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CHAPTER 1
Introduction

1.1 What is EMS-HAP?

The Emissions Modeling System for Hazardous Air Pollutants (EMS-HAP) Version 2.0 is a
series of computer programs that process emission inventory data for toxic air pollutants for
subsequent air quality modeling using either the Assessment System for Population Exposure
Nationwide (ASPEN) dispersion model' or the Industrial Source Complex Short Term Version 3
(ISCST3) dispersion model.> In addition, EMS-HAP allows you to project base-year emissions
to a future year for use in these air quality models.

" EMS-HAP Version 2.0 replaces EMS-HAP Version 1.0, and this User’s Guide supercedes the
Version 1.0 User’s Guide (EPA-454/R-00-018). The key differences in Version 2 are the added
functionality to process emissions for the ISCST3 air quality model and added flexibility in
estimating future-year emissions.

To process data for the ASPEN model, EMS-HAP:

» checks inventory location data, converts to latitude/longitude coordinates and defaults
missing or out-of-range data where possible,

» checks inventory stack parameter data and defaults missing or out-of-range data,

e groups and/or partitions individual pollutant species (e.g., groups lead oxide, lead nitrate
into a lead group; partitions lead chromate into lead and chromium groups),

» facilitates the selection of pollutants and pollutant groups for modeling,

e spatially allocates county-level stationary and mobile source emissions to the census tract
level using spatial surrogates such as population,

 allocates county-level aircraft emissions to airport locations,

e temporally allocates annual emission rates to annually averaged (i.e., same rate for every
day of the year) 3-hour emission rates,

e assigns reactivity and particulate size classes to the pollutants to allow ASPEN to
simulate decay and deposition, and,

» produces emission files formatted for direct input into the ASPEN model.

To process data for the ISCST3 model, EMS-HAP:

» converts inventory locations to UTM coordinates and removes inventory records where
location data are missing,

» checks inventory stack parameter data and defaults missing or out-of-range data,

» identifies and processes point sources as one of three ISCST3 source types: (ISCST3
point, ISCST3 volume, and ISCST3 area),

1-1



» groups and/or partitions individual pollutant species (e.g., groups lead oxide, lead nitrate
into a lead group; partitions lead chromate into lead and chromium groups),

 facilitates the selection of pollutants and pollutant groups for modeling,

» spatially allocates county-level stationary and mobile source emissions to grid cells using
spatial surrogates such as population,

» allocates county-level aircraft emissions to airport locations and assigns dimensions and
release parameters in order to process the aircraft emissions as ISCST3 area sources,

» temporally allocates annual emissions to seasonal and day-type specific hourly emission
rates

+ assigns particle size distribution, scavenging coefficients, gas deposition parameters, and
elevation data, and

e produces the Source (SO) pathway section of an ISCST3 run stream.

For either the ASPEN or ISCST3 model, EMS-HAP projects base-year emissions to a future
year, accounting for growth and emission reductions resulting from emission reduction scenarios
such as the implementation of the Maximum Achievable Control Technology (MACT)
standards.

The U.S. Environmental Protection Agency’s Office of Air Quality Planning and Standards
(EPA/OAQPS), referred to hereafter as “we”, developed EMS-HAP to facilitate multiple runs of
ASPEN or ISCST3 and to analyze emission reduction scenarios. The EMS-HAP/ASPEN system
has been used to estimate annual average ambient air quality concentrations of multiple toxic
pollutants emitted from a large number of sources at a large scale (i.e., nationwide) as part of a
national scale air toxics assessment.” The EMS-HAP/ISCST3 system has been used to estimate
annual ambient air quality concentrations of toxic pollutants emitted from a large number of
sources on an urban scale.*

Although we tailored this version of EMS-HAP to process the July 2001 version of the 1996
National Toxics Inventory (NTI), you can use it for any emission inventory following the
instructions in this guide. The 1996 NTlI is the first comprehensive model-ready national
inventory of toxics, containing site-specific estimates of hazardous air pollutants (HAPs).’

1.2 Who are the users of EMS-HAP?

This user’s guide, and in particular Appendices D and E, are intended for members of the
engineering or scientific community who would like to understand the technical issues that arise
in the interface between a toxics emissions inventory with a multitude of emission sources and
the ASPEN and ISCSTS3 air quality dispersion models that estimate air quality concentrations.

Potential users of EMS-HAP are: 1) EPA engineers or scientists conducting a national scale
assessment for toxic air pollutants using the ASPEN model, 2) EPA/State/local engineers or
scientists conducting an urban scale assessment of toxic air pollutants using the ISCST3 model,
and 3) EPA/State/local engineers or scientists interested in projecting toxic emissions to future
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years for planning purposes.
1.3 What are the main features of EMS-HAP?

EMS-HAP is written in the SAS® programming language and is designed to run on any UNIX®
workstation. EMS-HAP can process three types of emission data: (1) point source data where
emission sources are associated with specific geographic coordinates; (2) county-level “non-
point” source data where stationary source emissions are reported at the county level; and (3)
mobile source data where emission sources are also reported at the county level. EMS-HAP
requires all emission inventory input data to be SAS® formatted.

Note we use the term “non-point inventory” to describe what was formerly referred to as the area
source inventory so as not to conflict with the regulatory term “area source” which we use to
describe a type of stationary source based on its size as defined in the Clean Air Act. Non-point
sources are stationary sources inventoried at the county-level. We are still, however, using the
term “area” in the name of the EMS-HAP programs for processing the non-point inventory.

To process data for the ASPEN model, EMS-HAP consists of five point source programs, two
non-point source programs, two mobile source programs, and one aircraft emissions program:

Point Source Programs

PtDataProc — The Data Quality Assurance Program, Chapter 3
PtModelProc - The Model-Specific Program, Chapter 4

PtTemporal - The Temporal Allocation Program, Chapter 5
PtGrowCntl - The Growth and Control Program, Chapter 6

PtFinal ASPEN - The Final Format Program for ASPEN, Chapter 7

Al e

Non-point Source Programs
1. AreaPrep - The Area Source AMProc Preparation Program, Chapter 9
2. AMProc - The Area and Mobile Source Processor, Chapter 11

Mobile Source Programs
1. MobilePrep - The Mobile Source AMProc Preparation Program, Chapter 10
2. AMProc - The Area and Mobile Source Processor, Chapter 11

Aircraft Program
1. AirportProc - The Aircraft Emissions Processing Program, Chapter 2

Note that AMProc is used for both non-point and mobile source emissions processing.
Figure 1-1 provides a general overview of EMS-HAP data processing for the ASPEN model. As

you can see, the program PtGrowCntl is optional, used only when you want to project the point
source inventory to a future year.
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To process data for the ISCST3 model, EMS-HAP utilizes many of the same programs it uses for
ASPEN. These are five point source programs, three non-point source programs, three mobile
source programs and one aircraft emissions program:

Point Source Programs (Note that these programs also process ISCST3 area and volume sources
that are associated with specific geographic coordinates such as the allocated aircraft emission
records that are produced by AirportProc).

PtDataProc — The Data Quality Assurance Program, Chapter 3

PtModelProc - The Model-Specific Program, Chapter 4

PtTemporal - The Temporal Allocation Program, Chapter 5

PtGrowCntl - The Growth and Control Program, Chapter 6

PtFinal ISCST3 - The Final Format Program for ISCST3, Chapter 8

Al e

Non-Point Source Programs

1. AreaPrep - The Area Source AMProc Preparation Program, Chapter 9

2. AMProc - The Area and Mobile Source Processor, Chapter 11

3. AMFinalFormat - The Area and Mobile Final Format Program for ISCST3, Chapter 12

Mobile Source Programs

1. MobilePrep - The Mobile Source AMProc Preparation Program, Chapter 10

2. AMProc - The Area and Mobile Source Processor, Chapter 11

3. AMFinalFormat - The Area and Mobile Final Format Program for ISCST3, Chapter 12

Aircraft Program
1. AirportProc - The Aircraft Emissions Processing Program, Chapter 2

Note that AMProc is used for both non-point and mobile source emissions processing.
Figure 1-2 provides a general overview of EMS-HAP data processing for the ISCST3 model. As

you can see, the program PtGrowCntl is optional, used only when you want to project the point
source inventory to a future year.
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In addition to the SAS® code for the different programs, EMS-HAP includes ancillary input files
in either SAS® or ASCII text format. An ancillary file is any data file you input to the program
other than your emission inventory. Generally, the SAS® ancillary files are those that you are not
expected to change when running EMS-HAP. For example, one SAS® ancillary file contains the
radius of each census tract. The spatial allocation factor files are also in SAS® format. Note that
you would need to change these every time you run a different domain (for an urban scale
assessment). You would likely need to use a geographic information system (which is not part of
EMS-HAP) to develop these files. The text ancillary files are those that you may choose to
change in order to tailor the emission processing to your specific needs. For example, the HAP
table file (ASCII text format) allows you to select the particular HAPs to model. You can model
all of the HAPs in your inventory or any subset of HAPs by modifying this file.

1.4 How do I use this guide?

This guide describes the programs that comprise EMS-HAP, and gives instructions on how to
use them to create ASPEN emission input files or the SO pathway section of an ISCST3 run
stream for base year or projected year inventories of your choice. See also Sections 1.5 and 1.6
for “quick start” instructions. This guide is not specific to any one input inventory. For example,
you are not limited to using the 1996 NTI to run EMS-HAP. You need only make sure your
input inventory meets the requirements described within each program.

We present the programs in the order we choose to use them. Chapter 2 describes the
AirportProc program. Chapters 3 through 8 describe the point source processing programs.
Chapters 9 through 12 describe the programs for non-point and mobile source processing. Each
chapter describes the function of the program, how to run the program, all required ancillary
input files and emission inventory data requirements, and how to evaluate the output to
determine if the data were processed successfully. In this guide, all ancillary SAS® data files and
SAS® programs are named without their extension.

Appendix A presents the file formats of the ancillary input files. Appendix B contains sample
batch files for running the EMS-HAP programs. Appendix C discusses preparation of the point
source component of the 1996 NTI for input into EMS-HAP. Appendix D presents the
methodologies used to prepare emission input files for the ASPEN model for a national scale air
toxics assessment. Appendix D also discusses how we developed the key ancillary input files,
such as the spatial allocation factor files, used for the assessment. Appendix E presents the
methodologies used to prepare the SO pathway section of the ISCST3 run stream used in a test
model run for the Houston domain. Appendix E also discusses how we developed the ancillary
input files unique for processing data for ISCST3, such as the temporal allocation factor file used
in the test model run. We provide, with EMS-HAP, the ancillary files we used to produce the
1996 ASPEN modeling inventory based on the July 2001 version of the 1996 NTI and the 1996
SO pathway section of the ISCST3 run stream for the Houston domain.

Separate user’s guides are available for the ASPEN model' and the ISCST3 model®. Users
familiar with these models’ input requirements will have a better understanding of EMS-HAP.

1-7



1.5 Quick-start for ASPEN: instructions for using EMS-HAP to prepare a toxics emissions
inventory for the ASPEN model

**FOR ASPEN* STEP 0: SET UP DIRECTORIES

EMS-HAP programs provide a great deal of flexibility for you to have

numerous directories (input files, output files, ancillary SAS files, ancillary text
files, etc.). Here’s an optional directory structure for you to get started.

Programs directory

Put all EMS-HAP programs and “include” programs (“include” programs are only
associated with PtDataProc) in this directory.

Ancillary files directory

Put all ancillary files for all programs in this directory. (Yes, it will be large!)
Mobile source processing directory*

Put batch files for AirportProc, MobilePrep and AMProc here.

Run AirportProc, MobilePrep and AMProc here. Put input file to AirportProc here.
Direct output files from AirportProc, MobilePrep here.

Mobile source outputs directory*

Put all output files (including the ASPEN-ready files) from AMProc here.

Point source processing directory*

Put all point source program batch files here. Run all point source programs here.
Direct output files from all point source programs except PtFinal ASPEN here.
Point source outputs directory*

Put all output files from PtFinal ASPEN here.

Non-point source processing directory*

Put input file toAreaPrep and batch files for AreaPrep and AMProc here.

Run AreaPrep and AMProc here.

Direct output from AreaPrep here.

Non-point source outputs directory*

Put all output files (including the ASPEN-ready files) from AMProc here.

*Make two separate directories: one for directly emitted HAPs, and one for precursor
emissions.
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**FOR ASPEN* STEP 1: PROCESS AIRCRAFT EMISSIONS

Run AirportProc
This program creates point source aircraft emissions by allocating the county-level emissions to
airport locations (Chapter 2)
1. Prepare mobile source inventory and (if concatenating point source emissions with
allocated aircraft emissions) point source inventory (Section 2.2.1 and 2.2.2)
2. Prepare ancillary file (Section 2.2.3 and Appendix A Figure 1)
3. Prepare batch file (Section 2.2.4 and Appendix B Figure 1)
4. Execute batch file and check results (Sections 2.2.5 and 2.3)

**FOR ASPEN* STEP 2: PROCESS POINT SOURCE EMISSIONS

-do this twice if you choose to process the point source aircraft emissions separately
from the non-aircraft emissions -

Run PtdataProc
This program provides quality assurance and augmentation (if necessary) of point source
locations and stack parameters and reduces the inventory size by removing unessential
variables (Chapter 3)
1. Prepare point source inventory for input or use point source output inventory of
PtAirportProc. (Section 3.2.1)
2. Prepare ancillary files (Section 3.2.2 and Appendix A Figures 3 thru 13)
3. Prepare batch file (Section 3.2.3 and Appendix B Figure 3)
4. Execute batch file and check results (Sections 3.2.4 and 3.3)

Run PtModelProc

This program manages the list of pollutants, groups/partitions them, and prepares ASPEN
specific parameters. (Chapter 4)
1. Use output inventory of PtdataProc for input (Section 4.2.1)
2. Prepare ancillary files (Sections 4.2.2 - 4.2.3 and Appendix A Figures 10, 13-15 and
Tables 1-4)
3. Prepare batch file (Section 3.2.3 and Appendix B Figure 5)
4. Execute batch file and check results (Sections 4.2.5 and 4.3)

Run PtTemporal
This program temporally allocates annual emissions for use with ASPEN. (Chapter 5)
1. Use output inventory of PtASPENProc for input (Section 5.2.1)
2. Prepare ancillary files (Sections 5.2.2 - 5.2.4 and Appendix A Figures 16a, 17-19)
3. Prepare batch file (Section 5.2.5 and Appendix B Figure 7)
4. Execute batch file and check results (Sections 5.2.6 and 5.3)

Run PtGrowCntl *OPTIONAL*
This optional program will project the temporally allocated emissions to a future year.
(Chapter 6)
1. Use output inventory of PtTemporal for input (Section 6.2.1)
2. Prepare ancillary files (Sections 6.2.2 - 6.2.6 and Appendix A Figures 20-24)
3. Prepare batch file (Section 6.2.7 and Appendix B Figure 9)
4. Execute batch file and check results (Sections 6.2.8 and 6.3)
Run PtFinal ASPEN
This program assigns source groups and creates the ASPEN input files and other output text
SAS files that contain the information in the ASPEN input files. (Chapter 7).
1. Use output inventory of PtTemporal or PtGrowCntl for input (Section 7.2.1)
2. Prepare ancillary files (Sections 7.2.2 - 7.2.3 and Appendix A Figures 25-28)
3. Prepare batch file (Section 7.2.4 and Appendix B Figure 11)
4. Execute batch file and check results (Sections 7.2.5 and 7.3)
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*FOR ASPEN* STEP 3: PROCESS NON-POINT SOURCE EMISSIONS (these are the
stationary source emissions that are inventoried at the county level)

Run AreaPrep
This program matches spatial surrogates to non-point source categories. (Chapter 9)
1. Prepare non-point emission inventory for input (Section 9.2.1)
2. Prepare ancillary files (Sections 9.2.2 - 9.2.3 and Appendix A Figures 16a, 17-18, 33-34)
3. Prepare batch file (Section 9.2.4 and Appendix B Figure 13)
4. Execute batch file and check results (Sections 9.2.5 and 9.3

AMProc
This program performs pollutant grouping/partioning, prepares ASPEN-specific modeling
parameters, spatially and temporally allocates emissions, performs projections (optional),
and prepares ASPEN input files and other SAS and text files containing information in the
ASPEN input files, and more detailed level information, if desired. (Chapter 11)
1. Prepare non-point emission inventory for input (Section 11.2.1)
2. Prepare ancillary files (Sections 11.2.2 - 11.2.7 and Appendix A Figures 14, 16a, 20, 22,
24,28, 33, 35, 37)
3. Prepare batch file (Section 11.2.8 and Appendix B Figure 15)
4. Execute batch file and check results (Sections11.2.9 and 11.3)

FOR ASPEN* STEP 4: PROCESS MOBILE SOURCE EMISSIONS

Run MobilePrep
This program splits up the mobile inventory into onroad and nonroad inventories.
Chapter 9)
1. Use output mobile inventory from AirportProc for input (Section 10.2.1)
2. Prepare batch file (Section 10.2.3 and Appendix B Figure 14)
3. Execute batch file and check results (Sections10.2.4 and 11.3)

Run AMProc - NOTE: You will likely need to run this separately for nonroad and onroad
inventories as discussed in 10.1.1 You will likely not run the projection option unless you
develop the necessary input files.
This program performs pollutant grouping/partioning, prepares ASPEN-specific modeling
parameters, spatially and temporally allocates emissions, assigns source groups, performs
projections (optional), and prepares ASPEN input files and other SAS and text files
containing information in the ASPEN input files, and more detailed level information, if
desired. (Chapter 11)

1. Use output onroad or nonroad or total mobile inventory from MobilePrep for input

(Section 11.2.1)

2. Prepare ancillary files (Sections 11.2.2 - 11.2.7 and Appendix A Figures 14,

16a, 24,28,33, 35, 37)

3. Prepare batch file (Section 11.2.8 and Appendix B Figure 15)

4. Execute batch file and check results (Sections11.2.9 and 11.3)
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1.6 Quick-start for ISCST3: instructions for using EMS-HAP to prepare a toxics emissions
inventory for the ISCST3 model

**FOR ISCST3* STEP 0: SET UP DIRECTORIES

EMS-HAP programs provide a great deal of flexibility for you to have

numerous directories (input files, output files, ancillary SAS files, ancillary text
files, etc.). Here’s an optional directory structure for you to get started.

Programs directory

Put all EMS-HAP programs and “include” programs (“include” programs are only
associated with PtDataProc) in this directory.

Ancillary files directory

Put all ancillary files for all programs in this directory. (Yes, it will be large!)
Mobile source processing directory

Put batch files for AirportProc, MobilePrep, AMProc and AMFinalFormat here.
Run AirportProc, MobilePrep, AMProc and AMFinalFormat here.

Put input file to AirportProc here.

Direct output files from AirportProc, MobilePrep and AMProc here.

Mobile source outputs directory

Put all output files (including the ISCST3 output files) from AMFinalFormat here.
Point source processing directory

Put all point source program batch files here. Run all point source programs here.
Direct output files from all point source programs except PtFinal ISCST3 here.
Point source outputs directory

Put all output files from PtFinal ISCST3 here.

Non-point source processing directory

Put input file toAreaPrep here.

Put batch files for AreaPrep, AMProc and AMFinalFormat here.

Run AreaPrep, AMProc and AMFinalFormat here.

Direct output files from AreaPrep and AMProc here.

Non-point source outputs directory

Put all output files (including the ASPEN-ready files) from AMFinalFormat here.




FOR ISCST3* STEP 1: PROCESS AIRCRAFT EMISSION SOURCES
AirportProc
This program creates point source aircraft emissions to be modeled as ISCST3-area sources
by allocating the county-level emissions to airport locations and appending the appropriate
di