac1-TX SAMPLE4 L -95.3574 29.7634 0
Fac1-TX SAMPLE4 L -95.3582 29.7651 0
Fac1-TX SAMPLE4 L -95.3575 29.7661 0
Fac1-TX SAMPLE4 L -95.3586 29.7674 0
Fac1-TX SAMPLES L -95.3512 29.7688 11 710176.8
Fac1-TX SAMPLES L -95.3524 29.7685 0
Fac1-TX SAMPLES L -95.3515 29.7663 0
Fac1-TX SAMPLES L -95.3509 29.7653 0
Fac1-TX SAMPLES L -95.3533 29.7654 0
Fac1-TX SAMPLES L -95.3533 29.7622 0
Fac1-TX SAMPLES L -95.3574 29.7634 0
Fac1-TX SAMPLES L -95.3582 29.7651 0
Fac1-TX SAMPLES L -95.3575 29.7661 0
Fac1-TX SAMPLES L -95.3586 29.7674 0
Fac1-TX SAMPLES L -95.3512 29.7688 0
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3.5.2 Buoyant Line Parameter Input File for Modeling Buoyant Line Sources

If your Emissions Location input file contains one or more buoyant line sources (source type
“B”), then HEM4 will prompt you for a Buoyant Line Parameter file. Buoyant line source types
are useful in simulating continuous rooftop vents in which emissions are released at non-
ambient (elevated) temperature and non-negligible velocity, as discussed in Section 3.4.1.
Because building downwash effects are especially important with buoyant line source types, the
Buoyant Line Parameter file must provide HEM4 with the length, width, and height of the
building(s) on which the buoyant line source type (e.g., rooftop vent) sits. In addition, the file
must contain the width of the buoyant line source(s), the distance between the buildings (zero
for a solitary buoyant line), and the buoyancy parameter for the buoyant line source(s).

The buoyancy parameter of a line source is calculated from an equation based on the line
source length (m) and width (m), the exit/release velocity (m/s), the exit/release temperature (K),
the ambient temperature (K) and the acceleration due to gravity (9.81 m/s?), as presented in
Equation 2-47 on page 2-37 of the Buoyant Line and Point Source Dispersion Model User’s
Guide (ERT 1980).° These parameters should be average values for the array of buoyant
line sources, if multiple parallel buoyant line sources are present (EPA 2019a). You must
provide the following parameters in the Buoyant Line Parameter File:

Average Building Length (in meters);

Average Building Height (in meters);

Average Building Width (in meters);

Average Line Source Width, of the individual lines (in meters);

Average Building Separation, between the individual lines (in meters); and
Average Buoyancy Parameter (in meters*/seconds?®)

Note: The current AERMOD version 19191 allows modeling only a single buoyant line source
(comprised of one or multiple lines) per modeling run, so HEM4 allows a single buoyant line
source per facility. Multiple model runs are recommended to adequately model the emissions
from multiple non-parallel buoyant line sources at a given facility. (See the AERMOD User’s
Guide page 3-85 for further information; EPA 2019a.)

Tables 9 and 10 provide the format guidelines for the Buoyant Line Parameter input file and a
sample input file, respectively. A template input file is provided in the HEM4 Inputs folder named
HEM4 _buoyant _line_param.xi/sx. See also the resources shown in footnote 6 below for helpful
guidance in setting up a buoyant line source.

6 In addition, diagrams detailing buoyant line equation parameters and sample calculations are available
in: Source Characterizations: Buoyant Line Sources, Missouri Department of Natural Resources Air
Pollution Control Program. http://dnr.mo.gov/env/apcp/docs/buoyantlinesources10-24-12.pdf on website
http://dnr.mo.gov/env/apcp/permitmodeling/sourcecharacterizations.htm. November 12, 2013.
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Table 9. Format Guidelines for the Buoyant Line Parameter Input File

Field Type Description
Facility ID Character An alphanumeric character string identifying the facility being
modeled
Average Building Numeric The average length of the building or buildings on which the
Length parallel buoyant line source types are located (in meters)
Average Building Numeric The average height of the building or buildings on which the
Height parallel buoyant line source types are located (in meters)
Average Building Numeric The average width of the building or buildings on which the parallel
Width buoyant line source types are located (in meters)
Average Line Source Numeric The average width of the individual buoyant line source types (in
Width meters)
Average Building Numeric The average building separation distance between the (parallel)
Separation Distance individual buoyant lines (in meters)
Average Buoyancy Numeric The average buoyancy parameter for the buoyant line emission
Parameter plumes (in meters*/seconds?); See BLP Dispersion Model
documentation (ERT 1980).
Table 10. Sample Buoyant Line Parameter Input File
—_— —_— — Avg Line — Avg
- Avg Building | Avg Building | Avg Building . Avg Building
Facility ID | ) chgth (m) | Height(m) | Width(m) | Source Width | aration (m)| BUCYancy
(m) (m?/s3)
Fac1-NC 454.3 16.76 40 5.73 40.95 3335.49

3.5.3 Particle Data Input File for Modeling Particulate Deposition and Depletion

AERMOD can implement dry and wet deposition and plume depletion of both particulate and
vapor emissions (EPA 2019a). This section describes the input file needed for modeling
particulate deposition and/or particulate depletion.

If you indicated in your Facility List Options file that your run will model deposition or depletion of

particulate emissions AND you chose (in your Emissions Location file) to use Method 1 for
particle deposition for one or more sources, then you must provide HEM4 with a separate
Particle Data input file describing the particle size distribution. In this file, include a separate
record for each particle size range emitted by each emission source, for which HEM4/AERMOD
will model particle deposition/depletion using Method 1. Each record must include an average
particle diameter for the size range, the percentage that the size range represents in terms of
the total mass of particulate matter from the given emission source, and the average density of
particles in the size range. The mass percentages must total to 100 for each emission source
(for which you are modeling particle deposition/depletion using Method 1). Tables 11 and 12
provide format guidelines for the Particle Data input file and a sample input file, respectively. A
template input file is provided in the HEM4 Inputs folder named HEM4_particle_data.xIsx.

HEM4 User’s Guide

Page 49



Table 11. Format Guidelines for the Particle Data Input File

Description

Field Type
Facility ID Character
Source ID Character
Particle diameter Numeric
Mass fraction Numeric
Particle density Numeric

An alphanumeric character string identifying
the facility being modeled

The Source ID is a unique alphanumeric
character string up to 8 characters long with
no spaces. It must match a Source ID in the
HAP Emissions and Emissions Location file.
Note: AERMOD allows a maximum of 8
characters for the Source ID; and all Source
IDs will be converted to upper case by
AERMOD.

The average diameter (in um) for the particle
size range covered by this record.

The percentage (by mass) of particulate
matter in this size range. Must add up to
100% for each Source ID.

The average density of the particles in this
size range (in g/cm3).

Table 12. Sample Particle Data Input File

Particle diameter Mass fraction Particle density
Facility ID Source ID (pm) (%) (g/cm?)
Fac1-TX SAMPLE1 0.50 72.0 1.00
Fac1-TX SAMPLE1 1.50 8.0 0.75
Fac1-TX SAMPLE1 2.50 4.0 0.50
Fac1-TX SAMPLE1 4.00 4.0 1.00
Fac1-TX SAMPLE1 10.00 12.0 0.35
Fac1-TX SAMPLE?2 0.50 60.0 1.00
Fac1-TX SAMPLE?2 1.50 8.0 0.80
Fac1-TX SAMPLE?2 2.50 4.0 0.15
Fac1-TX SAMPLE?2 4.00 4.0 0.90
Fac1-TX SAMPLE?2 10.00 24.0 1.00
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3.5.4 Input Files Required for Modeling Vapor Deposition and Depletion

As described in Section 3.2.6, AERMOD can model dry and wet deposition of both particulate
and vapor (gaseous) emissions and the resulting plume depletion (EPA 2019a). This section
describes the inputs required for modeling vapor deposition and vapor depletion.

Gas Parameter File for Modeling Deposition/Depletion of Vapor Pollutants: To model wet and/or
dry deposition or depletion of vapor pollutants, you must provide HEM4 with the necessary
information to evaluate the scavenging of these pollutants in precipitation and deposition on
vegetation and other surfaces. When modeling any type of vapor deposition or depletion (wet,
dry, or both wet and dry), HEM4 accesses a gas parameter file containing pollutant properties
related to gaseous deposition. Note: The Gas Parameter file is included in HEM4’s resources
folder, which is included in the model’s installation files; therefore, HEM4 will NOT prompt you
for this file. (The default file pathway is “HEM4\resources\Gas_Param.xlsx”.) This file includes
the following four parameters for each pollutant:

diffusivity in air (Da, in cm?/sec);

diffusivity in water (D, in cm?/sec);

cuticular resistance to uptake by lipids for individual leaves (rq, in sec/cm); and
Henry’s Law coefficient (H, in Pascal-m3/mol).

Values for these parameters are provided in the Gas Parameter file for 129 pollutants, based on
a study by Argonne National Laboratories (Wesely 2002) and a more recent paper which
compiles Henry’s Law coefficients from numerous other sources (Sander 2015). When modeling
a vapor/gaseous pollutant that is not listed in the Gas_Param file, HEM4 uses the following
default parameters:

D. = 0.07 cm?/sec, Dy = 0.7 cm?/sec, rq = 2,000 sec/cm, H = 5.0 Pascal-m3/mol.

These defaults are based on the logarithmic average of parameters for the 129 pollutant
species currently contained in the Gas Parameter file, using one significant figure accuracy. It
should be emphasized that these defaults are averages taken over ranges sometimes in excess
of ten orders of magnitude and may not be appropriate for the pollutants of interest to you.

You can calculate parameters for additional pollutants and add these to the Gas_Param.xlsx file
or revise the values in the Gas_Param file, as appropriate. For example, you may wish to
estimate parameters for pollutants of interest to you by calculating averages based on the
values in the Gas Parameter file for smaller groups of pollutants in the same chemical family
and of similar molecular weight to your pollutant of interest (e.g., polycyclic aromatic
hydrocarbons, PAHSs).

Parameter values for additional pollutant species are available in the literature cited here
(Wesely 2002 and Sander 2015), as well as in EPA’s Human Health Risk Assessment Protocol
for Hazardous Waste Combustion Facilities Final Report (dated September 2005 and available
at https://epa-prgs.ornl.gov/radionuclides/2005 HHRAP.pdf). Wesely 2002 also describes a
methodology for estimating cuticular resistance, which is less commonly cited in the literature.

It should be noted that the Gas Parameter Input File is needed only when modeling deposition
(wet, dry, or both wet and dry) of vapor/gaseous pollutants. It is not required to model deposition
(of any type) of particulate emissions.
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Land Use and Month-to-Seasons Input Files for Modeling Dry Deposition of Vapor Pollutants

If you chose to model dry (or wet and dry) vapor deposition or dry (or wet and dry) vapor
depletion in your Facility List Options file, then HEM4 will prompt you to provide two additional
input files described in this section. To quantify dry deposition of vapor (gaseous) pollutants to
vegetation, AERMOD requires information on the land use and vegetation surrounding the
emission source. You must provide this information in Excel™ spreadsheets called the land use
and month-to-seasons input files.

Land Use Input File: In the land use input file, you must enter a code characterizing the average
land use for 36 directions from the emission sources (which emit vapor pollutants at a facility
you chose to model dry deposition or dry depletion at), at increments of 10 degrees compass
bearing. Table 13 gives the format guidelines for the land use input file, and Table 14 shows a
sample land use input file. A template input file is provided in the HEM4 Inputs folder named
HEM4_landuse.xlIsx.

Month-to-Seasons Input File: You must also provide HEM4 the month-to-seasons input file
containing further information on the typical stage of vegetation in the modeled region during
each month of the year. As the format guidelines in Table 15 show, this file associates each
month with a season code, describing the stage of vegetation ranging from lush midsummer
vegetation to winter snow coverage. Table 16 shows a sample input table for the month-to-
seasons input file. A template input file is provided in the HEM4 Inputs folder named
HEM4_month-to-seasons.xIsx.

Again, it should be noted that the Land Use and Month-to-Seasons input files are required
only if you choose to model dry (or wet and dry) vapor deposition or dry (or wet and dry)
vapor depletion in your Facility List Options file. These files are not required for modeling wet
deposition or depletion of vapor emissions, nor are they required for modeling any kind of (wet
or dry) deposition/depletion of particulate emissions.
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Table 13. Format Guidelines for Land Use Input File

Field Type Description

Facility ID Character An alphanumeric character string identifying the facility
being modeled

Direction Sector 1 Numeric  Land use code (value = 1-9) for the modeling domain at a
compass bearing of 10 degrees from the emission release
point:

Urban land, no vegetation

Agricultural land

Rangeland

Forest

Suburban areas, grassy

Suburban areas, forested

Bodies of water

Barren land, mostly desert

Non-forested wetlands

O©CoO~NOOOPDWN -

Direction Sectorn Numeric  Land use code at a bearing of n x 10
(n =2 thru 35)

Direction Sector 36 Numeric  Land use code at a bearing of 360 degrees

Table 14. Sample Input File for Land Use

DO1 D02 D03 D04 D05 D36
Facility ID (10°) (20°) (30°) (40°) (50°) (360°)
Fac1-NC 1 9 5 5 6 1
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Table 15. Format Guidelines for Month-to-Seasons Input File

Field Type Description
Facility ID Character An alphanumeric character string identifying the facility being
modeled
; Seasonal category (value = 1-5) for month 1 (January):
J N
anuary umeric 1 Midsummer with lush vegetation
2 Autumn with unharvested crop land
3 Late autumn after frost and harvest, or with no snow
4 Winter with snow on ground
5 Transitional spring with partial green coverage or
short annuals
November  Numeric Seasonal category (value = 1-5) for month 11
December Numeric Seasonal category (value = 1-5) for month 12

Table 16. Sample Month-to-Seasons Input File

Facility ID|  mo1 M02 M03 Mo04 MO05 M12
Fac1-NC 4 4 5 5 1 4
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3.5.5 Building Dimensions Input File for Modeling Building Downwash

If you chose to model building downwash in your Facilities List Options file for one or more
facilities, then HEM4 will prompt you for a Building Dimensions input file, which is required by
AERMOD to model building downwash effects. The following parameters are required in the
building dimensions input file:

building height (keyword=BUILDHGT);

projected building width perpendicular to the direction of flow (keyword=BUILDWID);
building length in the direction of flow (keyword=BUILDLEN);

distance from the stack to the center of the upwind face of the building parallel to the
direction of flow (keyword=XBADJ); and

¢ distance from the stack to the center of the upwind face of the building perpendicular to
the direction of flow (keyword=YBADJ).

You must provide these parameters for 36 wind directions, at increments of 10 degrees
(compass bearing). Calculate these parameters using the EPA’s Building Profile Input Program
for PRIME (BPIPPRM). You can download the BPIPPRM model code and documentation from
the EPA’s Support Center for Regulatory Atmospheric Modeling (SCRAM) website at
https://www.epa.gov/scram/air-quality-dispersion-modeling-related-model-support-
programs#bpipprm.

Table 17 gives the format guidelines for the Excel™ Building Dimensions input file, and Table
18 shows a sample Excel™ Building Dimensions file. A template input file is provided in the
HEM4 Inputs folder named HEM4_bldg_dimensions.xIsx.

Table 17. Format Guidelines for the Building Dimensions File

Field (notes) Type Description

An alphanumeric character string identifying the facility
being modeled

Facility ID - Character

Pathway -- Character "SO" should always be entered in this field because it
represents a source pathway record, which corresponds
to the code used in the AERMOD input file.

Keyword -- Character Specifies which values are given in this record (row), as
follows:

BUILDHGT = building height
BUILDWID = projected building width perpendicular
to the direction of flow
BUILDLEN = building length in the direction of flow
XBADJ = along-flow distance from the stack to the
upwind face of the building
YBADJ = across-flow distance from the stack to the
upwind face of the building

HEM4 User’s Guide Page 55


https://www.epa.gov/scram/air-quality-dispersion-modeling-related-model-support-programs#bpipprm.
https://www.epa.gov/scram/air-quality-dispersion-modeling-related-model-support-programs#bpipprm.
https://www.epa.gov/scram/air-quality-dispersion-modeling-related-model-support-programs#bpipprm.

Field (notes) Type Description
SourceID - Character The Source ID is a unique alphanumeric character
string up to 8 characters long with no spaces. It must
match a Source ID in the HAP Emissions and
Emissions Location file. Note: AERMOD allows a
maximum of 8 characters for the Source ID; and all
Source IDs will be converted to upper case by
AERMOD.
Value 1 (n=1) Numeric Dimension or distance (depending on the Keyword
parameter) viewed from a compass bearing of 10
degrees from north (clockwise direction) of the emission
release point.
Value 2 (n=2) Numeric Dimension or distance of the building at a bearing of 20
degrees.
Value n (n=3 Numeric Dimension or distance of the building at a bearing of [n
to 35) x 10] degrees.
Value 36 (n=36) Numeric Dimension or distance of the building at a bearing of
360 degrees.
Table 18. Sample Building Dimensions Input File
Facility Value 1 Value 2 Value 3 Value 36
ID Pathway | Keyword Source ID (10°) (20°) (30°) (360°)
Fac1-NC SO BUILDHGT SAMPLE1 26.00 26.00 26.00 26.00
Fac1-NC SO |BUILDWID | SAMPLE1 111.07 107.16 100.00 111.60
Fac1-NC SO |BUILDLEN SAMPLE1 128.17 115.85 100.00 136.60
Fac1-NC SO | XBADJ SAMPLE1 -93.97 -98.48 -100.00 -86.60
Fac1-NC SO YBADJ SAMPLE1 55.54 53.58 50.00 55.80

3.56.6 User-Defined Receptors File

If you opted to include user receptors in your Facility List Options file for one or more facilities,
then HEM4 will prompt you for a User Receptors file. HEM4 will automatically calculate ambient
concentrations and resultant cancer risks and noncancer hazard indices for all U.S. Census
blocks or for all alternate receptors within the defined modeling domain. You can also specify
additional receptor sites to model, such as schools, ambient monitors, residential areas other

than the census block’s centroid, or facility boundaries.

Specify the locations of these sites in the User Receptors input file, using a separate record to
indicate the location of each user receptor. You must enter locations of each user receptor using
UTM coordinates, or in longitude and latitude. If using UTM coordinates, you must specify the
UTM zone. Base all coordinates on the WGS84 reference system.
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If you chose in your Facility List Options file to include elevations in your model run, you can
enter the elevation above sea level for each user receptor. If you leave this field blank in the
User Receptors input file (but did choose to include elevations in your model run in your Facility
List Options file), then HEM4 will assume an elevation for each user receptor based on the
surrounding U.S. Census block elevations or alternate receptor elevations. Specifically, if you
leave the elevation field empty in the User Receptor file for every receptor, then HEM4 will use
the elevation of the closest U.S. Census block or alternate receptor (if not using U.S. Census
blocks in your modeling run). Note: You should enter an elevation for every user receptor, or
leave the elevation field blank for all, to allow HEM4 to provide the elevations. (Otherwise, if you
enter an elevation for some but not all user receptors, HEM4 will assign a 0 value to the
receptors you left blank.)

In addition, you may provide hill heights in the User Receptor file, or you may leave the hill
height field blank for HEM4 to calculate these values. AERMOD uses the controlling hill height
for flow calculations. Controlling hill height is defined as the highest elevation that is above a
10% grade from the receptor. [For more information on the use and calculation of controlling hill
heights using an algorithm in AERMAP, the AERMOD terrain processor (EPA 2018c), see
Section 2.3.1.] If you leave the hill height field blank in the User Receptors file (but did choose to
include elevations in your model run in your Facility List Options file), then HEM4 will assign the
hill height of that user receptor to be the maximum of: 1) the hill height of the closest U.S.
Census block or alternate receptor (if not using U.S. Census blocks in your modeling run), 2) the
elevation of the closest U.S. Census block or alternate receptor, or 3) the user receptor
elevation that you provide. Note: As cautioned above for user receptor elevation, you should
enter a hill height for every user receptor, or leave the hill height blank for all, to allow HEM4 to
provide the hill heights. (Otherwise, if you enter a hill height for some but not all user receptors,
HEM4 will assign a 0 value to the receptors you left blank.)

In the User Receptor file, you should specify a “receptor type code” indicating the type of
receptor. A code of “P” represents populated sites like houses/residences, “B” represents facility
boundary sites, and “M” represents ambient monitors. You may name your user receptors
with up to 9 characters and HEM4 will display these names in the output files for ease of
reference. Each user receptor name must be unique.

Tables 19 and 20 give format guidelines for the User Receptors file and a sample input file,
respectively. In addition, a template input file is provided in the HEM4 Inputs folder named
HEM4 _user_receptors.xlsx.
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Table 19. Format Guidelines for the User-Defined Receptors File

Field

Type

Description

Facility ID

Coordinate
system

X-coordinate

Y-coordinate

UTM zone

Elevation

Receptor type

Receptor ID

Hill Height

Character

Character

Numeric

Numeric

Numeric

Numeric

Character

Alpha-numeric

Numeric

An alphanumeric character string identifying the facility
being modeled

Type of coordinates: L = longitude, latitude; U = UTM
[WGS84]

UTM east coordinate, in meters (if Coordinate System = U)
or decimal longitude (if System = L). For longitudes, 5
decimal place accuracy is recommended, corresponding to
1-meter accuracy.

UTM north coordinate, in meters (if Coordinate System = U)
or decimal latitude (if System = L). For latitudes, 5 decimal
place accuracy is recommended, corresponding to 1-meter
accuracy.

If using the UTM coordinate system (U), enter the UTM
Zone from 1 to 60 followed by the hemisphere (S or N). For
example, 17N (default hemisphere is N if not specified). If
using longitudes/latitudes, leave this cell blank.

Elevation of the receptor above sea level, in meters.
Optional: HEM4 will calculate if left blank and you are
modeling terrain effects.”

Type of receptor: P = populated site (e.g., house or school);
B = facility boundary; M = monitor.

Name of receptor provided by user, containing letters and
numbers, no symbols or spaces. The name you provide
must be 9 characters or less. This name will be displayed
in the outputs.

Hill height scale, in meters. Optional: HEM4 will calculate if
left blank and you are modeling terrain effects.” (You may
leave all hill heights blank, even if you enter elevations for
your user receptors in the elevation field.)

*Note: Fill-in for every receptor or for none. If you enter one or more values, then HEM4 will assign a zero
(0) to any blank values.

Table 20. Sample Input File for User—Defined Receptors

Location X- Y-
type coordinate | coordinate Receptor type
(U-UTM, | (decimal) | (decimal) (P = populated
L= or UTM or UTM site, B = facility
Facility | latitude/ East North uTtm | Elevation | boundary, M = Hill Height
ID longitude) (m) (m) zone (m) monitor) Receptor ID (m)
Fac1 L -78.88875 | 35.90016 100 P UHouse12
Fac2 U 560005 441000 16 244 M UMonitor3
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3.5.7 Emissions Variation Input Files

If you chose to model emissions variations for one or more facilities in your Facility List Options
file, then HEM4 will prompt you for a separate Emissions Variation input file. AERMOD
computes hourly concentration data based on user-supplied emission inputs. AERMOD also
gives you the option of specifying variable emission rate factors for individual sources. You can
base these source-specific factors on different temporal scales—such as season, month, day of
the week, and hour of day—or on wind speed.

For HEM4 to calculate temporal or wind speed emissions variations, AERMOD requires
information on the type of variation and the factors to use for each variation. These variation
types and factors will be applied to one or more sources at each of the facilities you indicated in
your Facility List Options file. You must supply this information in an Emissions Variation input
file in the form of an Excel™ spreadsheet. The types of variations AERMOD can apply include
the following (with the HEM4 template file provided in parentheses, as well as the “n” number of
factors):

e SEASON (HEM4_emisvar_season.xIsx): emission rates vary seasonally (n=4);

MONTH (HEM4_emisvar_month.xIsx): emission rates vary monthly (n=12);
e HROFDY (HEM4_emisvar_hrofdy.xlsx): emission rates vary by hour-of-day (n=24);

e HRDOW (HEM4_emisvar_hrdow.xlIsx): emission rates vary by hour-of-day, and day-of-
week [M-F, Sat, Sun] (n=72);

o SEASHR (HEM4_emisvar_seashr.xIsx): emission rates vary by season and hour-of-day
(n=96);

e HRDOW?7 (HEM4_emisvar_hrdow?7.xIsx): emission rates vary by hour-of-day, and the
seven days of the week [M, Tu, W, Th, F, Sat, Sun] (n=168);

e SHRDOW (HEM4_emisvar_shrdow.xlsx): emission rates vary by season, hour-of-day,
and day-of-week [M-F, Sat, Sun] (n=288);

o SHRDOW?7 (HEM4_emisvar_shrdow?.xlsx): emission rates vary by season, hour-of-day,
and the seven days of the week [M, Tu, W, Th, F, Sat, Sun] (n=672);

o MHRDOW (HEM4_emisvar_mhrdow.xIsx):. emission rates vary by month, hour-of-day,
and day-of-week [M-F, Sat, Sun] (n=864);

e MHRDOW?7 (HEM4_emisvar_mhrdow?.xIsx): - emission rates vary by month, hour-of-
day, and the seven days of the week [M, Tu, W, Th, F, Sat, Sun] (n=2,016); and

o WSPEED (HEM4_emisvar_wspeed.xIsx): emission rates vary by wind speed (n=6)
(Note: the 6 factors are applied to the wind speed categories used by AERMOD that
have the following default upper bound speeds in m/s of 1.54, 3.09, 5.14, 8.23, 10.8 and
no upper bound).
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Table 21 provides the format guidelines for the Emissions Variation input files. Tables 22, 23,
24, and 25 provide sample Emissions Variation input files for a sample of the variations
AERMOD can accommodate including: seasonal emission variations (4 factors), hour of day
emission variations (24 factors), monthly emission variations (12 factors), and both season and
hour of day emission variations (96 factors), respectively. Table 26 provides a sample input file
for varying source-specific emissions by wind speed. It should be noted that HEM4 expects a
maximum of 12 factor columns across these Emissions Variation input spreadsheets (for a total
of 15 columns, including the Facility ID, Source ID and Variation keyword).

It should also be noted that although the types of emission variations described above and the
samples provided below are for a single type of emissions variation, you can also choose to use
different variation types for different sources and/or facilities, within the same input file. The only
limitation is that each source can only have a single type of variation applied in a model run. A
template input file containing multiple emissions variations in one file is also provided in the
HEM4 Inputs folder and is named HEM4_emisvar_multiple_variations.xIsx. See the AERMOD
User’s Guide (EPA 2019a) for more detailed information regarding the temporal and wind speed
factors available for varying source-specific emissions.

Table 21. Format Guidelines for the Emissions Variation Input Files

Field Type Description

Facility ID Character An alphanumeric character string identifying the facility being modeled

Source ID Character The Source ID is a unique alphanumeric character string up to 8 characters
long with no spaces. It must match a Source ID in the HAP Emissions and
Emissions Location file. Note: AERMOD allows a maximum of 8 characters
for the Source ID; and all Source IDs will be converted to upper case by
AERMOD.

Variation Character Type of variable emission rates being used (SEASON, MONTH, HROFDY,
HRDOW, SEASHR, HRDOW?7, SHRDOW, SHRDOW?7, MHRDOW,

MHRDOW? or WSPEED).*
Factor 1 Character First factor to be applied to emission rate.
Factor 2 Character Second factor to be applied to emission rate.
Factor 3 Character Third factor to be applied to emission rate.
Factorn Character nth factor to be applied to emission rate.

* Each emission variation type has a set number of “n” factors. The number of factors are as follows: SEASON=4,
MONTH=12, HROFDY=24, HRDOW=72, SEASHR=96, HRDOW7=168, SHRDOW=288, SHRDOW7=672,
MHRDOW=864, MHRDOW7=2,016, WSPEED=6. See HEM4’s template input files for examples and consult the
AERMOD User’s Guide for additional information.

Table 22. Sample Emissions Variation File based on Seasons (4 factors)

Facility ID | Source ID Variation Winter Spring Summer Fall

Fac1 SAMPLE1 SEASON 0.50 0.75 1.00 1.00
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Table 23. Sample Emissions Variation File based on Hour of Day (24 factors)

Hour Hour Hour Hour Hour Hour Hour

Facility Source factor | factor | factor | factor | factor | factor factor

ID ID Variation | (1) (2) (3) (4) (5) (6) (12)
Fact |SAMPLE1|HROFDY | 0.2138 | 0.1433 | 1.2928 | 0.098 | 0.1342 | 0.3301 1.4356
(13) (14) (15) (16) (17) (18) (24)

Fac1t |SAMPLE1|HROFDY | 13959 | 1.2728 | 0.1079 | 1.5255 | 1.5255 | 1.5519 1.799

Table 24. Sample Emissions Variation File based on Month (12 factors)

Facility ID | Source ID | Variation | JAN FEB MAR | APR MAY JUN DEC
Fact |SAMPLE1| MONTH | 0.2138 | 0.1433 | 1.2928 | 0.098 | 0.1342 | 0.3301 1.4356

Table 25. Sample Emissions Variation File based on Season and Hour of Day (96 factors)

Season- Season- Season- Season- Season- Season- Season Season-

Facility hour hour hour hour hour hour -hour hour
ID Source ID Variation Factor Factor Factor Factor Factor Factor Factor Factor
Winter  Winter Winter Winter Winter  Winter Winter

1 2 3 4 5 6 12

Fac1 SAMPLE1 SEASHR 0.2138 0.1433 1.2928 0.098 0.1342 0.3301 1.4356
Winter Winter Winter Winter Winter Winter Winter

13 14 15 16 17 18 24

Fac1 SAMPLE1 SEASHR 1.3959 1.2728 0.1079 1.5255 1.5255 1.5519 1.799
Spring Spring  Spring  Spring  Spring  Spring Spring

1 2 3 4 5 6 12

Fac1 SAMPLE1 SEASHR 1.9045 1.9475 1.4684 1.0435 0.8305 0.6952 0.3979
Spring  Spring Spring Spring Spring Spring Spring

13 14 15 16 17 18 24

Fac1 SAMPLE1 SEASHR 0.2138 0.1433 1.2928 0.098 0.1342 0.3301 1.4356
Summer Summer Summer Summer Summer Summer Summer

1 2 3 4 5 6 12

Fac1 SAMPLE1 SEASHR 1.3959 1.2728 0.1079 1.5255 1.5255 1.5519 1.799
Summer Summer Summer Summer Summer Summer Summer

13 14 15 16 17 18 24

Fac1 SAMPLE1 SEASHR 1.9045 1.9475 1.4684 1.0435 0.8305 0.6952 0.3979
Fall Fall Fall Fall Fall Fall Fall

1 2 3 4 5 6 12

Fac1 SAMPLE1 SEASHR 0.2138 0.1433 1.2928 0.098 0.1342 0.3301 1.4356
Fall Fall Fall Fall Fall Fall Fall

13 14 15 16 17 18 24

Fac1 SAMPLE1 SEASHR 0.2138 0.1433 1.2928 0.098 0.1342 0.3301 1.4356

Table 26. Sample Emissions Variation File based on Wind Speed (6 factors)

Facility ID  Source ID Variation Cat. 1 Cat. 2 Cat. 3 Cat. 4 Cat.5 Cat. 6
Fac1 SAMPLE"1 WSPEED 0.2138 0.1433 1.2928 0.098 0.1342 0.3301
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3.5.8 Alternate Receptors file

As noted previously, HEM4 can model based on U.S. Census blocks or based on alternate
receptors you provide. If you check “Use alternate receptors” on the required inputs user
interface (discussed below in Section 4.1), then HEM4 will prompt you for an Alternate Receptor
file, in lieu of using U.S. Census blocks for the model run. This allows you to model with HEM4
anywhere in the world, both within the U.S and outside the U.S.

The Alternate Receptor file must be a CSV file and provide HEM4 with a list of receptor
locations, the type of each receptor (populated “P” or various types of non-populated receptors,
such as boundary “B” and monitor “M” receptors), and the populations represented by each
receptor. It is important to note that only populated “P” receptors are chosen by HEM4 to be the
sites of maximum risk or hazard index; and only “P” receptors are used by HEM4 in cancer
incidence calculations. This is discussed further below in Sections 5 and 6. Note: For HEM4 to
run using alternate receptors, you must provide population values for every Alternate
Receptor of type “P”. The population you provide may be any integer value, 0 or greater.
Even if only one populated Alternate Receptor is missing a value in its population field, HEM4
will not commence the modeling run.

In addition, if you chose in your Facility List Options file to include elevations in your model run,
then you must also provide HEM4 the elevation above sea level for each alternate receptor, as
well as the hill height of each receptor. To model terrain effects, the alternate receptor file must
be filled-in completely for every elevation and hill height. Any blanks in the elevation fields or
hill height fields of the Alternate Receptors file will cause AERMOD to be run in the FLAT
mode with no terrain effects.

AERMOD uses the controlling hill height for flow calculations. Controlling hill height is defined as
the highest elevation that is above a 10% grade from the receptor. For more information on the
use and suggested calculation of controlling hill heights using an algorithm in AERMAP, the
AERMOD terrain processor (EPA 2018c), see Section 2.3.1. It is important to again note that if
you leave any hill height field blank in the Alternate Receptors file, then AERMOD will be run in
the FLAT mode with no terrain effects (even if you opt to include elevations in your model run in
your Facility List Options file and also provide elevations for your alternate receptors).

Alternatively, you can choose to model with the elevation option turned off in your Facility List
Options file. In such a modeling run, you do not need to provide any elevations or hill heights in
the Alternate Receptor file, as HEM4 will model everything on a flat plane.

Tables 27 and 28 give format guidelines for the Alternate Receptors file and a sample input file,
respectively. In addition, a template input file is provided in the HEM4 Inputs folder named
HEM4_alternate_receptors.csv.
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Table 27. Format Guidelines for Alternate Receptors File (CSV)

Sample
Field Type Value Description

Receptor ID Numeric 1 A unique number identifying the Receptor

Type of Character P Type of receptor: P = populated (e.g., house),

receptor B = boundary, M = monitor

Coordinate Character L Type of coordinates: L = longitude, latitude; U = UTM

system [WGS84]

X-coordinate Numeric -52.74629 UTM east coordinate, in meters (if Coordinate System =
U) or decimal longitude (if System = L). 5 decimal place
precision is recommended for longitude, corresponding to
1 meter

Y-coordinate Numeric 47.53796 UTM north coordinate, in meters (if Coordinate System =
U) or decimal latitude (if System = L). 5 decimal place
precision is recommended for latitude, corresponding to 1
meter

UTM zone with Character 17N UTM zone where the receptor is located if Coordinate

hemisphere System =U

Elevation Numeric 219.7 Elevation of the receptor above sea level, in meters.
Required if you are modeling terrain effects (i.e. choose to
model elevations in the Facility List Options file)

Hill Height Numeric 219.7  Hill height scale, in meters. Required if you are modeling
terrain effects (i.e. choose to model elevations in the
Facility List Options file)

Population Numeric 45 Population represented by the alternate receptor; required
by HEM4 for every “P” type alternate receptor for
incidence calculations.

Table 28. Sample Input File for Alternate Receptor Input File
Coordinate X- Y-
System coordinate: | coordinate:
(U=UTM | Longitude Latitude
Type of L= (decimal) or | (decimal) or | UTM zone
Receptor | Receptor | latitude, UTM East | UTM North with Elevation | Hill Height

ID (P, B, M) | longitude) (m) (m) hemisphere (m) (m) Population
1 B L -52.746286 47.53880 219.7 219.7 0
2 P L -52.74685 | 47.54225 219.3 219.3 5
3 P L -52.74817 | 47.53796 220.6 220.6 25
4 P L -52.74760 47.53683 262.7 262.7 7
5 M L -52.75023 47.53795 263.4 263.4 0
6 P L -52.74708 | 47.53599 292.1 292.1 45
n
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3.5.9 Census Update file

HEM4 provides you the option to change the census file, as discussed below in Section 4.7.
Before you use this option, it should be noted that these changes are permanent to your census
files. For this reason, it is recommended that you save your original census files to a separate
location before using this file to change the official census database provided on EPA’s HEM4
webpage.

With the Census Update file, you can:
(1) Zero-out the population of a specific U.S. Census block;
(2) Move a block to a new latitude and longitude location; and/or
(3) Delete a U.S. Census block.

You may wish to Zero-out the population of the block if it is clear no residences are present in
the block. This change will keep the block in the dataset, so concentrations and risks are
modeled, but this receptor will not be considered for maximum risk purposes.

You may wish to Move a block to different coordinates that better represent the population.

You may wish to Delete or remove a block from the dataset; for example, because there are no
people living in the block. However, it should be noted that once removed, the block cannot be
added back.

Tables 29 and 30 give format guidelines for the Census Update file and a sample update file,
respectively. In addition, a template input file is provided in the HEM4 Inputs folder named
HEM4 Census_block update template.xlIsx.

HEM4 User’s Guide Page 64



Table 29. Format Guidelines for the Census Update File
(used to permanently change your U.S. Census files)

Field Type Sample Value Description

Facility ID Character Fac2 The Facility ID field in the Census Update file
is optional and may be left blank. You may
wish to use it outside of HEM4 to track the
source of changes.

Run Group Character Landfills The Run Group field in the Census Update
file is optional and may be left blank. You
may wish to use it outside of HEM4 to track
the source of changes.

Block ID Character 170010001001003 In this field, enter the 15-digit U.S. Census

; block ID. Enter the block ID as text
(not numeric) characters rather than numerals, because
some block IDs have leading zeroes.

Latitude Numeric 39.96789 If the Change is a “Move”, enter the Latitude
(decimal) of where the block should be
moved. 5 decimal places are recommended,
corresponding to 1-meter accuracy. You may
leave this field blank for “Zero” and “Delete”
changes.

Longitude Numeric -91.37989 If the Change is a “Move”, enter the
Longitude (decimal) of where the block
should be moved. 5 decimal places are
recommended, corresponding to 1-meter
accuracy. You may leave this field blank for
“Zero” and “Delete” changes.

Change Character Move The potential changes include: Zero, Move,
and Delete

Table 30. Sample Census Update File
Run Latitude Longitude Change

Facility ID Group Block ID (decimal) (decimal)

Fac1-TX Landfills 170010001001003 Zero
Fac1-TX Landfills 170010001001009 39.96789 -91.37989 Move
Fac1-TX Landfills 170010001001010 Delete
Fac1-TX Landfills 370010201001001 Zero
Fac1-TX Landfills 370010201001002 36.34567 -79.45678 Move
Fac1-TX Landfills 370010201001003 Delete
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3.5.10 Updating the Chemical Unit Risk Estimates and Health Benchmarks Input Files

As discussed in Section 2.2.1, the Chemical Health Effects Library contains chemical health
effects data, including dose response toxicity values. You can make changes to the Chemical
Health Effects Library by editing the Excel™ spreadsheet files that comprise the library—entitled
Dose_Response_Library.xlsx and Target Organ_Endpoints.xIsx. These files are located in
HEM4’s resources folder. You can add new pollutants to these files or edit the values for the
chemicals already in the files. If you want to keep your files consistent with the data EPA uses in
their HAP risk assessments, check for updated toxicity values on EPA’s Dose Response
Assessment webpage (EPA 2018a).

When adding new chemical names to the Dose Response Library file, use the same
spelling as used in the HAP emissions input file. The Chemical Abstracts Service (CAS)
number field in the Chemical Health Effects Library is optional. If you do not specify a cancer
URE for a new pollutant, then the URE will be assumed to be 0 (zero) and cancer risks will not
be evaluated for that pollutant. Similarly, if you do not specify a noncancer chronic RfC or acute
benchmark for a new pollutant, HEM4 will not calculate adverse noncancer chronic or acute
health effects, respectively. If a noncancer chronic RfC is indicated in the Dose Response
Library file for a pollutant you add, you must also enter the pollutant in the Target Organ
Endpoints file and indicate what organs or organ systems may be impacted.

For future model runs, to ensure you have the most recent file versions, you should again check
EPA’s HEM download webpage (https://www.epa.gov/fera/download-human-exposure-model-
hem) for the date listed next to the “Toxicity Value Files” link. EPA regularly updates these files.
If EPA’s update is more recent than the dates shown for the files in HEM4’s resources folder,
then download the newer files from EPA’s HEM download webpage (from link above) and
replace your outdated Dose Response Library and/or Target Organ Endpoints files. You may
also manually modify the files in your HEM4’s resources folder based on updated values from
EPA’s HEM download page, or from EPA’s Dose Response Assessment webpage (EPA
2018a).
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4. Step-by-Step Instructions for Running HEM4

Before you initiate a HEM4 modeling run’, you should ensure you have the necessary input files
prepared for your specific modeling needs. Section 3 provides detailed descriptions of all HEM4
input files, and template input files for each are provided in the HEM4 Inputs folder. Table 31

provides a summary of the template files provided in your HEM4 Inputs folder and for what kind

of run each file is needed. In addition to the files listed in Table 31, a HEM4 run requires the
U.S. Census (if not using alternate receptors) and meteorological databases, and the files
located in HEM4’s resources folder. These include the Dose_Response_Library.xIsx file, the
Target_ Organ_Endpoints.xIsx file, and, for vapor deposition/depletion, the Gas_Param.xisx file.

Table 31. Summary of HEM4 Template Input Files

Template Input File Name Description When Needed
HEM4 Fac List Options.xlsx Facility List Options file Every run
HEM4 HAP_Emiss.xlsx HAP [Pollutant] Emissions file Every run
HEM4 Emiss_Loc.xlsx Emissions Location file Every run

HEM4 _alternate_receptors.csv

Alternate Receptor file

Required if modeling with alternate
receptors (whether outside or inside the
U.S.) instead of census block receptors

HEM4 _user_receptors.xlsx

User Receptor file

Required if the user receptor column in
the Faclist has a "Y" for one or more
facilities

HEM4_buoyant_line_param.xIsx

Buoyant Line Source Parameter file

Required if a source in the Emissions
Location file is a buoyant line

HEM4_polygon_vertex.xlsx

Polygon Vertex file

Required if a source in the Emissions
Location file is a polygon

HEM4_bldg_dimensions.xlsx

Building Dimensions file

Required if the building downwash
column in the FacList has a "Y" for one
or more facilities

HEM4_particle_data.xlsx

File containing particle size
distribution of emissions per source

Required if the deposition OR depletion
column AND Pdep OR Pdepl column in
FacList has a "Y", AND if Method 1 (the
default) is indicated in EmissLoc. (HAP
Emiss must also contain particulates)

HEM4_landuse.xlsx

File describing land use surrounding
emissions source

Required if the deposition OR depletion
column AND Vdep OR Vdepl column in
FacList has a "Y". (HAP Emiss must
also contain gases/vapor)

HEM4_month-to-seasons.xIsx

File describing monthly stage of
vegetation surrounding emissions
source

Required if the deposition OR depletion
column AND Vdep OR Vdepl column in
FacList has a "Y". (HAP Emiss must
also contain gases/vapor)

HEM4_emisvar_season.xIsx

Emissions Variation file

Required if the Emissions Variation
column in Faclist has a "Y" and
seasonal variations are desired (4
factors)

HEM4_emisvar_month.xlsx

Emissions Variation file

Required if the Emissions Variation
column in Faclist has a "Y" and monthly
variations are desired (12 factors)

HEM4_emisvar_hrofdy.xlsx

Emissions Variation file

Required if the Emissions Variation
column in Faclist has a "Y" and hour-of-
day variations are desired (24 factors)

7 Note: It is advisable to close and re-start HEM4 between modeling runs, which clears memory for each
new run and avoids potential issues by ensuring a full reset.

HEM4 User’s Guide

Page 67




Template Input File Name Description When Needed
HEM4_emisvar_hrdow.xIsx Emissions Variation file Required if the Emissions Variation
column in Faclist has a "Y" and hour-of-
day + type-of-day (M-F, Sat, Sun)
variations are desired (72 factors)
HEM4_emisvar_seashr.xIsx Emissions Variation file Required if the Emissions Variation
column in Faclist has a "Y" and season
+ hour-of-day variations are desired (96
factors)

HEM4_emisvar_hrdow?7.xIsx Emissions Variation file Required if the Emissions Variation
column in Faclist has a "Y" and hour-of-
day + day-of-week (7) variations are
desired (n=168);
HEM4_emisvar_shrdow.xlsx Emissions Variation file Required if the Emissions Variation
column in Faclist has a "Y" and season
+ hour of day + type-of-day (weekday,
Sat, Sun) variations are desired (288
factors)

HEM4_emisvar_shrdow7.xlsx Emissions Variation file Required if the Emissions Variation
column in Faclist has a "Y" and season
+ hour-of-day + day-of-week (7)
variations are desired (672 factors)
HEM4_emisvar_mhrdow.xIsx Emissions Variation file Required if the Emissions Variation
column in Faclist has a "Y" and month +
hour-of-day + type-of-day (weekday,
Sat, Sun) variations are desired (864
factors)

HEM4_emisvar_mhrdow?7 .xIsx Emissions Variation file Required if the Emissions Variation
column in Faclist has a "Y" and month +
hour-of-day + day-of-week (7) variations
are desired (2,016 factors)
HEM4_emisvar_wspeed.xlsx Emissions Variation file Required if the Emissions Variation
column in Faclist has a "Y" and wind
speed (m/s) variations are desired (6
factors)

Finally, to ensure you have the most recent model version, as well as the most recent chemical
health effect (toxicity) values, U.S. Census data, and meteorological data, you should check
EPA’'s HEM download webpage for updates (https://www.epa.gov/fera/download-human-
exposure-model-hem). EPA updates these files periodically. If EPA’s update is more recent than
the version of HEM4 on your computer, then download the newer model version from EPA’s
HEM download webpage (from link above) and start the newer model. If the chemical health
effect files (e.g., Dose Response Library file, Target Organ Endpoints file) on EPA’s website are
more recent than the ones currently in HEM4'’s resources folder, then replace the files in your
subfolder with the ones you download from EPA’s website. Likewise, check the timestamp and
update your U.S. Census data (in HEM4’s “census” subfolder) and the meteorological data (in
HEM4’s “aermod” subfolder), as necessary.

After you have ensured the HEM4 model and integrated databases are up-to-date and after you
have prepared the input files for the modeling application, start HEM4 by using Windows File
Explorer™ to navigate to the folder where HEM4 was unzipped and double click on the HEM4
executable file. The HEM4 title screen will be displayed, as shown below in Figure 4. Note that
the buttons near the bottom of the menu bar on the left — the HEM4 USER GUIDE and the
AERMOD USER GUIDE buttons — link to this HEM4 guide (at https://www.epa.gov/fera/risk-
assessment-and-modeling-human-exposure-model-hem) and to AERMOD'’s user guide (at
https://www3.epa.gov/ttn/scram/models/aermod/aermod userguide.pdf), respectively, and you
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should access them whenever you need further instruction and understanding regarding the
inputs or outputs of HEM4, or when troubleshooting a modeling run issue.

H

HEM4
l_‘D R Human Exposure Model
Version 4-Open Source
a REVISE CENSUS DATA
a. SUMMARIZE RISKS
l~ ANALYZE OUTPUTS
m) LoG
Prepared for: Prepared by:
Air Toxics Assessment Group SC&A Incorporated
U.S. EPA 1414 Raleigh Rd, Suite 450
Research Triangle Park, NC 27711 Chapel Hill, NC 27517

HEM4 USER GUIDE

AERMOD USER GUIDE
EXIT

Figure 4. HEM4 Title Screen

The RUN HEM4 button at the top of the menu bar on the left will take you to the next screen,
from which you can initiate a model run. To view this HEM4 User’s Guide or the AERMOD
User’'s Guide, on this screen or any subsequent screen, click on the buttons on the bottom of
the menu bar.

4.1 Provide Standard Input Files and Indicate Receptors

On the initial input screen (RUN HEM4) shown below in Figure 5, you must first indicate
whether you will use U.S. Census receptors or alternate receptors for your model run. Within the
U.S., you can use either U.S. Census receptors or alternate receptors that you provide. For
modeling runs outside the U.S., you must use alternate receptors. Figure 5 shows the input
selection buttons for the three required input files: the Facility List Options file, the HAP
Emissions file, and the Emissions Location file. Clicking on each of these buttons will allow you
to browse your computer to select the appropriate file. The Facility List Options file, HAP
Emissions file, and Emissions Location file are described in detail in Sections 3.2, 3.3 and 3.4,
respectively.
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RUN HEM4

REVISE CENSUS DATA

® 0 0

SUMMARIZE RISKS
& Use U.S. Census receptors ¢ Use alternate receptors

K3

ANALYZE OUTPUTS Name Run Group (optional):

]

LoG -ﬂ 1. Please select a Facilities List Options file:
-ﬂ 2. Please select a HAP Emissions file:

a 3. Please select an Emissions Location file:

M  HEM4USERGUIDE
M  AERMOD USER GUIDE

EXIT

Figure 5. Run HEM4 with U.S. Census Receptors

If you choose to use alternate receptors, then an additional input selection button will appear
near the bottom middle of the screen, as shown in Figure 6, that requires you to browse for and
select an alternate receptor CSV file. (Note: It may take several minutes for your Alternate
Receptor file to upload for modeling. Do not click Next until it has uploaded.) The
Alternate Receptors file is described in Section 3.5.8. As with all modeling runs, for a run using
alternate receptors, you must also browse for and select the Facility List Options, HAP
Emissions, and Emissions Location input files.

it - o x
"El RUN HEM4
X  REVISECENSUS DATA
a_ SUMMARIZE RISKS
C Use U.S. Census ptors & Use p
~ o
l— ANALYZE OUTPUTS Name Run Group (optional):
| Loc -ﬂ 1. Please select a Facilities List Options file:
-ﬂ 2. Please select a HAP Emissions file:
-= 3. Please select an Emissions Location file:
HEM4 USER GUIDE
4 Please select an alternate receptor CSV file:
AERMOD USER GUIDE
EXIT

Figure 6. Run HEM4 with Alternate Receptors
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For either type of run, you can (optionally) enter a run group name in the Name Run Group box
provided. This is recommended because the name will be used to identify the subfolder
containing the results of your run, located within the “output” folder, and will be helpful in
identifying which folder the post-modeling tools for summarizing, viewing and analysis should be
pointed towards. The name you enter in the “Name Run Group” box will also be prepended to
the output files containing the results for the run as a whole.

After you have indicated what type of receptors should be used for the modeling run and
entered the three required input files on this initial screen, click Next at the bottom right corner
of the screen to continue. If no additional input files are needed beyond the Facility List Options,
Emissions Location and HAP Emissions files already entered, then a pop-up box will appear
asking you to confirm the start of the HEM4 run, as shown below in Figure 7.

HEwWd

Clicking 'OK’ will start HEM4. Check the log tab for updates
on your modeling run.

OK Cancel

Figure 7. Confirm HEM4 Run Pop-Up Start Box

Clicking ‘OK” in this box will initiate the modeling, and a log of the modeling progress will appear
as shown and described in Section 4.4. Click Cancel if you need to change any input files
already entered. If additional input files are required, one or two additional screens will appear
after you click Next, which are discussed in Sections 4.2 and 4.3

4.2 Provide Additional Input Files

If additional inputs are required, one of two screens will appear next, depending on the nature of
your sources in the Emissions Location file and the modeling options you indicated in your
Facility List Options file. One screen that may appear is shown below in Figure 8. The other
input screen which may appear is shown and discussed in Section 4.3.

This screen will prompt you for one or more of the following additional input files: a user
receptors file; an emissions variation file; a buoyant line parameters file; a polygon vertex file;
and/or a building dimensions file. For example, if you indicated in your Facility List Options file
that you’d like to include emissions variations for one or more facilities to be modeled, then a
button will appear on this screen asking for the location of your Emissions Variation file (as
shown in Figure 8). Likewise, if one of the sources in your Emissions Location file is a buoyant
line source, then a button will appear prompting you to browse your computer and select a
buoyant line parameter file. If other input files are needed based on your Facility List Options file
and Emissions Location file, additional buttons will appear and request that you browse for and
select the required file. When you hover over each of these input file buttons, instructions will be
displayed on the top of the screen describing each file type.
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RUN HEM4

8 O

REVISE CENSUS DATA

9, SUMMARIZE RISKS

lad ANALYZE OUTPUTS <= Please select a User Receptors file:
LOG -= Please select an Emissions Variation file:
-= Please select associated Buoyant Line Parameters file
~= Please select associated Polygon Vertex file
4 Please select associated Building Dimensions file
HEM4 USER GUIDE
AERMOD USER GUIDE
EXIT

Figure 8. Provide Additional Input Files

After you have entered these additional input files, click Next at the bottom right corner of the
screen to continue. If no other inputs are needed, HEM4 will display the pop-up box, shown
above in Figure 7, stating “Clicking ‘OK’ will start HEM4. Check the log tab for updates on your
modeling run.” Click Cancel if you need to change any input files. If you are ready for HEM4 to
start your modeling run, click OK, and a log of the modeling progress will appear as shown and
described in Section 4.4. If additional inputs are needed for deposition and depletion modeling,
another input screen will open next, as shown and discussed in Section 4.3.

4.3 Provide Deposition and Depletion Input Files

When modeling deposition/depletion, HEM4 can direct AERMOD to (1) calculate a deposition
flux and (2) deplete the plume based on the calculated deposition. You can direct HEM4 to
provide the deposition flux in the outputs, or not (to save space). Generally speaking, deposition
modeled with plume depletion will reduce the ambient impacts from the emission source by
removing pollutants from the plume. Air concentrations will be depleted as pollutants are
deposited to the ground. Deposition and plume depletion have more of an effect on ambient
concentrations farther from the facility than it does closer to the facility where the maximum
impact generally occurs. Alternatively, you may choose to calculate the deposition flux, but not
deplete the plume (to allow for higher, more conservative air concentrations). Either way, the
modeled deposition flux may be used as an input to a separate multipathway model such as the
Total Risk Integrated Methodology (TRIM) (EPA 2018e).
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In most cases, if you chose to model deposition and/or depletion in the Facility List Option file,
HEM4 will require additional input files 8. HEM4 uses AERMOD to calculate deposition and
depletion effects for particulate matter, vapor (gaseous) pollutants, or both. The make-up of your
emissions — that is, the percentage particulate and gas — is dictated to HEM4 by your HAP
Emissions input file. Specifically, the fifth column in the HAP Emission input file (“Fraction
emitted as particulate matter”) indicates to HEM4 whether your emissions are 100% particle (if
this column is populated with 100 for all pollutants), 100% vapor (if this column is left blank or
populated with O for all pollutants), or a mixture of particles and gas. You will need to browse
your computer and select the additional files needed for modeling of deposition and/or depletion
on the screen depicted in Figure 9. You will be prompted to provide between 1 and 3 deposition/
depletion related input files, depending on your modeling options and the nature of the
emissions to-be-modeled.

™ - o x
[ runnems
€3  REVISE CENSUS DATA
B.  SUMMARIZERISKS
b ANALYZE OUTPUTS -= Please select Particle Size File
-B Please select Land Use file
LoG
-B Please select Month-to-Season Vegetation file
| i} HEM4 USER GUIDE
M@  AERMOD USER GUIDE
EXIT

Figure 9. Provide Deposition and Depletion Input Files

If your Facility List Options file indicates that you chose to model particle deposition and/or
particle depletion using AERMOD’s Method 1 (as discussed in Section 3.4.2) AND your HAP
Emissions file indicates that some of the emissions are in particle form, then a particle data file
is required by HEM4/AERMOD. Upload the particle data input file containing the particle size
information, mass fraction and particle size density for each pollutant (HAP) by browsing your
computer for it at the first Browse button on this screen, as shown in Figure 9.

8 Note: The one deposition and/or depletion modeling case, which requires no additional inputs and
therefore no deposition/depletion input screen, is if you are modeling only particle deposition and/or
depletion AND chose in your Emissions Location input file to use Method 2 for the Deposition Method. It
should also be noted that AERMOD does not model deposition or depletion of emissions from buoyant
line sources. Therefore, if you indicate in your Facility List Options file that deposition or depletion should
be modeled for a facility with buoyant line sources in your Emissions Location file, AERMOD will not run
successfully. In this case, remove the buoyant line source IDs from your input files and model that source
separately, without deposition or depletion.
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If your Facility List Options file indicates that you chose to model vapor (gaseous) deposition
and/or vapor depletion AND your HAP Emissions file indicates that some of the emissions are in
vapor form, then HEM4 will instruct AERMOD to model vapor deposition and/or depletion.
Depending on the type of vapor deposition/depletion you indicated in your Facilities List Option
file, two additional inputs may be required by HEM4/AERMOD: a land use input file and a
month-to-seasons input file. These additional input files are needed only to quantify dry (or “wet
and dry”) deposition and/or depletion of vapor emissions, as discussed in Section 3.5.4. If you
wish to model “wet only” deposition and/or depletion of gaseous pollutants, these additional
input files are not needed by HEM4. (These files are also not needed to model particle-only
deposition and/or depletion.) Upload these files by browsing your computer for them at the
second and third buttons on this screen shown in Figure 9.

As noted in Section 3.5.4, you should also check to ensure that the vapor (gaseous) pollutants
in your HAP Emissions file are included in the Gas Parameter reference file. If these pollutants
are not included — or if you wish to include different parameter values than the Gas Parameter
file currently uses — you should edit the Gas Parameter file located in HEM4’s resources folder,
as discussed in Section 3.5.4. Otherwise, generic default gas parameter values will be used.
(The default file pathway is “HEM4\resources\Gas_Param.xlIsx”.)

It should be noted that HEM4 requires significantly more time to run if you opt to model
deposition and/or depletion. The exact run time will depend on the particular source
configuration and modeling domain but can be over an hour or more per facility. You can utilize
the FASTALL option in the Facility List Options file to expedite the run. As noted in Section
3.2.10, FASTALL conserves model runtime by simplifying the AERMOD algorithms used to
represent the meander of the pollutant plume (EPA 2019a).

After you enter the required files on the deposition/depletion input screen, click Next on the
bottom right and HEM4 will display the pop-up box (shown above in Figure 7) stating “Clicking
‘OK’ will start HEM4. Check the log tab for updates on your modeling run.” Click Cancel if you
need to change any file locations on this screen, and the Back button to change any input files
on the previous screen. If you are ready for HEM4 to start your modeling run, click OK and a log
of the modeling progress will appear as shown and described in Section 4.4.

4.4 Check HEM4 Log

After HEM4 starts modeling your facilities (or facility), the LOG screen will appear to show you
HEM4’s progress in real-time including any errors in processing, if there are any. The Log
screen is shown below in Figure 10. (Note: The cursor is visually disabled on the log screen, but
it is recommended that you not place your cursor on the log tab screen itself, because doing so
may reset where the log displays the next line of progress and result in seemingly non-
sequential progress messages; rather use the scroll bar on the right to show more of the log
screen, as needed.) Once the modeling run is complete, HEM4 also produces a log text file as a
permanent record of the modeling.

The Log screen and text file will provide you with the following modeling run information:
¢ the meteorological period used, whether annual (the default) or a different period you

selected;
o the full list of input files uploaded for the modeling run;
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e any mismatch between input files prior to you correcting the mismatched files (e.g.,
mismatched Source IDs between the HAP Emissions and Emissions Location files);

o the default values used for any parameters with out-of-range (unacceptable) values

specified in your input files;

the run group name;

the Facility IDs modeled and the location of each facility’s center;

the start and end time for the AERMOD portion of the modeling run;

the full list of outputs produced; and

the number of minutes required for HEM4 to model each facility and produce the facility-

specific outputs.

el - o X

Facility Fac1-NC: Using period start=201902 11 12
Facility Fac1-NC: Using period end = 2019 06 30 1
Facility Fac2-IL: Using annual met option.

RUN HEM4 Uploaded facilities options list file for 2 facilities.

Uploaded HAP emissions file for 101 scurce-HAP combinations.

L3 REVISECENSUSDATA Uploaded emissions location file for 13 facility-source combinations.
Uploaded user receptors for [Fac1-NC]

B'. SUMMARIZE RISKS
Uploaded buoyant line parameters for [Fac1-NC]

t ANALYZE OUTPUTS Uploaded polyvertex sources for [Fac1-NC]
Upleaded building downwash parameters for [Fac1-NC]

5 Los

Uploaded particle data for [Fac2-IL]

Uploaded land use data for [Fac1-NC,Fac2-IL]
ABORT HEM RUN

Uploaded seasonal variation data for [Fac1-NC,Fac2-IL]

HEM4 is starting...

HEM4 USER GUIDE
AERMOD USER GUIDE

EXIT

Figure 10. Log Screen

After the modeling is complete, the log text file, named HEMA4.log, will be located in the run
group folder you name (as discussed in Section 4.1) and will contain information about the
facilities modeled in your run. The log file will also indicate what default values HEM4 used
(listed in Sections 3.2, 3.3, and 3.4) for the three required input files, in lieu of erroneous out-of-
range values you may have included in your input files, as discussed further in Section 4.8.
Finally, the log file will also indicate what facilities failed to run successfully, including what
errors caused the failure, which is also discussed further in Section 4.8.

The Appendix includes a sample HEM4 log file produced for a two-facility modeling run. The log
file will also list any risk summary program outputs you opted to produce. The next section
discusses how to run the risk summary programs.
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4.5 Summarize Risks

The SUMMARIZE RISKS button on the menu bar on the left allows you to summarize HEM4
results using one or more summary programs to produce the following risk summary reports,
which are based on all facilities modeled in the run group:

Max Risk Report;

Cancer Drivers;

Hazard Index Drivers;

Risk Histogram;

Hazard Index Histogram;
Incidence Drivers;

Acute Impacts;
Multipathway; and

Source Type Risk Histogram.

The Summarize Risks screen is shown in Figure 11. Note: Before you choose to summarize
your risk results via these reports, you may wish to perform certain QA checks on the modeled
facility-specific results, as described in Section 9.

Hil - a x

RUN HEM4 Select output folder

e Od

REVISE CENSUS DATA Max Risk Report Muttipathway

Cancer Drivers Source Type Risk Histogram
B suMMaRIZERISKS =2

Enter the position in the source ID where the

Hazard Index Drivers source ID type begins. The default is 1.

[~  AnALYZE oUTPUTS

| Enter the number of characters
of the sourcetype ID
LOG

Hazard Index Histogram

Incidence Drivers

|
Risk Histogram

Acute Impacts

HEM4 USER GUIDE

AERMOD USER GUIDE

B ext

m Run Reports

Figure 11. Run the Risk Summary Programs

First, click on the Select output folder button to browse for the folder where the HEM4 outputs
you want summarized are located. Next, select which summaries you would like to run by
checking the box before each, and then click on the “Run Reports” button to initiate the selected
summaries. The outputs produced by these risk summary programs are report summaries of all
facilities modeled in your run as group, rather than facility-specific outputs, and are described in
Section 8.
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The Source Type Risk Histogram summary requires you to indicate where in your Source IDs
the source type begins and ends. As discussed in Section 3.3.1, it’s helpful to create your
Source IDs so that the type of source is identified always in the same location in the Source ID
string. For example, if you are modeling a series of storage tanks and wastewater vessels, you
could identify them with IDs such as ST01, ST02, ST03, WW01, WWO02, and so on. In this
example, the source type starts in location 1 of the Source ID string and is 2 characters long
(i.e., ST and WW). Therefore, in this case, after you check the Source Type Risk Histogram box
(shown above in Figure 11), you would enter a 1 next to “Enter the position in the Source ID
where the source type begins.” You would then enter a 2 next to “Enter the number of
characters in the source type.”

After you have selected the summaries you want run, check the Log screen for progress. The
HEMA4.log text file will also report any errors. The Risk Summary Reports you choose to run will
be placed in the same output folder where you indicated the HEM4 results are located (which
were summarized using these programs).

4.6 Analyze Outputs

The ANALYZE OUTPUTS button on the menu bar on the left allows you to view and analyze
the HEM4 facility-specific modeling results as well as the run group-wide Risk Summary
outputs. The View and Analyze Outputs screen is show below in Figure 12.

o =t o x

RUN HEM4
o] REVISE CENSUS DATA
B.  suMMARIZERISKS
-ﬂ Open a facility or summary output table

|~  ANALYZE OuTPUTS

Lo% (3 Open a chronic or acute risk map

fq View summary graphical outputs in web browser

HEM4 USER GUIDE

AERMOD USER GUIDE

[ x] EXIT

Figure 12. View and Analyze Outputs

This screen consists of three buttons that allow you to (1) open a facility or summary output
table via a spreadsheet app for further analysis and graphing; (2) open a chronic or acute risk
map; and (3) view summary graphical outputs in web browser. After you click on these buttons,
HEM4 will prompt you to identify the location of the output files you wish to view and analyze
further.
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If you choose to open a facility or summary Excel or CSV output table using the first button
(shown in Figure 12), HEM4 will open the file within a spreadsheet app with numerous widgets
available for further analysis and graphing. This widget is provided by a pandastable library as
an interactive way to review and analyze HEM4's tabular output data (see
https://pandastable.readthedocs.io/en/latest/description.html.) An example of a Hazard Index
Drivers output (spreadsheet) opened via this first button is shown in Figure 13. The spreadsheet
and graphing widgets along the right-hand side include: Load table; Save; Import CSV; Load
Excel file; Copy table to clipboard; Paste table; Select data to plot; Transpose; Aggregate; Pivot;
Melt; Merge, concatenate or join; Prepare a sub-table; Filter table; Calculate; Model fitting; Clear
table; Contract columns; Expand columns; Zoom out; and Zoom in.

§ C/Git_ HEMA/HEM4/output/testd-20/testd-20_hazard_index_driversixlsx - X
L mm— E]
[l | Fac1- NC Deve\opmenra\ H 9. 479141 SROOOOO‘\ arsenic compounds 9. 431920 [99.500000 - &)

2 Fac1-NC  Kidney HI 1.570466 SR0O00001 | cadmium compounds 1.506065 95.900000

3 Fac1-NC  Respiratory HI 047091 RWO000001 |acrolein 0.29061 61.710000 =

4 Fac1-NC  Respiratory HI 0.47091 FU000001 |bis(2-ethylhexy)phthalate 0.132177 28.070000

5 Fac1-NC |Respiratory HI 0.47091 RWO000001 | acrolein 0.0321697 6.830000 .

6 Fac1-NC  Liver Hi 0.190013 FU000001 | bis(2-ethylhexyl)phthalate 0.144408 76.000000 W

7 Fac1-NC  Liver Hi 0.190013  RWO000001 | trichloroethylene 00312142 16.430000 B

8 Fac1-NC  Reproductive HI 0.090131 RV000001 |1,3-butadiene 0.0887254 | 98.440000

9 Fac1-NC  Neurological HI 0.065151 RWO000001 |trichloroethylene 0.0348731 53.530000 =

10 Fac1-NC | Neurological HI 0.065151 FU0O00001 mercury (elemental) 0.0229932 35.290000 3

" Fac1-NC  Neurological HI 0065151 RWO000001 |trichloroethylene 000386036 5930000 »

12 Fac1-NC  Immunological HI 0.039509 RWO000001 | trichloroethylene 0.0348731 88.260000

13 |Fac1-NC  Immunoclogical HI 0.039509 RWO000001 |trichloroethylene 0.00386036 9.770000 )

14 |Fac2-L Liver HI 0.024612 FU000001 | bis(2-ethylhexyl)phthalate| 0.0225351  91.560000 <

15 Fac2-L Respiratory HI 0.024087 FU000001 |bis(2-ethylhexyl)phthalate 0.0225351 93.550000

16 |Fac2IL Neurological HI 0.016217 FU000001 |mercury (elemental) 00141467 |87 230000 B

17 Fac2IL Neurological HI 0.016217 FU0O00001 mercury (elemental) 0.00155341 |9.580000 =

18 Fac1-NC  Hematological HI 0.000931 FU000001 |selenium compounds 0.00090521 |97 180000

19 |Fac2L Hematological HI 0.000522 FU000001 |selenium compounds 0.000517802 | 99.180000 =)
20 Fac1-NC  Skeletal HI 0.000461 RWO000001 |hydrofluoric acid 0.000415156 | 90.030000 &=
21 |Faci-NC | Endocrine HI 7.09803e RV000001 |cumene 567842e-06 80.000000
22 Fac1-NC  Endocrine HI 7.09803e RV000001 |cumene 1.41961e-06 20.000000 2
23 |Fac2IL Reproductive HI 1.28789e FU000001 | benzo[alpyrene 9.63533e-07 | 75.280000 =
24 |Fac2L Developmental HI 1.28789e FU000001 | benzo[a]pyrene 9.69533e-07 | 75.280000
25 Fac2IL Reproductive HI 1.28789%e FU000001 benzo[a]pyrene 3.18352e-07 | 24.720000
26 |Fac2IL Developmental HI 1.28789%e FU000001 | benzo[a]pyrene 3.18352e-07 | 24.720000 |+
26 rows x T columns A|E| = ]e

Figure 13. Hazard Index Drivers File Opened via Spreadsheet App

As a further example of this tool, if you click on the “Select-data-to-plot” widget on the right-hand
side of the spreadsheet, a data plot automatically pops-up with numerous formatting options for
graphing. A depiction of one plot is shown in Figure 14.

0 Plot Viewer - O x

HI_Total

HI Total value
N w
w EE

9.9 1 T --7-| T — T

0] 2 4 6 8 10 12
HI Type
=% Plot “% Apply Options il | ¥ | 0| E | il grid layout | 3D plot
Base Options  Annotation | Grid Layout =~ Other Options = 3D Options | Animate
global labels text to add textbox textbox format add objects
title boxstyle font size add object
square - 12 textbox -
xlabel facecolor coord system
HiType white - font data -
1abel linecelor monospace [~
J black - fontweight iz
Hl Total value | -
rotate narma Clear
ticklabel angle 9 T
0 center 2

Figure 14. Select Data to Plot Widget
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https://pandastable.readthedocs.io/en/latest/description.html

If you choose to open a chronic or acute risk map with the second button (shown in Figure 12),
you will be asked to select a chronic kmz file from your modeled outputs, which HEM4 will
launch in Google Earth™. Or you can select an acute map html file to view on a satellite street
map. An example of a chronic kmz file is shown below in Figure 15 displayed via Google
Earth™, with the cancer and noncancer chronic results overlaid on the map. These results are
discussed further in Section 6. Note: The first time you run HEM4, your computer may take
several minutes to open Google Earth™; but the application will open quickly after subsequent
runs.

= Google Earth Pro - X
File Edit View Tools Add Help

¥ Search

:
» /B Polar TOSHI
[« [

¥ Layers

Figure 15. Chronic Risk Map shown in Google Earth™

To open an acute map, you must first run the Acute Impacts summary from the Summarize
Risks (“Create Risk Summary Reports”) screen, shown in Figure 11. After you run the Acute
Impacts summary program, HEM4 will produce an output subfolder called “Acute Maps”, which
will be located in the same place where the other facility-specific and summary outputs from
your run are located. Click on the “Open a chronic or acute map” button on the View and
Analyze Outputs screen (shown in Figure 12) and then HEM4 will ask you to select the html file
you wish to view. Choose an html file from any of the html files located in the “Acute Maps”
subfolder and HEM4 will display your map in your default browser window. An example html
acute map is shown in Figure 16, for one of the acute benchmarks (REL) based on modeled
acrolein results. The acute output files underlying these mapped results are explained in
Sections 6 and 7.

HEM4 User’s Guide Page 79



Acrolein (AEGL-1 1-hr)  Acrolein (REL) = Arsenic Compounds (REL) Mercury (Elemental) (REL)

Fac1-NC Acrolein Acute HQ (REL)

Figure 16. Acute Map View of HTML File

Finally, you can choose to view summary graphical outputs in your default web browser by
clicking on the third button (shown in Figure 12). To use these statistical and graphical
visualization tools, you must choose a folder containing Risk Summary reports run from
the Summarize Risk screen (shown in Figure 11). Note that all risk summary reports must be
present in your selected folder to use these statistical and graphing tools, except the Max Risk
report, Multipathway report and Acute Impact report: these three reports may be present in your
selected folder but are not required. After you select your desired output folder, the graphical
visualizations of your results that appear in your default web browser are constructed via the
Dash app, which is a Python framework for building interactive web applications. The graphical
displays of your results offered by this application include:

a map of your modeled facilities;

e pie charts based on the cancer incidence percentages by pollutant and source type;
bar charts showing the number of people at increasing levels of cancer risk (e.g., less
than 1-in-1 million risk, greater than or equal to 1-in-1 million risk, greater than or equal
to 10-in-1 million risk, greater than or equal to 100-in-1 million risk);

e bar charts showing the number of people at increasing noncancer hazard index levels
for each of the 14 modeled target organ specific hazard indices (e.g., less than or equal
to 1, greater than 1, greater than 10, greater than 100, greater than 1000);

e bar charts showing the source and pollutant risk drivers of your modeling run for both
cancer and noncancer;

e bar charts showing the acute screening hazard quotients by benchmark and pollutant for
each facility with modeled acute impacts; and

e an interactive and exportable spreadsheet displaying the maximum cancer risk and
noncancer hazard index values for each modeled facility.
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An example of one of the several graphical visualizations of your results offered by this
application is shown in Figure 17, which displays pie charts based on the cancer incidence
percentages by pollutant and source type, for a modeling run based on 5 different pollutants and
8 different source types.

Cancer Incidence by Pollutant and Source Type

(Total Incidence is 4.80E-02)

Cancer Incidence by Pollutant for test_8-1-2020 Cancer Incidence by Source Type for test_8-1-2020
(for pollutants that contribute at least 1%)

Arsenic Compounds
1,3-Butadiene
Cadmium Compounds
Naphthalene
Benzene

EEEN
EEEEEEN
-
=

Figure 17. Example Graphical Visualization of Incidence by Pollutant and Source Type

The output files underlying these results are explained in Sections 6 and 7.

4.7 Revise Census Data Option

The REVISE CENSUS DATA button on the menu bar on the left allows you to change your U.S.
Census file using the census update file described in Section 3.5.9. On this screen, shown in
Figure 18, click on the “Please select a census update file” button to select an update file from
your computer. Once your census update file is selected, click on the “Revise” button on this
screen, which will change the census files that HEM4 uses to model any facilities after the
change. (Note: this revision is permanent to your census files unless you change your census
files back to their original. For this reason, it is recommended that you save your original census
files to a separate location before clicking on “Revise” using this screen.)

You can use the census update file described in Section 3.5.9 to (1) zero-out the population of a
specific U.S. Census block, (2) move a block to a new latitude and longitude location, and/or (3)
delete or remove a census block. The reasons for making such revisions to your census dataset
are also discussed in Section 3.5.9.
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Figure 18. Revise Census Data Screen

4.8 Error Messages and Failed Runs

When initiating a model run, HEM4 will perform a series of checks on your inputs to identify
obvious errors that would cause the model (including AERMOD) to fail. Identifying these input
errors prior to HEM4 attempting to model the erroneous values avoids most unsuccessful model
runs and provides you with instructions to rectify the problem. Reviewing the AERMOD
documentation is also important and helpful if you receive an error from HEM4 or from
AERMOD (in the aermod.out file, described in Section 6.1.13) when running your inputs and the
resolution of the error is not clear (EPA 2019a, EPA 2019b).

For example, on the user interfaces that instruct you to select input files (discussed above in
Section 4), if you attempt to upload an input file with the wrong number of columns (a.k.a.
fields), then an error message will pop-up indicating that the file you uploaded had “x” columns,
but should have “y” columns. HEM4 will also compare the Source IDs in your input files to
ensure they match. If the Source IDs in your Emissions Location file do not match the Source
IDs in your HAP Emissions file, then an error message will pop-up indicating that “Your
Emissions Location and HAP Emissions files have mismatched Source IDs. Please correct one
or both files with matching sources and upload again.” A sample of the kinds of pop-up error

messages and their meanings are listed in Table 32.

Additionally, if you entered a value for an input parameter that is out-of-range of the acceptable
values for that parameter, then HEM4 will replace your problematic value with the default value,
and indicate the replacement in the log file, as noted above in Section 4.4. The values HEM4
defaults to are listed for applicable parameters within each standard input file starting in Section
3.2.
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Table 32. Sample List of Error Messages and Causes in HEM4

Pop-Up Error Message

Meaning / Cause

"One or more facility IDs are missing in the <file> List."

The uploaded file contains records without a
valid Facility ID.

"One or more met stations referenced in the Facility
List are invalid."

The uploaded Facility List Options file
contains facilities with met station references
that are not present in the master list of met
stations.

"One or more source |IDs are missing in the <file> List."

The uploaded file contains records without a
valid Source ID.

"One or more pollutants are missing in the <file> List."

The uploaded file contains records without a
valid pollutant (HAP).

"One or more locations are missing a coordinate
system in the <file> List."

The uploaded file contains records without
valid coordinate system values.

"One or more source types are missing a valid value in
the Emissions Locations List."

The uploaded Emissions Location file
contains records without a valid source type
value for one or more fields.

“The following pollutants were not found in HEM4’s
Dose Response Library: [list of HAP names not found].
Would you like to amend your HAP Emissions file?
(They will be removed otherwise.)”

One or more HAP listed in the HAP
Emissions file is not included in the Dose
Response Library. Note: If you do not revise
your HAP Emissions file to include only HAP
listed in your Dose Response library, then
HEM4 will drop those HAP for the current
run. Alternatively, you may exit the run and
amend the Dose Response Library before
starting a new run.

"Facility <fac>: [lat/lon] value out of range in the
Emissions Locations List."

The uploaded Emissions Location file
contains an out-of-range latitude or longitude
value for one or more sources.

"Facility <fac>: UTM zone value malformed or invalid in
the Emissions Locations List."

The uploaded Emissions Location file
contains an invalid UTM zone value.

"Error: Some non-numeric values were found in
numeric columns in this data set."

The uploaded file contains non-numeric
values in a field that should have only
numbers.

"Length Mismatch: Input file has x columns but should
have y columns."

The uploaded file contains the wrong number
of columns.

"<file> parameters are specified in the Facilities List
Options file. Please upload a <file> File."

The Facility List Options file specifies
modeling options requiring additional input
files that have not been uploaded.

“AERMOD models building downwash from point
sources only (i.e., vertical P, horizontal H, or capped C
point sources). Your building dimensions file includes
non-point sources. Please edit your building
dimensions file to remove all non-point sources.”

AERMOD models building downwash of
emissions from vertical point (P), capped
point (C), and horizontal point (H) source
types only. The uploaded Facility List
Options file indicates building downwash for
one or more facilities and the Source IDs for
those facilities in the uploaded building
dimensions input file include sources other
than P, C, or H types.
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Pop-Up Error Message

Meaning / Cause

“AERMOD cannot currently model deposition or
depletion of emissions from buoyant line sources, and
the Emissions Location file includes a buoyant line
source for one or more facilities. Please disable
deposition and depletion for each of these facilities or
remove the buoyant line source(s)."

AERMOD version 19191 can model
deposition and/or depletion from all source
types except buoyant lines. The uploaded
Facility List Options file indicates deposition
and/or depletion for one or more facilities
and one or more Source IDs for those
facilities in the uploaded Emissions Location
file are buoyant lines.

“AERMOD’s FASTALL option cannot be used with
buoyant line sources, and the Emission Location file
includes a buoyant line source for one or more
facilities. Please disable FASTALL for each of these
facilities or remove the buoyant line source(s)."

AERMOD version 19191 does not allow the
FASTALL option with buoyant line sources.
The uploaded Facility List Options file
indicates FASTALL for one or more facilities
and one or more Source |IDs for those
facilities in the uploaded Emissions Location
file are buoyant lines.

"AERMOD ran unsuccessfully. Please check the error
Section of the aermod.out file in the <fac> output
folder."

AERMOD didn't run successfully, for a
reason specified in the aermod.out file.

"Cannot generate summaries because there is no
Facility Max_Risk_and_HI Excel file in the folder you
selected."

The Risk Summary reports could not be run
because the Facility Max_Risk_and_HI
output file is needed, but is missing.

If HEM4 is unable to model a facility or facilities due to errors in the inputs, HEM4 will not only
note the errors in the log file but will also produce an Excel file entitled “Skipped Facilities” in the
run group’s output subfolder. You can use the list of skipped facilities in column A of this output
file to create a new Facility List Options file, after you fix the errors, to model these facilities.

This is discussed further in Section 9.

Finally, in the event of a failed modeling run, you should close down HEM4 and then re-
start before your next modeling run. A full shutdown and re-start of HEM4 ensures the
memory has been cleared, which will reset values in the underlying model code and avoid a

variety of potential issues in the next run.
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5. HEM4 Modeling Calculations for each Facility

Section 3 describes the HEM4 input files and Section 4 describes the step-by-step instructions
for the user to initiate a HEM4 modeling run. This section describes the internal modeling
algorithms and simplifying assumptions employed by HEM4, once initiated, during a modeling
run. We list the AERMOD options used to model emission dispersion from each facility and
describe the method HEM4 implements to transform AERMOD’s single pollutant concentration
modeling into multiple pollutant concentration estimations. This section also discusses HEM4’s
post-dispersion computation of health impacts at modeled receptors, including cancer risk and
noncancer health hazards, as well as HEM4’s calculations to estimate the contributions of
individual pollutants and emission sources to the estimated concentrations and health impacts
at the modeled receptors.

5.1 Dispersion Modeling

As noted previously in this guide, HEM4 carries out dispersion modeling by running the
AERMOD dispersion model. Section 3 describes a number of input options you can specify for
running AERMOD—for example, incorporating deposition and depletion, emissions variations,
and using urban or rural dispersion parameters. This section discusses the options that HEM4
implements by default. In addition, this section describes the dilution factor methodology used in
HEM4 for modeling multiple pollutants based on AERMOD’s single pollutant modeling.

5.1.1 Regulatory Default, ALPHA and BETA Options

HEM4 uses primarily the regulatory default options when running AERMOD. These options
include the following:

Uses stack-tip downwash (except for Schulman-Scire downwash);

Uses buoyancy-induced dispersion (except for Schulman-Scire downwash);
Does not use gradual plume rise (except for building downwash);

Uses the “calms processing” routines;

Uses upper-bound concentration estimates for sources influenced by building
downwash; from super-squat buildings;

Uses default wind profile exponents;

Uses low wind speed threshold;

Uses default vertical potential temperature gradients; and

Uses missing-data processing routines.

However, it should also be noted that AERMOD (version 19191) includes model option
keywords ALPHA and BETA for certain modeling options. The ALPHA keyword indicates one or
more options are being used that are scientific/formulation updates considered to be in the
research phase and have not been fully evaluated and peer reviewed by the scientific
community; and/or non-scientific model options in development that still need rigorous testing
and for which EPA is seeking feedback from the user community. The BETA keyword indicates
one or more options are being used that have been fully vetted through the scientific community
with appropriate evaluation and peer review. BETA options are planned for future promulgation
as regulatory options in AERMOD. See the AERMOD users guide for more information (EPA
2019a).
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For the current version of HEM4, the only ALPHA options available are Method 2 particle
deposition and gaseous (vapor) deposition. The only current BETA option in AERMOD, RLINE
(a source type intended mainly for roadway modeling), is not currently an option in HEM4. To
keep HEM4 general, the ALPHA and BETA keywords will always be included in the AERMOD
runstream file prepared by HEM4, even when no ALPHA or BETA options are being used.

5.1.2 Dilution Factors

HEM4 uses AERMOD to compute a series of dilution factors, specific to each emission source
and receptor. This approach more quickly analyzes the impacts of multiple pollutants than if
separately modeling each pollutant. The dilution factor for a particular emission source and
receptor is defined as the predicted ambient impact from the given source and at the given
receptor, divided by the emission rate from the given source.

If you choose not to analyze deposition or depletion, then the dilution factor does not vary from
pollutant to pollutant. If you do select deposition or depletion, HEM4 will compute separate
dilution factors for gaseous and particulate pollutants. In addition, you can specify different
particle sizes and densities for each particulate matter emission source. To use pollutant-
specific parameters for particulates and/or gases, requires a separate Source ID for each
pollutant at a given source. As noted in Section 3.4, you can create multiple Source IDs using
the same locations and source parameters to accommodate different pollutants when modeling
deposition or depletion.

5.2 Estimating Risks and Hazard Indices

HEM4 estimates the total cancer risk, noncancer hazard index (HI) and optionally acute hazard
quotient (HQ) for all U.S. Census block locations or alternate receptor locations in the modeling
domain, all user receptors, and all receptors in the polar network. Receptors in the HEM4
domain fall into two categories: those with impacts explicitly modeled by HEM4/AERMOD, and
those with impacts estimated via interpolation rather than explicit modeling. Section 5.2.1
describes methods used to calculate cancer risks and noncancer health hazards for receptors
that HEM4/AERMOD explicitly models. Section 5.2.2 describes the interpolation approach used
to estimate cancer risks and noncancer health hazards at receptors not explicitly modeled.

Based on the results for U.S. Census blocks or alternate receptors, and other receptors, HEM4
estimates the maximum individual risk (MIR), maximum HI, and optionally high acute value for
populated receptors (Section 5.2.3); as well as the maximum impacts for all offsite receptors,
including unpopulated locations (Section 5.2.4). For these locations, the model calculates the
contributions of individual pollutants and emission sources to cancer risks, chronic HI, and
optionally acute HQ (Section 5.2.5).

5.2.1 Explicit Modeling of Inner Receptors, User Receptors and Polar Receptors

HEM4 calculates cancer risks, target-organ-specific HI, and optionally acute HQ for three types
of discrete receptors that are explicitly modeled by AERMOD. These are (1) U.S. Census blocks
or alternate receptors within the user-defined modeling “cutoff” distance for explicit modeling of
individual receptors, (2) all user receptors, and (3) the user-defined polar receptor network.
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As noted above in Section 5.1.2, Dilution Factors, HEM4 combines pollutants into two
categories — particulates and gases (vapor) — for the purposes of dispersion modeling. The
model retains these categories to calculate cancer risks, noncancer Hl and optionally acute HQ.
HEM4 uses the following algorithms:

For cancer risk:
CRT = Zi,j CRi,j

CRi,j = DFi,j x CF x X [Ei,k X UREk]

For noncancer hazard indices:
H|T . Zi,j HQi,j
HQ;; = DF;,; x CF x X [Ei « / (RfCk x 1000 pg/mg)]

where:
CRr = total cancer risk at a given receptor (probability for one person)

¥;;= the sum overall sources i and pollutant types j (particulate or gas)
CR;j= cancer risk at the given receptor for source i and pollutant type j
DFi = dilution factor [(ung/m?®) / (g/sec)] at the given receptor for source i and
pollutant type j
CF = conversion factor, 0.02877 [(g/sec) / (tons/year)]
>, = sum over all pollutants k within pollutant group j (particulate or gas)
Eix = emissions (tons/year) of pollutant k from source i
UREkx = cancer unit risk estimate [1/(ug/m?3)] for pollutant k
(cancer risk for an individual exposed to 1 ug/m? over a lifetime)
Hir = TOSHI at a given receptor and for a given organ
HQ, ;= organ-specific hazard quotient at the given receptor for source i and

pollutant type j
RfC« = noncancer health effect reference concentration (mg/m?3) for pollutant k
(concentration at and below which no adverse health effect is expected)

The above equations are equivalent to the following simpler equations:
CRr = Zi, k ACi, k X UREk

Hlr = 2 « ACi « / (RfC« x 1000 ug/mg)

where:
AC; « = ambient concentration (ug/m?3) for pollutant k at the given receptor. This is the
same as [E; k X DF; j x CF]

However, use of these simpler equations would require modeling all pollutants individually in
AERMOD, and performing separate risk calculations for each pollutant.

If the cancer unit risk estimate (URE) is not available for a given pollutant, then that pollutant is
not included in the calculation of cancer risk. Likewise, if the noncancer reference concentration
(RfC) is not available for a given pollutant, that pollutant is not included in the calculation of HI.
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Note that separate reference concentrations are used for acute HQ and chronic HQ. As
discussed in Section 2.2.1, for acute impacts, instead of the chronic RfC, the short term
concentration is compared with various threshold or benchmark levels for acute health effects
(e.g., the California EPA reference exposure level [REL] for no adverse effects).

5.2.2 Interpolated Modeling of Outer Receptors using the Polar Receptor Network

For U.S. Census blocks and alternate receptors outside of the user-defined modeling “cutoff”
distance for individual block modeling, HEM4 estimates cancer risks, noncancer HI and
optionally acute HQ by interpolation from the polar receptor network. HEM4 estimates impacts
at the polar grid receptors using AERMOD modeling results and the algorithms described in
Section 5.2.1. If you choose to model terrain effects with the elevation option in your Facility List
Options file, then HEM4 estimates an elevation for each polar receptor. HEM4 estimates
elevations and controlling hill heights for the polar grid receptors based on values from the U.S.
Census library for modeling runs using the U.S. Census, or from the alternate receptor file for
runs not based on the U.S. Census. HEM4 divides the modeling domain into sectors based on
the polar grid receptor network, with each census block assigned to the sector corresponding to
the closest polar grid receptor.

HEM4 then assigns each polar grid receptor an elevation based on the highest elevation for
any U.S. Census block receptor, user receptor, or alternate receptor in its sector. The controlling
hill height is also set to the maximum hill height within the sector. If a sector does not contain
any census blocks or alternate receptors, the model defaults to the elevation and controlling hill
height of the nearest block or nearest alternate receptor outside the sector, or defaults to the
elevation of the nearest source (if the polar grid receptor is closer to a source than to a block or
alternate receptor outside its sector).

HEM4 interpolates the impacts at each outer U.S. Census block receptor or alternate receptor
from the four nearest polar grid receptors. The interpolation is linear in the angular direction, and
logarithmic in the radial direction, as summarized in the following equations:

lar = lat e+ (la2,r = lat,r) X (a— A1)/ (A2 — A1)
Ia1,r = exp{ln(IA1,R1) + [In(IA1,R2) - In(IA1,R1)] X [(In r) - In(R1 )] / [In(R2) - In(R1 )]}

|A2, r= exp{ln(IAz,m) + [|n(|A2,R2) - |n(|A2,R1)] X [(In r) - In(R1 )] / [In(R2) - In(R1 )]}

where:

la, = the impact (cancer risk, chronic HI or acute HQ) at an angle, a, from north, and
radius, r, from the center of the modeling domain
the angle of the target receptor, from north
the radius of the target receptor, from the center of the modeling domain
the angle of the polar network receptors immediately counterclockwise from the
target receptor
A2 = the angle of the polar network receptors immediately clockwise from the target

receptor

R1 = the radius of the polar network receptors immediately inside the target receptor
R2 = the radius of the polar network receptors immediately outside the target receptor

- = Q
I
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5.2.3 Maximum Individual Risks, Hazard Indices, and Hazard Quotients

HEM4 evaluates the predicted chronic impacts for all populated receptors to identify the
locations of the MIR and the highest HI for various target organs (maximum TOSHIs). For these
calculations, populated receptors include all U.S. Census block locations or alternate receptors
and any user receptors you included in the run designated as type P (for populated). In general,
type P receptors should include houses near the facility boundary, as well as other residences
not represented well by the location of the U.S. Census blocks or alternate receptors.

The maximum cancer risk may occur at a location other than the maximum HI for a given organ.
Likewise, the location of the maximum HI for one organ will not necessarily be the same as the
location for a different organ. HEM4 performs a separate evaluation of the maximum impact
location for each health impact.

The model also tests for instances where U.S. Census blocks, alternate receptors or type P
user receptors appear to be located on plant property. To do so, HEM4 calculates the distance
between each receptor and each emission source. These distances are compared with the
overlap distance that you specified in the Facility List Options file. If a populated-type receptor is
located within the overlap distance, then HEM4 does not use these calculated results for this
receptor to estimate the maximum individual cancer risk or maximum HI for populated areas.
Instead, the model assumes the impacts at the overlapping receptor to be equal to the
maximum impacts for any receptors that do not overlap plant property. This could include both
populated and unpopulated receptors (e.g. polar receptors), as long as they do not overlap plant
property.

If you chose to model acute (short-term) impacts in the Facility List Options file, HEM4 will also
evaluate predicted acute impacts for all receptors to identify the locations of the highest acute
HQs. For the acute calculations, all receptors are evaluated — both populated and unpopulated
receptors — including U.S. Census blocks or alternate receptors, all user receptors you may
have specified and all polar receptors. As described in the preceding paragraph, HEM4 also
checks to ensure that the maximum populated acute receptor is not overlapped. In the case of
an overlapped populated receptor, then the next highest non-overlapped populated receptor is
chosen.

5.2.4 Maximum Offsite Impacts

In addition to evaluating the maximum cancer risks, chronic HI, and acute HQ (if modeled) for
populated receptors, HEM4 evaluates maximum offsite impacts for all receptors. All U.S.
Census blocks or alternate receptors, all user receptors (populated and unpopulated), and all
points (receptors) on the polar receptor network are included in the evaluation of maximum
offsite impacts, except for those receptors that are found to be overlapping emission sources.

5.2.5 Contributions of Different Pollutants and Emission Sources

HEM4 calculates the contributions of different pollutants and emission sources to cancer risks.
chronic HI, and acute HQ (if modeled) at the receptors where impacts are highest, both for
populated receptors and for all offsite receptors. As noted in Section 5.2.1, HEM4 groups
pollutants together when calculating total risks, HI and HQ (if modeled) for the large number of
receptors that are typically inc