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PREFACE

This document is the second volume of a two volume series designed to provide
assistance to air pollution control agencies in preparing and maintaining emission
inventories for carbon monoxide {(CO) and precursors of ozone (Q;). Emission inventories
provide the foundation for most air quality control programs. The first volume of this
series describes procedures for preparing inventories of volatile organic compounds (VOC),
oxides of nitrogen (NO,) and CO on a countywide annual or seasonal basis. The 13880
Clean Air Act Amendments require such an inventory for establishing a baseline in O,
nonattainment areas and also reguire an inventory of CO emissions for CO nonattainment
areas.

This second volume offers technical assistance to those engaged in the planning and
development of detailed inventories of VOC, NO,, and CO for use in photochemical air
quality simulation models. Such inventories must be resolved both spatially and temporally
and must also be speciated into saveral classes of VOC, NO, and NO,. These inventories
are required of the more serious O; and CO nonattainment areas only.

This volume has been revised from the 1979 version to include current information
pertinent to gridding, speciation, and temporal allocation of emission inventories of CO and
precursors of O;. This edition includes changes and additions as summarized below:

o Inclusion of an additional section containing a brief overview of the Urban
Airshed Model (UAM) and the UAM Emissions Preprocessor System.

o Inclusion of an additional section regarding techniques for estimating
emissions from biogenic sources.

o Revision of the section regarding highway motor vehicles to provide guidance
for developing spatially and temporally resolved exhaust, evaporative,
refueling, and running loss emission estimates from annual and seasonal
county-level total emissions by vehicle type.

e} Discussion of currently available computerized data bases useful for the
inventory development process.

o Inclusion of specific guidance for employment of the UAM Emissions
Preprocessor System.

0 Discussion of considerations specific to modeling for CO non-attainment
applications.

———
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EXECUTIVE SUMMARY

This document offers technical assistance to those engaged in planning and development
of detailed emission inventories for use in photochemical air quality simulation models.

It is intended to supplement Procedures for the Preparation of Emission inventories_for
Carbon Monoxide and Precursors of Ozone, Volume |, which outlines procedures for
compiling basic annual and sgascrnal emissicn inventories at a spatial resolution of county,
township, or equivalent leval, Voiumrs ' vrovicns swdanee for identlving and
incorporating the additional detail recuirsd oy snotccnamical air guality simulation modals
into an existing inventory of the type cascribed above, with a speciat emphasis on fulfilling
the input requirements of the Urbhan Alrched Maodel

In order for photochemical simulation modals to accuraiely pradict temuooral and snatiai
variations in modeied ozone and CO concentrations, the emission invantarias input to
these models must contain considerably more detail than an inventcry generated using the
procedures prescribed in Volume |. The primary adgitional requirements of tha
photochemical modeling inventory are summarized below.

o Emission estimates of precursor pollutants must be provided for each individual
cell of a grid system within the area instead of at a county or regional level;
L}
o Typical hour-by-hour emission estimates must be provided instead of annual or
seasonally adjusted emissions;

o Total reactive VOC and NO, emissions estimates must be disaggregated into
several classes of VOC and NC and NO,, respectively; spatially and temporally
resolved emission estimates of CO may aiso be required (EPA requires that CO
emissions be input to the UAM in czcone attainment demonstrations)

o] If the model provides for vertical resolution of pollutants, stack and exhaust gas
parameters must be provided for each large point source.

This document presents detailed methodologies for developing the additional resolution
required for photochemical modeling.

Volume Il addresses four basic operations used in development of the photochemical

modeling inventory: (1) pianning the inventory development effort, (2) collecting any
necessary data, (3) amalyzing this data and using it to develop the additional resolution
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required of the modeling inventory, and (4) reporting this data in a format which facilitates
its use (data handling). Each of these operations is summarized below.

Inventory Planning and Design. The requirements of photochemical modeling inventories
necessitate additional planning considerations. This document provides a discussion of the
following design issues:

o Selecting an appropriate modeling region and grid system;

O Evaluating existing emissicn inventories to assess their suitability as a basis for
the photochemicai modeling inventory;

o Planning the data ccliz~vor 2¥or, which includas identifying the data
requirements of the chotocchemiczl model and pricritizing specific data needs;

o Special planning considseravions raiated to the development of inventory
projections;

o Special considerations for developing CO nonattainment inventories;
0 Coordinating the inventory development effort with other agencies; and
o} Developing appropriate data handling s'y%tems for the emissions-related data;

Note that this document is not intended to replace existing EPA guidance on topics other
than the development of photochemical modeling inventories. Although discussions of
other issues have been included for informational purposes, the reader is directed to other
guidance documents where appropriats.

Data Collaction. Usually, point source, highway motor vehicle, and other area source
emissions-reiated data are acquirad separately. It is assumed that a conventional annual cr
seasonal county-level emission inventory, gensrated in accordance with the methodoicgiss
described in Volume |, already exists, and that additional data must be collected to provide
the degree of detail required of the photochemical modeling inventory. Specifically, data
must be collected which allows the emissions modeler to assign emissions to grid cells, to
determine temporal variations in emissions, and to estimate the proportions of VOC and
NO, to be assigned to the chemical species or classes required in the model.

Preparation of the Modeling Inventory. As mentioned above, the photochemical modeling
emission inventory must contain detailed spatial, temporal, and chemical information. In
this document, separate chapters provide detailed methodologies for incorporating this
additional degree of resolution for point sources, mobile sources, and area sources;
specific data handling considerations are also addressed for each of these source types.
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Additionally, specific guidance and examples regarding the application of the Urban
Airshed Model Emissions Preprocessor System to facilitate modeling inventory
development is provided throughout the document. Specific topics covered are described
below.

For point sources, data coliection technigues and spatial and temporal resoiution
methodojogies are discussed in detail. Additional information is provided regarding
projection of point source emissions for both individual facilities and at the aggregate level,
inciuding a discussion of control strategy projections. Specific data handling
considerations are also addressad.

For area scurcas, general methodologies for spatial resoluticn are presented, inciuding
determination of emissions at the grid cell level and the use of spatial allocation
surrogates., Detailed examples of the development of spatial allocation surrogates from
land use data and demographic parameters are provided. Additional sections regarding
temporal resolution methodclogies, projection techniques, and data handling considerations
are also included.

For mobile sources, selection of appropriate emission source categories is addressed.
Procedures for adjusting existing annual or seasonal emission estimates to be
representative of modeling episode conditions are discussed, and methodoiogies for spatial
resolution of mobile source emissions using both link- and nonlink-based surrogates are
presented. Temporal resolution methodolggies are also addressed.

In addition to the topics listed above, a separate chapter discusses estimation procedures
for biogenic emissions, focusing on EPA’s Biogenic Emission Inventory System (BEIS). An
overview of the BEIS is provided along with a discussion of BEIS input requirements and
the use of user-specified land use data in the BEIS. Special considerations for projection
year inventories of biogenic emissions are also discussed.

Finally, a separate chapter is provided which discusses speciation of VOC and NO,
emissions into chemical classes as required by the photochemical model. This chapter
includes an overview of the Carbon Bond IV Mechanism empioyed by the Urban Airshed
Model as well as specific methodologies for the identification of appropriate split factors
for both base year and projected inventories. Compatibility of split factors with the
emission inventory data and classification scheme are addressed, and special data handling
considerations are outlined.
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1 INTRODUCTION

1.1 PURPCSE

This document sunnlements Procedures for the Preparation of Emission Inventories for
Carbon NMonoxide and Precursors of Ozone, Volume |. Volume | outiings procedures for
compiling annual and seasonal emission inventories, which provide the basis for
LatonlGDIMAND OF [Ue amission inventories required for use with photochemical grid medels
370 as the Urhen Awrshed Model. Generally, the basic inventory will contain annual or
seasonal estimates of reactive or total VOC, NO,, and CO, at a spatial resolution of
county, toMnship. or equivalent level.

Velume Il describes proceduraes for identifying and incorporating the additional detail
required by photochemical air quality simulation models into an existing inventory of the
type described above. Because photochemical modeis can simulate the hour-by-hour
photochemistry occurring over numerous, small subcounty areas, such as grid cells, the
input emissions data must be more highly resolved (i.e., chemically speciated and spatially
distributed by grid cell) than required by source/receptor models. Total VOC and NO,
emissions must be apportioned into chemical classes, and information may be required on
other pollutants such as carbon monoxide. Furthermare, evaluation of proposed control
strategies using photochemical air quality simulation models requires that projected "future
year" inventories which incorporate anticipated changes in emissions levels and temporal
and spatial distribution patterns be constructed at the same level of detail as required for
the base year inventories. This document presents methodologies for providing this
additional detail. In each case, the requirements for projected inventories are equivalent to
those for current or "base year" inventories.

The basic emission inventory requirements for photochemical models and the less data-
intensive source/receptor relationships are in many respects quite similar. For both, much
of the same information must be obtained from the same sources. Additionally, the
resulting inventories are used by air pollution control agencies for the same general
purpose: development of control strategies that will assure the achievement and
maintenance of the National Ambient Air Quality Standards for ozone and CO.
Consequently, for many activities such as data collection and emission calculations, the
same considerations and techniques will apply regardless of whether the inventories are
being developed for a photochemical model or a source/receptor relationship. In general,
procedures which are similar to those already described in detail in Volume | will not be
repeated here. Thus, the reader should be familiar with the contents of Volume | in order
to thoroughly understand the procedures described in this document.
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Since the ErPA-recommended photochemical model for urban applications is the Urban
Airshed Model (UAM), this document emphasizes methods for preparing emission
inventories that fulfill the input requirements of UAM. The data collection methodologies
discussed, however, can usually be applied to generate emission inventories that are
generally suitable for use in any photochemical grid model.

it is assumed at the outset that an annual or seasonal county-level emission inventory
{such as can be generated following the methodologies discussed in Volume 1) is available
as a starting noint for the photochemical modeling effort. This basic inventory is useful
both in planning the more detailed emission inventory effort and as a source of certain
dara. For most urban areas, some sort of basic emission inventory has already been

Y e Tole be
PR AT RO TR 29 8

7.2 BACTKGROUND

As described in Volume |, the emission inventory is essential for the development and
implementation of an effective ozone or CO control strategy. [t tells the air pollution
control agency what sources are present in an area, how much of each ozone precursor
pollutant or how much CQ is emitted by each source, and what types of processes and
control devices are employed at each plant. Ultimately, the emission inventory is utilized
in conjunction with a source/receptor relationship of some kind for the development of an
ozone control strategy. e

Two basic approaches may be used to relate photochemical ozone to precursor emissions.
The first method involves the use of empirical reiationships such as EKMA to relate
ambient ozone concentrations with precursor emissions over fairly broad geographical
areas. These mcdels provide answers to questions such as "what level of overall volatile
organic compound emission control is needed to attain the ozone standard in an urban
area?" or "what reduction in maximum ozone concentration will accompany a specified
reduction in ambient levels of volatile organic compounds?”

The second basic approach for relating ozone to precursor emissions involves the use of
photochemical air quality simulation models. These models, which offer a more
theoretically sound approach for control strategy development than the source/receptor
models mentioned above, attempt to simulate the photochemical reactions that occur over
an urban region during each hour of the day or days for which the model is being applied.
Because of their ability to provide detailed spatial and temporal information on
concentrations of both ozone and precursor pollutants and because they can directly relate
emissions to 0zone concentrations, photochemical simulation models offer considerable
potential for use in control strategy design and evaluation.
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In addition to answering the limited questions that the empirical source/receptor
relationships may address, photochemical models enable strategists to make more
sophisticated determinations relating to control program development. For example,
photochemical models enable control agencies to judge whether it is more effective to
control only certain precursor sources within an urban area rather than all sources, or
where (and when) benefits from various control options are most likely to occur within an
urban area. Another application is the deveiopment of environmental impact assessments,
- since photochemical models allow an agency to evaluate the impact of new precursor
sources (e.g., a major highway) at various receptor locations. Photochemical models are
also uszful in basic scientific research, such as in wvalidaticn studies of atmospheric
photochemistry and dispersion mechanisms.

Grid models (also called Eulerian models) calculate pcilutz=t carnzntratiang 29 tivan
locations in space at specified times. The concentrations estimated at each locaticn result
from interaction among emissions, chemical reactions, i~2 Toao70rt 20 difuron
introduced by prevailing meteorological conditions. Poliutant concentraticns are caicuiatzu
for each cubicle of a three-dimensional framework in the gntire ragion o7 interast. A
cubicle might have horizontal dimensions of 1 to 10 kilometars on a side and be 50 to 5C0
meters deep. Some Eulerian models are designed to provide vertical (as well as norizontal)
resolution of pollutant concentrations by using a vertical "stack”™ of cubicies; the Urban
Airshed Model, the photochemical model recommended by EPA for ozcone control strategy
development and evaluation in urban regions, provides this sort of vertical resolution.

-

In order for photochemical simulation models to accurately predict temporal and spatial
variations in modeled ozone and CO concentrations, the emission inventories input to
these models must contain considerably more detail than an inventory generated using the
procedures prescribed in Volume |I. Note, however, that the more detalled inventory will
usually be based on and should be consistent with an existing county-level annual or
seasonal inventory prepared using the guidance in Volume |. The primary requirements of
the gridded photochemicai modeling inventory ars summarized below.

o) Emission estimates of precursor pollutants must be provided for each individual
cell of a grid system within the area instead of at a county or regional level;

v} Typical hour-by-hour emission estimates must be provided instead of annual or
seasonally adjusted emissions;

0 Total reactive VOC and NO, emissions estimates must be disaggregated into
several classes of VOC and NO and NO,, respectively; spatially and temporally
resolved emission estimates of CO may aiso be required (EPA requires that CO
emissions be input to the UAM in ozone attainment demonstrations); and
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o if the model provides for vertical resolution of pollutants, stack and exhaust gas
parameters must be provided for each large point source.

1.3 CONTENTS OF VOLUME 1i

This document offers technical assistance to those engaged in planning and development
of detailed emission inventories for use in photochemical air quality simulation models.

Chapter 1 discusses the purpose of Volume il and its relationship to Volume |; it also
includes an introductory description of photochemical air quality simulation grid models
and their emission inventory requiremsnts. Coaprar 2 8307 083 YancUs weornical
considerations that aid in the planning and design of ;=2 ztaliad emiczion invancry
process. Chapter 2 is intended to provide an overall perscective of the datailed inventory
requirements for those who wiil actually be utilizing 2 "amgincsr of tha dzocumar.
Chapter 3 provides a brief gverview of the Urban Airsnea Model (UAM) and tha UAM
Emissions Preprocessor System, and Chapter 4 addreszas salection of an apnraozriars
modeling region and grid system. Finally, Chapters 5 tnrough 3 provide detaiied "how to"
procedures for supplying the additional inventory detail required by tha photochemica! gnd
model.

For the convenience of the reader, the following typographncal conventions will be used
throughout this document:

> Text containing specific examples or involved calculations will be indented and *
denoted by an arrow like the one to the left.

Additionally, information pertaining specifically to the UAM Emissions
Preprocessor System wilt be enclosed in a gray box ks this. -
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2 INVENTORY PLANNING AND DESIGN CONSIDERATIONS

In general, compilation of a detailed emission inventory suitable for photochemical grid
modeling (hereafter referred to as a "modeling inventory™) involves the same four basic
operations required to compile a less detailed inventory suitable for use with modeis such
as EKMA. These steps are (1) planning the inventory development effort, (2) collecting
any necessary data, (3) analyzing the data and using it to develop the additional resolution
required of the modeling inventory, and (4) reporting the data in a format which facilitates
its use (data handling).

Many of the planning and design considerations discussed in Procedures for the
Preparation_of Emission Inventories for Carbon Monoxide and Precursors of Qzone, Volume
| (EPA, May 1991) also apply to development of a modeling inventory. (Throughout the
remainder of this text, the above document will be referred to as Volume |}. The more
rigorous requirements of photochemical modeling inventories, however, necessitate
additional planning considerations. This chapter identifies these additional requirements
and discusses the additional responsibilities imposed on the agency developing the
modeling inventory.

-

2.1 SELECTION OF THE MODELING REGION AND GRID SYSTEM

Before any data collection effort begins, the geographical region to be modeled must be
selected based on consideration of available meteorological and air quality data, location of
current and expected major emissions sources, and control strategy evaluation objectives.
The guidance set forth in the Guideline for Requlatory Application of the Urban Airshed
Model (EPA-450/4-91-013, OAQPS, June 1991) should be followed when selecting the
modeling region; the following discussion is included for informational purposes only.

The two main elements of the grid system used to identify the modeling region are (1) the
grid boundary, which outlines the area to be modeled (the "modeling region"), and (2) the
individual grid cells which will be used by the model to subdivide this region. In most
cases, the grid boundary will be rectangular and the grid cells will be equally sized squares.
Generaily, the modeling region should be fairly large for the following reasons:

o to include all major emission sources which may affect ozone formation in the
urban area;
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o to encompass as many ozone and precursor pollutant monitoring stations as
possible (which facilitates mode! validation);

o to encompass areas of current limited land use activity that are expected to
develop significantly as a result of projected growth; and

o to encompass the effects of meteorology in the modeling region.

Note that CO modeling regions do not need to be as large as ozone modeling regions; CO
modeling regions usually only contain the nonattainment area.

In some cases, the selection of the modeling region will not be finalized at the time when
data cotlection for the modeling inventory must begin (perhaps due to manpower or
scheduling constraints). In this instance, the emission inventory should be developed for
as large a region as possible, to ensure that any modeling region finally selected will be
encompassed by the region for which emissions data has been ccllected, preventing any
additional data collection effort.

After the grid boundary has been selected, the size and number of.grid cells used to
subdivide the modeling region must be chosen. Generally, the grid spacing (the length of a
square grid cell along one side) should be small to optimize the spatial resolution of
emissions. If the grid spacing is too large, the model may lose precision in estimating
ozone and precursor pollutant levels. Too small of a grid spacing, however, will result in
excessive manpower and computer resource requirements, because data must be collected
and compiled for every grid cell in the modeling region. '

In most urban ozone modeling applications, a compromise between covering as large a
region as possible with the smallest feasible grid cells usually results in the selection of a
grid boundary between 50 to 100 kilometers on a side, with a grid spacing of 2to 5
kilometers (larger modeling regions and grid spacing may be required for regional
applications). For CO modeling applications, a finer grid system covering less area than
would be necessary for an ozone application is generally appropriate.

Since a number of factors not related to the emission inventory (e.g., meteorology) must
be considered when defining the grid system, photochemical modeling specialists, local
planning organizations, and meteorologists should be consulted before data collection
begins to ensure that the selected grid system meets the general objectives of the
modeling effort. Agencies involved in modeling adjacent areas (multi-State nonattainment
areas, etc.) should coordinate selection of grid spacing, orientation, and origin.

Chapter 4 discusses the considerations and selection procedures mentioned above in
greater detail.
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2.2 DATA COLLECTION

Once the modeling region and grid system have been defined, collection of appropriate
emission data can begin. Usually, point source, highway motor vehicle, and other area
source emissions-related data are acquired separately. (Maintaining this distingtion
throughout the modeling inventory development process will generally prove useful, since
it facilitates quality assurance and the construction of various inventories for evaluating
control strategies and/or analyzing the sensitivity of model-predicted air quality parameters
to emissions.) !t is 2ssumed that a conventional annual or seasonal county-leve! emission
inventory, as described in Volume |, aiready exists, and that additional data must. be
collected as a basis for assigning emissions to grid cells, for determining temporal
disgrioutions, anc ior estimating the propertions of VYOC and NO, o be assigned to ths
chamical swesiss or classes required in the model.

-

€]

2.2.1 Existing £mission Inventories

Because many of the data requirements of the detailed emission inventory are quite
resource-intensive, existing data and systems should be Used whenever possible. Existing
inventories, data handling systems, and planning models maintained by local agencies
should be reviewed to determine what framework (if any) has already been established for
handling emissions and related data, and what portions of this framework may possibly be
utilized to develop the modeling inventory.”

First, the existing emission inventory should be reviewed to determine what source and
emissions data are already available. Most urban locations have VOC and NO, inventories
at the level of detail of EPA’'s Aerometric information Retrieval System {AIRS), which has
replaced the National Emission Data System (NEDS). If an accurate, comprehensive, and
current inventory exists, then it can provide much of the basic data needed for the
modeling inventory. If the existing inventory does not meet these criteria, it should be
updated prior to or during the initial stages of modeling inventory compilation.

Additionally, the existing inventory should be examined to determine if it contains average
annual emissions or has been adjusted to reflect typical emissions levels for the ozone
season. If only annual emissions estimates are available, the inventory must be seasonally
adjusted. Volume | discusses techniques for seasonal adjustment in detail; these
techniques are also addressed herein in Chapters 5, 6, and 7 for point, area, and mobile
sources, respectively.

The modeling region normally encompasses a number of counties. Because most counties

do not have rectangular boundaries, portions of a county may extend beyond the
boundaries of the modeling region. In this case, the existing county-level emission
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inventory must be examired tc determine the emissions occurring within the modeling
region.

The point source records included in most local emission inventories usually contain most
of the data (including stack parameters and operating information) needed to construct the
modeling inventory. The only necessary point source data not generally provided in such
inventories are those dealing with speciation of VOC and NO, emissions into chemical
classes and detailed hourly emissions information. Likewise, most of the county-level area
source activity levels in existing local inventories can be used as the basis for the modeling
inventory, aithough spatial and temporal allocation factors wili be needed to.apportion
county-level annual area source emissions to grid cells for each hour of the modeling

™~
o
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The only important source category for which the existing inventory does not ordinarily
recrasant a good Sstarting point s hignway moter vehicles. In annual and seasonal county-
levei inventories, highway motor vehicle emissions are often based cn either gasoline sales
or total vehicle miles traveled (VMT) for the county. These gross technigues do not
provide the best available spatial resolution for photochemical modeling, so link-by-link
traffic data for the area should be obtained from a transportation planning agency if
possible.

-

2.2.2 Planning the Data Collection Effort

As discussed above, the existing inventories should contain much of the required
information on total emissions for the area of interest. (Note, however, that many existing
inventories have been compiled with respect to ozone precursor emissions; if
photochemical modeling is being performed in support of a CO attainment demonstration,
the existing inventory may need to be re-examined to ensure that all major sources of CQO
are included.) The documentation provided in support of the existing point source
inventory (e.g., AIRS data) usually contains additional information on stack parameters for
each source. The data collection effort in support of modeling inventory development
should be directed toward providing the additional information required to (1) define the
spatial distribution and temporal variations in emissions from each source or source
category, and (2) assign VOC and NOQ, emissions to appropriate chemical classes.

ldeally, emissions data (including VOC speciation information) would be available for each
source for each hour of any day selected for modeling. In practice, however, this degree
of detail is neither necessary nor practical for all sources because of the inordinate amount
of effort required to secure such data and because, for many sources, inclusion of this
data would have little effect on the ozone levels predicted by the photochemical model.
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When planning the data ccllection effort, the agency responsible for compiling the
modeling inventory must decide which apportioning information should be collected and
which is unimportant (in other words, set priorities). For a typical urban region, emissions
from highway motor vehicles, gasoline marketing and storage, soivent consumption, and
power plants may account for much of the total VOC and NO, in the inventory. The
remaining VOC and NO, emissions probably arise from a number of smaller sources, any of
which individually has only a minor influence on predicted ozone tevels even if small errors
are made in allocating emissions from these minor sources to the proper grid cells or in
estimating their seasonal and diurnal variations. By examining the existing inventory, the
most important emission sources in the region can be identified; to mirimizas rasource
requirements, the data collection effort should focus on supplementing the existing scauas
or temporal resolution data for these sources. Many sources emif Zul™ 70 _ L L. Lo
VOC and NO, that little, if any, additional effort is warranted in gatherirg o~ sora0r ang
spatially resolved data regarding them.

Finally, the agency preparing the modeling inventory must work closaly it (ma iccal
metropolitan planning organization (MPQ) or other planning agencies in = @/=a 1o
determine what transportation and !and use planning models are currently baing ampioved
and what data from these models can be directly useful to the inventory comupilation
effort. In most urban areas where comprehensive transportation and land use planning are
performed, much of the information needed to determine highway motor vehicle
emissions, to make projections for future years, and to apportion emissions to the grid ceil
level will already be available. -

2.2.3 Inventories of Pollutants Other than VOC, NO,, and CO

The ozone modeling inventory development effort should be directed primarily toward
obtaining accurate emission data for VOC, NO,, and CO since these are the most
important precursor pollutants in the photochemical production of ozone in urban
atmospheres. For CO modeling, the focus is on CO inventories. Some photochemical
models, such as the Urban Airshed Model (UAM), also have the capacity to accept
emissions data and generate air quality estimates for other pollutants. This capability 1s
provided primarily to allow these models to predict the effects of control strategies on
ambient levels of these pollutants. Although sources of these poilutants should be
included in the photochemical maodeling inventory, developing spatially and temporally
resolved emission estimates and projections for these sources is not warranted unless NO_,
VOC, and/or CO are also emitted in significant quantities.
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2.2.4 Elevated Point Source Requirements

Some photochemical models, including the UAM, assign emissions from point sources to
elevated grid cells if they are characterized by an effective stack height (i.e., the sum of
the physical height of the stack and any plume rise) which is greater than the height of the
grid cell. For these modeis, the emission inventory must include stack information (e.g.,
physical stack height and diameter, stack gas veiocity, and temperature) for the major
point sources in the area. The agency must therefore know whether the model it plans to
employ requires data characterizing individual stacks. If required, the stack height used
should be either the physical stack height or the Good Enginganng Practice (GEP) stack
height if the physical stack height exceeds the GEP stack heignht. As manticnad
previously, the existing inventory will usually contain this inforrnation, -2 ool
examined and utilized to the greatest extent possible in order to miniaud AddGsaal ¢olds
to the modeling inventory effort.

2.3 PREPARATION OF THE MODELING INVENTORY

As mentioned in Section 2.2, three separate types of information not usually provided in
the existing inventory will have to be added for modeling purposes. Al thres involve
additional resolution of emissions, namely spatial, temporal, and chemical. The process of
providing this additional resolution can be described as emissions modeling, since spatial,
temporal, and chemical variations in emissions mist be identified and applied to the
existing inventory to fulfill the requirements of the modeling inventory. Accordingly, and
also for reasons of brevity, the person (or persons) responsible for preparation of the
modeling inventory will be referred to as the "emissions modeler” throughout this
document.

2.3.1 Spatial Resolution of Emissions

In order for photochemical models to provide spatially resolved predictions of czone and
various other pollutants at the grid cell level, they must be supplied with emission data
that have the same degree of spatial resolution; in other words, emissions must be
resolved by grid cell. The amount of effort required to implement this resolution will vary
depending on the type of source. Point source locations are typically reported to within a
fraction of a kilometer in the existing inventory; hence, assigning emissions from these .
sources to the appropriate grid cell is simple. This assignment can be performed manually
{(by overlaying an outline of the grid system onto a map showing point source locations) or
with the assistance of computerized routines.

By contrast, spatial resolution of area source emissions requires substantially more effort.
Two basic methods can be used to apportion area source emissions to grid cells. The

-——
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most accurate (and resource-intensive) approach is to cbtain ares source activity level
information directly for each grid cell. The alternative approach, more commonly
employed, is to apportion the county-level emissions from the existing annual inventory to
grid cells using representative apportioning factors for each source type.

This latter approach requires the emissions modeler to determine apportioning factors
based on the distribution of sorne spatial surrogate indicator of emission levels or activity
(e.g., population, census tract data, or type of land use) for each grid cell and apply these
factors to the county-level emissions to vield estimates of emissions from that source
category by grid cell. The major assumption underlying this method is that emissions from
each area source behave spatially in the same manner as the spatial surrogate indicator. In
developing goetial aooortioning factors, the emissions modeler should empnasize the
determination of accurate factors for the more significant sources. In most large urban
areas, local planning agencies can provide the emissions modeler with detailed land use,
popuiat’'cn o7 in scime cases, employment statistics at the subcounty level; this data can
be usad to spatially apporticn most of the area source emissions in the modeling inventory.

Highway motor vehicle emissions, which usually comprise a large fraction of total VOC
and NO, emissions, should be considered separately from other area sources in the
modeling inventory, Instead of using county VMT or gascline sales to estimate highway
vehicle emissions (as annual and seasonal inventories sometimes do}, urban transportation
planning models should be employed to generate VMT on an individual link basis whenever
possible. The emissions for each link coufd then be assigned to the appropriate grid cells.

Planning, land use, and transportation models are already in use in many urban areas, and
can provide the emissions modeler with much of the data necessary to allocate area
source emissions and develop emission estimates by link for highway motor vehicles.
Such models are also generally capable of developing forecasts for future years which can
be utilized in the development of projection inventories. Local agencies (particularly
MPQO’s) should always be contacted during the inventory planning process to determine
what planning models are being utilized and how the data available from these models can
be used in the emission inventory effort. Obviously, trying to independently develop all
the necessary information that should be available from the MPO requires much redundant
effort on the part of the emissions modeler. Additionally, any subsequent photochemical
modeling results might likely be challenged because of alleged nonconformity with other
projections available to the public.

2.3.2 Temporal Resolution of Emissions
In order to predict hourly concentrations of ozone and other pollutants, photochemical

simulation models require hour-by-hour estimates of emissions at the grid cell level. The
emissions modeler can employ one {or more) of several approaches to provide the temporal
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detail needed in the modeling inventory. The maost accurate and exacting approach is to
determine the emissions (or activity levels) for specific sources for each hour of a typical
day in the time periocd being modeled. This approach, while sometimes applicable to point
sources, often proves impractical.

As an alternative, the emissions modeler can develop typical hourly patterns of activity
levels for each source category, and then apply these to the annual or seasonally adjusted
emissions to estimate hourly emissions. This approach is commonly employed for area
sources, including highway motor vehicles, and is usually used for all but the largest point
sources.

Usuaily, tha ohotechamical air quality model is applied for an episode in the season of the
ygar in which metzsorological conditions are most conducive to ozone formation; for most
locations, this means the summer months (i.e., June through August). By contrast, CO
non-attainmant episodes often occur in the winter months. Conseguently, emissions rmust
be adjusted to reflect typical levels for the particular non-attainment season (czone or CQ).

Similarly, emissions are usually adjusted to represent the day of the week on which
polluting activities are at a maximum, normally a weekday. In some cases {such as
validation studies), simulating weekend conditions when automotive and industrial
emission levels are reduced may be useful. For this purpose, additional temporal pattern
information pertaining to weekend days must be used to construct a weekend modeling
inventory. Generally, however, the emissions modeler should not compile a weekend
inventory unless (1) significant reductions or changes in emission patterns are expected;
(2) the same inventorying procedures can be used as for weekdays, so that any resulting
changes in predicted ambient ozone levels can be attributed to actual changes in precursor
pollutant levels and patterns rather than simply to changes in methodologies; or (3) a
significant number of ozone (or CO) exceedances occur on weekends. In many urban
regions, the second will not be possible for highway vehicles, since transportation models
are based on information (e.g., travel pattern surveys) applicable only for weekday
situations. if the model is tc be used to estimate ambient concentrations of various
pollutants for time periods other than the ozone season, additional seasonal information
may be required.

2.3.3 Chemical Resolution of Emissions

Because photochemical models are intended to simulate actual photochemistry, they utilize
different chemistry for various types of VOCs and require specific information as to the
proportions of these various types present in the inventory. For this reason, VOC emission
totals must be disaggregated into subtotals for various chemical classes. NO, emissicns
may also have to be distributed as NO and NO,. (Some models do not require a NO,
breakdown because they assume all NO, emissions to be NO.) Literally hundreds of

-
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individual chemical compounds typically compose the total VOC emissions in an urban
area. No photochemical model considers each organic compound individually; instead,
VOC emissions are distributed into chemical classes which behave similarly in
photochemical reactions. The UAM employs a carbon bond classification scheme based
on the presence of certain types of carbon bonds in each VOC molecule. Other models
employ different classification schemes, which utilize different numbers and types of
chemical classes.

The standard procedure for allocating VOC to chemical classes is to assume that the VOC

emissions from each typa of aource contain a fixed percentage of gach class of compound.

This is the easiest ¢f several merheda that can be employed for allocating VOC emissions
;o

- o~ [ S i - £ By N T e [P ) -
because the sam2 Y770 2oty ig assumed to apcoly to 2ach facility or oroeess within a

given source category.

In some instanczas, source-3=a2ific VOC species data may be available for certain individusi
facilities {perhaps through scurce tests or material composition considerations), and the
emissions modeler may praefar to use these in the modeling inventory instead of an
assumed VOC species distribution. Generally, however, most industries cannot provida
reliable VOC or NO, speciss data or accurately apportion their emissions into appropriate
classes, in which case generalized VOC and NQ, distributions must be assumed for various
source categories. Chapter 7 addresses development of representative VOC and NO,
"split factors" from the literature.

A potential problem when using generalized split factors to apportion VOC and NO, into
classes is that the source classification scheme (i.e., source category breakdown)
employed in the inventory will probably not be directly compatible with the available split
factor classification scheme in all cases. For example, the inventory may not distinguish
between automotive exhaust and evaporative emissions, whereas different VOC split
factors are typically available for each of these automotive emission components (and may
be significantly different in some classification schemes.) As another example, many VOC
classification schemes do not distinguish between different types of fuel combustion in
external combustion boilers, yet most inventories do.

Hence, as part of the planning process, the emissions modeler should examine the split
factors availabie for use and compare the classification thereof with the source
classification scheme of the basic inventory. [f serious inconsistencies exist for the more
important VOC and NO, source categories, the emissions modeler may need to consider
modifying either or both of the classification schemes to minimize any resultant error.
Alteration of the inventory source classification scheme may require significant resources
and should be carefully evaluated prior to instituting such a change.
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2.3.4 Special Considerations for CO Nonattainment inventories

The 19390 Clean Air Act Amendments (CAAA) require the development, for each CO
nonattainment area, of a CO emission inventory which addresses actual CO emissicns
during the peak CO season for the area. For many areas, the peak CO season will occur
during the winter, necessitating the development of a winter inventory for CO medeling
purposes. Most of the mathods described in this document apply aqually well to
construction of modeling inventories for both ozone precursors and CO; a few special
considerations for CO inventories, however, should be mentioned.

25 zanerally encompass several consecutive days; by contrast, CO
simulations are usually anntiad for much shorter time periods {8.3., 8 to 156 hours).
Consequantiy, accurdis nouny ailocation of emissions becomes more critical for CO
simulations, and ail temporal data for the inventory should be carefully evaluated for both
accuracy and completenaess., With regard o point sources, accurate and complete stack
paramea:er data (see Sec:icn 2.2.4) are alsc required to ensure that CO emissicns are
appropriatsly allocated o the vertical layers of the medeling grid. As mentioned in Section
2.2.2, the existing invenicry may need to te examined to ensure that all major CO sources
are included. The grid resolution will also differ for CO and ozone simulations, with CO
analyses using a finer grid system. Finally, if the existing inventory has been compiled for
the ozone season, additional adjustments may be required to correct the emissions
estimates to levels appropriate for the peak CO season.

For a more complete discussion of the CAAA requirements for CO and ozone
nonattainment inventories, consult Emission Inventory Requirements for CO SIP
Nonattainment Areas and Emission Inventory Requirements for Ozone SIP Nonattainment
Areas (EPA, OAQPS, March 1991).

2.4 EMISSION PROJECTIONS

Regardless of the type of model employed, projection inventories are necessary to
determine whether a given area will achieve or exceed the CO or ozone standard in future
years. There are basically two types of projections: baseline projections and control
strategy projections. Baseline projections are estimates of future year emissions that
account for both expected growth in an area and air pollution control regulations that are
in effect at the time the projections are made. Note that certain provisions in existing
control regulations may take effect only at some future date, and baseline projections
should include the effects of these expected changes. By contrast, control strategy
projections also include the expected impact of revised or additional control regulations.

The concept of demonstrating "reasonable further progress” (RFP) was first introduced as
part of the 1977 Clean Air Act Amendments. The 1990 CAAA have continued this
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requirement, wheareby States, in order 1o monitor incremental air quality progress, must
prepare annual RFP reports documenting estimated regional progress in meeting the
policies, programs, and regulations of the adopted State Implementation Plan. Aithough
annual RFPs are required, projected modeling inventories must be compiled only for Year 6
after enactment (i.e., 19986) and at three year intervals thergafter until attainment is
demonstirated {(the number of required modeling inventories varies with nonattainment
status). The projected modeling inventories must be compiled using allowable emission
rates as dictated by regulatory limits; these rates should be consistent with those used in
the RFP tracking inventory for the year in question. Accordingly, the emissions modeler
should confer with those persons recoonssbie for RFP tracking to ensure consistency of
projactions and oroiection methodologies. EPA will be providing updated guidance on
smMigsion invers oy net i0ion tachriques ( n he released in July, 1921) and on RFP

precarancn (1o ne r3zased . Neovember, 1391).

@
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in many rasonacts. the bassline orojection modeling inventory will be the same as the
baseling proecuon wivantory of annual or seasonal county-level emissions compiied for
ozone nonacainmznt areas for use in models such as EKMA or to meet reasonable further
progress requirements of the 1990 Clean Air Act Amendments. Both inventories will
emphasize the same source categories and pollutants and utilize the same emission
factcrs, activity levels, and control device data. Consequently, just as for the base year,
the annual or seasonal county-level projection inventory may serve as a good starting point
for developing the projection inventory used for modeling. However, as discussed in the
preceding sections, incorporation of the spatial, temporal, and chemical resolution required
by the model requires additional considerations on the part of the emissions modeler.
These considerations, as they specifically relate to projection inventories, are listed below:

o The emissions modeler should consider anticipated changes in the spatial
distribution of emissions from the base to projection years. Changes in point
source emissions due to growth or control measures should be associated
with specific locations within the modeling area, i.e., at either new or existing
facilities. In this regard, pinpointing the location of any large point sources of
VOC or NO, that will be coming on line is especially critical. Apportioning
factors for spatial allocation of area sources should reflect future land use
patterns, employment, population, etc; while highway vehicle emission
inventories should reflect changes in highway networks and driving patterns.

o Changes in temporal emission patterns should also be considered. Any
anticipated changes in hourly, daily, or seasonal operating patterns between

the base year and projection years should be reflected in the projection
inventories.
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o To the extent that VOC and NO, split factors are expected to change between
the base and projection year, such changes should be incorporated into the
prcjection inventories.

Generally, of these three considerations, information will be most readily available
concerning changes in spatial distribution. This is because local authorities and agencies
should know projected locations of large, new point sources (at least in the near-term),
and because highway vehicle and area source emission patterns will directly reflect
changes in the land use, omployment, and transportation data supplied by local planning
agencies. With the exceotion of on-road motor vehicles, most of the temporal patterns
and VOC and NO_ chemical class split factors will typically not be changed from the base
waATT P eRATarY RUSIr SaosiTa ho CNENges are expected or hecause no data will be available
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Tnzz2 considerations are discussad in more detail in succeeding

Cchapters.

Cf courss, in soma instances, baseline projection inventories of annual or seasonal county-
wide emissicns from the particular year of interest will not be available for use as starting
points for the detailed, photochemical modeling inventories. Or, in other cases, the
projection inventories that do exist may not reflect all of the growth and control scenarios
that the agency may wish to evaluate with the photochemical model. In these situations,
the emissions modeler will have to devote resources to the development of projection year
inventories. Specific recommendations for making baseline projections are discussed in
subsequent chapters. However, the following gereral considerations should be kept in
mind from the outset of the inventory planning stages.

e} To a large extent, projection inventories will be based on forecasts of
industrial growth, population, land use, and transportation. The emissions
modeler should not attempt to make these forecasts, but should rather rely on
the local MPO or other planning agencies to supply them. This course of
action has several advantages. First, duplicating the forecasts made by other
planning agencies would be extremely costly. Second, emission projections
should be based on the same forecasts utilized by other governmental
planning agencies. This consistency is necessary to foster the credibility of
any proposed control programs that are based on these emission projections.

o Control strategy projection inventories should be designed to reflect the
control strategies being considered. This consideration may influence the type
of data collected as well as the structure of the inventory itself. For example,
if one of the modeling objectives is to evaluate the effect of applying Stage |
controls only to service stations above a particular size cutoff, the emissions
modeler may wish to treat these particular stations as point sources rather
than lumping them in with.a general service station area source category.
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o All projection inventories should be based on the same methodologies and
computation principles as the base year inventory. For example, if a traffic
model is used for estimating travel demand for the base year, the same traffic
model should be applied to estimate travei demand for projection years. Using
the same methodology assures consistency between base year and projection
year emission estimates and prevents the possibility of spurious inventory
differences resuiting solely from methodological changes.

o Projection inventories will always be subject to criticism because of their
somewhat speculative nature. The technical credibility of emissicns
projecticns will be a function of their reasonableness, the amount of research
and documantanen of szsumptions, and the procaduras and methodologies
used 1o maxe tha projections. Some degree of uncertainty will always
accompany emission projections; this fact should be acknowledged openly.
When devyelasing nreijaction inventories, the smissions medelsr should focus
on minimizing instead of eliminating uncertainty. Interral and external review
of the prejecuon inventones will improve their technical gquality and enhance
their credibiiity.

2.5 DATA HANDLING

The large amount of data that must be gathered and stored in the inventory development
effort and the complexity of developing spatially and temporally resoived emission
projections generally requires a computerized data handling system. lIdeally, as many data
handling functions as possible should be computerized to allow devotion of more
manpower resources 1o collection and analysis of the inventory data. A flow chart of the
entire data handling operation, from the initial gathering of inventory data to the final
development of a data file that is in the input format of the photochemical model being
used, will prove useful to the emissions modeler in the operation of a computerized data
handling system.

Many of the data handling functions are similar to those required for the existing inventory
(e.g., data storage). Several additional data handling requirements arise during the
development of the modeling inventory because of the additional spatial, temporal, and
chemical resolution of this data.

As mentioned in Section 2.3.1, area source emissions are often spatially allocated to grid
cells using apportioning factors. This step is usually computerized because of the large
numbers of factors and calculations involved. Likewise, point source and highway motor
vehicle emissions are usually assigned to the appropriate grid cells using computerized
routines. For area and mobile sources, temporal variations will often be implemented by
developing typical hourly activity patterns for each major source category. For many point
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sources, hourly activity levels can be reasonably inferred from the operating information
supplied in the existing inventory. In either case, relatively simple algorithms can be
developed and computerized to provide the necessary temporal resolution for the detailed
inventory. VOC emissions are usually disaggregated into species classes through the use
of an appropriate species distribution for each source category. NQ, emissions are either
assumed to be all NO or are spiit into NO and NG,. The ailocation of VOC and NO,
emissions into classes involves straightforward calculations that should likewise be
computerized.

One major data handling function invelved in compiling the medeling inventory is the
development of emission projazctions. Growth is typicaily accounted for by adjusting base
vear amissicns in acceordorse 2ither with projected changes in the emissions themselves or
with changas in agoropriate surrcgate indicators of growth (e.g., earnings, population, land
use, and employment). Control reguiation and strategies can be reflected in an inventory
by adjusting activitv levels, control devica efficiencies, or emission factors, as apgropriata.
The data handling system used should automate the development of growth and control-
strategy projections as much as possible, thus minimizing the amount of manual effort
needed each time a different scenario is modeled.

The final product of the modeling inventory development process is a fiie containing hourly
gridded emissions estimates for each chemical class employed by the model. Because
each model requires a special computerized format for the inventory data, utility programs
will be necessary to convert the emission inventory file to a model-compatible format.

Of course, certain data handling functions, such as determining area source apportioning
or growth factors, may not be supported by existing data handling systems. Thus, during
the planning stages, the emissions modeler must carefully review the data handling flow
chart to determine which activities can be done by computer and which functions must be
performed manually. Specific data handling requirements and EPA systems that support
these requirements are addressed in subsequent chapters.

2.6 RESOURCE REQUIREMENTS

Staffing and expertise requirements should be considered as part of the planning process.
Depending on the status of the existing inventory and the amount of additional detail
required, compilation of a modeling inventory can require from 500 to 5,000 staff hours.
The low estimate is for a case in which a gridded or very complete county-level inventory
already exists, and the region is dominated by only a few major types of sources. The
high estimate is for a case in which little or obsolete inventory information is available and
the region has many significant sources, requiring detailed analysis of all significant
sources and considerable individual contact with managers of specific sources.
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In addition to those staff usually responsible for compilation and maintenance of emission
inventories, the agency should enlist the services of (1) a photochemical modeling
specialist familiar with the operation and the VOC species classes of the particular
photochemical model to be used, (2) a computer programmer or systems analyst to plan
the.storage and manipulation of the large amounts of emission data needed, and (3) an
urban or regional planner to anaiyze transportation and land use data from local planning
agencies and to assist the emissions modeler in making emission projections.

2.7 OVERVIEW OF EMISSION INVENTORY PLANNING PROCEDURES

The remaining sections of this document present detailed "how-to" procedures for
producing a modeling inventory. Specific topics addressed include

e}

defining the grid system (Chapter 4);

collecting and compiling data from point, highway motor vehicle, other area,
and biogenic sources, including information regarding spatial and temporal
resolution (Chapters 5, 6, 7, and 8, respectively);

allocating VOC and NO, emission data into chemical classes (Chapter 9); and

data handling requirements fof each of these procedures (discussed
individually in each chapter).

Prior to initiating the data collection phase of the emission inventory effort, the agency
should be able to answer "yes" to the following questions:

o)

90098 027

Has the size and orientation of the grid been defined? Has the grid cell size
been defined? Have the decisions been coordinated with agencies involved in
modeling exercises for adjacent areas?

If a detailed emission inventory has been developed, have hourly emissions
been summed to estimate daily county emission totals (e.g., link based data)?

Have the time periods {i.e., month, day, year) been specified for which the
emission inventory must apply?

Has the existing emission inventory been reviewed to determine what data
can be utilized in the photochemical modeling inventory, and what additional
temporal and spatial data must be gathered?



o Does the agency know what VOC and NO, classifications are needed by the
particular photochemical model that will be run?

o Are the source categories required in the photochemical modeling inventory
(in order to reflect specific control strategies and to be consistent with
available VOC split factor information) compatible with those in the existing
annual or seasonal inventory?

o Have the appropriate State and local transportation and planning agencies
been contacted to determine what baseline and projection data on traffic,
employment, population, etc., are available for use in the detailed inventory?

o Will the detailed emission inventory be utilized for modeling pollutants other
than ozone? For other seasons than the summer? Are additional or better-
resolved source and emissions data needed for these other uses?

O Are the existing inventory files and data handling systems capable of
generating and storing the additional temporai, spatial, and VOC and NO,
classification data required by the photochemical model? Can the model-
compatible emissions file be readily generated from the resulting point, line,
and area source and emission files? Are sufficient stack data available to
distinguish elevated point sources from ground level point sources?

0 Are sufficient resources available to complete both the base year and
projection inventories, considering both growth and control strategy options?

Addressing these issues at the outset of the modeling inventory development process will
limit the number of difficulties arising from poor planning rather than data limitations.
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3 OVERVIEW OF THE URBAN AIRSHED MODEL (UAM)
AND THE UAM EMISSION PREPROCESSOR SYSTEM

3.1 INTRODUCTION

In 1984, the EPA’s Office of Air Quality Planning and Standards proposed that the Urban
Airshed Maodal (UAM) be a8 "recommended” {ila., praiermred) model for "photochemical
sollutart medaeliny otenat o s o T anns s LroLn arzas.” ERA finalized this
recommendaticn i T SL3 nonny taat e waNM s the most widely applied and evaluated
photochemical model in axistzncs.” Currently, the UAM is the recommended air quality
simulation modsi fgr o2~ 2mara 2 ~o=iity analysaes in the preparation of State
Implementaticn Sang S92z ~3quirec in the 1890 Clean Air Act Amanaments (CAAA).

Accordingly, this document addressas the development of an emission inventory suitable
for photochemical modeling in terms of the specific requirements of the UAM. As noted
previously, however, the tachniques and types of data necessary to generate the UAM
emission inventory inputs are generally suitable for developing an emission inventory for
use with any photochemical model.

3.2 CONCEPTUAL OVERVIEW OF THE URBAN AIRSHED MODEL

The UAM is a three-dimensional photochemical grid model designed to calculate
concentrations of both inert and chemically reactive poilutants by simulating physical and
chemical processes which occur in the atmosphere. These calculations are based on the
atmospheric diffusivity or species continuity equation, which represents a mass balance in
which all relevant processes (precursor emissions, transport, diffusion, chemical reactions,
and removal processes) are expressed in mathematical terms. For ozone assessment, the
model is usually applied for a 36- to 72-hour period during which adverse meteorological
conditions resuit in elevated concentrations. For carbon monoxide simulations, the model!
is usually applied for shorter time periods (e.g., 8 to 16 hours).

Major factors affecting photochemical air quality include:

o spatial (vertical and horizontal) and temporal distribution of anthropogenic and
biogenic emissions of NO,, VOC, and CO;

o chemical composition of the emitted NO, and VOC;
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C spatial and temporal variations in wind fields;

o dymamics of the boundary layer, including stability and mixing;

o chemical reactions involving VOC, NO,, CO, and other important species;
o diurnal variations of sclar insolation and temperature;

0 loss of ozone and ozone precursors by dry deoosition; and

@]

amoient backgrouna concentrations of VOC, NO,, CO, and other species in,

O . . e e e e mey o
FTLT 3L LB LN DY, 40D Loz INE StUQy region,

In a UAM application, thaess procasses are simulated for the pollutant of interest {this may
be egither summersim s coorz coloirrniions or wintertime carbon mcenoxide
concentrations). Tz UAL! scivas the species continuity equation for each time step, in
each grid ceil of the moceling domain, the maximum time step is a function of grid size
and the maximum wind vaiocity. Typical time steps for urban-scale simulations are on the
order of 3 to € minutes. -

Since the UAM accounts for spatial and temporal variations as well as reactivity
differences (speciations) of emissions, it is ideally suited for evaluating the effects of
emission control scenarios on urban air quality. l'hnpractice, a historical ozone {or carbon
monoxide) episode is replicated to establish a base case simulation. Model inputs are
prepared from observed meteorological, emission, and air quality data for a particular day
or days. The results of the UAM simulations are examined in the model performance
evaluation. Once the results have been evaluated and determined to perform within
prescribed levels, a projected emission inventory that includes changes in emissions due to
proposed control measures is used with the same meteorological inputs to simulate
possible future emission scenarios {in other words, the model will calculate hourly ozone
patterns likely to occur under the same meteorological conditions as the base case).

3.3 OVERVIEW OF THE UAM EMISSION PREPROCESSOR SYSTEM

To facilitate cost-effective development of the detailed emission inventories required by
UAM, the EPA’s Office of Air Quality Planning and Standards sponsored development of a
system of computer programs designed to perform the intensive data manipulations
necessary to adapt a county-level annual or seasonal emission inventory for photochemical
modeling use. This system, the UAM Emission Preprocessor System (EPS), is available to
the public from EPA. Although the UAM EPS was originally developed for use with an
annual average inventory similar in format to NAPAP, many of its functions and procedures
can be adapted for use with similar annual or seasonal emission inventories.

-
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The UAM EPS consists of six FORTRAN programs which are executed sequentially on a
large computer mainframe system (some of the programs in the EPS can be adapted for
use on PCs or workstations) to generate the emission input files for the UAM. To execute
the UAM EPS, the following steps must be performed:

Q

Define the modeling region of interest. ldentify grid origins (UTM
coordinates), resolution of the grid, cell size, number of cells in the x and y
directions, and the dates to be simulated. Discuss with the air quality modeler
the number of vertical layers to be modeled, the number of vertical layers
below and above the mixing height, and the minimum layer thickness.

Determine the plume height cutoff, which will be used to determing wnicH
point sources will receive elevated (i.e., vertically resofved) treatment by
model. For guidance on selection of an appropriate plume height cutoff,
consult Guideline for Regulatary Application of the Urhzn Airshed Maodel.?

Run the EPA mobile source emission factor model MOBILE 4.1 to astimate
mobile source emission factors based on vehicle fleet mix for the specific area
to be modeled.

Develop relationships between roadway links and grid cell coordinates
(optional).

=
Develop spatial surrogate indicator data for allocating area sources to grid
cells.

Prepare an inventory of biogenic emissions suitable for photochemical
modeling as described in Chapter 8.

For more information of accomplishing these steps, refer to the following EPA guidance

documents:

Q

Guideline for Requlatory Application of the Urban Airshed Model (EPA-450/4-
91-013, June 1991), '

User’s Guide for the Urban Airshed Model, Volume {V: User’s Guide for the
Emissions Preprocessor System (EPA-450/4-90-007D, June 1890), and

User’s Guide to Mobile 4.1 (Mobile Source Emission Factor Modell (EPA-AA-
TEB-91-01, June 1991).

Figure 3-1 shows an overview of the UAM EPS; Figures 3-2 through 3-7 contain
flowcharts of the input and output files for each program in the UAM EPS. Note that the
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FIGURE 3-1. Overview of the UAM emissions preprocessor system.
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UAM preprocessor PTSRCE must be executed subsequent to the UAM EPS to prepare the
final UAM elevated point source input file before modeling. The six routines and their
primary functions are briefly described below. For a detailed description of the UAM EPS
and its input file formats, see the User’s Guide for the Urban Airshed Model, Volume [V:

3

User’s Guide for the Emissions Preprocessor System.

PREPNT. The PREPNT program (Figure 3-2) prepares the annual average or seasonal point
source inventory for chemical speciation by the CENTEMS module. Latitudinal and
longitudinal coordinates for each source are converted to Universal Transverse Mercator
(UTM) coordinates, which are in turn converted to modeling region grid cell coordinates.
Each source is assigned a stack identification code and the emissicns allccated by stack.
Temporal distribution profiles are assigned based on the operating information contained in
the annual or seasonal inventory. PREPNT also calculates a plume rise for each stack
based on the Briggs effective height calculation, using the stack parameters contained in
the annual or seasonal inventory and defauit metearological conditions; the value of this
plume rise determines if stacks will be treated as elevated or low-level sources by
subsequent programs in the UAM EPS.

PREPNT requires four input files:

{1) a user input file, containing information on the plume rise cutoff for elevated
treatment, default stack parameters, and optional emission control factors for
each pollutant by Standard Iridustrial Classification (SIC) code;

(2) projected industrial growth factors by two-digit SIC code;

(3) a file defining the modeling region, which specifies the modeling grid (UTM
origin, UTM zone, and number and size of grid cells), number of counties
within the modeling region, FIPS and AEROS identification codes for each
county, and control codes by county indicating the presence of Inspection and
Maintenance and Stage Il Vapor Recovery control programs; and

(4) the annual or seasonal point source inventory, including source identification
codes, location, stack parameters, operating schedule information, and
emissions.

In addition to miscellaneous informative outputs, PREPNT produces two files which
undergo subsequent processing in the CENTEMS module: a gridded point source inventory
in Model Emissions Record Format, or MERF (Table 3-1), and a control file containing
parameters for the stacks selected for elevated source treatment.

PREGRD. The PREGRD prograrﬁ (Figure 3-3) reformats an annual or seasonal area source
emission inventory and prepares it for gridding. Emissions are separated into two files,

-~
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TABLE 3-1. Standard Modeling Emissions Record Format (MERF) employed by the UAM
Emissions Preprocessor System.

Variable Columns | Type | Description

ISRG 1-3 | ) Gridded surrogate code (not used, skipped)

IFIP 4-8 { FIPS etate/county code (not used, skipped)

SicC g9-12 R Either Scurce Industrial Classification or Area

Source Category code ’
| scc 13-20 A | Either Standard Ciassification Cods or Area i
Source Category code |

i iCL 21-22 | ' { coordinate of grid cel }

JCL 24-29 i J coordinate of grid cell

IYR 27-28 ! Year, two digits (e.g., 89 for 1989)

ICYCOD 29-30 l Diurnal variation code

IWKCOD 31-32 ! Weekday variation code

FID 33-41 A Facility ID (O or blank for area sources)

FST 42-46 A Stack ID (O or blank for area sources)

FCNTY 47-52 ! AEROS state/county code

53-56 - (Not used, skipped)

VMNTH 57-116 R Array of 12 monthly factors

o0 117-126 R CO episode emissions (kg/day)

CNO 127-136 R NO, episode emissions (kg/day)

S0OX 137-146 R SO, episode emissions {kg/day)

THC 147-156 R THC episcde emissions {(kg/day)

PM 157-166 R PM episode emissions (kg/day)

167-168 - {(Not used, skipped)
SLBL : 169-175 A Scenario label {not used, skipped)
Sample MERF Record:
361230400150 1229 245 0016 1110380 0 0830 0830.0830.0830 0830 0830.0830 0830 0830.0830 0830.083 0,00 0.00 000 30248 000
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FIGURE 3-3. Input and output files used by PREGRD.
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area sources and on-road motor vehicle sources. Emissions from on-road motor vehicles
are disaggregated into exhaust, evaporative, refueling, and running loss components.

PREGRD requires five input files:

(1)

(2)

(3)

(4)

(5)

a user input file, containing fractions of vehicle miles traveled (VMT) by
gasoline-fueled vehicle type which are used in allocating refueling emissions, a
flag indicating a weekday or weekend modeling episode, and an optional list
of additional control factors for each pollutant by source category code;

a region definition file (this is the same file used by PREPNT);
projected growth factors by source category code;

a file containing motor vehicle adjustment factors used to adjust annual or
seasonal average mobile source emissions for episodic conditions; and

the annual or seasonal area source inventory, containing county-level emission
estimates by source category.

The area source and on-road motor vehicle MERF files generated by PREGRD for input into
GRDEMS contain incomplete records, with grid cell indexes and other fields left blank.

GRDEMS. The GRDEMS program (Figure 3-4) allocates the pre-processed county-level
emissions from PREGRD to the modeling region grid cells based on a gridded spatial
apportioning factor field and optional link data (e.g., limited access roads, railways, etc.).
Temporal distribution profiles are assigned by source category.

GRDEMS requires six input files:

(1)

(2)

(3)

(4)

(5)

90098 037

a user input file, containing a description of the run, the year of emissions, a
unit conversion factor, and optional pairings of surrogates and source
categories by county to override the pairings contained in the cross-reference
file;

a region definition file (the same file used by PREPNT and PREGRD);

a cross-reference table of spatial surrogate codes and diurnal distribution
profiles by source category; ’

the gridded spatial surrogate file;
an optional data file specifying link locations for the modasling region; and

————
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(6) the county-levei MERF emissions file{s) generated by PREGRD.

GRDEMS produces a gridded MERF emissions file for further processing by the CENTEMS
program. Although the separate area and mobile source emissions files from PREGRD can
be merged before running GRDEMS, processing these files separately through GRDEMS
allows better tracking of emissions totals and quality control.

CENTEMS. CENTEMS (Figure 3-5), the central program of the UAM EPS, creates a
gridded low-leve! binary emissions file in UAM-format and an elevated point scurce input
file for the UAM preprocessor program PTSRCE. Annual average daily emissions are
adjusted to account for monthly variaticns and assigned to the hours of the modeling
episode based on temnperal distribunion profiss, Total hycrocarbon emissions are speciatec
into Carbon-Bond (CRB-1\) classes using 2P A VO soeciation profiles by either Sourca
Classification Code (SCC) for point sourcas or EPA Arza Source Category Code.

In addition to the MERF amissions files from PREPNT and GRDEMS, CENTEMS requires the
following inputs:

(1 a user-input file, containing information on the type of sources, time and day
tlags for the modeling episode, modeling region information, and control
factors;

(2)  the elevated point source parameter control file created by PREPNT;

(3) a glossary file matching SIC/SCC combination {(for point sources) or EPA
Source Category (for area or mobile sources) with the activity, process,
control, and inventory source category codes used for tabulation of emissions
totals;

(4) a speciation factors file, containing carbon-bond speciation factors in terms of
moles/gram by EPA VOC speciation profile code;

(5) a speciation profile file, which assigns EPA VOC speciation profiles based on
SCC (for point sources) or EPA Source Category (for area and mobile
sources); ' '

(6) a diurnal variation factors file, containing hourly profiles for the diurnal codes
contained in the MERF files, which are used to allocate the daily emissions to

the hours of the modeling episode; and

(7) a weekday factor file for adjusting emissions based on the day of week by the
weekday code in the MERF record.
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CENTEMS produces the low-level UAM emissions fiie and the eievated point source file
mentioned above as well as a binary file of categorized emissions totals for input to the
POSTEMS module.

POSTEMS. The POSTEMS program (Figure 3-8) merges up to six ground-level
anthropogenic UAM emission files into one file. POSTEMS also provides summary
printouts describing emission totals by activity, process, control, and inventory source
category codes.

The input files for POSTEMS include the following:

(4)

a user insul file seecifying the Juban dets Jor o3 o vsegag AN emissions
file, ths numbsar of files to be mergad. ussr-3atacisd ~-nons, UAM hneader
record information, and the types of emissicns in tha input filzs;

five input files defining the codes contained in the cinary file of categorized
emissions totals produced by CEMTEMS;

a chemical species data file, containing information about the molecular
organic species in the emission inventory; and

up to six low-level UAM emissions files and the corresponding binary
categorized totals files from CENTEMS.

MRGEMS. The MRGEMS program (Figure 3-7) merges two low-level UAM emissions files
into one file. Generally, this program is used to merge the anthropogenic emissions file
created by POSTEMS with a biogenic emissions file (in UAM format) generated by another
program, such as BEIS (described in Chapter 8).
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4 DETERMINATION OF THE GRID SYSTEM

4.1 SELECTING AN APPROPRIATE GRID SYSTEM

ldentification of the grid system which will be used to spatially reference emissions in the
modeling inventory influences all subsequent phases of the emission inventory process.
This chapter has been included to provide a general discussion of issuss of concern in
selection of the modeling region and grid svstem. For definitive cuidance sencerning
establishment of the grid system, however, consuit ine Quigaiine inr Asouiatory
Application of the Urban Airshed Medel.’

The first step in defining the grid svstem is seiection o 2 gnd coundary outlining the area
to be modeled. Once the grid boundary has teen chosan, the region enclosed by the gnd
bcoundary {(subsequently referred 1o as the "modeling region” in this text) must be
subdivided into grid cells. Figure 4-1 illustrates the concepts of grid boundary and grid
cells. The UAM is a three-dimensional grid model, capable of resolving emissions vertically
as well as horizontally. For purposes of compiling the modeling emissions inventory,
however, emissions need only be resoclved over a horizontal grid system; the UAM will
automatically allocate emissions from those sources selected to receive elevated treatment
to the appropriate vertical layer based on the stack parameters for each source and
meteorological conditions. Accordingly, in the following discussion, the term "grid" will
refer to a two-dimensional grid system cverlaying the area to be modeled.

Almost always, the grid boundary will be rectangular and the grid cells will te equaliy-sized
squares. Selection of an appropriate grid system involves consultation with planning
agencies, air pollution control agencies, meteorologists, and photochemical modeling
specialists to ensure that the chosen grid system meets the general objectives of the
photochemical modeling program.

The modeling inventory must spatially resolve emissions in terms of the individual grid cells
comprising the modeling region. A typical grid system will cover thousands of square
kilometers and contain hundreds of grid cells.

> Figure 4-2 shows an example grid system. [n this figure, a 4 km x 4 km
modeling grid has been superimposed over a map of the St. Louis, Missouri
area. This grid consists of 15 grid cells in the east-west direction and 20 cells
in the north-south direction for a total of 300 individual grid cells, each 16
square kilometers in size. The total area encompassed by the grid boundary is
4,800 square kilometers.
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(a) The Areato Be Modeled

(b) Specification of the Grid

FIGURE 4-1. Schematic illustration of the use of the grid in the Urban Airshed Model.
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FIGURE 4-2. The St. Louis Area with locations of the RAPS surface stations and 4 km x 4km
modeling grid superimposed.

90098 04" 4-3



Obviously, since emissions must be determined for each grid cell in the modeling region,
an appropriate grid system should be developed at the outset of the emission inventory
effort which defines both the overall size and shape of the grid to be modeled and the size
and number of grid cells that compose the grid. Defining the grid system before beginning
the modeling inventory development process will help minimize redundancy of effort.

4.1.1 Area Covered by the Grid System

The selection of the modeling region should reflect location of sources of meteorological
and air quality data, location of current and expected major emissions sources, and types
of control strategies under consideration. The photochemical reactions resulting in ozone
formation can occur many miles downwind of precursor pollutant sources. Accordingly,
the modeling region must be fairly large to ensure that all major emission sources which
may affect ozone formation in the urban area are included.

The modeling region should contain as many ozone and precursor pollutant monitoring
stations as possible to facilitate mode! validation. The model validation process entails
simulating an historical ozone episode to determine if the observed ozone and precursor
pollutant concentrations at each monitoring station agree with the concentrations
predicted by the model. In the validation process, ambient air measurements are used to
define pollutant concentrations along the boundar’\’z of the modeling region.

Additionally, the modeling region should be large enough to encompass areas of current
limited land use activity that are expected to develop significantly as a result of projected
growth. Since an important application of photochemical models is evaluation of expected
ozone concentrations in future years, the emissions modeler should consult land use
planners to determine what types of growth are expected and in what areas.

The modeling region should also be large enough to encompass the effects of meteorology
in the modeling region. Since peak ozone levels often occur downwind of the urban
center, as much "downwind area" as possible should be included in the modeling region so
that the model can predict where and when these peak levels will occur. Selection of a
large modeling region also minimizes the possibility that receptor locations will be impacted
by air parcels that have left the domain and then re-entered it because of shifting
meteorological conditions during the time interval over which the model is run.

Finally, to reduce the dependence of model predictions on uncertain boundary conditions
(e.g., the pollutant concentrations assumed along the boundary of the modeling region),
the modeling region should extend into areas with little or no emissions. Of coursg, in
certain areas (e.g., the Northeast United States), pollutant transport from nearby urban

——
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If the selected modeling region covers too large an area, however, certain problems rmay
occur in gathering and manipulating data. For instance, the modeling regicn may extend
into areas for which detailed sparialiy and temporaily resoived emission esumates cannot
be made due to lack of adequate information. This might be the case if one part of the
domain lies within the jurisdiction of a metropolitan planning organization (MPQO) and
another part lies within an outlying, undeveloped jurisdiction. Detailed records and
projections will probably be available for the metropelitan areas, put may not axist for the
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If the exact area for which the phnotochemical model wild oe saucan 3 nog initially known,
perhaps because of uncertainties abcut future land use or the effect of meteorclegical
conditions, the emission inventecry development precess can still proceed. In this case, the
emissions modeler must chooss an zmissions grid system for which to compile emissions
data. In general, the area encompassed by the emissions grid should be as large as
possible. A-smaller area can then be selected for photochemical modeling within the
emissions grid with no additional emission data collection effort required. Thus, the
emissions grid can be larger than the actual grid used for modeling. For most efficient use
of time and resources, however, the emissions grid and the modeling region should
coincide.

The modeling region is normally rectangular. Some models, including the UAM, may
accept an irregularly shaped modeling region. Even if the modeling region is irreguiarly
shaped, however, a rectangle should be used for the boundary of the emissions area for
the sake of simplicity and ease in locating grid cells. The forcing of a rectangular boundary
around an irregularly shaped city may mean that some of the peripheral grid cells may
contain zero emissions. For example, coastal cities usuaily have portions of the ocean
included within the rectangular grid boundary, as shown in Figure 4-3.

4.1.2 Grid Cell Size

The degree of spatial resolution of the modeling emission inventory must also be decided
during the initial planning stages of the inventory effort. Choice of an appropriate grid
spacing depends on the overall modeling objectives, the total area of interest, the amount
of manpower available, and the cost of running the photochemical model.
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Ideally, the smallest feasible grid spacing should be chosen to accurately represent
emissions from a variety of sources in different locations. The grid spacing, however, will
be determined in part by the size of the modeling region.

> If the region of interest is 100 km by 100 km, a grid spacing of 2 km would
result in a total of 2,500 individual cells for which emissions wouid have to be
calculated, as shown in Figure 4-4a. For such a large area, such fine
resolution is unlikely to result in appreciable improvement in predicted ozone
levels over the entire region relative to a larger grid spacing, such as 5 km
(Figure 4-4b). The major advantage of the larger grid spacing is the
considerably fewer number of grid cells (400 as opposed to 2,500) and the
corresponding reduction in both computing and manpower costs.

In urban-scale photochemical modeling efforts, covering the maximum amount of area with
the smallest feasible number of grid cells normally results in grid spacing between 2 to 5
km. Since ozone formation occurs over an appreciable amount of time and space, grid
spacing smaller than 2 km is not recommended. Also, grid spacing smaller than 2 km may
exceed the resolution of both available transportation modeling data and area source
apportioning factor data. On the other hand, grid spacing larger than 10 km usually masks
the effect of individual sources, since emissions are averaged over the entire grid cell area
by the model (i.e., when using 10 km grid spacing, all emissions in any cell, including
individual point sources, are assumed to be uniformly emitted from the entire 100 square
kilometer grid cell area). If the grid spacing is large, this artificial dilution can cause
inaccuracies in the modeling. Users are referred to the Guideline for Requlatory
Application of the Urban Airshed Model' for further guidance on selection of grid cell size.

If a grid system has not been chosen prior to inventory compilation, the smallest grid
spacing under consideration should be used for spatial resolution of the emission
inventory. Aggregation to larger grid cells is then a simple procedure of combining an
integral number of grid cells. Thus, the initial emission grid spacing can be smailer than
the actual grid spacing subsequently used for modeling. However, resource considerations
may preclude such fine emission resolution if the inventory invoivas a very large grid area.
Compilation of the inventory for a grid spacing larger than is subsequently considered
desirable for photochemical modeling should be avoided because of the difficulty in
allocating emissions to a finer grid cell network once the inventory is compieted
(aggregation of smaller grid cells to form larger ones, however, is relatively easy, as
mentioned above). Optimally, of course, the emission grid cells will coincide in size with
the grid cells used for photochemical modeling.

As an important consideration in determining the size of both the modeling region and the
individual grid cells, the emissions modeler, in concert with the other agencies involved in
this decision, should examine the overall objectives of the photochemical modeling

application. If control strategies are to be evaluated over a large region, then a fairly large

-——
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region for 2 km and 5 km grid spacings.
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modeling region should be selected and a fairly coarse emission resofution may be
acceptable. If control strategies are to be evaluated for a fairly small area (e.g., an
individual city, such as the St. Louis, Missouri area shown in Figure 4-2), then a relatively
fine emission resolution may be warranted. Evaluating the air quality impact of a proposed
new source weould probabiy require a relatively fine emission resolution, since very large
grid cells may mask the effect of the individual new source. Thus, before a final grid
system is chosen, a photochemical modeling specialist should be consulted regarding the
effect of emission resolution on modeling predictions.

4.2 MAP GRIDDING PROCEDURES
4.2.17 UTAM Coordinate System

Once the grid system has been selected, it must be overlaid on an appropriate map to
determine (1) which sources lie within each grid cell and (2) area source apportioning
factors for each grid cell. The recommended coordinate system for this task is the
Universal Transverse Mercator (UTM) system, which is used in the AIRS emission data
system to reference all point source locations. The UTM coordinate system should be
used from the outset in the deveiopment of the grid system, since changing from one
coordinate system to another can be time-consuming. For those urban regions which
encompass more than one UTM zone, all coordinates should be referenced to one zone.
The most accurate maps normally available for gridding purposes are those produced by
the U.S. Geological Survey (USGS), which provides topographic maps in different scales
for all sections of the United States. The more recent USGS maps have a superimposed
10 km UTM grid system; older USGS maps simply have blue tick marks along the edges
that represent the UTM coordinate system.

The master grid system should be based on a USGS map or data base, since other maps
(e.g.. highway maps) may contain considerable inaccuracies. The grid system can be
manually overlaid on a map by positioning a transparent plastic sheet over the map and
drawing the gridded area on the plastic sheet. Alternatively, important features (such as
political boundaries, streets, etc.) on the USGS map can be digitized and incorporated into
a computerized data base.

4.2.2 Orientation of the Grid System

Almost without exception, the grid system should be aligned so that the grid lines
essentially run north-south and east-west. Within the region typically modeled in most
urban areas, a grid system based on UTM coordinates will largely meet this criterion.
North-south alignment is not actually required by the photochemical model, but facilitates
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definition of locations on the grid and enhances compatibility of the inventory with
meteorological data. For the extremely few instances where north-south alignment of the
grid would cause significant modeling inaccuracies, the UAM EPS supports skewed (i.e.,
non-north-south) grid orientations. A photochemical modeling expert can be consulted to
determine if a skewed grid orientation should be used for a particular region. Figure 4-5
shows an example of a skewed modeling region.

Likewise, for the sake of convenience, the grid should be oriented so that the grid cell
boundaries coincide with the UTM kilometer grid lines (in other words, so that the grid
cells are defined by whole UTM kilometer numbers). This simplifies location of particular
gnid cells and allocation of point sources to the appropriate grid cells. Obviously, this will
not be possible if grid cell dimensions are determined in terms of non-metric units, such as
miles.

4.2.3 Problems in Gridding

Often, the master grid system developed using the methods described above must -
incorporate features not available from USGS maps or data, such as detailed street
locations, land use patterns, or population density. Other maps may not be as
dimensionally accurate or on the same scale as the USGS map, which can cause major
problems in combining information from different maps. While attempting to align the
master grid on a land-use map, the emissions modeler may notice that certain major
features are located in slightly different grid cells than on the USGS map. If the scale of
the auxiliary map is not quite accurate, it may be possible to extend or decrease the map
arid line dimensions so that most grid cells correspond to those on the USGS map. In
many cases, the best procedure is to align the main urban area as correctly as possible.
Inaccuracies in the outer portions of the grid are less important because fewer emissions
normally occur in the outlying grid celis.

USGS maps, although dimensionally accurate, do not always inciude enough detail to
locate particular sources. This is partly because of the limited number of available scales
and partly because some of the available USGS maps are old and so do not show current
street locations. Thus, the emissions modeler must usually obtain more detailed street
maps covering the entire area of interest in order to accurately locate specific sources. If
possible, all street maps should be at the same scale so that a number of them can be
combined to show a larger area. Overlaying the grid system on the individual street maps
can be difficult, because street maps rarely have UTM coordinates; the grid system must
be carefully positioned using known reference points, such as major street intersections,
shown on the USGS map. Often, the easiest way to overlay the grid system is to digitize
the desired features and, using the known UTM locations of several features shown on
both maps as reference points, incorporate this data into a computerized data base (such a

-——
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data base of computerized iocations of streets and other features may also prove useful
for apportioning emissions from some area sources).
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5 POINT SOURCE EMISSIONS

5.1 DATA COLLECTION

For most urban regions, a2 basic annual ¢cr seascnal point scurce emission invantory will
already exist which contains most (if not all) of the information required to deveiop the
modeling inventory. Basic inventories are often maintained in standardized formats, such
as SAMS, AIRS, ar NAPAP, and generally contain the following rynas ¢f imicrmaoion:

Source identification: county, facility, and source codes; Standard Industrial
Classification (SIC) of the facility; and focation {latitude and !2ngituces or U7
coordinates) of each source.

Process information: Source Classification Code (SCC) or basic equipment codas for
each-process; stack parameters (height, diameter, gas temperature, and gas exit
velocity or fiowrate); control device information; operating rates and schedules; and
fuel characteristics.

Emissions data: annual or seasonal &stimates of VOC, NO,, and CO emissions for
each process within the facility.

Table 5-1 lists the types of data contained in the Aerometric Information Retrieval System
(AIRS) Facility Subsystem (AFS) and the level at which each is maintained. Table 5-2 iists
the data items currently required by the UAM EPS for processing of the point source
inventory. The existing point source inventory will generally fulfill most of the
photochemical modeling requirements; one notable exception may be the lack of sufficient
operating schedule information to accurately estimate hourly emission rates. Additionally,
VOC and NO, emissions will need to be disaggregated into chemical classes and NO and
NO,, respectively. Techniques for speciation of VOC and NQ, emissions are discussed
separately in Chapter 9.

' The UAM E.PS program PREFNT expects pomt soutce mfonnat;m (such as
stack parameters and emissions estimates} ta be repoﬁed m the uzuts of
-, measurs indicated in Table §-2. PREPNT contains routines- which convert thls
‘data to the units exvected by subseguent programs in the UAM EPS. (f the -
_units used in the existing point source inventory differ fromy those i Table 5- 2
-the ermss:ons modeier wz&! have to etther deveiOp an auxﬁtaty prepmcesssng

MR T
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TABLE 5-1. Types of emissions data contained in the AIRS Facility Subsystem and the
level of detail at which each is maintained.

LEVEL

TYPES OF DATA

Plant
(data pertaining to the
facility as a whole)

geographic and other address informaticn

year of emission inventory estimated piant pollution
gmissions

comment information abour the facihty
miscellaneous mailing label and permit fez daa

Stack
{data pertaining to
emissions stacks or

vents within the facility)

map coordinates and physical description

gas flow rate, exit velocity and temperaturs
estimated and measured emissions by pallutant
stack comment data

Point

(data pertaining to
emissions points within
the plant, frequently
boilers or tanks)

point design capaci%

burner make, type and seasonal throughput data

operating schedule

estimated, measured and state defined pollutant emissions
values .

tank descriptive and construction data

comment information about the emission point

Segment

(data pertaining to
activities or
cecmponents, such as
fuel combustion and
other processes,
associated with each
point)

segment source classification code (SCC)

operating rate, fuel, control equipment and emission facter
data

estimated and measured emissions by pollutant

segment chemical data

comment information pertaining to the segment

source: Reference 2
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TABLE 5-2. Data fields required by the UAM Emissions Preprocessor System.

Variabla Description
STATE NEDS state code !
i CTUNTY MNEDS county coce
i PLANT ID Plant ID code
i UTM_ZONE UTM zone
! PCINT 1D Pcint ID code
1 sIC Standard Industrial Classification code
i LAT Latitude, degrees
i LON Longitude, degrees
% WINTHRU Winter throughput, %
l SPRTHRU Spring throughput, %
SUMTHRU Summer throughput, %
FALTHRU Fall throughput, %
HOURS Hours/day in operation
DAYS Days/week in operation
WEEKS Weeks/year in operation
STACK_HT Stack height, ft
STACK_D! Stack diameter, ft
STACK TP Stack temperature, °F
FLOW Gas flow rate, cubic ft/min
PTSCONST Range of points with common stack, AAZZ
SCC Source Classification Code
NOXEMISS NOx emissions, tons/yr
TSPEMISS TSP emissions, tons/yr
COEMISS CO emissions, tons/yr
SOXEMISS SOx emissions, tons/yr
THCEMISS THC emissions, tons/yr

source: Reference 1
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Dy -hfég'rx%amwt'drefcfmai the existing inventory to be compatible with PREPNT or -
" modify the PREPNT source code to bypass the conversion cajcuiations.

In general, the point source data collection methodclogies described in Precedures for ths
Preparation of Emission !nventories for Precursors of Qzone, Volume 1 can aiso be used to
collect any additional data required for the modeling inventory. In short, these procedures
include mail surveys of individual facilities, use of other air poliution agency files (such as
permit appiications), use of information from selected publications, and examination of
other available inventories. The emissions modsaler should consult Volume | for 2 detai’ad
discussion of these techniaues. Tha remaining sections of this chapter focus on e
additionail data requirements of the modeling inventory and specific data hanaiing
~echniques.

Although past inventories have assumed that regulatory programs would be implamantad
with full effectiveness, experience indicates that regulatory programs are less than 100
percent effective for most source categories in most areas of the country. Accordingly, a
"rule-effectiveness” factor should be applied (in addition to the controi factors associated
with each measure) to account for less than full €ompliance.

When estimating the effectiveness of a regulatory program, several factors should be
considered. These include:

o) the nature of the regulation (e.g., whether any ambiguities or deficiencies
exist, and whether test methods and/or recordkeeping requirements are

prescribed);

o the nature of the compliance procedures {e.g., accounting for the long-term
performance capabilities of the control);

o the performance of the source in maintaining compliance over time (e.g.,
training programs, maintenance schedules, and recordkeeping practices); and

o the performance of the implementing agency in assuring compliance (e.g.,
training programs, inspection schedules, and follow-up procedures).

The current ozone/carbon monoxide policy states that a factor of 80 percent can be used
to estimate rule effectiveness in base year inventories. Alternatively, states are given the
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option of deriving locai category-specific rule effectiveness factors fwithin tight'y
prescribed guidelines) as EPA deems aprropriate.

Rule effectiveness should be incorporated into all baseline and projected inventorias with
the following exceptions: {1} sources not subject to the regulation: (2) sources achieving
compliance by means of an irreversible process change that completely eliminates solvent
use; and (3) sources for which emissions are directly determined by calculating solvent use
over some time period and assuming that all solvent was emitted from the source during
that time period. The rule effectiveness facter is applied to the estimated contre!
efficiency as shown in the following example.

> If uncontroiisd 2missions from a given sourse 4rs 2o i
estimated control afficiency of a proposad msa 3
controlled emissions accounting for a ruie effectivenss
calculated to bs [50 Ibs/day]l x [ 1 -(0.80) < {C.2CH, or "+ "L .. ool
emissions reduction is thus 72 percent.

sure

]

5.3 SPATIAL RESOLUTION

Since photochemical models require that all emissions be associated with specific grid
cells, the emissions from each point source must be assigned to the grid cell in which the
point is located. This assignment can eithér be performed manually (using maps) or with
the assistance of a computer.

Point sources can be manually assigned to grids by locating their coordinates (UTM or
latitude and longitude) or street addresses on a map of the area which is overlaid with the
inventory grid systemn, as described in Section 4.2.1. As a basic quality assurance
procedure, street addresses shouid be checked against the coordinates included in the
basic inventory to identify possible errors in coordinate assignments. Usually, each grid
cell is assigned a number according to some maodei-specific system, and this grid number
and the source-type category should be entered into the data handling system for each
point source to facilitate subsequent processing.

Alternatively, a computer program can be used to assign grid cell coordinates to each
source based on the location data contained in the annual or seasonal point source
inventory. This approach, which is generally more efficient than manual location of point
sources on a map, is especially attractive if the grid assignment process may have to be
repeated numerous times, as would be the case if the grid orientation or grid cell size were
to change. However, even if the grid assignment is computerized, the emissions modeler
may find it useful to overlay the grid system over an accurate map of the area to assist in
visualizing and checking grid cell assignments, especially for the largest emitters in the
region.
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e the UAM £P$ Q?%&I Laésb ars ientified by the L4} comdinate of the upper
'right comer of each call; for example, the grid celf &t the origin of the grid
system is identified by the {.J) cell coordinates (1,1, The PREFNT pmgram
o conve{ta lgtitudinal and fongitudinat coordinates o TR conrginaton and

asmgns grmissions fromy sach point scurce to the epproprac grid ool

R R i G AT R R Y

;' : fif the exzstmg pomt source mventm\; iwates poxnt sourcas usmg o”i‘m

- ‘coordinates instead ‘of fatituds and fongitude, & miner modification o ’*:fm'
PREPNT source code will ynass ths conversion from lothuds and fonofnrds o0
tUTMs, as mentioned in Section 5.1,

5.4 TEMPORAL RESOLUTION

The modeling inventory should represent day-specific amission 83timatas o7 .o vl ol
the modeling episode. By contrast, the existing point source inventcory will mors likely
contain annual or typical ozone season day estimatzs of amissions and a general
description of the operating schedule (seasonal fractions of annual throughput, and
operating schedule in terms of weeks/year, days/week, and hours/day in operation). This
information may need to be augmented for the modeling inventory. Several approaches
for this augmentation are available, including confacting the plant or local agencies,
extrapolating from the information contained in the existing inventory, and using

engineering judgement to develop typical temporal profiles for the source types in
question.

ideally, each facility would be contacted to obtain hourly operating records for the
modeling episode, or, if this information is unavailable, representative operating scheduies
for a typical ozone season day. Certain local agencies may also have this type of temporal
information. Resource limitations, however, generally make determination of source- or
episode-specific operating schedules impractical except for the largest emitters in the area.
Some sources for which this type of data may be available include the following: power
plants (which generally keep detailed, hourly records of fue! firing rates and power output
for each day of operation), major industrial facilities such as automotive assembly plants
and refineries, and tank farms.

. 'f""i‘he UAM 1258 SUngrts zmcrpmatlon of epxsode specnﬁc howiy emissmns
. estimates for individual point socurces into the modeling inventory., “Fable 5-3
.:-~5hows the day-specific Model Emission Record Format (MERF) supramted by
.the UAM EPS wfuch aﬁcws the user to specsfy the hcurly frammns usad to

90098 057 5-6



TABLE 5-3. Day-specific Modeling Emissions Record Format (MERF) usad by the UAM
Emissions Preprocessor System.

Variable Columns | Type | Description
ISRG 1-3 l Gridded surrocgate ceds (not used, skipped) 3
IFIP 4-8 ] FIPS state/county code {(not used, skipped)
SiC 9-12 R Either Source Industrial Classificaticn or Area i
Source Category code i
SCC 13-20 A Either Standard Classification Cada or Arsz Scurcs !/
Category coda i
ICL 21-23 | | coordinate of grid cell "
JCL 24-26 | J coordinate of grid czli ;
YR 27-28 ! Year, two digits (e.g., 89 for 1633} \
IDYCOD 29-30 I Diurnal variation code’ ’i
— :1
IWKCOD 31-32 s Weekday variation code? ‘
FiD 33-41 A Facility 1D (O or blank for area sources)
FST 42-46 A Stack ID (O or blank for area sources)
FCNTY 47-52 I AEROQOS state/county code
53-56 - (Not used, skipped)
VMNTH 57-116 R Array of 12 hourly factors?®
CO 117-1286 R CO episode emissions (annual average kg/day)
CNO 127-136 R NO, episode emissions (annual average kg/day)
SOX 137-146 R SO, episode emissions (annual average kg/day)
THC 147-156 R THC episode emissions (annual average kg/day)
PM 157-166 R PM episode emissions (annual average kg/day)
167-168 - (Not used, skipped)
SLBL 169-175 A Scenario label (not used, skipped)
' Either -1 or -2, corresponding to the first 12 hours of the day or the second 12 hours
of the day, respectively.
2 Always equal to O in day-specific MERF.
3 Factors used to allocate daily emissions to hours of day; correspond to first 12 hours
of day if IDYCOD = -1 and second 12 hours of day if IDYCOD = -2.

source: Reference 7
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» dmmaity aliocats total daily er*uoswna frote the dhffermncps betwe;zn ﬁ'se day-

Spemf‘ c MEHF and the standard MERF shown in Tabie 3-1}.

SV the cfurrémiy‘ available version of the UAM EPS {Version 1,0} does not provide
- softwars to gensrate day-specific MERF records; accerdingly, this information
" must be incorporated irma the modeling Inventory outside of EF8 using
suppiementai software or by manual edatmg of the pmm SOUFCE M&R&- fila -
p{oducezi by F‘REPNT I

For many smaller point sources, reasonable tsmporal resociuticn can be cbrainad rom 7h3

Wt

operating data that are typically coded on each basic point source racord.

> Consider an operation with arnual emissions of 20 tons of VOC, with 40
percent of annual throughput occurring in the summer, This source normai
operates 12 hours per day and seven days each week. Assuming uriform
hourly emissions over a 13-week summer, the emissions rate is estimarad o
be (20 x 0.4}/(12 x 7 x 13} or 0.0073 tons per hour. Applying the convarsion
factor, 907 kg/ton, gives 6.7 kg/hr as the average emissions during summer
operations. In the absence of more specific data, these emissions might be
assigned to the period 0700 to 1900 each day.

f'. ‘.'Tbe UAM EPS can perform these t&mporat admstments automatzcaliy based on o

conve:ts seasonal fractions of throughput to s momhiy variation profile

tassuming uniform variation throughout the seasent and: assigns detault day-of-

week and diurnal activity profiles based on the pumber of days per week and

the number of hours per day in operation. {The default profile assignments

contained in the PREPNT source code shouid be fewewed ‘fOr comp&ttb&tlty thh
yoicat operating pattems fct the rEQ:on ) : :

The PREFNT program. automat;cany ap;ﬁ;es one temporak adjustmant {whmh the'
“user “shiouid e awara ofy tia sed on the number of weeks per, year in. cmaratian :
. for sach source.. For sxampss, if a particular. source havmg VQC emasssens ofm
... 100 tons/yesr js. oniy i eperauon 45 weeks out of the year, tbe actuat VQC
emission rate fof those days on wmch the source is i opezataon w;%k be {{1{30 o

o tons!year}}/ms weeks ift aperamnlsz weeks in & yeaniff36% days’ ger yea{i, (
- 0,32 tons/day, as compared o an ‘average daily rate’ of Q.27 tonsiday. L
N {3001365) which wouid ocour if the source were in aperation for the emxfe

~_ year. Toensure that the more cansewatzve estimats ¢f daily smissions s
‘ ;mcorpcrated mto the modeimg trwentow twhere consewatwa ;s def ned as

“Sabras
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: 'jpossnb%e ovetesnmatwn i'a!her than underesttmatzon of emxssaons}, tha PRE?ﬁTj
program assumes that any source not op#ratmg for ihe aptira yaar w;ﬁ be in
.. .. operation during the.modeling. epzsoda, This assummmm -of coursa, wsii have A
- . no effact for those sownas which md&cate na aetw:ty ‘during the season {or T
' menth} to be madeied T S BT r

o :5":-;5'?}0{9 that af seasonai ra‘cher than annuai :smzssam estzmates arg avaﬂabta, tha

not applied. This is readily accom:ﬁtshe_d by preprocasswg the exasrzng ;:mmt
source inventory, setting all seasonal fractions to 25% and the number of
weeks in operation per yesr to 52 (o snwwre that the IPS doss not further
adjust emissions which ors ziready on a seasonal basis.

For many sources, daily operation will be confined to one or two workshifts; thus, hourly
operation during working hours would be determined by dividing the daily operating rate by
8 or 16. If hourly operating information is contained in local agency files, it may supersede
the less detailed information contained in the basic point source inventory.

Often, no operating data will be coded in the existing point source inventory for some
sources. For those sources which are too minor to warrant directly contacting the facility,
engineering judgement can often provide satisfactory estimates of hourly emissions.

> Many commercial establishments will operate all year, but only be open 8 to
10 hours a day and 5 to 6 days a week. Hence, as a good approximation, the
annual operating rate in the basic point source record for these sources can be
divided by 2,080 (i.e., 52 x 5 x 8) to estimate an hourly operating rate
applicable during working hours.

~ -~5;,Tha UAM 2?8 assagns a fiat cpefatmg pmf‘te f; -3 equai seasmai fractnans of
'-annuaf throughput, and 52 weeksfyear, 7 days/wesk, and 24 haursfday} ’m
. "'.;‘.ifaacb source in the inventory with rmssmg temmrai vanatm data.. A flat

P *Operatmg mof:ﬁe zs aiso asStgned to those: soutcas w;th suspeét" oF .mvakd.

Above-ground fixed-roof petroleum product storage tanks present a unique situation that
should be handled outside of EPS because breathing loss emissions appear to be a function
of time of day rather than operation.* These tanks begin expelling vapors when heated by
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sunshine in the morning, and cease expelling vapors in the mid-afternoon when the heating
process ceases. As an approximation, breathing loss emissions from fixed roof storage
tanks can be assumed tc occur uniformly from 8:00 a.m. to 3:00 p.m. (this information
can easily be incorporated into the modeling inventory using the day-specific MERF shown
in Table 5-3). Daily emissions from storage tanks can be estimated using procedures given
in AP-42, Compilation of Air Pollutant Emission Factors.®

© Tablés -4 mnd 5-8 show tha default weekly and diurnal activity profile codes
provided with the UAM EPS,  The values in these tabies represent rejative -
lavels of activity by hour of day and day of weak, respectivaly, Thess tempaoral
variation codss are aszigrod in PREPNT {for poimt scurces) and GRUEMS (for
area and mobilz scurcash. The weekly profiles Histad in Table 5-4 arg used in
cenjunction with monthiy activity fractions to compute reprasemat;va epxsodlc
emissicns laveis from inha annual lor ozong-saason} average eMSsions
contained in the existing inventory; this calcutation is similar to that describ s
praviousiy for adjusting emissions based on number of weeks per year in
opetation and can be mathematically represented as

{EM} (M- 12 monthslyr) E{7 daysfwk total}{D,i o (3—1)

o "the{e Em denotes emsodfc daﬂy emissions, E,.. denctes annuai aveeage daily
emtss:ons, M, is tha ‘Eractxun of annuai actwfty occumng m the epzsnde momh ) '

‘Fable 5-4 for the dayr of week o’f the epzsode by the totat foz :he day s

: ,,For example, if the weekly vanatmn in actwtty faz a part;cu{af poant spurce
-1 having annual average emissions- of 10 tons/day of VOC and Ao seasonat
| variation is be charactarized by profile code 22. representative daily emissions
“for'a Tussday are calculated to be {10 tons/day VOC) % (0.083 x 12) x {7 £ {10
£61)}, or 11.5 tonsfday VOC. Diurnal variations in emissions are accounted for
.. by miltiplying the episodic daily emissions calculated ai}ove by the fraction of
. tota} daily activity occurring in & given hour; i the diurnal vanatfen for the pomt
" séurce described above was characterized by profile tods 35 from Table §-5,°
L 'the fraction of episodic daily emissions occurring in.the hour between. 7 and 3
s s wuu%d be {8 t 282} or 9 8 percent (corresmndmg to t ¥ ons VOC;; R

N jtf mm Qf the ex|stmg prcf ies E:sted i ?abies 5—4 anad a-s match the typtcat
" : temporai variations for g glven saurce or type of source, addltmnai proflies can
;f be created and added ta the appropriate fifes, ‘Alternatively, existing profile
codes ‘can be redefined to refect the desired ’cemporai distributions. Appendix.
E B pmvxdes adéltnoual gwdance en zreatxm 0f ﬂew dzumai and weakday pfmf’ Ea
‘ codes and tedef‘ mtxon of emstmg COdes, . : :
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TABLE 5-4. Default weekday variation codes vivv!in tha Zrissionsg Srere o T
Relative Emissions Contribution by Day of Waek 1

Code | MON | TUE | WED | THU FRI SAT | 3y 5 corel
1 1 1 1 1 1 c |z s
2 0 0 0 0 0 TR
3 1 1 1 1 1 0 0 5
4 1 1 1 1 1 0 0 5
5 1 1 L 1 0 0 5
6 1 1 1 1 1 1 C 6
7 1 1 1 1 1 1 1 7

21 1 1 1 1 1 2 2 8

22 10 10 10 10 10 7 4 61

23 5 5 5 5 5 4 4 33

source: Reference 7
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TABLE 5-5. Default diurnal variation codes used in the Emissions Preprocessor System.
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Concluded.

TABLE 5-5.

o
1>t @ o @ A Y g o, - ~ ® O N ® O = N - . oo
Eggg:u:gggggﬁac@:ni-u,-,.-.-a,—..N
<
Q2o 0000 oo~ ~00000000~00~0223030 0
Nl2o~0 00388 -~--000+~~0~0=~00~-000+~0
w2 0000 3 BRI -~-000Q « =~~~ =~0~0aa~0090~-~-0
212 - ~0 0083 3T -~--000 e+~ ~Z0+~00+~0+-~~0
212w 2000288 3T+ ~-000 == 0+~~00~0~r~~29
212 0620003V Iovo~000+-4+~+~~=-0=-00~0~~+~0
ml2a o -0 9@ XD 0O s = - - =0~ =0~ ~0
3gg....o,':,n;gg..o'c.........-...._-........o
"_’22—-!\02”2:0—-0?’0——-o-v—-——-u-v-v---——--—-
.
ﬁ’_ggﬂaoog;“’gm.—ono.-—c--——-——.-'--———
-]
2
LI 122 ¢« m 00 P B8 S W0 @ v o rm e e e, - .-
2102 ¢t v 0 0 TR B 0V - 0600 - & s - m - - -
5 -
%:Sgnvae;:;o-——gn——f—---.-.-.——-—-.-.-
52gg..*oogg';m—.-?_ﬂ.-—-.-c--—--——-.—--
_g.ngvoozzgp——j‘_u_.—.-.-——.-—.-.-.-...--
B lde o~ «R 0 Q3 2200 mrZ N eme e e e e - .-
m~le o o+ 3 008822 8 mee--+~-00000
" - ] ~ o~
- © +v 2 0 R Y ® 0~~~ 0O = - = o ~+0 0 00O OGS
B ]e - MmO 02 @« nN - O - O = - - - ~ 0 00000 0 OO0
¢ = O O ™M O © ¥ &= &= = = O O O v = w »» O 0 0 © O O © © 0o ©
Ml O © © © O N &= = w o O O Q = = = « 0 O O O 0 0 0 © @& O
Nl O QO O O O M N = = = 0 0 0 ~ -~ 0 0 0 0 ©0 © 0 O & 0 0 ©
-l 0 0 © 002 ® -~ -~ 000 00090000 O o o O ©
o120 0o oo} o -0 0 OO0 0C OO OO0 OO O O OC OO0 O
.
&
&
W ~S @ Q — &M M ¢ © 0 O = & oo~ O 0 0 ~N o
5
3

5-13

concluded

Reference 7

source

980098 05"



5.5 POINT SOURCE PROJECTIONS

As discussed in Chapter 2, emission projections must account for anticipated growth in
activity levels as well as the effects of any regulations under consideration to control
ozone precursor or CO emissions (be sure to also account for rule effectiveness in
emission projections, as discussed in Section 5.2). The baseline projection inventory
should accordingly include the effects of expected growth in future years and the
reduction in emissions that should occur as a result of existing control reguiations. Control
strategy projections, on the other hand, must also consider the reductions in emissions
that would occur if alternative or additional regulatory programs were adopted. Control
strategy projections may also take into account other-than-expected growth patterns
which might result from the alternate control programs. This section presents various
methods for projecting point source emissions; the emissions modeler, however, should
consult the EPA guidance document concerning emission inventory projection techniques
(to be released in July, 1991) for definitive guidance on projection of point source
emissions.

5.5.1 Individual Facility Projections

The most rigorous approach for projecting emissions from major point sources is to obtain
information on each facility. ldeally, this type of information would be determined by
contacting plant management directly or could be solicited on questionnaires. Generally,
questionnaires would not be sent out solely to sclicit projection information; however, this
additional information may be solicited on questionnaires used to periodically update the
baseline inventory. Permit applications submitted to various Federal, State, and local
agencies should also be screened to get information on expected expansion or new
construction. The local Metropolitan Planning Organization (MPQ) and other planning
bodies should also be contacted for any information they may have on projected industrial
expansion as well as to comment on the reasonableness of any plans submitted by plant
personnel.

Once the agency responsible for the modeling inventory obtains this type of projected
plant growth information, it needs to determine what regulations will apply, in order to
estimate controlled emissions. Appendix C of Volume I® summarizes the EPA Control
Technique Guideline (CTG) documents. The baseline projection should incorporate any
existing applicable regulations.

> A fossil-fueled power plant now under construction and expected to start
operation in 2 years would be subject to Federal new source performance
standards for particulates, SO,, and NO,. Hence, it would be reasonable to
assume emission levels equal to the standards unless pilant personnel indicate
mare stringent controls will be applied for some reason (e.g., to meet a more

-
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stringent local standard). Similarly, in control strategy projections, effects of
any alternative standards would have to be evaluated.

When obtaining projection information from piant management, it is important to inquire
whether projected increases in activity will occur at the existing facility or elsewhere (i.e.,
at another existing plant or at a new plant). If cccurring at an existing facility, the
amissicns modeler also needs to determine whsther the growth will be expansion to
existing capacity or will require additional capacity. These considerations are especially
important for major sources, since emissions must be assigned to a specific grid cell. This
information will also help to determine what additional control measures are likely to be
reguired. The schedule for completion of any expansion or new constructicn is also
needed, in order to determing in what year the scurcs must be includad in ths projection
inventory.

> Consider a facility ernploying a large open-top vapor degreasing operation that
emitted 100 tons of soivent per year in 1287 (based on an annual production
of 10,000 of a certain kind of metal part.) Assume that no control measures
were taken to reduce solvent losses from the process. Now, suppose plant
contacts indicate that 5 percent more metal parts would be produced per year
until 1992 using the existing operation. Then, in crder 1o estimate VOC
emissions from this source for a 1992 projection inventory, one could assume
that since no additional controls would be expected, the current emission level
could be multiplied by the ratie of cumulative growth in metal parts production
(i.e., 5 years at 5 percent/year = [1.05]° = 1.28, or 128 percent) to estimate
VOC emissions in 1992. In this manner, emissions in 1992 would be
estimated at 128 percent of 100, or 128 tons per year, and the point source
record for this projection year should be adjusted accordingly to take this
growth into account.

As is obvious from this example, even when projection information is available for specific
facilities, certain assumptions will have to be made in order to project emission levels for
some future year. For instance, in the 1992 baseline projection, it was assumed that
emissions would increase proportionately with production. Depending on the nature of the
operation, this may not necessarily be entirely accurate. This underscores the point made
in Section 2.4 that projections are always somewhat speculative in nature.

5.5.2 Aggregate Point Source Projections

In many instances, projection information will not be available for every facility in an area
of interest. Some facility managements will not be willing or able to provide forecasts of
their corporate plans, especially for more distant years. In addition, many plants in certain
source categories (e.g., small industrial boilers) will be too small and too numerous to

-~
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warrant the solicitation of projecticn information individually. In these situations, other
procedures need to be employed to make projections of future emissions. Two possible
approaches are discussed below; in all cases, however, the emissions modeler should

consult current EPA guidance for inventory projection to determine the most up-to-date
databases and applicable parameters for aggregate projection of future-year inventories.

in one case, projection information may be available on many point sources within a given
category, but for various reasons is not obtainable for one or several facilities. In this
situation, a reasonable approach to projecting growth and emissions at the remaining
facilities would be to evaluate the growth trends in the facilities for which projections are
known and apply them to the facilities for which no information was available.

> Suppcse there are 10 paint manufacturing facilities in the area of interest, and
successful contacts may have been made with only eight of these. If
production was expacted to expand by 6 percent par year, on average, for the
eight plants, then this rate cculd be applied to the remaining two plants to
estimate expected growth. Then, knowing the increasea in production, the
appropriate control measures would be taken into consideration in making a
baseline projection. In some cases, the emissions could be directly estimated
by applying the average growth rate 1o a base year emission for each facility.

Good engineering judgment is needed in this practice to screen out any unreasonable
projections that may result. s

For minor point sources, such as cold cleaning operations, where individual solicitation of
projection information is unwarranted, the rate of growth of activity may be assumed
equivalent to that of some growth indicator category for which projections have been
made. Sources of growth indicator projections include local MPQ’s and the U.S.
Department of Commerce’s Bureau of Economic Analysis (BEA).® For example, it might be
assumed that cold cleaning operations would grow at the same rate as industrial
manufacturing in general. This rate can be readily estimated from projections of
employment in industrial manufacturing categories. Table 5-6 lists the categories for
which the BEA makes projections at the state and Metropolitan Statistical Area (MSA)
level, along with the two-digit SIC designations associated with each category (in addition
to the state- and MSA-level projections, BEA also publishes projections for BEA Economic
Areas, which are larger than MSAs). Note that MSA-level projections are not available for
most two-digit SIC designations. Table 5-7 shows an example of these projections for the
state of California. The BEA projections of industrial employment are regularly updated
and may be used, in the absence of local projections, as general indicators of growth.

}rr'tﬁezgi}AM EPS, projected growth factors are appiied by twoj;iigit SIC
' designation. These growth factors are expressed as ratios of future year to

-
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TABLE 5-6. Industrial groupings for BEA economic projections.

WW‘WW

I I ——

vhrsiries projoctad fos MSAs vdustries projected for 3tutes and the Mution 1972 8IC code’
Farm Farm 01,02
Agriculturel sarvices, forestry, fisheries, and other Agricultural m, forestry, fisherios, and other 07, 08, 09
Agncuitursl services, forestry, and fisheries e
Other’
i g Mianing
! Cea mining e o1y !
f Oil and gas axtraction °3 "i
) Mats mining o
N

Nonmatalic minsrsis, sxcapt fuets

i

Constructcn Corstruction 18 '8 117
«ryE TR M oritacturng
} Nonaursnie yoods Nondurable goods
Food and kindraa products o2
! Tebaccs manufacturers 21
} Teaxule mill products 22
Apparel ana cther fimishad taxula
prodUets 22 !
Paper ana ailisd products 28
Printing and publishing 27
Chemicals and atiied progucts 28
Petroleurn and coal products 29
Rubber and musceilsnsous piastic
. products klo}
Lesther and leather products 3N
Durable goods
Lurnber and wood products, except
. furruture and fixtures 24
Furriture and fixtures 25
Stone, clay, and glass products 32
Primary metal industres 33
; Fabncated metal products 34
Machinary, axcept slactncal 35
Electnc snd slactronic squipment 38
Transportaton squipment, sxcept
motor vehicles 37 except 371
Motor vehiclas and squipment 371
Ordnance®
Instrumaents and relatad products 38
Miscsllanecus manufactunng 39
Trensporisbon and pubdc wiStes Transportation and pubic utStes
Rairoad transportation 40
Trucking snd warshousing 42
Local, suburban, and highway passenger
transportation 41
Air transportation 45 .
Pipeiine transportation 48
Transportation services 47
Water transportation 44
Communication 48
Electric, gas and samtary services 49
continued
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TABLE 5-8. Concluded.

mewmwwﬁmw—w—ﬁ

ndustries projected for MSAs Industrias projected for States and the Nation 1972 SiC code’
Wholesale trade WWholessle trade 50, 81
Retad trade Retad trade 52:53
Frianoa, Daurace, and red sutata Finance, ivmrance, davd renl sstata
i Banking 680
/ Cthar credit and sscunties agencias 81,82 87
;i Insurance 84, 84
b Rasl #3tata ang combination officas £5 88
t
LT s Seracas
' Hotais and other lodging piacss 79
}‘ Pearsorai, business, and miscallanaous rapar
;i servicas 72.73,78
‘ ALtomouve rspsir sarvices ard gereges 7%
i Armussrmant and recreation sarvicas 73
31 Motion picturas 78
i Private Fouseholds a3
), Health sarvicas 30
Private aducationsl services 82
MNonprafit argamizations 83, 84, 88
Miscailunecus protessional servicas 81, 89
Governmant anvd govamment snterprises G ert and g Tt terprisas

Faderal, civihen
Federai, military
State and locai

Federsl, civilian
Federal, military
Stats and local

to the 1972 SIC defimitions.

' Historical data through 1974 are classifiad according to the 1967 SIC definitions; subssquent histoncal data and projections sre classifisd according

2 Refers to United States residents smpioyed by international orgamzations.

} The ordnance classification was discontinuad in the 1972 SIC defimtions. Earmings and smploymaent previously includad in ordnance are now
mcludad 10 ana or maors of tha following classas: fabricatad matal products (SIC 34); slactric and slectranic squipment (SIC 38); wransportation
] equ.pmant, sxcept motor vehicies {SIC 37, excent 371); and instruments and rstated products {SIC 38).

source: Reference 6

concluded

Note that projections at the MSA level are only available for broad industrial classifications
which include numerous two-digit SIC designations {e.g., the MSA-level projections for
Mining include aggregated estimates for SICs 10, 11, 12, 13, and 14); by contrast,
separate projections are provided for these subcategorizations at the state and national

levels.
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TABLE 5-7. Employment by place of work (thousands of jobs), historical years 1973-1988
and projected years 1995-2040, for California (excerpt).

1973 1979 1983 1988 1998 2000 2003 2010 2020 2040
Mamufacting . ... .. .. 1886.5 2087 9 20128 22374 2332.8 2394.0 24249 24350 2352.7 22228
Nondurabie goods .. . .. S57 7 67.7 851.8 741.8 793.5 826 7 8423 848 0 8217 778 7
Food snd kindred products 1708 190.7 179.8 178.4 182.3 183.8 182.1 1783 168 § 1532
Chemicas and aled
products e 55.8 85 8 64 3 78.3 79.0 80.8 81.5 81.3 779 728
Peaoleum and cost
products . . . ... . 245 26.7 30.9 28.1 279 28.0 276 271 254 228
Rubber and mueceilaneous
plestic products . .. . 52.5 88 S 62.4 73.9 a7 86.8 89.8 81 8 905 88 0
Durabie goods N 11288 1400.2 1381 1 1485.8 1539.3 1568.0 1582.5 15871 15831 1 1443 9
Primary metal nduetres . . 58.7 59.8 43.4,,,.1 44.0 43.1 430 425 41.7 391 35.2
Electoc and electrome
squpment . ... ..... 2813 321.8 388 0 396.8 3971 3975 398.0 398.3 383.0 359.8
Mator vehicies and
squpment . ... .. ... 42.2 29.9 30.4 35.8 33.8 32,8 31.5 0.8 28.2 25.0
Stone, clay, and glaes
products ... .. N 571 82.8 54.1 63.8 838.9 68.5 89.7 70.7 69.1 83 4
Transportaton and pubic utiibes . . . 499.6 579.5 589.5 862.2 736.0 779.8 75 825.2 8188 797 2
Raroad ransportavon .. .. .. 38.1 32.8 24.8 19.8 15.3 13.8 12.8 1241 107 88
Local and nterurban passesnger
TaneIt . .. ...l 24.7 292 28.5 38.8 41.4 443 45.9 48 8 46 1 44 8
Elecoic, gas, snd santary
services . ... ..., e 87.7 705 78.3 89 3 98.4 108 3 108.3 11,7 110s 1077
Wholesale yads . ... .. c 4734 800.4 8360 777 868.0 920.0 950.9 9923 9985 4 2890
Retad trade . . .. .. e e 1594.8 1957 8 2084 7 24868 7 2833.0 0716 3234.4 3331.3 3330.0 3293.1
source: Reference 6
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;hase year acnwty levs}s mdzcators {e.g., rmmber of empisyaesh accmdmgiy,
'separate set cf grawth factors wﬁi be reqwred iur aaci‘s pm;&ctxon yean :

Regardless of the indicators used for projections, the basic mechanics of projecting the
emission inventory are the same: the ratio of the value of the surrogate indicator in the
projection year to its value in the base year is multiplied by the aggregated activity level for
the point source category in the base year.

> For example, if pharmaceutical manufacturing operations in the San Francisco
Bay Area are assumed to correlate with the chemicals and allied products
manufacturing sector in Table 5-7, then the level of this activity in 1335
would be 79.0/76.3, or 1.04 times that in 1988.

In many cases the projection years of interest to the air pollution control agency will not
directly correspond to the years for which growth projections have been made, thus
requiring interpolation of the growth indicators. Consult local authorities to determine if
straight-line or some other interpolation method should be employed.

Once aggregate growth has been determined for a source category in the above manner,
the increased activity must be allocated appropriately to the grid cell level. Often, difficuit
assumptions must be made regarding the probablé location of the new activity. One way
to apportion growth is to assume that it occurs only at existing facilities in the same
source category.

> If the 10 paint manufacturing facilities in the previous example manufactured
10 million gallons of paint in 1987, and 15 million gallons were projected in
1992, then the additional 5 million gallons could be assumed to be
manufactured at these same facilities. The amount of production assigned to
each facility would be proportional to the quantity currently manufactured
there.

If it seems unreasonable to assume that all growth within a particular source category will
occur at existing facilities, an alternative is to apportion the growth according to the
fraction of increase of industrially zoned land within each grid.

> Using the above example again, if 5 percent of the projected area-wide
increase in industrially zoned land occurred within a given grid cell, then
250,000 gallons per year (or 5 percent of 5 million gallons) of additional paint
production would be assigned to that cell.
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in this approach, since the growth is not assigned to existing facilities, hypothetical poimt
source records will have to be created and added to the inventory. Note that all
information contained in a point source record (including process identification ccdes and
stack parameters) will need to be estimated for each hypothetical point scurce. Again,
existing applicable control regulations must be evaluated in order to determine the baseline
projected emissions.

5.5.3 Control Strategy Proiections

A control strategy projection is an estimate of emissions for some future year which
ceonsiders the effect of proposed control measures. Control strategy proiactions should ba
made for the same vears as the baseline projections to facilitate comparison of the relative
effects of each strategy as well as to determine which strategy provides the necessary
control of ozone gracursor emissions.

In order to evaluate the relative merits of various control measures, the agency wil often
need to develop several different control strategy inventories for each of the projection
years. Basicaily, a control strategy projection is generated by applying anticipated control
factors to the baseline projected emissions from sources affected by the propossd
measures. Obviously, the first step in this process is to identify all affected sources for
each measure under consideration. Then, the anticipated emissions reduction associated
with each measure (usually expressed as & percent reduction) is applied on a source-by-
source basis. This procedure is not particularly difficult, but the large number of
calculations required (particularly if several control strategies are under consideration) can
generally be performed more efficiently with the aid of a computer.

The UAM EPS program CENTEMS applies user-specified reduction factors by
. gontrol category designetion. For each contrel code, aseparate controf factor
.must be supplied for sach of the polfutants included in the Modatmg messaon
. Record Format (THC, NO,, €O, 30,, and PML. The control categories as they
- .. are currently defined are listed in Table A-3 of Appendsx A Each unique
S SHCASCT pairing is assigned a spemfac control code in.the category glossary
mput file to the CENTEMS program; the user shouid rewew thts fnie to ensure .
......... that all apphcabie S!CISCC pa:rmgs are mciuded T

5.5.4 Point Source Projection Review and Documentation

Because the projection inventories are so important to control strategy development and
evaluation, they should be reviewed internally by the air pollution control agency and

—~—
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presented to as many other groups as possible for comment befgge being finalized. All
assumptions, procedures, and data sources must be carefully documented. Thorough
review and documentation helps ensure that' the projections ara (1) consistent with other
projections being made by various groups in the area, (2) objective in the sense that they
are not biasad in order to promote a particular policy, (3) open, bacause all assumptions,
etc., are clearly stated for public review, and (4) defensible, because of all tha ahove
characteristics.

Thrae key aspects of point-source projections will invite criticism:
{1) the choice of indicators for projecting activity level growth;

{2) when and where this growth will occur, and concomitantly, whethar it wili L2
accommodated by expansion of existing facilities or new construction; and

(3) what emissions will be associated with this growth, either in the baseline 22
or as a result of various candidate control strategies.

When planning, compiling, and reviewing the point source projection inventory, the agency
should focus particular attention on these issues.

5.6 DATA HANDLING CONSIDERATIONS -

As mentioned in Section 5.3, either a manual or computerized approach can be utilized to
assign point source emissions to specific grid cells. Generally, unless there are very few
point sources in the modeling area, a computerized assignment proves more practical. In
this approaéh, a computer program compares the UTM (or other) coordinates stored in
each point source record with the coordinates of the grid cells and determines in which
specific grid cell the point is located. The appropriate grid cell identifier {or coordinates)
can either be stored in the point source record (if space is available) or in a separate
correspondence file, Subsegusntly, any time a model-compatible inventory is generated,
this point-to-grid-cell correspondence information can be accessed to assign point source
emissions to grid cells.

3 " the point-to-grid-cet correspondence is stored in the emass:ons recoré fw aach “
pomt scurce. ‘i’he program PREFN?‘ makes thss assagnment. ' o

Although it would be possible to generate the point-to-grid-cell correspondence data during
the creation of each model-compatible inventory, this method would have the

~——
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disadvantage of requiring the coordinate comparison step to be repeated for every modei-
compatible inventory created.

If the point-to-grid-cell assignment step is performed manually using the techniques
described in Section 5.3, the resulting correspondence data will still have to be
incorporated into either the point source records or a machine-readable correspondence
file, as described previously, in order to be utilized by the programs that create the model-
compatible inventory. The manual approach, as mentioned previously, has the
disadvantage of being much more time-consuming if numerous point source assignments
are Necassary.

BCife L. T e s 33 NCT r3GUIrE that elevated ooint sources oe assigned to g
celiz fim rmm e o gimmra et maies amorsa {goations ars identifisd by UTM coordinates). In

, oranrecesscr programs are available that make this assignment based on the
point o7 .. 2T T Lo ol [r:r* oz oaanezl, county-level inventory, Hfthis is tne
case, poe.ni-to-gnd-call correspendences need nct be determined for these pamcuiar
sources, Geararaiy, nowavar gincg fna moedaiars may net know in advance which sourszs
will be considarad as elevaren, and since comoutenzed assignments will b@ practicad in
most instances, little extra affort will be expended in simply making this assignment for a'l
point sources. Thus, this information will always be available in case it is needed at a fatrer
date.

The hour-by-hour point source emissions réquired by the photochemical model are
estimated by applying seasonal, daily, and hourly operating factors to the annual
emissions, as discussed in Section 5.4. In the data handling system, the temporal factors
and the resulting hourly emissions can be stored either in the individua!l point source
records (if spacs is availadle) or in a separate file created for this purpose. A potential
disadvantzgs ¢f storing hourly emissions on each point source record is that a great deal
of file space is required. An alternative is to have the program that creates the modeling
inventory compute hourly emissions at the point source level but accumulate hourly
emissions at the grid cell lavel.

record sither as prof ta codes {see Tables 5-4 and 5-5} or as hourly drstrtbutzon .
.. factors {uszng the da\f-spemhc Modeimg Ermissions Record Format skiownin.
-1 Table §-3;. ‘f“empc:ai ad;ustments {except for the weéksiyear admstment .
B ~j;"‘dns<:ussed in Sectmn 5 3} are not actuaiiy applied to the. point source emissions .
- unitil the UAM EPS prograrmy CENTEMS, CENTEMS alsc ‘combiries alf low-level
+ smissions {h.e., emissions from sources nat selected for sfevated treatmen for
e&ch grid cell by Carbon Bond specxas, reducmg f:is sp&c& :squ:sements fot :.t*eeu .
e '.fmat modelmg mvemay L . L

90098 057 5-23



Note that when emissions from different sources are combined, the VOC and NO, splits
used to allocate these emissions to chemical classes must be applied before the emissions
are summed for each grid cell in order to maintain the pollutant split identity of each
source category. Hourly emissions and pollutant splits must be recomputed each time a
modeling inventory is created. An example of a file containing temporal factors for
individual sources is shown in Table 5-8. The entries for such a file, which are used to
estimate hourly emission rates from annual emissions, are determined using the procedures
outlined in Section 5.4. Different temporal patterns can be simulated (e.g., in projection

inventorias) by simply changing the factors in this file to reflect anticipated operating rate
chanrges.

spacianon data usad o allocace VOC and MG,
areisgiong e onerusal Tiacees ora discussad in Chapter 9.
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e,

e e
Source
sce* Pt Temporal Factors® Code? g
30200000 02 27.0 ; S ;!
30200000 02 | 1.43 | | o |
30200000 02 2.29 2.29 2.29 2.29 2.29 2.29 1H !
30200000 02 2.78 3.2 3.92 4.58 5.23 5.23 2H ,;
36200000 02 5.23 5.23 5.23 5.23 5.23 5.23 3H 'f’
30200000 02 5.23 5.23 5.23 5.23 5.23 3.76 4H }
30200000 03 32.0 S
30200000 03 1.76 . D
30200000 03 299 | 299 | ' Z99 | 299 | 2.99 | 2.99 1H
30200000 03 2.99 3.63 4.28 4.28 | 4.28 5.00 2H
30200000 03 5.77 5.77 5.77 5.77 5.77 5.00 3H
30200000 03 4.28 4.28 | 4.28 4.28 3.63 2.99 4H

* Plant identification by SCC code (eight digits).

Point source identification by number within plant. (Note that state, county and
plant IDs are not shown and should be included for complete identification.) Six
successive lines constitute one point source record.

Definitions: Seasonal, percentage of annual activity occurring during chosen
quarter-year; daily, percentage of seasonal activity occurring on selected day;
hourly, percentage of daily activity occurring on selected hour. Six consecutive
hourly values appear on one line.

¢ Code: S, seasonal; D, daily; 1H, hourly, 0001 to 0600; 2H, 0601 to 1200; 3H,
1201 to 1800; 4H, 1801 to 2400.
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€ AREA SOURCES

6.7 GENERAL

The emissions modeler can often use an existing, county-level area source emission
inventory as the basis for the modeling inventory, with the pcssible exception of smissions
from mobile sources {which are discussed separately in Chapter 7), espacially if ths
county-fave!l invartory was preparad in accordance with the guidselines given in Pragzd ras
tor the Presaration of Emission Inventories for Carbon Monoxide and Precursors of Ozons:
Volume I.' The existing inventory will usually contain collective emissions estimatas at the
county fevel for those sources considered too minor and/or too numerous to be handled
individually in the point source inventory. In addition to small stationary sources, the
county-ievel area source inveniory often includes emissions from off-highway mobile
sources, such as aircraft, lccomotives, and off-road vehicles. As an example of a source
classification scheme used to identify types of sources +n the inventory, Table 6-1 lists the
area source category designations currently used in the NAPAP inventory along with the
photochemically reactive poliutants commonly inventoried for each category.

3 Tabfe 6-2 contalns addmomxi area sowce category dessgnatgons Whu:h the UAM.

. .mnnmg !c:ss components ‘of motor vehlcla em:sszms (ﬂus dtstmct;on must be.
“maintained for accurate speciation of VOO emissions from thess sources inte
- chemtcai classes). Chapter 7 discusses the use of these additional cafcegortes.

The area source categories listed in Table 6-1 include all of the area sources addressed in
Volume |, although Volume | separates several of these source categories into
subcategories, as noted in Table 6-3. If the county-level area source inventory includes
estimates for the subcategories shown in this table, the emissions modeler may wish to
maintain this distinction in the modeling inventory, especially if detailed local data are
available for these sources.

Some of the source categories listed in Table 6-1 may be treated as point sources in the
existing inventory; other source categories may be represented in both the point and area
source inventories, depending on the emissions cutoff level used to make this distinction.
Likewise, a number of other source categories traditionally inventoried as point sources
may, at least in part, be treated as area sources (e.g., industrial fuel use, industrial surface
coating, and gasoline bulk tanks). The emissions modeler should be aware of all such
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TABLE 5-1. NAPAP area source categories and inventoried ozone precursor pollutants.

Code

Description

YoC

co NO

X

et et e a
CHWALONE N =0 @ @O AN =

N
o

96
97
98
29

Stationary Source Fuel Use

Residential Fusl - Anthracite Coal
Residentia} Fuel - Biturminous Coal
Residantiaf Fual - Distillata Qil

Residential Fuel - Residual Oil

Residenual Fual - Natural Gas

Residantial Fuel - Wood
Commarcial/institutional Fuel - Anthracite Coal
Commercial/Institutional Fuel - Bituminous Coal
Commaercial/institutional Fuei - Distillate O1l
Commarcial/institutional Fuei - Residual Ol
Commercral/institutional Fusl - Natural Gas
Commoercial/institutional Fuel - Wood
Indastnal Fusl - Anthracite Coal

Industrial Fuslt - Situminous Cosal!

Industrial Fusi - Ccke

Industrial Fuel - Distiltate Od

Industnal Fual - Rasigual Cil

Industrial Fuel - Natural Gas

Industrial Fuel - Wood

Industrial Fuel - Process Gas

Minor Point Sourcas - Coal Boilers

Minor Point Sources - Qil Boilers

Minor Point Sources - Gas Boilers

Minor Point Sourcas - Other

Solid Waste Disposal

HKIXK K INIX NN XK K XN RN NN XXX

KXIKMAIKAHAKAKRKNKIKHIHXXKX XXX XXX
HKAEKHKRXEHXXKRXIKXHKHKAKXXKXAKXKXAHKX XXX X

21 On-Site Incineration - Residential X X X
22 On-Site Incineration - Industrial X X X
23 On-Sita {ncineration - Commercial/institutionai X X X
24 Open Burning - Residantial X X X
25 Open Burning - Industrial - X X X
26 Qpen Burning - Commaearcial/lnstitutional X X X
Highway Mobila Sourcses
27 Light-Duty Gasoline Vehicles - Limitad Access Roads X X X
28 Light-Duty Gasoline Vehiclas - Rural Roads X X X
29 Light-Duty Gasoline Vehicles - Suburban Roads X X X
30 Light-Duty Gasoline Vehicles - Urban Roads X X X
31 Medium-Duty Gasoline Vehicles - Limited Access Roads X X X
32 Madium-Duty Gasoline Vehicles - Rural Roads . X X X
33 Medium-Duty Gasoline Vehicles - Suburban Roads X X X
34 Medium-Duty Gasoline Vehicles - Urban Roads X X X
36 Heavy-Duty Gasoline Vehicles - Limited Access Roads X X X
36 Heavy-Duty Gasoline Vehicles - Rural Roads X X X
37 Heavy-Duty Gasoline Vehicles - Suburban Roads X X X
38 Heavy-Duty Gasoline Vehicles - Urban Roads X X X
continued
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TABLE 6-1. Continued.

e
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Coda Dasgription vGC [ofe] NO,
40 Heavy-Duty Diasal Vehicles - Limited Access Roads X X X
41 Heavy-Duty Diesel Vehiclas - Rural Roads X X X
42 . Heavy-Duty Diasal Vehicles - Suburban Roads X X X
43 Heavy-Duty Diesel Vehicles - Urban Roads X X X

Nonhighway Mobile Sourcus
39 Off Highway Gasoline Vehicles X X X
44 Off Highway Diesel Vehicles X X X
45 Railroad Locomotives X X X
43 Awcrait Landings and Takeoffs - Military X X X
47 Aircraft Landings and Takeoffs - Civil X X X
48 Aircraft Landings and Takeoffs - Gommercial X X X
49 Vesseis - Coel X X X
8Q Vassals - Diesel Qil X X X
81 Vessals - Resicdual Oil X X X
B2 Vesseis - Gasoline X X X

Other Combustion Sources
60 Forest Wild Fires X X X
61 Managed Burning - Prescribed X X X
62 Agricultural Field Burning X X X
63 Frost Control - Qrchard Heaters X X X
64 Structural Fires X X X

-
VOC EVAPORATIVE SOURCES

Gasolins Distribution
64 Gasoline Marketed X
103 Bulk Terminais and Bulk Plants X

Stationary Sourcs Solvent Uss
78 Dagreasing X
79 Dry Cleaning X
80 Graphic Arts/Printing X
81 Rubber and Plastics Manufacture X
82 Architectural Coatings X
83 Auto Body Repair X
84 Motor Vehicie Manufacture X
856 Paper Coating X
88 Fabricated Metals X
87 Machinery Manufacture X
88 Furniture Manufacture X
89 Flatwood Products X
80 Other Transportation Equipment Manufacture X
91 Elactrical Equipment Manufacture X
92 Shipbuilding and Repairing X
93 Miscellansous Industrial Manufacture X
a56° Miscellaneous Solvent Use X

continued




TABLE 6-1. Concluded.

PARTICULATE AND AMMONIA SQURCES

55 Unpaved Road Travsli
56 Unpaved Airport LTOs

66 Ammonia Emissions - Light-Duty Gasoline Vahicles
67 Ammonia Emissions - Heavy-Duty Gasoline Vehicles
68 Ammonia Emissions - Heavy-Duty Diesel Vehicles
69° Livestock Waste Management - Turkeys

70° Livestock Waste Management - Sheep

71° Livestock Waste Management - Beef Cattle

72° Livestock Waste Management - Dairy Cattle

73° Livestock Waste Management - Swine

74° Livestock Waste Management - Broilers -
75° Livestock Waste Management - Other Chickens

76 Anhydrous Ammonia Fertilizer Application

77 Beef Cattle Foed Lots

Coda Dascription vOoC CcO NO,
101 Cutback Asphalt Paving Operation X
102 Fugitives from Synthetic Organic Chamical Manufacture X
- 104 Fugitives from Petroleum Refinery Operations X
105 Process Emissions from Bakeries X
1086 Process Emissions from Pharmaceutical Manufacture X
107 Process Emissions from Synthetic Fibars Manufacturs X
108 Crude Oil and Gas Production Fislds X
Wastas Management Practices :
1¢0 Pubhicly Owned Treatment Works (POTWSs) X
109 Hazardous Waste Treatmaent, Storage, and Disposal X

* Category B3 is disaggregatsd into process categories 78 to 95.

combined into one category {96).

° These categories formerly referred to as "manure field application.”

® Formerl‘! "miscellanecus industrial solvent use" (94) and "miscellaneous non-industrial solvent use” (95); now

source: Reference 2
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TABLE 6-2. Additional Area Source Category Descriptions for mobile sources for use with the

UAM EPS.
Exhaust emissions:
27 Light-Duty Gasoline Vehicles - Limited Access
28 Light-Duty Gasohne Vehicles - Rural Roads-
29 Light-’Duty Gasoline Vehicies - Suburban Roads
30 Light-Duty Gasoline Yehicles - Urban Roads
31 Medium-0Outy Gasaline Vehicles - Limited Access
32 Meaium-Duty Gasoline Vehicles - Rural Roads
433 Madium-Duty Gasouns \Vehisles - Suburban

Mecium-Duty Gasoline Vehicles - Urban Roads
Heavy-Duty Gasoline Vehicles - Limitea Access
38 Heavy-Outy Gascline Vehicles - Rural Roads

Heavy-Duty Gasohne Venicles - Suburban Roads

28 Heavy-Dury Gasoling Vehicles - Urban Roads
| 32 Sff-righway Gasoling Varicies

40 Haavy-Duty Diesel Vehicles - Limited Access

41 Heavy-Duty Diesel Vehicles - Rural Roads

<2 Heavy-Duty Diesel Vehicles - Suburban Roads

43 Heavy-Duty Driesel Vehicles - Urban Roads

44 Off-Highway Diesel Vehicles

Evaporative emissions:
227 Light-Duty Gasoline Vehicles - Limited Access

228 Light-Duty Gasoline Vehicles - Rural Roads
229 Light-Duty Gasoline Vehicies - Suburban Roads
230 Light-Duty Gasoline Vehicles - Urban Roads

231 Medium-Duty Gasoline Vehicles - Limited Access
232 Medium-Duty Gasoline Vehicies - Rural Roads
233 Medium-Duty Gasolne Vehicles - Suburban

234 Medium-Cuty Gasoline Vehicles - Urban Reads
238 Heavy-Duty Gasoline Vehicles - Limited Access

236 Heavy-Outy Gasoline Vehicles - Rurzai Roads
237 Heavy-Duty Gasoline Vehicles - Suburban Roads
238 Heavy-Duty Gasoline Vehicles - Urban Roads

239 Off-Highway Gasoline Vehicles
240 Heavy-Duty Diesel Venhicles - Limited Access

241 Heavy-Duty Diesel Vehicles - Rural Roads
242 Heavy-Duty Diesel Vehicies - Suburban Roads
243 Heavy-Duty Diesel Vehicles - Urban Roads
244 Off-Highway Diesel Vehicles

344 Off-Highway Diesel Vehicles

Retueling emissions:
327 Light-Duty Gasoline Vahicles - Limuited Access

328 Light-Duty Gasoline Vehicles - Rural Roads

329 Ltgﬁt-Duty Gasoline \/eh:c]es - Suburban Roads
330 Light-Duty Gasoline Vehicles - Urban Roads

331 Medium-Duty Gaschne Vehicles - Limuted Accsss
332 Medium-Duty Gasoline Vahicles - Rural Recads
333 Medium-Cuty Gasoling Venmcigs - Saoor. @

334 Medium-Duty Gascline Vehiciss - L-pan Qcacs
335 Heavy-Duty Gasoline Vehicles - Limitec Access
338 Heavy-Duty Gasolire Vehicles - Rural Roads
337 Heavy-Duty Gasoline Vehicles - Suburban Roads
338 Heavy-Duty Gasoline Vehicles - Urban Roads
338 Qff-Highway Gasoline Vehicies

340 Heavy-Duty Diesel Vehicles - Limited Access
341 Heavy-Duty Diesel Vehicles - Rural Roads

342 Heavy-Duty Diesel Vehicles - Suburban Roads
343 Heavy-Duty Diesel Vehicles - Urban Roads

Running loss emissions:
427 Light-Duty Gasoline Vehicles - Limited Access

428 Light-Duty Gasoline Vehicles - Rural Roads

423 Light-Duty Gasoline Vehicles - Suburban Roads
430 Light-Duty Gasoline Vehicles - Urban Roads

431 Medium-Duty Gasoline Vehicles - Limited Access
432 Medium-Duty Gasoline Vehicles - Rural Roads
433 Medium-Duty Gasoline Vehicles - Suburban

434 Medium-Duty Gasoline Vehicles - Urban Roads
438 Heavy-Duty Gasoline Vehicles - Limited Access
4386 Heavy-Duty Gasoline Vehicles - Rural Roads
437 Heavy-Duty Gasaline Vehicles - Suburban Roads
438 Heavy-Duty Gasoline Vehicles - Urban Roads
439 Off-Highway Gasoline Vehicles

440 Heavy-Duty Diesel Vehicles - Limited Access
441 Heavy-Duty Diesel Vehicles - Rural Roads

442 Heavy-Duty Diesel Vehicles - Suburban Roads
443 Heavy-Duty Diesel Vehicles - Urban Roads

444 Off-Highway Diesel Vehicles

source: Reference 3

$0098 06" 6-5




TABLE 6-3. Comparison of MAPAP area source categories and subcatagorias ussd
in Procadures for the Prenaration of Emission Inventories for Precursors of Qznea,
Voizma 1 {EPA,1988).

NAPAP Code and Description Volume | Subcategories

54 Gasoline marketing Tank Truck unloading (Stage 1)
Vehicle refueling (Stage 1)
Underground tank breathing
Gasoline tank trucks in transit

78 Degreasing — Open top and conveyorized
degreasing
Cold cleaning degreasing

39 Off-highway gasoline vehicles, Off-highway motorcycles
44 Off-highway diesel vehicles Farm equipment
Construction equipment
Industrial equipment

Lawn and garden egquipment
Snowmobiles
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distinctions for the existing inventory and may need to institute certain changes to ensure
that the modeling inventory meets the modeling objectives. The following example
illustrates a case where such changes may be appropriate.

> In order to make a detailed analysis of the effect of controlling dry cleaning
operations, the emissions modeler may choose to treat each facility
individually as a point source rather than collectively as an area source to
facilitate evaluation of distinct control measures for each facility. Conversely,
if the existing inventory treats dry cleaning facilities as point sources, but the
emissions modeler cannot obtain specific information on anticipated growth
at specific locations, the emissions modeler may wish to treat dry cleaning as
an area source in the modeling inventory.

In most cases, however, the same point and area source distinctions employed in the
existing inventory should be maintained in the modeling inventory to minimize additional
resource requirements.

The emissions estimates available from the existing inventory usually represent annual or
(in some cases) seasonal emissions for a fairly broad geographical area, such as for each
county within an urban area, primarily because the estimates of activity levels used to
calculate area source emissions are generally available at the county level. Generally,
these emissions estimates will not distinguish between different reactive classes of VOC
and NO,.

Nevertheless, the area source emissions contained in the existing inventory can often be
used in the modeling inventory. In order to provide the spatial, temporal, and chemical
resolution required of the modeling inventory, the emissions modeler must perform the
following tasks:

o allocate county-level emission estimates for area sources to modeling grid
cells;

o develop hour-by-hour emission estimates for the episode days; and

0 apportion VOC emissions for each source into chemical classes (and, in some

modeis, distinguish NO,_ emissions as NO and NO,).

Sections 6.2 and 6.3 describe techniques for providing the necessary spatial and temporal
resolutiort in the modeling inventory, respectively. Section 6.4 addresses projection of
area source emissions estimates. Procedures for speciating area source emissions into
chemical classes are discussed in Chapter 9.
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Remember that the only emissions to be disaggregated by the procedures described below
are area source totals. If some of the sources in any category have been listed and treated
as either major or minor point sources, the emissions modeler must subtract the emissions
from those sources from the county-level category total before applying the disaggregation
procedures. If available local information allows a major fraction of the emissions to be
treated as minor point sources for both the base year and the projection years, such
handling may be advantageous. However, if the number of such sources is minor and
their aggregate emissions are inconsequential, or if the necessary projection information is
inadequate, subdivision of the area source category into area and point components may
not be worth the additional effort required.

6.2 GENERAL METHODOLOGY FOR SPATIAL RESOLUTION

County-level area source emissions estimates can be apportioned to grid cells using either
of two approaches. In certain cases, determining the activity levels and emissions of some
area sources directly for each grid cell may be feasible. More commonly, the emissions
modeler must apportion county-level emissions by assuming that the distribution of the
area source activity behaves similarly to some spatial surrogate indicator. Both
approaches are discussed below.

6.2.1 Direct Grid Cell Level Determination of Emissions

In limited cases, the emissions modeler may possess sufficient information to calculate
area source activity levels and emissions directly for each grid cell. For instance, enough
data may be available for individual facilities that they could have been considered as
minor point sources in the existing inventory; however, for various reasons, a decision has
been made to consider these sources collectively as an area source. Two examples are
given below:

> A local gas company has information on the quantity of natural gas fired in
every household or commercial establishment, allowing direct calculation of
emissions by grid cell.

> Survey results are available for a particular type of commercial or industrial
establishment; for instance, a survey may have been conducted resulting in
information on the sales and location of each gasoline service station in the
modeling region. Instead of aggregating gasoline sales and calculating
emissions at the county level {(as may be done in the annual inventory),
gasoline sales can be aggregated and emissions calculated for individual grid
cells.
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if survey information similar to that described in the example above is availabie, the
emissions modeler may wish to "reassign” each facility as a point source in the modeling
inventory. This course might be particularly advantageous if a certain control measure
under consideration for implementation can best be evaluated by treating each facility
within the affected source category as a point source. This method, however, reguires
that many additional geint source records be generated and maintained in both the base
year and projection inventorigs, an obvious disadvantage. [n projection inventories,
handling numerous small establishments as area scources rather than as point sources will
usually be easier, especially if the emissions modeler does not have information regarding
the location of each facility in the projection vears.

6.2.2 Surrogats Indicator Approach

|f the approach described above for directly determining area source activity ievels and
emissions for each grid cell is infeasible, the emissions modeler must implement some
other apportioning scheme to spatially allocate the emissions in the ccunty-lave! arss
source inventory. The most straightforward approach would be to distribute the total
emissions for each county evenly over all grid cells in the county; this approach, however,
defeats the purpose of using a sophisticated grid model like the UAM. Instead, the usual
method employed to spatially distribute emissions to sub-county regions involves the use
of various combinations of spatial surrogate indicators.

A spatial surrogate indicator is a parameter whose distribution is known at a subcounty
level and which behaves similarly to the activity levels of interest. Commonly used spatial
surrogate indicators include land use parameters, employment in various industrial and
commercial sectors, population, and dwelling units. Different surrogate indicators should
be used to apportion emissions for the various area source categories, of course,
depending on which of the available indicators best describes the spatial distribution of the
emissions. The emissions modeler should employ engineering judgment to select
appropriate indicators for apportioning area source emission totals and should consult local
authorities to verify the applicability of the source category/spatial surrogate indicator
pairings for that particular modeling region.

> For example, fugitive emissions from crude oil and gas production fields in
southern California can be distributed using range land as a spatial surrogate
-indicator. In Baton Rouge, Louisiana, however, the sp'atial distribution of
emissions from these sources may be more accurately represented by using
wetlands as a spatial surrogate indicator.

Table 6-4 lists example spatial surrogate indicators for area source categories, as utilized in
various urban areas. These indicators can be used to spatially apportion emissions from

these source types in the absence of more detailed data; however, the emissions modeler
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TABLE 6-4. Example spatial allocation factor surrogates for area source categories.

Category Surrogate
1D Indicator Emissions Category
1 Housing Residential Fuel - Anthracite Coal
2 Housing Residential Fuel - Bituminous Coal
3 Housing Res:dential Fuel - Distillata Qil
4 Housing Residenual Fuel - Residual Qi
5 Housing Residential Fuel - Naturat Gas
g Housing Residential Fyel - Weod
7 Urban Land Commarcial/Institutional Fuel - Anthracite Coal
8 Urban Land Commercial/institutional Fuel -Bituminous Coal
g Uroan Land Commercial/lnstitutional Fuel -Distillate Q4
10 Urban Land Commercial/Institutional Fuel - Residual Ol
11 Urban Land Cormmaercialfinstitutional Fuel - Natural Gas
12 Urban Lana Commercial/institutional Fuel - Wood
13 Urkan Land Industriai Fuel - Anthracite Coal
14 Urban Land Industrial Fuel - Bituminous Coal
15 Urban Land industrial Fuel - Coke
18 Urban Land Industrial Fuel - Distillate Cil
17 Urban Land {ndustrial Fuel - Residual Oy
18 Urban Land Industrial Fuel - Natural Gas
19 Urban Land Industrial Fuel - Wood
20 Urban Land Industnal Fuel - Process Gass
21 Housing Incineration - Residential
22 Urban Land Incineration - Industrial
23 Urban Land Incineration - Commercial/Institutional
24 Housing Open Burning - Residential
25 Urban Land Open Burning - Industrial
26 Urban Land Open Burning - Commercial/institutional
27 Land Area Light Duty &£as Vehicles - Limited Access
28 Land Area Light Duty Gas Vehicles - Rural
29 Housing Light Duty Gas Vehicles - Suburban
30 Urban Land Light Duty Gas Vehicles - Urban
31 Land Area Medium Duty Gas Vehicles - Limited access
32 Land Area Medium Duty Gas Vehicles - Rural
33 Housing Medium Duty Gas Vehicles - Suburban
34 Urban Land Medium Duty Gas Vehicles - Urban
35 Land Area Heavy Duty Gas Vehicles - Limited Access
36 Land Area Heavy Duty Gas Vehicles - Rural
a7 Housing Heavy Duty Gas Vehicles - Suburban
38 Urban Land Heavy Duty Gas Vehicles - Urban
39 Land Area Off-Highway Gas Vehicles
vl Land Ares Heavy Duty Diesel Vehicles - Limited Access
41 Land Area Heavy Duty Diesel Vehicles - Rural
42 Housing Heavy Duty Diesel Vehicles - Suburban
43 Urban Land Heavy Duty Diesel Vehicles - Urban
44 Land Area Off-Highway Diesal Vehicles
45 Urban Land Railroad Locomotives
46 Population Aircraft - Military
47 Population Aircraft - Civil
48 Population Aircraft - Commercial
49 Population Vessels - Coal-Powered
50 Population Vessels - Diesel
continued
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TABLE 6-4. Concluded.

Catagory Surrogate
0 Indicator Emissions Category
81 Popuiation Vessais - Resigual Qil
52 Population Vessels - Gasoline
B4 Population Gasoline Marketed
5B Land Ares Unpaved Roads
66 Land Area Unpaved Airstrips
60 Composite Forest Forast Wild Fires
61 Composite Forast Managed Burning - Prescribad
62 Agricuitural Land Agricuitural Field Burning
64 Housing Structural Fires
686 Lard Area Ammonia Emissions - Light Duty Gascline Vehicles
67 Land Arse Ammorma Erissions - Meavy Duty Gasoline Vehicles
53 AR ST SVCESNE - maady Suly Ciesal Yenimias
59 N b Ant Losestock Wyasta Menegement - Turkevs
70 gt e - —d 23ISC& WV33Ts Jnwagamant - Sheep
71 Agricurural Land Livestock Wasts Management - Beef Carttle
72 Acrisuny, ol Lovastsck Wasts Miananoront - Dany Cattis
73 Agrizuos o0 LLng Lweatock Viaste iarznarment - Sana
74 Agricuitura: Land Livastock Waste Managemept - Srovlers
7% Agncuiturar Land Livestonk Yaste Mansnamart - Qthar Chickors
76 Agricuitural Lara Annpydrous NH3 Fertidizer Apglication
77 Agricultura’ Land Seef Cattlz Feed Lots
78 Pcpulaticn Cagreasing
79 Population Cryclearung
80 Population Graphic Arts/Printing
81 Population Rubber and Plastic Manufacturing
82 Population Architectural Coating
83 Population Awto Body Repair
84 Population Motor Vehicle Manufacturing
86 Population Paper Coating
86 Population Fabricated Metals '
87 Population Machinery Manufacturing
88 Population Furniture Manufacturing
88 Populetion Flat Wood Products
80 Population Other Transportation Equipment Manufacturing
a1 Populaticn Electrical Equipment Manufacturing
92 Populaticn Ship Building and Repair
93 Population Miscellansous Industrial Manufacturing
85 Population Miscellaneous Solvent Use
a8 Population Minor Point Sourcaes - Coal Combustion
97 Population Minor Point Sourcas - Oil Combustion
88 Popuiation Minor Point Sources - Naturel Gas Combustion
89 Population Minor Point Sources - Process Sources
100 Poputation Publicly Cwnad Treatmant Works (PO TWs)
101 Population Cutback Asphalt Paving Operation
102 Land Area Fugitives from Synthetic Organic Chamical Mfg.
103 Population Bulk Terminal and Bulk Plants
104 Papulation Fugitives from Petroleum Refinery Operations
106 Population Process Emissions from Bakaeries
106 Population Process Emissions from Pharmaceutical Mfg.
107 Population Process Emissions from Synthetic Fibers Mfg.
108 Population Crude Qil and Natural Gas Production Fields
108 Population Hazardous Waste Treatment, Storage and Disposal Facilities
{TSDFs)

source: Reference 2
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should make a special effort to choose spatial surrogate indicators for the various source
categories which accurately reflect the distribution of activity for those sources in the
modeling region. Specifically, emissions from non-highway mobile sources (such as
railroad locomotives, aircraft, etc.) should be ailocated only to those grid cells in which
such activity occurs; this will be discussed in greater detail later in this chapter. Table 6-5
lists specific references which contain useful information for developing spatial resolution
for several scurce categories; other sources, which will be addressed in detail below,
include land use pattarns {from maps and/or computerized data bases) and Census Bureau
demographic statistics by traftic zone ¢or census tract.

j R T DS T w barypey o
Davaloning Apporeismrew <0 L pm o e Basbaens - Doy most urban an

3. o8 arzas, land Lss
data will be availatic T2 . S7ooinT Lol ooozroi prooaction years; tha emissions modsler
can use this data to davsiop apoerioning faciors for those area sources whose emissicns
will be distributed ooo0L L0 2roLs D00 LIS SIUSEI2ATINI. Alnsugh spatial apporticning
factors can be develocsd marually fro A0s, com wmrmng as many steps of this
prccess as possible gsnaially .‘mnimizas the rr.-?c;f_zi-'a‘:’ =i fort. Unfortunately, comput ed

land use data may be unavailabls for projaction years, an obvious drawback. In thxs case,
the computerized land uss data tasz can te ussd to develop apportioning factors for the
base year emissions inventcry, and grojected changes in land use patterns accounted for in
projection year apportioning factor files by editing the base year file. One national land use
data base which can be used to determine spatial apportlomng factors is described below;
other sources of land use data may also be used, it available.

£

> The U.S. Geological Survey (USGS) maintains a'comprehensive computerized
national data base of land use distribution data, based upon the classification
system shown in Table 6-6. The USGS data files, available in both digital and
character formats, contain data for many regions of the country in terms of
four hectare grid cells (200 meters x 200 meters). [tems contained in the
data base for zach individuai grid cell include UTM zone, UTM Easting and
Northing, land use and land cover attribute code (Table 6-6), political unit
code, USGS hvydrologic code, census county subdivision or SMSA tract code,
Federal land ownership agency code, and State land ownership code. Since a
given modeling region will often contain over 500,000 four-hectare grid cells,
manipulation of such large amounts of data is best accomplished with the aid
of a computer.*

Regardless of the source of land use data, the same basic procedures must be followed to
generate the spatial apportioning factor file. First, the grid cells within each county must
be identified, as illustrated conceptually in Figure 6-1; in this figure, the shaded area in the
upper map has been approximated with shaded grid cells in the lower grid. Figure 6-2
designates the grid cell assignments for each county in the modeling region for the
Atlanta, Georgia area. In this figure, the large numbers along the southern and western

———~
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TABLE 6-5. Additional sources of information for spatial resolution of emissions for selected

area source categories.

Source Type

References

Aircraft, commercial

FAA Air Traffic Activity Reports {Annual), U.S. Department ot
Transportation, Federal Awiation Admiristration, Washington, D.C.

Airport Activity Statistics for Certified Route Air Carrers (Annual), U.S.
Department of Transportation, Federal Aviation Adminmistration,
Washington, D.C.

Asrcraft, general

Census of U.S, Civil Aircraft {(Annual), U.S. Department of Transportation,
Federal Aviation Administration, Washington, D.C.

Aircraft, military

Military Air Traffic Report {Annuall, U.S. Department of Transportation,
Federal Aviation Administration, Washington, D.C.

Agricultural equipment

Census of Agricdfture, Volume I, Area Reports {Annuall, U.S. Department
of Commerce, Bureau of the Census, Washington, D.C.

Off-highway motorcycles

Motorcycie Statistical Annual, Motorcycle Industry Counci, Inc., Newport
Beach, CA.

Railroad locomotives

Transportation maps of various states, prepared by U.S. Geological Survey
for the Office of Policy and Program Development, Federal Railroad
Administration, United States Department of Transportation.

Vessels (ocean-going, river
cargo, and small pleasure
craft)

Waterborne Commerce of the United States, {Annual}, U.S. Army Corps
of Engineers, Washington, D.C.

Gasoline handling

Census of Business Selected Services Area Statistics, U.S. Department of
Commerce, Bureau of the Census, Washington, D.C.

Fuel combustion,
commercial/institutional

Sates of Fuel OQil and Kerosene, Mineral Industry Surveys.
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TABLE 6-6. Land use classification system used in USGS land use data bases.

w

1.

URBAN OR BUILT-UP LAND
11 Residential

12 Commercial and Service
13 Industrial

14 Transportation, communication

and services
15 Industrial and commercial
complexes
16 Mixed urban or built-up land
17  Other urban or built-up land

AGRICULTURAL LAND

21 Cropland and pasture

22 Orchards, groves, vinevyards,
nurseries, and ornamental
horticultural groves

23 Confined feeding operation

24  Other agricultural land

RANGELAND

31 Herbaceous rangeland

32 Shrub and brush rangeland
33 Mixed rangeland

FOREST LAND

41 Deciduous forest land
42 Evergreen forest land
43 Mixed forest land

61
62

91
92

5. WATER
51 Streams and canals
52 Lakes evergreen
53 Reservoirs
54 Bays and estuaries

6. WETLAND

Forested wetland
Nonforested wetland

7. BARREN LAND

71 Dry salt flats
72 Beaches
73 Sandy areas, other
~ 75 Strip mines, quarries, and
gravel pits
76 Transitional areas
77 Mixed barren land
8. TUNDRA
81 Shrub and brush tundra
82 Herbaceous tundra
83 Bare ground
84 Wet tundra
85 Mixed tundra

9. PERENNIAL SNOW OR ICE

Perennial snow fields
Glaciers

source: Reference 4
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FIGURE 6-1. Conceptual representation of the grid ceil identification process.
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FIGURE 6-2. County grid cell assignments for the Atlanta, Georgia modeling region.
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boundaries of the modeling region represent grid cell (1,J) modeling coordinates; the large
numbers along the nerthern and eastern boundaries are UTM coordinates. The small
numbers located within each grid cell of the map itself are geographical codes denoting
each county. Within each grid cell in the county, the fraction of the total county land use
for each land use category must then be calculated. Note that several land use categories
may contribute to the total land use for any given cell; similarly, more than one county can
contribute to the total area within a grid cell, as shown in Figure 6-2 by the overiap of
numerical codes in those grid cells comprising the county borders.

The foilowing example illustrates a manual procedure for developing gridded spatial
apportioning factors from maps. In gsnsral, the orocedures outlined below can alse be
computerized; likawise, computenzod Qa1 D00 L0 LTI 20T 2V ILEMS Juch as
geographical information sysiams (GIE) 22 - :
factors, allowing compiete automation of t

.
v L LCTUONING

-4
(3¥]

> Assume that the existing invent:
from dry cleaning for the entire stu0y arsz and Thao no o Lo 32Uy 3y
information is available for indivicual dry cieaning cstablishmantz. 7
emissions modeler must select a spatial surrcaste indicatar thar will carmit
distribution of emissions to the individual grid cells in the study area. Land
use maps, which cartographically characterize each part of the study area in
terms of what kinds of activities are predominant in that area, are often
available from local planning dgencies. Figure 6-3 shows a land use map of
part of the Tampa Bay, Flerida region. The various areas are identified in
great detail by numbers; Table 6-7 shows the coding system used ifd this
application. Other land use maps may use colors or shading techniques to
differentiate areas.

Since dry cleaning is a typical commercial activity, a reasonable assumption is
that dry cleaning area source emissions emanate uniformly from the
commercial areas as shown on the land use map. Thus, the spatial surrogate
indicator will be the area devoted to commaearcial land usa (represented in
Figure 6-3 by codes 12 and 15). In this approach, the area within each grid
cell designated as a commercial area on the land use map must be estimated.
For this purpose, the grid system network must be superimposed on the land
use map, as shown in Figure 6-3. The estimates of land use area in a grid cell
can be fairly rough (e.g., to the nearest tenth of a grid cell). As an example,
consider the grid cell designated (15,15) in Figure 6-3. For this grid cell,
about 20 percent of the area is indicated as commercial (code number 12),
while the remaining 80 percent of the grid cell is designated as single-family
residential (code number 11). If a grid cell contains an area designated by
code number 15 (industrial and commercial combined), such an area may be
weighted at 50 percent in this computation.

-~
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FIGURE 6-3. Segment of land use map for Tampa Bay, Florida.
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TABLE 6-7. Land use categories for Tampa Bay area land use map (Figure 6-3).

T ——

10
11
12
13
14

—-

15

~
6
i7

23
24
25
26
27
28

29

31
32
33

1. URBAN OR BUILT-UP LAND

Multi-family residential

Single family residential
Commercial ang service
industrial

Transportation, communication
and utilitiss

industrial and commercial
combined

Mixed uroan or built-up land
Other urban or built-up tand

2. AGRICULTURAL LAND

Confined feeding operation
Other agricultural land
Cropland

Improved pasture

Specialty farms

Orchards, groves, vineyards,
nurseries, and ornamental
horticuitural groves

Citrus groves

3. RANGELAND

Herbaceous rangeland
Shrub and brush rangeland
Mixed rangeland

T4.

—

FOREST LAND

41 Deciduous forest land
42 Evergreen forest land
43 Mixed forest land

WATER
51 Streams and canals
52 Lakes

53 Reservoirs
54 Bays and estuaries

WETLAND

63 Freshwater forested wetland
64 Freshwater marsh

65 Saltwater forested wetland
66 Saltwater marsh

BARREN LAND

72 Beaches
73 Sandy areas other than
beaches

7% Extractive
76 Transitional areas

source: Reference 5
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The emissions for each grid cell are then estimated as a simple fraction of ths
total, as follows:

£ = E (S /Sy (6-1)

where £ denotes emissions, S indicates surrogate indicator, i indicates the
vatue in grid cell i, and T indicates the total for the county or region.

The units for the surrogate indicator can be arbitrary {e.g., percent of grid
cell, square kilometer, square mile). For example, assume that the total
commercial area in Figure 6-3 covers an area the size of 26.3 grid cells. Then
the fracticn of the total commercial area (S, / S;) for grid cell (15,15) will be
0.2/25.3, or 0.0076. (This fraction is kncwn as a "apportioning facter.”)
Thus, the amissions for dry cleaning attributed to grid cell (15,13) will be
0.0076 times the totai dry cleaning emissions from the entire region.
Mathamatically, this can also be expressed by Equation 6-2,

f»,k = Suk / Z?-Y (Sl,k) N (6‘2)

whare f , is the apportioning factor for grid cell i with respect to source
category Kk, and n is the total number of grid cells.

The emissions modeler can also use other maps, if reasonably current, to develop
apportioning factors for various area sources.

> United States Geological Survey (USGS) maps show the location of oil and
gas wells. By counting the number of wells per grid cell, total oil and gas well
emissions can be apportioned by multiplying the total emissions for each
county by the fraction of the total number of wells in each grid cell. (In this
case, the number of wells serves as the surrcgate indicator of product or
activity). Similarly, USGS maps show railroad track mileage, which may be
used to develop apportioning factors for railroad emissions.

,,,,,,,,,,,,

‘e assnmed m cccur aniy m thcxse grid cells that comam rasiwad track msleage,
S atrpOrts oF waterways. The UAM EPS program GRQ:MS weifl dnstﬁhute
- emissions to grid cels using user-speemed fink data. Sgec:f;caiiy, GRDEMS
“... -allocates the emissions associated with: each type of link {e.g., railfroad track
“'ilenge) to each grid cell based on the fraction of the total coumy link dfstancs
- for the fink typs Qceurring m that gnd cai% Sectmn 7 g, regardmg s;:atzai

30098 08" 6-20



ﬁiétﬁhuticé of highway mobile r;curcé'émi'ssionsi, contains additionat information
ot the specification of link data for use with the UAM EPS,

One disadvantage of developing apportioning factors frem maps cther than land use maps
is that the corresponding projection information for allocating future year emissions will
often be unavailable. In these cases, the emissions modeler will either have to (1) assume
that projection year spatial emission patterns for these sources will not change, or (2}
locate additional information that shows what changes arg expected in the spatial
surrogate indicator distributions.

Tno forageing discussion dezait only with the aliccation of ares sourcz emissions basad on

a single surrogate indicator. In some casas, no one parameter may accurately describe the
Subcounty districution of emussions from a particular area source caregory. In this
situation, anportioning factors can be based on two or mera surrsgzte indicators.

v

Since miscellaneous solvent use can be associated with both consumer
{residential) and commercial applications, the emissions modeler may wish to
distinguish between the possible different rates of use in these land use
categories (10, 11, and 12 of Table 6-7).

The emissions modeler can use either one of two principal methods to perform this
apportionment. First, solvent emission subtotals can be estimated for the three types of
land use involved, and each of these subtotals apportioned according to the corresponding
subcategories {in effect, this creates three new emission subcategories which replace the
one contained in the county-level inventory).

> Ore third of miscellaneous solvent emissions may be assigned to multifamily
residences (land use 10), one third to single family residences {land uses 11),
and one third to commercial and service use (land use 12). Hence, if county-
levei emissions from miscellaneous solvent use are 12 tons per day, 4 tons
per day would be apportioned at the grid celi level for each of these
subcategories, based on the distribution of the corresponding surrogate
indicator.

Alternatively, the emissions modeler might decide to estimate the level of activity
associated with each land use category.

> Assuming single-family residential areas have the smallest emission rate per
unit area, the emissions modeler might estimate that the emission rate in
multiple family residential areas is three times as large as in single-family
residential areas, and in commercial and service areas, five times as large. In

~————
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this case, the apportioning factors would be calculated using an appropriate
weighting factor for each of the three types of land use. This would be
expressed, mathematically, by the equation :

f(k = (Z |3=-1 W1kSq> /{E?ml (z ?:ﬂ W)kSl,” (8"'3}
where W, is the weighting factor selected for land use type j in relation to

source category k, and S, is the value of the surrogate indicator (i.e., the area)
of land use type j in ceil i.

The summation term appearing in the numerator above is essentially a
composite surrogate indicater for the entire category. Thus, if solvent
emissions arz weighted accorcding to the previcus suggestion (W, = 1, W, =
3, W, = 5) and the respective areas in a given grid cell are 0.6, 0.2, and 0.2,

e of the composite surrogate indicator for that ceil is (0.6 x 1) +
(0.2 x3) + (0.2 x58), 0or 2.2. The entire catagery is than apportionad as
usual, based on this composite surrcgata indicator.

Developing Apportioning Factors from Demographic Statistics at the Traffic Zone Level.
As part of the transportation planning process routinely performed in larger urban areas,
employment and other demographic statistics are”aggregated at the zonal level. These
statistics can be used instead of (or in addition to) land use patterns to obtain the
information needed to apportion area source emissions to the subcounty level.

In theory, these zonal statistics contain the same data available from land use maps or
data bases; thus, the only difference in using one approach or the other is procedural. In
practice, however, typicaily available land use data are often less detailed than the zonal
statistics. For instance, zonal statistics in a particular urban area may be compiled for five
or more commercial and industrial subcategories; however, the corresponding land use
data may only identify generalized commercial and industrial land use.

To manually develop apportioning factors from land use maps, the emissions modaler must
code the land use data for each grid cell; this step must be repeated for every growth
projection. Using zonal statistics, however, allows this process to be largely automated
once a set of zone-to-grid-cell conversion factors has been developed. These conversion
factors are discussed later in this section. The data handling aspects of utilizing zonal
statistics are addressed in more detail in Section 6.5.

‘The following example illustrates the use of detailed zonal statistics for developing
allocation factors as well as the use of multiple surrogate indicators to apportion emissions

from a given area source category.
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In the San Francisco Bay Area of California, emissions from 58 area sources
are apportioned using combinations of the 19 demographic parameters shown
in Table 6-8, all of which are compiled at the subcounty leve!l by the local
MPO as part of transportation planning studies. For some area source
categories, a single parameter frecm Table £-8 is used as a surrogate indicator
of the distribution of emissions. For instance, the scurce category "farming
operations” is linkad with the single employment category "AGRI" from Table
6-8, which includes agriculture production and services.  Similarly, the source
cateqgory "printing" is distributed with the variable "MFG!,"” which includes
printing, publishing, and related industries.

e gpatial distribution of emissions from other area source categories,
however, cannot be accurately represented using a single variable. In these
cases, emissions are apportioned based on two or more parameters. Table &-
9 pressnts an excerpt from a cross-classification table used in the Bay Area;
this table shows the percentage of each area source emission total that is
apporticnad by each demographic parameter listed in Table 6-8.

Assume that area source degreasing emissions in a given county are 42
tons/day of VOC. According to Table 6-9, 10 percent of this total should be
apportioned based on manufacture of electrical and optical machinery and
instruments employment (MFG4), 60 percent based on fabricated metal
product employment (MFG5),”20 percent based on retail service employment
(RET SERV.), and 10 percent based on other services employment, which
includes local transit and transportation services (OTHER SERV.). Thus, 4.2
ton/day (42 x 0.10) are apportioned according to the fraction, in each grid
cell, of the total number of employees in the "MFG4" category; 25.2 ton {42
x 0.60) are apportioned according to the fraction, in each grid cell, of the total
number of employees in the "MFG5" category; 8.4 ton (42 x 0.20)
apportioned according to the fraction of employees in each grid cell in the
"RET. SERV." category; and 4.2 ton (42 x 0.10) apportioned according to the
fraction of "OTHER SERV." employees in each grid cell. For example, if the i"
grid cell contains 0.1 percent of the total area-wide "MFG5" employees, 0.05
percent of the "RET. SERV." employees, 1 percent of the "MFG4" employees,
and no "OTHER SERV." employees, then the degreasing emissions would be
apportioned to that grid cell as follows:

i Grid Cell Emissions = 25.2(0.001) +8.4(0.0005) +4.2(0.01) +4.2(0)
= 0.0714 ton/day

The degreasing emissions for the other grid cells would be apportioned
similarly, as would the emissions for the other area sources. An equivalent
formulation of this procedure is simply to subdivide the area source

-
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TABLE 8-8. Demographic parameters used in San Francisco Bay Area for making zoneal

allocations of area sources.

Variable® Name

SIC® Classification

Description

MFG2

I MFG3
MFG4
MFGS
MFGB
TRAN
WHOL

FIN

SERV 1
SERV 2
GOV

RET

BUS. SERV.
RET. SERV

OTHER SERV.

(nat applicable)

1,7-8
10, 13, 14
27

26, 28, 29, 32, 33
20

19, 38, 38
34, 35, 37
22-25, 31, 39
40, 42, 44-46
50, 52

62, 63, 67
73

82, 84, 89
91, 92

53-59

80, 81, 96
70, 72, 75-79

18-17, 41, 47-49, 80, 61,
66, 93-95, 99

Dwelling units
Agricuiture, forestry
Mining, quarry, ol and gas extraction
Prmtir}g, publishing
Petroleum, chemical, paper, and metal industries
Food and kindred products
Electrical, optical, machinery and instruments
Fabricated metal products
Textdes, apparel, wood, Ieaﬁer
Transportation {non-auto), pipelines
Wholesale trade, building material

-
Financial, insurance
Business services
Educational services, museums, galleries
Government
General merchandise and food stores
Health, legal, administrative services
Hotels, personal service, repairs

Construction, transi, utilities, banking, real estate,
other

L]

Standard Industrial Classification Code

The variable referred to is the employment, totaled in sach zone, for the SIC classifications listed in the
next column (DWELL is an exception, as described in Colume 3).

source: Reference 6
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degreasing category into four subcategories, namely, (1) degreasing, MFG4;
(2) degreasing, MFGB5; (3) degreasing, RET SERV.; and {4) degreasing, OTHER
SERV. Then, if the emissions modeler has estimated the total county-level
degreasing emissions for these subcategories as 4.2, 25.2, 8.4, and 4.2 ton
per day, raspectively, these amounts will be allocated in the appropriate
subcategories, using the corresponding demographic parameter as the
surrogate indicator in each case. :

The praceding apportioning calcuiation assumes that apportioning factors are compiled at
the grid cell level. In actuality, as menticned at the outset of this section, the spatial
surrogate indicators (such as the damographic parameters shown in Table 6-8) used for
swpsoriioning are initially compiied at the zonal level for transportation and other planning
aurcoses rather than at the grid cail level. For example, the San Francisco Bay area local
MPQO deveiops its population, land use, and employment data for 440 zones, each of
WwriGh comprises one v seven census fracts. By contrast, there are some 5,000 grid cells
10 which area source emissions ars apportionegd for photochemical modeling purposes.

Thus, use of zonal statistics to apportion area source emissions requires that the emissions
modeler determing a zong-to-grid-ceil conversion tefore completing the apportioning steps.
This step is unnecessary when apportioning factors are manually developed from land use
maps, since in that method the grid system is overlaid onto the land use map and the
values of each surrogate indicator are directly deﬂt_’e‘rmined for each grid cell by visual
means.

To determine a zone-to-grid-cell conversion, the emissions modeler must (1) overlay a map
outlining the grid system over a map showing the zone boundaries (or perform the
computer-assisted eqGuivalent) and (2) determine or estimate fractions of zonal area lying
within specific grid cells.

A zone-to-grid-cell correspondence table like the one shown in Table 8-10 facilitates this
procedure. For each zone, the area falling in each grid cell is estimated in terms of the
fraction (A) of the grid cell covered by that zone; the total of thesz fractional areas for all
of the affected grid cells {(SA) is the total area of the zone (note the exception that occurs
when part of the zone lies outside the emission grid). The following example illustrates the
calculations involved in determining the zone-to-grid cell correspondence.

> For each grid cell, the appropriate fraction (g) of the given zone is obtained by
dividing the area of intersection by the total area of the zone. The
contribution of the zonal emissions to the grid square can be obtained by
multiplying the zonal emissions (in any or all categories) by this fraction.
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Next, the fractions (g) are multiplied by the known zonal values of each
demographic parameter to aggregate the data at the grid cell level.
Mathematically, this process may be expressed as follows:

3 = z) gnb)k (6"4)

where a, is the value of the k™ demographic parameter, aggregated to grid
cell i; b, is the value of the k™ demographic parameter, as compiled for zone j;
and g, is the areal fraction of zone jin cell i. Note that the value of g, is given
by

g|| = A1| /z| (Aq) (6'5)

where A, is the fractional area of intersection of zone j with cell i, in terms of
the fraction of cell i covered by zone j.

To calculate the apportioning factors (denoted by f, ) for allocating county-
level emissions to grid cells, the grid cell level values of each demographic
parameter must be narmalized to the total for the county, i.e.,

f. = ay/Z a, {6-8)

The same normalizing factor can, of course, be obtained by totaling the zonal
values; that is,

z' alk = z] blk (6'7)

except for necessary corrections for any zone which falls partly outside the
county. The apportioning factors (f,,) are applied in the same way as the (S, /
S,) factors (determined from land use or other maps) in Equation 6-1 that
were determined from land use or other maps.

The most difficult part of the zone-to-grid-cell conversion process as described above is
determining the g,, fractions. This step may need to be performed manually because In
the past, the often irregular nature of zonal boundaries in most urban areas complicated
the computerization of this assignment; algorithms for calculating the area of irregularly
shaped polygons do exist, however, and can be used in conjunction with modern digitizing
techniques to facilitate this process. The rest of the calculations described above are
readily automated. ’

> The procedures described above are also applicable for developing
apportioning factors from population density data at the census tract level.
Census of Population and Housing data can be extracted in computerized
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format from the Master Area Reference File (MARF), available from the U.S.
Bureau of the Census and griddaed based on the location of the centroid of
each bleck group enumeration district (BGED). Figure 8-4 shows the locations
of the BGED chondrites for a modeling region used in a UAM application for
Atlarita, Georgia: note that some grid cells, particularly in the urban area of
Atlanta flocated at the center of the modeling region) contain numerous BGED
- centroids, while others in the outlying rural areas contain no centroids. Figure
6-5 shows a spatial density plot of the population data after assignment to
grid calls hascd on the BGED centroid locations. Although the population data
available from the Census Bureau will usually be somewhat outdated because
of the infrequancy of data compilation, the emissions modeler can still use
Tpesomon o oxvalen apportioning facters for the base ysar modsling inventery,
.ot otno significant changes in population dansity distriputions have

vuimen saumating the g, fractions, which represent the areal fractions by grid cell for each
Zsmcgrachic parametsr, the emissions modeler should keesp in mind the implicit
assumption that the distribution of esach demographic parameter is uniform within each
zone. In situations where the zones are much larger thar the coincident grid celis, this
assumption can lead to errongous distributions if most activity within a particular zone
actually takes place in some subportion of that zone. Hence, before using the values in
the zone-to-grid cell correspondence table to apportion emissions, the emissions modeler
should submit the table to review by local Blanners or others knowledgeable with the land
use patterns in the urban area. In select cases, the emissions modeler may elect to
distribute more activity to one or more grid cells than would be assigned based solely on
area. Since zones are defined as areas of similar activity, however, this will seldom require
major consideration from the emissions modeler.

6.3 GENERAL METHODOLOGY FOR TEMPORAL RESOLUTION

Since the basic area source inventory usuaily contains estimates of annual (or perhaps
seasonally adjusted) emissions, the emissions modeler must expend additional effort to
estimate hour-by-hour emission rates for the episode days. Several approaches can be
employed to develop hourly emissions resolution; all involve the use of assumed diurnal
patterns of activity. In addition to hourly patterns, estimates of seasonal fractions of
annual activity will be needed if the county-level inventory is not seasonally adjusted.
Activity profiles by day of week will also be required.

If the county-level inventory contains annual emission estimates, the first step is to

estimate the seasonal components of activity for each area source. Chapter 6 of Volume |
discusses seasonal adjustment in detail. For many sources, activity is fairly constant from
season to season. Table 6-11 lists recommended seasonal adjustment factors for selected

-
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TABLE 6-11. Ozone season adjustment factors for selected area source categories.

Category

Seasonal Adjustment Factors

Gasoline Service Stations
Tank trucks in transit
Tank truck unloading (Stage )
Vehicle refueling {(Stage li)
Storage tank breathing losses

from area to area. Use average

appropriate,

Seasonal variations in throughput vary

temperature for a summer day where

Solvent Users

Wildfires

Refer to local fire conditions

Degreasing Uniform "

Drycleaning Uniform !

Surface coatings §
Architectural 1.3
Auto refinishing Uniform
Other small industrial Uniform 0

Graphic arts Unifeorm ;

Cutback asphalt 0 ;

Pesticides 1.3 ”

Commercial/consumer Uniform {‘

Waste Management Practices

POTWs 1.4

Hazardous waste TSDFs 1.2

Municipal landfills Uniform

Stationary Source Fuel Combustion

Residential 0.3

Commercial/institutional 0.6

industrial Uniform

| Solid Waste Disposal

On-site incineration Uniform

Cpen burning Refer to local regulations and practices

Structural fires Uniform

Field/slash/prescribed burning 0

Off-highway Mobile Sources
Agricultural equipment
Construction equipment
Industrial equipment
Lawn and garden equipment
Motorcycles

1.1
Uniform
Uniform
1.3
1.3

source: Reference 1
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area source categories. If local activity distribution data is unavailable, the emissions
modeler can use these factors to seasonally adjust the emissions in the annual inventory.

* The UAM EPS program GRDEMS ass:gns temporai dsstrxbutton cades and
. : monthiy activity factors by scurce ¢ategory code.” The' cmss—re‘ference file used
to make these assigniments reqwres that seasonai aci;ustmem factors be
| -gefined as monthly fractions of armua! ac’elwty The seasonal ad;ustmem
““factors in Table 6-11 can be converted to monthty ffactsons fcr use m tms fila
© ip the manner described beiow, ' : :

 For sach month of the ozone seasan {usually summer), the monthiy fraction of

~annusat activity for a particular source category will be the seasonal adjustment
tactor for that category divided by 12, For example, the seasonal adjustment
factor in Table 6-11 for architectural surface coating is 1.3; accordingly, the

- monthly fraction will be (1.3) 7112}, or 0.108. For the other months, the
menthly fraction can be assumed to be 1/9 of the remaining activity, or [ 1 - (3
x monthty fraction for an ozone season momh}} / . In the current example,

| this corresponds to a monthly fraction of (1 - {3 x 0108}/ 9, er 0.075.

: 1f the inventory contains seasonal emission estimates, the emissions modeler
.+ should ensure that no additional seasonal ad;ustment is apphed by using a flat
b E.'monthiy variation profile for alf source categones tz.e., eaCh momb facmr would
eﬂ}[ﬂ.?}, or0083 : < e

Once the seasonal adjustment is known, the weekly variation must be determined. Again,
some area source activities are fairly constant from day to day, making it a simple matter
to estimate daily activities. For example, gasoline storage losses and natural gas leaks
would be expected to be uniform over the week. Many area sources, on the other hand,
will generally be more active on weekdays. For instance, dry cleaning plants and
degreasing operations will concentrate their activities during Monday through Friday (or
Saturday, in some cases). In these cases, the seasonal activity should be distributed to
only those days on which the source is active, as shown in the following example.

> Suppose dry cleaning emissions for an entire modeling region are 312 tons of
solvent over the 92-day period from July to September, and most plants are
typically open 6 days a week (for a total of 78 operating days). Daily
emissions from dry cleaning would then be 4 tons (312 / 78). This daily
emission rate would not, of course, be applicable to a Sunday. As explained
in Chapter 2, photochemical models are usually run for weekday conditions.
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After the daily activity level has been determined for each area source, the next step is to
estimate hourly emissions. This is generally accomplished by applying a 24-hour operating
pattern to the daily activity level.

> Table 6-12 shows an example of source-specific hourly activity data for
gasoline service stations. As seen in this table, more gasoline is handled in
the Tampa Bay area in the afternoon than other times in the day. For
instance, 13 percent of the daily operation in large stations occurs from 4to 5
o’clock; hence, 13 percent of the daily emissions from large service stations
would be assigned to that particular hour in the modeling inventory.

inventory, this type of houriy operating information can be incorporated directly
into the modeling inventory using the day-specific Modehng Emissions Record
Format described in the preceding chaptet {see Table 5-3) :

The hourly operating information in Table 6-12 is an example ofa case where a special
survey has been made to determine diurnal operating patterns. Where resources allow,
this approach is preferable for the more important area source emitters. For many smaller
sources, however, engineering judgment can provide sufficiently accurate temporal
factors. Table 6-13 lists some approaches that hdve been employed for incorporating
temporal resolution for several area source categories into the detailed emissions
inventory; these temporal variations in activity levels for several area source categories can
be used for temporal distribution in the absence of more specific data. For temporal
resolution, local working hours and seasonal activity patterns may differ from those
suggested in Table 6-13. The most general default option is to assume complete temporal
uniformity. However, it is usually easy to determine whether any important emitting
activity takes place mainly in the summer {as opposed to the winter), on weekdays (as
opposed to weekends), or in the daytime (rather than at night). When such information is
available, it should be utilized, especially if important emission categories are involved.

The development of hourly area source emission estimates from annual emissions requires
a great deal of repetitive data handling, and should generally be computerized. Specific
area source data handling are discussed in Section 6.5.

6.4 AREA SOURCE PROJECTION PROCEDURES

Two approaches can be used for making growth projections of area source emissions. The
more accurate approach involves projecting the activity levels themselves. The more
common approach, however, involves the use of growth indicators to approximate the
increase or decrease of each activity level. As mentioned in Chapter 5, the emissions

-~
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TABLE 6-12. Diurnal patterns for gasoline stations in Tampa Bay, in percent of daily
operation.

Type of Gasoline Station®
Hour Small - Medium Large
6 -7 am 5 4 8
| 7-8 6 4 8
g-9 6 8 3
9-10 5 5 7
D - 8 7 2
1% - 12 noon 6 7 P
12-1pm 5 7 2
1-2 5 7 9
2-3 7 6 5
3-4 7 - 7 6
4-5 9 8 13
5-6 9 8 13
6-7 6 8 4
7-8 6 7 4
8-9 5 3 2
9-10 5 3 1
10 - 11 1 - 2
11 - 12 midnight 1 1
* Separate diurnal distributions were analyzed for three classes of gasoline stations:
(1) small, below 200,000 gal/yr throughput; (2) medium, between 200,000 and
500,000 gal/yr throughput; and (3) large, abaove 500,000 gal/yr throughput.
Data are based on 1,133 gasoline stations in the Tampa Bay area.

source: Reference 5
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modeler should consult current EPA guidance documents on projection of future year
emission inventories when identifying appropriate growth indicators for the various source
categories; an updated guidance document concerning emission inventory projection
techniques is scheduled for release by EPA in July, 1991.

The first of the above-mentioned approaches is generally employed when a local survey
has been made or local estimates are available for projecting growth in specific areas.

e ey e
szumatad

> If a survey of dry cleaners has been performed and the avarzgs
growth in the modeling area is 5 percent per year, ther i~ 7 oo0n, dry
cleaning activity would be projected to increass by a faz~~r 577 777
{a 28% increase). As another exampie, a local asphalt tracs =
be able to project cutback asphalt usage.

When considering such estimates, the inventorying agency must reCognizs ¢ LT« ¢
of deliberate or inadvertent biases due to wishful thinking or self-serving o
should strive to obtain opinions which are as objective as possible. The agsng
also be careful to determine whether or not such estimates of future activity i veis refisor
the effects of anticipated control measures, an important consideration since somyz sud
estimates may be more appropriately used in control strategy projections than in the
baseline inventory. Most importantly, any such projections should be consistent with
projections made by other planning agencies.

W
Flaws

T

A common alternative to directly projecting activity levels is to use surrogate growth
indicators. Use of surrogate indicators was discussed in Section 6.2 with respect to
spatial allocation of area source emissions. In the context of projections, a surrcgats
growth indicator is one whose growth in the future is fairly certain and is assumed o
behave similarly to the activity level of interest. The most commonly used surrcgate
growth indicators are those parameters typically projected by local MPQ’s, such as
population, housing, land use, and employment. In the absence of local projections, the
BEA economic indicators described in Section 5.5 can be used to develop growth
indicators for area sources. Tabie 6-14 lists example growth indicators for selected araa
source categories. The following exampile illustrates use of a surrogate growth indicator to
project emissions.

> The quantity of miscellaneous solvent use in a projection year might be
assumed to grow proportionally with population. Hence, if population
increased in an area by 10 percent from the base year to the projection year,
miscellaneous solvent usage would be assumed to increase by 10 percent, as
well.

Regardless of what variables are used as growth surrogates, the basic calculation is the
same: the ratio of the value of the growth indicator in the projection year to its value in
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TABLE 6-14. Example growth indicators for projecting emission totals for area source
categories.

Scurca Satoywy Gerowth ndicators Inforametion Sources
Gascline hangling i Gasoline demand, vehicle use (VMT], or U.S. Department of Transportation, state transoortation
i peoulation agency, state tax agency, locai MPO

Inguatral amoioymant

} -~ .
I witacK aspnat

Pasticids applcaton

Preiactions shouid bs done cass-by-case,
ciojacted lana use maps may oe ussful :

a .

i Casa-by-case

Aguncuttural land use, agrcuftural
emofoymant

Agneaitural squipmant

Construction aquipment Heavy construction empioyment (SIC code Local MPO

1681

Industnal employment {SiCxodes 10-14, 20- Locat MPC
39, and $0-51} or industrial land use arsa

industnal aquipment

Lawn and garden equipment Single-unit housing or population i Local MPO

Off-highway motorcycles, Population i Local MPO

snowmoabiles, and small pleasura crart

Ocsan-going and river carg? vessels Cargo tonnage Local port suthonties, U S. Marntime Admiristration, ar

U.S. Army Corps of Enginaars

Residantial fuel combustion

Local MPO

Commercial and institutional fuel

smmercial and institutionsl employment, Local MPQ, land use prejections
combustion ;

population, or land use srea

Industrisl smployment {SIC codes 10-14, 20- Local MPO, land usa orcjections
39, and 50-51) or industrial land uss

Industrial fuel combustion

Solid waste disposal, on-site
incineration, open burning

Based on information gathered from locaj
regulatory agencies

Fires: managed burning, agricultural Based on anticipated local raguiations as Local MPO

fiald burning, frost cantrol {orchard ncicatad by information gources

heatars)

Fires: forest wildfires, structural fires Forast wildfires can be assumed to ramain Local MPO
constant between bass and projection years;
project structural fires based on antcipatsd
population growth

——— —

90098 06" 6-39




the base year is multiplied by the area source activity level in the base year to yield the
projection year activity level.

A major difference between making area source projections for the county-level inventory
and for the detailed modeling inventaory is that, in the latter, emission estimates must be
resolved at the grid ceil Isvel. This adds a dimension of complexity to the projection effort,
since changing growth patterns may require determination of different apportioning factors
for projection years. Fortunately, in most large urban areas where photochemical models -
are employed, the local MPO wiil be able to provide land use maps as well as detailed
zonal projections of employment, population, ete., for future years. Hence, these
projections can ts used directly, as described above, to deiermine changes in spatial

spatial gistricuuons of various activities will change enough to warrant the effort of
idanufying new patterns. Changes may be warrantad in rapidiv growing areas for the
more important area source emitters. For regions where little growth is expected, and
gspecially for mincr arga sources, the same apportioning factors can be used in bassline
and projection inventories without incurring appreciable error.

In special cases, temporal factors and VOC split factors may change between the base and
projection years. Temporal factors may change a5 lifestyles and working patterns change,
or as a result of governmental policy.

> -1f a 4-day workweek is expected in a projection year, daily emission patterns
from sources such as small degreasing operations may be alterad. Likewise, if
gasoline sales are prohibited on certain days or during certain hours, daily
emission patterns may change.

Generally, however, the temporal patterns for most area sources will remain constant;
hence, for these sources, the same daily and hourly apportioning factors can be used in
the base and projection years. VOC split factors are discussed in Chapter 9.

When making area source emission projections, the emissions modeler will have to
consider the effects of control measures for certain source categories. The effect of
controls on area sources can generally be represented by changes in either emission
factors or activity levels, depending on the source and the nature of the control measure
under consideration.

As with point source projection, the area source projections should be carefully reviewed
by the inventorying agency in light of all the points (i.e., objectivity, openness, etc.)
discussed in Section 2.4. In particular, the emissions modeler should verify that
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consistent methodologies were utilized for the base and projection years to estimate and
apportion emissions for each source.

> If emissions from gasoline evaporation at service stations in a base year are
estimated and distributed as a result of a special study {e.g., questionnaires 10
individual service stations), it would be inconsistent to estimate such
emissions for a future year based on projected VMT and to apporticn thase
emissions based on the number of miles of road within each grid.

inventory that are not dues 19 c;*cmn or c:cmrol measures but, rat‘ner, to changes nthe
RNEDIY IOCEdures ~n e s e

As a test to detarming whatnar diffzrant base and projection year methodologies are
mutualiy con R roon yzer methodolegy o (3 D3se yaar case and ssa
if the results are identcal. (fimpcortant discrepancies axist, then one methodology shouid

be chosen for vsz for Soth vaors, "9 2raily, any methodoicgy which applies growin
factors to basg year astimatzs to estimate projection year emissions {or activity levels) will
meet this consistency criterion.

6.5 DATA HANDLING CONSIDERATIONS

The major difference between area source data handling and point source data handling
concerns the way emissions are estimated at the grid cell level. Since point source
locations are typically known to the nearest tenth of a kilometer, it is easy to assign them
to specific grid celis. Area source emissions, however, are typically only resolved to the
county (or equivalent) level in annual inventories and, thus, must be disaggregated to the
grid cell ievel using the apportioning procedures described in Section 6.2.

Area source apportioning factors can be stored in a special file; Table 6-15 shows a
sample excerpt from such a file. This file basically consists of a matrix of apportioning
factor values by grid cell. In Table 6-15, the surrogate indicators are designated along the
top and the grid coordinates along the side. The values in the table represent the fraction
of the county-level total of each variable located within each particular grid cell. (Such a
table would have to be prepared for each county for which area source emissions are
resolved in the annual inventory.) In order to determine emissions from a particular area
source in a given grid cell, the calculation program (1) determines what surrogate indicator
is appropriate for the source in question (this information would be written into or supplied
to the emission calculation routine), (2) accesses the apportioning factor file to determine
what fraction corresponds to the grid cell/surrogate indicator combination in question, and
then (3) muitiplies that fraction by the county-level emission total for the particular area
source.
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TABLE 8-15. Example file of grid cell apportioning factors for area sources {excerpt)

Apportioning Factors for

Grid Cn ' .

Coordinates® | —+: o5& 513° Bia® 815> | %’
272,784 001 | olo} 01 0 004 .0
274,78+ | GO 00T 001 .0 .004 .0 ‘
274,784 Reten | Relok! .001 .0 .004 0 ‘3

W
274,784 .001 001 .001 .0 004 .0 1
280,784 001 001 001 0 .003 o |
252,786 .001 .002 .002 .0 .004 .0
254,786 01 011 .Q12 .0 .0 .045
256,786 .013 014 015 .0 .0 .270
258,786 .001 .001 .001 .0 .004 .009
260,786 .001 001 .001 .100 .004 .0
* UTM coocrdinates of grid cell, SW corner, Km.
®  Apportioning factors for this example are based on the following surrogate

indicators: Sl1, employment; S12, commercial employment; SI3, dwelling units;
S!4, general aviation; Si5, open burning; S!6, vehicle miles traveled.
The entry in each case is the fraction of the total indicated activity which occurs in
the grid cell.
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satenories; & Use-inpul aption alows gairng of ::Zumremf surrogates with o
source catsanras by county, As an avamnle, tha L8Ry oan radefine the
_surrogate soﬁeﬂﬂsvgmt*wn for a rarely used land use ﬂwrcﬁm (ah{lh as.

harren ¢ rocky with 3'(:’3\,,»‘; o 'nrorpmatu special wpanai amamamrg
informaotion for oM@ Of mOrE GoUMiEs, 8 ?’* a3 Yatalted itation data fc»r dw

“w Guide for the tirban Alrshed

...L o Dot ¥

Y

clearunn suinhiish X
Al Nh; 2 Onitda for ﬁf};e f‘ \issiong Praorocessor System® for

LT L L e s nairsments for tha ,;pat:::%

The seniara2 of 5 2ns daeonied above applies in cases where each area sourca category
is apogorticna’ oo ooby ong surregate indicator. If mere than one surrogate indicator

oty

must bes useq o accurately represent the spatial distribution of emissions for a particular
area source category, the same procedure can be followed by creating new subcategories
correspeonding to the level of activity to be apportioned by each indicator as discussed
previously. Consider the example from Section 6.2.2:

> Assume that total area sourcéﬂdegreasing emissions of 42 tons per day of

VOC are estimated to result from activity in four different sectors: MFG4 (10
percent), MFG5 (60 percent), retail service activities (20 percent), and other

¥ service activities (10 percent). The area source degreasing category can
accordingly be partitioned into four subcategories, having respective totals of
4.2, 25.2, 8.4, and 4.2 tons per day. Each subcategory would then be
apportioned to the grid cell level by its appropriate surrogate indicator as
previously described. These subcategories would appear in the area source
apportioning factor file, but not necessarily in the emissions inventory
provided by the operating agency.

If area source emissions are spatially allocated based on zonal statistics on population,
employment, etc., instead of land use data, a data handling procedure will be required to
convert the zonal level apportioning information to the grid cell level. As discussed
previously, the first steps in this process are to overlay a map showing the grid system
boundaries over a map showing the zonal boundaries {the equivalent task can be
performed with computer assistance), and then determine or estimate fractions of zonal
areas lying within specific grid cells. These areal fractions are incorporated into a
computer data file to serve as zone-to-grid-cell correspondence values. This file, in turn,
can be used to generate grid cell apportioning factors by (1) multiplying the surrogate
indicator values available at the zonal level (e.g., from forecasting models) by the areal
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fractions for gach zone, (2) summing over all zones, and (3) normalizing, as shown in the
gquations given in Secticn 8.2.2. The latter steps should be computerized because of the
great amount of data handling invsolved when hundreds of zones and grid cells are
invelved.

Estimating howrly arga source emissions requires essentially the same data handiing
procedures as are descrioed in Secnon 5.8 for point sources. Baswcally, a file of seasonal,
daily, and hourly temporal factors must be created {similar in format to Table 5-8) that can
be muitiplied by the annual area source emissions to generate hourly emission estimates.
Tyoicaily, cne sat of tamyporal ccerating factors will be assigned for sach area source

: wrich arn coploazty forothe entire modeling area. Determining appropriate
Fromgmen FBop rlon sene senems seemm et faoesr filg is @ manual procadury, 2s

sorss Gistribution prefiles for area (and mobile} sources ara

- h 5 program, based on assignments by scurce category

o ol n o oross-raterencs fils. The temporal variation codes contained in
wiis tila comespond 1o those shown in Tables 5-4 and %-5; additicnally, monthly
variation factors ars assigned sxplicitly in this file. The cross-referance file -
provided with the UAM EPS contains temporal distribution profites by NAPAP
source category which reflect national average of default date; accordingly, the

.. default temporal profile assignments in this f;le should be rewewed far locai

apphcabziay, especzaity for s:gmfzcant swrces i T : : oo
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7 MOBILE SOURCE EMISSIONS

7.1 INTRODUCTION

Mobile sources of emissions include moving vehicles such as automobiles, trucks, boats,
and trains. For most urban areas, emissions from mobile sources comprise a significant
portion of total VOC, NQ,, and CO emissions for the region. Mobile sources are typically
categorized by the following vehicie types:

o on-road vehicles;

¢] off-road vehicles;

o aircraft;

0 railroad locomotives; and
0 vessels.

s

On-road vehicles represent the registered vehicle fleet used in trave! and transport on all
road surfaces and include light duty automobiles and trucks as well as medium and heavy
duty vehicles. Off-road vehicles include all recreational vehicles and machinery used in off-
road situations, such as farm equipment, construction equipment, snow mobiles, off-road
motorcycles, etc. Aircraft, railroad locomotives, and vessels represent all vehicles used in
air, rail, and water transportation, respectively.

As mentioned in Chapter 6, an existing annual or seasonal area source emission inventory
generally contains adequate estimates of emissions for all sources except on-road motor
vehicles. The Urban Airshed Model will be applied for specific episode days. Mobile
source emissions must be computed specifically for those days or adjusted to reflect
conditions on those days. Accordingly, this chapter will focus on the special
considerations necessary to develop a modeling emission inventory for on-road vehicles
(other mobile sources are addressed in Chapter 6). In general, the emissions modeler may
employ either one of two methods to develop the on-road vehicle portion of the modeling
inventory:

m compiling an episode-specific on-road vehicle emission inventory using the
methods described in Procedures for Emission Inventory Preparation, Volume
IV: Mobile Sources?® (hereafter referred to as Volume 1V); or

~>——
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(2) adjusting an existing annual or seasonal inventory to reflect episodic
conditions, as discussed in Section 7.3.

7.2 CHARACTERIZATION OF ON-ROAD MQTOR VEHICLE EMISSIONS

The emission factors used to estimate emissions from on-road motor vehicles vary non-
linearly with a variety of parameters, including vehicle type, vehicle speed, fuel volatility;
vehicle fleet characteristics, ambient temperature, diurnal temperature variations, and
vehicle fleet inspection program characteristics. Accordingly, computer models such as
the MOBILE series of mohile source emission factors, available from EPA’s Office of Mobile
Sources (EPA OMS), are commonly employed to accurately determine on-road vehicle
VOC, NO,, and CO emission factors. These emission factors (which are usually reported
in terms of grams pollutant/vehicle mile traveled) are then used with an activity level (e.g.,
VMT) to generate on-road vehicle emissions estimates; ideally, link-specific traffic volumes
and speeds will be used to generate the emission estimates. Various inventory
classification schemes may then be employed to aggregate these emissions into a
manageable number of categories, such as vehicle class, road type, etc., and emissions for
each category will typically be reported as a county total in annual or seasonal inventories.

To facilitate accurate spatial allocation, speciation of mobile source VOC emissions, and
analysis of detailed control strategies, emissions from on-road mobile sources should be
reported by both vehicle type (i.e., light-duty gaégline automobiles, light-duty gasoline
trucks, heavy-duty gasoline trucks, heavy-duty diesel trucks, etc.) and roadway
classification (i.e., local streets and expressways). In addition to categorization by vehicle
type and road class, on-road mobile source emissions should be disaggregated in terms of
component emissions {exhaust, evaporative, etc.). These three types of categorization are
discussed below.

7.2.1 Vehicle Classes

The registered vehicie fleet can be divided into sub-groups, or classes, such as autos, light-
duty trucks, and diesel vehicles. The emission factors associated with each vehicle class
will vary because of differing emission certification standards and pollution control
equipment. The MOBILE models distinguish nine vehicle classes, as listed in Table 7-1,
based upon gross vehicle weight (GVW) and fuel consumption type (gasoline or diesel
fuel). Inventories will typically use some combination of these nine vehicle classes to
report emissions.

> For example, the NAPAP inventory utilized four vehicle classes: light-duty
gasoline vehicles (LDGVs), light-duty gasoline trucks (LDGTs), heavy-duty
gasoline vehicles (HDGVs), and heavy-duty diesel vehicles (HDDVs). The
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TABLE 7-1. Vehicle ciass definitions used by the MUOBILE models.
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source: Reference 2

TABLE 7-2. Commonly used road type designations.

Rural and Urban Interstate

Rural and Urban Minor Arterials
Rural and Urban Major Collector
Rural and Urban Minor Collector

Rural and Urban Local

Rural and Urban Other Principal Arterials

Other Freeways and Expressways
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LDGT category is the combination of the LDGT1 and LDGT2 categories listed
in Teble 7-7. Combined, these four vehicle classes total 97.6% of total on-
road VMT based on national average data. The remaining vehicle classes
(motorcycles and light-duty diesel trucks and vehicles) were not included in
the NAPAF invanrary, but stinuid be inciuded in inventories prepared for SIF
annlications,

On-road mohiia soiurce amincinea haldd algp Ta Aetinauiskhad by road type in the

bow o i et

SIBTSTCS &
inventories.
SECEU B e ve e T 20Tl Tad it gach different road types.

o3

[
Sl

el e L S S =1 R
fobete BN S SRRV PR N BT s oealration (r‘HNA) mainiairs

foiss o o Tl L s el Lihee w2 cuwsinonly used in mobile emissicn
Emission factors wih vary oy road tvoe because of the variance in parameters

or ex i, . AP Anvantory reported emissions for three road typas
derived fraom t‘n list of roadways given in Table 7-2, namely urban, rural, and
mited access (separate source categories for suburban roadways are also
provided, but not currently used). Table 7-3 shows the division of the road
types shown in Table 7-2 into the urban, rural, and limited access categories.
In the development of on-road mobile source emissions estimates, NAPAP
used distinct input parameters for ea&h road type.

7.2.3 Emission Components

In addition to the categorization of on-rcad mobile source emissions by road types and
vehicle classes, as discussed above, emissions from these sources should be
disaggregated into their components. The individual components of the on-road vehicle
emissions are defined below:

O

30088 077

Exhaust emissions: vehicle tailpipe VOC, NO,, and CO emissions which occur
during the operation of the vehicle.

Evaporative emissions: VOC emissions which include diurnal emissions and
hot soak emissions. Diurnal emissions resuit from ambient temperature
changes which occur when the vehicle is not in use. Hot soak emissions
consist of the evaporation of emissions immediately following the end of a
trip.

Running loss emissions: evaporative VOC emissions which occur during the
operation of the vehicle typically at warm temperatures and low speeds.

-
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TABLE 7-3. NAPAP road type designations versus Federal Highway Administration

(FHWA) road types.

NAPAP Road Type

Corresponding FHWA Road Types

Limited Access

Rural

Urban

Rural and Urban Interstate

Rural and Urban Other Principal Arterials
Other Principal

Other Freeways and Expressways

Rural’dhd Urban Minor Arterials
Rural Major Collector

Rural Minor Collector

Rural Local

Urban Major Collector
Urban Minor Collector
Urban Local

source: Reference 6
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o Refueling emissions: VOC emissions resulting from vapor displacement and
spillage associated with vehicle refueling.

Exhaust and evaporative emissions must be differentiated because of the different
characteristic VOC speciation profiles for these two categories. Additionally, emission
certification standards and emission controls vary between all four groups, necessitating
separation of the four components.

The inventory classification scheme provided with the UAM EPS categorires
on-road vehicle emissions by four road type designations {limited access, urban,
suburban, and rurail}, four vehicle classifications {LDGV, LDGT, HO4T, and
-HRDV), and four emission components {exhaust, svaporativs, refusling jossss,
and runping losses). Consegusnily, sixty-four Hfour road types x four yehicia
ciasses x four emission componems) source categorias gra dzfinad for en-road
vehicles. By contrast, the four non-on-road vehicle types ars reprasantsd by
eight source categories for off-road vehicles (two fusl types x four smission
components), three for airplanes {military, civil, and commercial}, ene for
rafiroads, and four for vessels {four fuel types}, for a total of sixtesn. These
eighty source categories are listed in Tables 6-1 and 6-2 and are treated
separately by the UAM EPS in the development of the mobile source inventory.

-~

7.3 MOBILE EMISSION INVENTORY PROCEDURES

The on-road mobile source component of the modeling inventory may be compiled in one
of two ways: (1) from original data, using the methodologies discussed in Volume 1V, and
(2} from an existing annual or seasonal county-level inventory such as AIRS, SAMS, or
NAPAP. The first option is less infeasibi2 than it might first appear, since the time
requirements for developing an original inventory are not considerably greater than for
developing the modeling inventory from an existing inventory. Additionally, the emissions
modeler may only need to generate original emissions estimates for some sub-category of
the mobile fleet. Some of the primary reasons for developing an original invehtory include

o’ The mobile source emission estimates should be categorized in terms of
different vehicle classes or road types than were used in the existing
inventory in order to improve spatial, temporal, or chemical resolution of the
modeling inventory, or to evaluate particular control strategies under
consideration;

o The procedures used to develop the existing emission inventory contain
uncertainties which would produce questionable model resuits.

-~
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Some primary reasons for developing the mobile source modeling emission inventory by
adjusting an existing annual or seasonal inventory for episodic conditions are

0 If emissions from mobile sources do not contribute significantly enough to the
total inventory to warrant development of an inventory from original data (this
is usualily not the case);

0 If time constraints prevent development of an original inventory; or
o Unavailability of data such as locale-specific VMT data.

Detailed orocaduras for development of mobile source emission estimates are presented in
Volume {V; this document should be referred to as the definitive guidance for constructing
a mobile source inventory.

If the emissions modeler decides to adjust an existing annual or seasonal mobile source
emissions astimates to reflect episodic conditions, the change in emissions can be
summarized by the following equation:

ME; = ME, - (EF./EF,) - (VMT/VMT,) (7-1)

where ME refers to mobile emissions. The subscript "B" signifies the variables associated
with the existing base (i.e., annual or seasonal) inventory and the subscript "E" indicates
the episode-specific variables. In Equation 7-1, the actual episode VMT and the base VMT
need not be determined, but instead can be replaced by a single factor termed the "VMT
factor”. The VMT factor represents the VMT change between the episode and the base
inventories. Note that this factor would also incorporate VMT growth if the modeling
inventory is being compiled for a different year than the base inventory. Equation 7-1 thus
becomes:

ME; = ME,+ (EF./EF,) - (VMT Factor) (7-2)

Equation 7-2 can then be incorporated into the following steps which are required to
complete adjustment of the mobile inventory. The appropriate sections of this chapter
containing the details of each step are indicated in parentheses:

o Determine the scenario and base inventory emission factors following the
methodologies described in Volume 1V for each road type and on-road vehicle
class using (1) the county-level inputs used to generate the exnst:ng inventory;
and (2) inputs reflecting actual episodic conditions.

o) Determine the VMT factor for Equation 7-2 for each road type and vehicle
class.
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o Apeply squation 7-2 to generate annual average mobile emissions for each
county within the modeling region.

o] Spatially allocate emissions (Section 7.5) to produce a gridded inventory.

o Temporally adjust the mobile emissions (Section 7.6) to reflect seasonal,
daily, and hourly diurnal variations.

in 8 UAM EPS.applicaticn, the emissions modeler should be awars of some.

additionat adjustments assumed by the EPS: (1) the on-road refueling:

cempenent of the VOC amissions is assumed to be includsd in the gas 0tins
markating area saurce category; and {2) the on-road VOC emission tutai ftzr

pach venicle class is assumed to not be d;saggregated o axﬁaust

evaporative and running tosses.

Gasoiiszee marketing emissicns are adiusted by first ramoving the percent of the

gasoline markating total associated with refueling emisaions. In the NAPAP

inventary, this percent is 47.4 %. The mobile source refusling smissions are
estimatad from the exhaust VO emissions usmg the foiiswing squation:

+

Refueﬁng E&ﬁssions Exhaust VQC - §EmeEFm3 . . (7 3}

"'i-i'-.emaustvoc (£XH}“-~-~ e """ SR

. A'Yhe other VQC components {exhaust, avaporatwe and mnmng Eosqes) are
determzned by appiqu the following fraction to tﬁe totat VOC mobﬁs swrce
amfeszoris.

VOC,=V0C’,A{EF,1'EF,§ o T

: where the subscnpt " refers to, in turn, the exﬁaust evaparatwe, and tmmng

" losses compopents; the subscnpt “T* refers ta the total Voo EmiSSIOﬂS and:’
emission factors. . From the component totals i m Equation ‘7—4 Equatzon ?~2 can
then be used to determme the scenarfc emtsfszon tmais. L ;

- ‘Fhe PREGRD mcduie a’i tf‘ue BAM E?S ad;usts the amu&t or seasonai mobﬁe o
. sburce inventory for episadic coﬁdatmns. ‘The emission factor ratios angd the
. WMT growth factor shown inv equattons 7-2, 7+3, and 7-4 must be calculated
gutsids of EPS to cowstruct the motor vehicle facmrs tabls {also kﬁown as the
mvfacs table} wt‘uch is reqwred mput to PREGBG
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7.4 MOBILE SOURCE EMISSION FACTOR

The EPA’s MOBILE series of models calculate VOC, NO,, and CO emission factors for the
on-road vehicle fleet. The current version of this modei is MOBILE 4.0; an updated
version, MOBILE 4.1, is scheduled for release in May 1991, and should be utilized after
that date. These models incorporate the data from the EPA Surveillance Program designed
to quantify and characterize the emission factors encountered in the on-road vehicle fleet.
MOBILE 4.0 and 4.1 are run-with a single input file containing both model parameters and
user supplied information. Table 7-4 lists required input parameters. In addition to these, a
list of opticnal paramsters is given in Table 7-5. The complete definitions of the input
parameters and the required format of e lup&.t Alg showd Te ootained from the user’s
guice fN tha modst, avallable from ERAL CToro oo U iz pwdance on dalermining

appropriate valucs for these inputs,

If the emissicrs modaler is adiusing an 3

factors use generate the existing mobils scurce invantory. ltis important t get the
most accurate and complete information availlable from the documeaniation of the daia
base; if necessary, contact the deavaloper of the existing invantory.

At ] e i . P .-4. - o -
datic o inventooy, ne must guplicois the amiasion

[o %
L
(o]

3]

[O

)

IsE}

> Version 2 of the NAPAP inventory was compiled using MOBILE 3.9 with
supplemental adjustment factors made to produce emission factors equivalent
to MOBILE 4.0. The input pafameters used are shown in Table 7-6. For
temperatures, the NAPAP inventory utilized the annual average ambient
temperature of the state with a 20 degree diurnal temperature spread. The
list of annual average temperatures used is shown in Table 7-7.

Considerations For Future-Year Emission Factors. The MOBILE 4.0 and 4.1 models can be
utilized for calendar years up to 2020; however, due to changing regulations (federal, state
and local) for the on-road venhicle fleet, some modifications are generally required for the
development of future-year emission factors. The following lists some commonly
encountered situations and recommendations for their incorporation into the emission
factor calculations.

Fuel Oxygenate Additives. The addition of oxygenates such as MTBE and ethanol have
been used for CO.reductions in winter months; however, their use has become common
enough that fuel oxygenates are beginning to be used year round. With respect to ozone
modeling, oxygenates generally lower exhaust VOC emissions and raise evaporative VOC
emissions. Thus, it is important to determine fuel oxygen content for both current and
future-year inventories. CO reductions due to oxygenates can be incorporated using a
specialized version of the MOBILE model called OXY4. OXY4 is available from EPA OMS,

90098 077 7-9
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-

Minimum and maximum daily temperature

Base RVP

In-use RVP™
In-use RVP start year™
Region altitude
Speeds

Operating modes’

"MOBILE default values are recommended.
““Not always used by MOBILE, but input record is required.
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TABLE 7-5. Optional input parameters for EPA’s MOBILE models.

Alternate basic emission rates’
Alternate vehicle tampering rates’
Fleet Characterization Data:

Fleet registration distribution™
Fleet mileage accumulation™
Diese! penetration rate
Vehicle class distributicn™

start year

model years inspected
compliance rate
frequency of inspection
test type

special mechanic training

Anti-Tampering Programs:

start year

vehicle classes inspected
frequency of inspection
list of equipment inspected

Refueling Programs {Stage I!):

start year
LDGV % system efficiency

Inspection & Maintenance Programs:

stringency %

waiver rates

program type

vehicle classes inspected
alternate credits

model years inspected
program type
compliance rate
alternate credits

phase-in period
HDGV % system efficiency

"MOBILE default values are highly recommended.

“"MOBILE default values available (national averages) but local or regional data

recommended.
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TABLE 7-6. MOBILE 4.0 modeling parameters used in the NAPAP inventory.

Parameter

Value or Source Used

Calendar year:

ASTM volatility class:

Ambient temperature:

Minimum temperature:

Maximum temperature:

Base RVP;

in-use RVP:

In-use RVP start year:

Region altitude:

Basic emission rates:

Vehicle tampering rates:

Inspection & Maintenance Programs:
Anti-Tampering Programs (ATP):
Stage Il Refueling Programs:
Onboard VRS (Vapor Recovery Systems):

Speeds:
Urban:
Rural:
Limited access:

Operating modes:
Urban:
Rural:
Limited Access:

Fleet Characterization Data:
Fleet registration distribution:

Fleet mileage accumulation:
Vehicle class distribution:

1985

See Volume {V

See NAPAP documentaticn
13.7°F below ambient.
6.3°F over ambient
11.5 psi.

not used.

not used.

See Volume |V
MOBILE 4.0 defaults.
MOBILE 4.0 defaults.
County level I/M data.
not modeled.

n/ain 1985.

not modeled.

19.6 mph.
45.0 mph.
55 mph.

20.€, 27.3, 20.6.
7.0, 5.0, 7.0.
0.0,0.0,0.0

Used county level registration
data from R.L. Polk.

MOBILE 4.0 defaults.
MOBILE 4.0 defaults.

900398 ¢7




‘TABLE 7-7. State annual average temperatures used in the NAPAP inventory.

Annual Annual |
‘ Avarana Average '3
State { Timp Do Temp., .
Alabama T2 Shroonz 2.3 |
Arizona §7.5 Nevada 67.3
Arkansas G0 b RoR Al =2 .
California 65.1 New Jersay 54.7 :
Colorado 53.9 New Maxico 53.1 B
Connecticut 52.2 New York 54.0 |
Delaware £6.2 North Carolina 8.1 |
District of Columbia £6.9 North Dakota 458.1 ;
Florida 67.3 Chio 53.8
Georgia 60.7 Oklahoma 59.3
Idaho 54.5 Oregon 56.5
Hlinois 51.8 Pennsylvania 55.2
Indiana 53.6 Rhode (sland 53.1
lowa 50.2 South Carolina 62.7
Kansas 54.1 South Dakota 48.2
Kentucky 56.9 Tennassee 592.8
Louisiana 65.4 Texas 65.7
Maine 49.9 Utah 53.8
Maryland 56.6 Vermont 47 .1 |
Massachusetts 53.0 Virginia 59.1 !
Michigan 51.4 Washington 55.0
Minnesota 48.3 West Virginia 57.7
Mississippi 63.2 Wisconsin 48.4
Missouri 56.2 Wyoming 51.1
Montana 50.0
90098 07" 7-13



but only adiusts CO emissions. To determine VOC adjustments, the emissions modeler
should consult the EPA guidance document on fue! blends.*

Clean Alr Act Amendments. The Clean Air Act Amendmants ¢f 1980 address changes in
the on-road motor vehicle flest for ozone non-attainment areas. Included in the
Amendments are discussions of the fellowing:

o inspection and maintenance programs implementations and upgrades;
o stage H refusling programs;
o fuel raformularicn fincluding BV 2 onrtr~ty, fosl additives and fuel

composition); and
0 new vzhicle amission cartification s*an-dards.

The first two of thesa modifications can ca rmodalaa dirsctly with the MOBILE modsis, For
fuel reformulation effects, R%F limits are moceled; consuir Reference 4 for fus! additva
effects. Fuel composition changes generally will not affect emission factors, but vail
affect the VOC speciation profiles associated with the on-road vehicles, as discussed in
Chapter 9. New emission certification standards can be incorporated into the model;
however, the EPA OMS should be consulted for recommendations on the proper procedure
for their incorporation. 7

Transportation Control Measures (TCMs). TCMs consist of a wide array of control
measure which are designed for the reduction of traffic congestion. TCMs are being
studied and implemented in many CMSAs. For the incorporation of TCMs into ths
emission inventory, a VMT reduction or speed adjustment needs to be estimated for each
TCM.

7.5 SPATIAL RESOLUTION OF MOBILE SOURCE EMISSIONS

Mobile sources differ from most other area source categories in that their spatial variation
is more accurately described using a link-based rather than a surrogate-based gridding
procedure. Link-based spatial allocation results in distributing emissions only to those grid
cells that contain transportation pathways (i.e., limited access roadways, railways,
airports, shipping channels, etc.); this approach is usually used in conjunction with
surrogate allocation to complete the spatial resolution of the maobile source inventory. The
methodology necessary to incorporate links into the emission inventory is given in the
following section (7.5.1), and the allocation of mobile emissions through surrogates is
discussed in Section 7.5.2.
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7.5.1 Link Surrcgates

Links are used in the spatial allocation of on-rcad limitad access vehicie, railroads, airports,
and vessels emissions because the transport routes used by these vehicles are easily
identifiable and can be modeled using a series of lines or links. Using links provides a more
accurate allocation of emissions for these vehicles than the allocation of these emissions
through other particular surrogates such as population, cornmercial land-use, etc.

Figure 7-1 illustrates a typical link with re‘;pect to a grid szl of an inventory. Eachlink is
associated with a start and end point, and the length of the link In each arid celi needs to
be determined. In Figure 7-1, the link shown will have thrae lennths ciloulated, the length

. . . e , - o - ; oy iey!
within tha arig cell, tha e vrmm e o2l above the ool oz, o 7L 1o L0 orIng link
H ) H | P RUNE SRS
in the grid cell to tha right «f 2 grid cafl
- ‘1 ~ ':~.'4 Ty - B T T ~m ko
After locating all of th2 lirl2 o7 22 ventory, TS LulCLDn S0 Chon, Ll LTWESicTE 1S

aridded emissions is performad by the following equation:

ME ME e * (LIN

[T county

K:sﬂ / L! NKcoun’y )

i
]
o

where ME is the mobile emission totals, the subscript county refers to county totals, the
subscript cell refers to grid cell totals, and LINK refers to the total length of each link in the
subscripted domain. -

In the generation of links for modeling region, the following parameters need to be
determined for each link:

O Type of link: The different types of links correspond to the different vehicle
types using the link, thus the different types are limited access roadways,
railroads, airports (i.e. runways), and vessels (rivers, sea lanes, and/or ports).

o County designation: Links need to be classified by county so that county
totals can be deterrmnined. Digitized link segments should end at county
borders.

o Begin and end point coordinates: The coordinates of the link need to be in the

same units as the grid of the modeling region.

The first step in the generation of these parameters is to obtain a map with the proper
links identified. The U.S. Geologic Survey (USGS) maps are a good source which clearly
indicate railroads, airport runways, rivers and ports. USGS maps also use the coordinates
of UTMs and latitude and longitude. It may be difficult, however, to determine motor
vehicle roadway types from USGS maps, requiring the use of a more detailed street map.
Note that no standard coordinate system is usually identified on street maps; reference

-
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noints on the ctrest mop must o2 dentilied (goed rafe Fe Sounty ine

SRR ':
intersections) whose coordinates can te determined from a USGS map to enable accurate
conversion of the street map lccations to the modeling coordinate system

To facilitate the determination of the links coordinates, it is highly recommendead that a
electronic digitizer be used to nap oul the start and end points of gach link. A digitizer is
an electronic sensor that can translate any position on a digitizer board into numerical
coordinates. Thus, any coordinates of a map can be converted into the numerical
coordinates of the digitizer by simply attaching the map to a ﬁx’ad 1ocation on a digitizer

i ! 4 sy o ; o o e PR I S . p
hoard and moving thea sensor 10 2ach link start and eng pont cortmn n additicon, two
- - e 4 e -~ 4 N N
I’”BAJH’W ;,r’ nig ars re 4'.:\4\4 1;\.11 N3 \_/un..r.,l\.nb”} Ja - ux-., ..’~..u e R s G hnsiti LGOS et
anordimate 3ostam of st ot raoior,
7.5.2 Mon-ink Mobila Toiraina Do dal Begre e

Non-link surrogates are emoloysd 127 the SCaTE 4nusladn oy Musus emissions for the
following situations:
e} Links are too r..merous to define and process. This is typically the case for
on-road rural and urban vehicles and off-road vehicles.

o Emission totals are too insignificant to warrant the development of links; this
occurs in some applications for railroad locomotives and vessels.

o Use of land-use based spatial surrogates provides a more accurate allocation
of vehicle emissions. Such is the case when vessal transport occurs
uniformly over a wide waterway.

The procedure for the allocation of emissions according to land-use data is outlined in
Section 6.2.2 and is directly applicable to non-link surrogate situations.

The UAM EPS will use the surrogates shown inn Table 7~8 in the absence of link
data, and in most UAM appiications a combmatzon of lmk and kami-uss .

© _surrogates are used for the spatiaf allocation of mcbﬁe .SOUrCE.-emissions. Asan

_ exampie Figure 7-2 shows the development of links fcw the Dallas/Fort Worth

. afeaw in this figure, 131 finks were developed for the alocation of imiteg

. . access m&ds and conmmercial airports..- thure -3 shaws the gridded mobife -
ipventory from this alfocation, using the surTogates mdscated i ?’abie 7-5 fot
those categmes for wh;cb !mks were not deveiopeé
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Mobile Source Category’ Racaommendad Lamd-uza Surrogats
)
{
“‘“"‘“ : !
On-road vehiclas furba— Crena %
On-road vehicles (rurai) Rural
QOff-road vehicles (all ¢ynas) Rural
Airplanes {civil and military) County area
Railroad locomotives Urban
Vessels (all types) Water

For cn-road vehicles on limited access roadways and commercial aircraft, no surrogates
other than links are recommended.

source: Reference 3
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FIGURE 7-2. Mobile source link surrogates developed for a UAM application of the

Dallas/Fort Worth region.
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DALLAS WEEKDAY MOTOR VEHICLE EMISSIONS
NOx (kg/dey)
Total = 320702.60

FIGURE 7-3. Gridded annual average mobile source emissions for a UAM application of
the Dallas/Fort Worth region.
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7.6 TEMPORAL RESOLUTION OF MOBILE SOURCE EMISSIONS

Temporal adjustment of the mobile source inventory into monthly, daily, and hourly
specific totals is not significantly different than the treatment of other area source
categories. Accordingly, consult Section 6.3 for recommended procedures for temporal
adjustment of mobile source emissions. As a special consideration for weekend
inventories, note that diurnal variations in weekend driving activity generally differ
markedly from weekday patterns (which typically exhibit a "double-peaked" profile, with
the most activity occurring during the morning and afternoon commute hours).
Accordingly, the emissions modeler should be careful to select a diurnal variation pattern
for on-road motor vehicle emissions which is appropriate for the modeling episcde. |If
nourly venicular sveeds and ViviT distributions are available from the local Metropolitan
Planning Organizations {MPOs), these should be utilized in estimating hourly mobile source
emissions.

Thae UAM EPS daity and heurly variation codes are shown in Tables 5-4 and 5-5
respectively. In Table 5-4, the default assignment for daily variation of mobile
ernissions is code #23. In Table 5-5, the default assignment for diurnal
variation of all on-road source categeries s cade #48 for weekends and code
#50 for weekdays. It is extramaly ’empoﬁant in any UAM application to check
- these values with any locale-specific data to determine their applicability. in
| addition, th:e'UAM EPS assumes s fidt p:tofite for rn’bn’thiy Va'n‘étiah of on-road

ndication of the wide variance of montbiy factars depenﬁmg on R)catmn. : o
: Monthly VIAT adjustments should be determined and dsrectty mcmporated inte .
the VMT caiculat;ons of Section 7.5.
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8 BIOGENIC EMISEIONS

8.1 INTRODUCTICN

In recent vears, air quality madslers have heoun to recopniza that hincenic emicsinng
(naturally occurring emissions from vegetation) can contribuie sicmificantly to the tora
emission inventory, aven in predommantly urban regions. Some 01 tneze Nty
OCCUITING OFSemid w30 o8 4rs ;

the maodaling invartory mustincludz som

completaness.

FEQUILE DROICO T T PEAD T

o

SATETN TS S
SRR AR

g

In a collaborative effort, researchers at Washington State Univars.or wmn o7

developed a computerized system to 2ctimzat? hourly gricgc oic-m=n ~rmomsiees . Thin
system, called the Biogenic Emissions Inventory System (BEIS), 15 avalizhiz (o the public
from EPA. Much of the following cvervie of the BEIS is taken from the paper
"Development of a Biogenic Emissions Inventory System for Regional Scaie Air Poilution
Models"' (this paper is reproduced in its entirety in Appendix D of the EPS User’s
Manual?). :

W

8.2 OVERVIEW OF THE BEIS

The BEIS estimates bioganic emissions based on various biomass, emission, and
environmental factors. In general, the basic equation for these calculations can be
expressed as

ER, = I, [BF - EF - F(S,T)I (8-1)
where ER is the emission rate (in grams/second per model grid ceil), i is the chemical
species (such as isoprene or monoterpene), j is the vegetation type, BF is the leaf biomass
factor (in grams/square meter), EF is the emission factor (in micrograms/gram-leaf
biomass/hour), and F(S,T) is an environmental factor accounting for solar radiation (S) and
leaf temperature (T).

The BEIS produces one output file: a binary UAM-format low-level emissions file. This file

contains hourly gridded biogenic emission rates for olefins, paraffins, isoprene, aldehydes,
NQC, and NO,.
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8.2.7 Leal Siomass Factors

The leaf biomass data base used by BEIS was derived from land use data in the Qak Ridge
Laboratory’s Geoecology Data Base. The land use data base is resolved at the county
level and includes acreages for forest tynes, aoricuitural crons, and other arezs such 33
urban, grassland, and water. Each of the fcrest tvoes in the land use data base is
assigned to either oak, other deciduous, or conifercus. The leaf bicmass for each forest
group is partitioned into four emission categorias: high isoprene deciduous, low isonrans
deciduous, non-isaonrene daciduous, and coniferous. Tanle 8-1 shows the hiomage facrtore

for each forast group.

218 52830000 Y 2USE DICMIa3S 0 Dnu 20 L3 ST .o »
steo function. For 2ach month, dacidusus vaosanos 70 2 T st e s e
either full biomass or no bicmass. Since mcst high czors gniscdss cotur wurny o2
summer menths, this is not uzusily 3 oz asumze

8.2.2 Emission Factors

The emission factors used in BEIS are vasad largely on Zimmerman's study of dbiogenic
emission rates in the Tampa/St. Petersburg Florida area.® These factors for the three
forest groups dre shown in Table 8-2. Emission factors are given for four hydrocarbon
species: isoprene, a-pinene, monoterpene, and unidentified.

The Carbon Bond 1V speciations for these four species are shown in Table 8-3 (consult
Chapter 9 for a discussion of the Carbon Bond 1V mechanism). Multiplying the biogenic
emission factors in Table 8-2 by the biomass factors in Table 8-1 resuits in the emission
fluxes shown graphically in Figure 8-1 for each of the vegetation types. Figure 8-2 shows
the spatial distribution of standardized biogenic non-methane hydrocarbon emission fluxes
for the contiguous United States.

Some natural sources also emit quanzities ¢f NO,; these sources include biomass burning,
lightning, microbial activity in soiis, and ammonia oxidation. Although these natural
sources will generally be much smaller than anthropogenic source emissions in urban
regions, concerns about air quality in rural regions with fewer anthropogenic emissions
suggests that NO, emissions from natural sources should be considered in the modeling
inventory. Because of the lack of sufficiently detailed emission factors for the other
natural source types, the BEIS currently estimates NO, emissions from grasslands only.

30C98 082 8-
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TABLE 8-1. Leaf biomass factors {g/m?) by forest group.

l
High isoprene Low isoprene Non-isoprene Non-isoprene
Forest Group deciduous deciduous deciduous coniferous
Oak 185 60 60 70
Other deciduous 60 185 90 135
Coniferous 39 26 26 559

source: Reference 1

TABLE 8-2. Biogenic emission factors (ug/g/h) for each biomass emission category,
standardized for full sunlight and 30°C.
High isoprene Low isoprene Non-isoprene Non-isoprene
Chemical Species deciduous deciduous deciduous coniferous
Isoprene 14.69 6.60 0.00 0.00
a-Pinene 0.13 0.05 0.07 1.13
Monoterpene 0.11 ) 0.05 0.07 1.29
Unidentified 3.24 z 1.76 1.91 1.38

source: Reference 1

TABLE 8-3. Carbon Bond 1V speciation for BEIS biogenic species (moles CB-lV species/mole
chemical species).

Carbon Bond Species l
Non-
Chemical Species OLE PAR ALD2 ISCP Reactive
Isoprene - - - 1 -
a-Pinene 0.5 1.5 - -
Monoterpene 0.5 6 1.5 - -
Unidentified 0.5 8.5 - - 0.5

source: Reference 1

90098 08"’
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8.2.3 Environmental Factors

Studies indicate that biogenic emissions from most plant species are strongly temperature-
dependent; isoprene emissions also vary with solar intensity. The emission factors used
by BEIS are standardized for full sunlight and 30° Celisius. The BEIS adjusts these
emission factors t¢ account for the effects of variations in ambient conditions using
relationships derived by Tingey.*®>® The emission factor sensitivities to leaf temperature
for isoprene and monoterpene are shown graphically in Figure 8-3.

BEIS also simulates the vertical variation of leaf temperature and sunlight within the forest
canopy. The canopy model employed by BEIS assumes that sunlight decreases
expongnially throwsh the hypothetical forest canopy; the rate of attenuation depands on
the assumed biomass distribution. Figure 8-4 shows a schematic representation of the
assumed canopy types for deciduous and coniferous forest groups. Visible and total solar
radiaticn ars calculzted for eight levels in the canopy and used to compute the leaf
temperature at each ievel; Figure 8-5 presents the assumed temperature and solar flux
variation by canouy layer for deciduous and coniferous forests.

8.3 INPUT REZQUIREMENTS OF THE BEIS

The BEIS uses three types of data files: UAM preprocessor data, user-supplied data, and
data supplied to the user by EPA. Figure 8-6 shows a flow chart of the BEIS flow of
information. Each of the input data files is briefly described below. Appendix D of the
User’s Guide for the Urban Airshed Model: Volume IV: User’s Guide for the Emissions
Preprocessor System? contains detailed format descriptions of the various input files.

UAM Preprocessor Data. Two of the UAM preprocessor files are also used by BEIS. The
first is the WDBIN file, produced by the UAM winds preprocessor and containing hourly,
gridded surface wind speed data. The second file is the TPBIN file, which is produced by
the UAM temperature preprocessor program. This file contains hourly, gridded
temperature data. These files should be available from the photochemical modeler.

User-Supplied Data. The user must supply two types of data: meteorological and county
allocation data. The meteorological data consists of surface meteorology information on
relative humidity, cloud coverage, and cloud height for one station within the particular
UAM domain. The county allocation data is comprised of records containing the percent
of a given county that is in a given grid cell.

EPA-Supplied Data. The EPA provides two data files for use with the BEIS. The first of
these files is a leaf biomass distribution data base. This file contains, at a county level,
the following data for the contiguous United States: (1) hectare values for canopy, non-
canopy, and urban tree areas; and (2) canopy biomass density (kg/ha) for oaks species,

30098 082 8-6
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DATA SUPPLIED
UAM PREPROCESSOR : TO THE USER

DATA
USER -SUPPLIED DATA BY EPA
METEOROLOGY COUNTY ALLOCATION
N

CNT‘(BIO>

RAWMET

BIBIN

Binary Low-Level UAM Emissions File

FIGURE 8-6. UAM stand-alone biogenics processor. Overview of the Biogenic Emission
Inventory System (BEIS).
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other deciduous species, and coniferaus species, by month. The sacond data file consists
of actinic (spherically integrated) flux data. This data is orovided for ten zenith angles for
different wavelengths of the solar spectrum, ranging from 280 nm (uitraviclet) 10 800 nm
(near infrared) in increments of 10 nm.

8.4 USER-SPECIFIED LAND USE DATA

One of the major limitations of the BEIS as it is currently imnlemented is the lack of
subcounty spatial resolution in the land use data base used 1o grid biogenic emissions.
{Note, however, tnat the final model-compatible emissions file proguced by BEIS may
show spatiai variations in emissions at a subcounty level bacauss ry J50 2 U
gridded relative humidity and temperature data in its envircnmsanizi (2070
algorithms.) Two upcoming modifications to the BEIS, scheduled for comp

YRR PN
PR R

laticn oy ey
1991, will ractifv this limitation, howsavar; thess modificaucns o oo 2.0 or L7, o2
{1) The BEIS source code will be modified to allow the usar to soz0y wodnis "o

use data on a county basis using existing land use catsgorisz for both canopy
and non-canopy (i.e., crop) data.

(2) An option will be added to allow the user to use gridded land use data in the
BEIS, utilizing the current land use categories.

8.5 PROJECTION OF BIOGENIC INVENTORIES

In general, the same emissions factors will be used to estimate biogenic emissions for both
base and projection years. However, the agency may wish to incorporate the effects of
anticipated changes in land use patterns on spatial allocation of biogenic emissions into the
projecticn inventcries if this type of data is available. Changes in land use may also affect
the amount of biogenic emissions contained in the modeling inventory, since the acreage

of forest or agricultural land in each grid cell is used to estimate the biogenic emissions for
that ceill.

> One case where land use patterns might be expected to change dramatically,
thus affecting the amount and spatial allocation of biogenic emissions, would
be if major land development projects (such as new housing developments or
industrial parks) are planned. Consult local planning agencies to determine if
this situation exists.

For most applications, however, the assumption that biogenic emissions will remain
constant between the base and projection years will not be a significant source of error.
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9 SPECIATION OF VOC AND NO, EMISSIONS
INTO CHEMICAL CLASSES

9.1 INTRODUCTION

Most photochamical models, including the UAM, require that VOO emissions be expresseg
in terms of designatad groups or "classes”™ of compounds. Adc‘mcnanv in some mode!s
N kA Amvya T a0 :"")3"‘}":1:;\"1 ze A and ‘\H"‘s‘ \-acq ralelarct

TAIOSY e Dy g gy o
-~ [P S e I SN )
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. X
2ord 1Y ‘wsmnw m employed by the UAM.

G20 THE GAA00M BOND-IV MECHANISM
Tha currently available version of the UAM uses version 1V of the Carben Bond Mechanizm

(CR-IVY, Smmae 2very reaction of all of the organic species found in an urban atmo c’ ara
cannot be considered, these poliutants must be grouped to limit the number c¢f reactions
and species to a manageable level while permitting reasonable accuracy in predicting
ozone formation. Each carbon atom of an organic molecule is classified according to its
bond type. As implemented in the UAM, the CB-IV contains over 80 reactions and more
than 30 species. These reactions and species are tabulated in Appendix A of the User’s
Guide_for the Urban Airshed Manual, Volume I.'

The differential equations that describe the CB-1V contain wide variations in time (reaction
rate) constants. The UAM uses quasi-steady-state assumptions for the low-mass, fast-
reacting species and a more computationally efficient algorithm for the remaindar cf th
tate species. Table 9-1 lists the carbon bond species used in the CB-IV version of the
UAM.

in the UAM EPS,; sach carbon atom of total VOC emissions is assxgneé to one
. of the foI§OWing ten speciss listed in Table 9-1: oieftruc carbon bond {OLE},
- paraffinic carbm sonds {PAR), toluena (TOLL xylena, (XYL, formaldebyde
{FORMY), hzgh molecular weight aldehydes (ALDZ}, ethene (ETH}, methanol
. {MECH}, ethanol (ETOH), and isaprens (1ISOP), NO, emissions are partitioned -
©into. NQ and NO,. Emissions of CO can 3130 bs znduded in the UAM modeimg '
inventory,
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TABLE 8-1. Definition of the UAM {CB-1V) species.

UAM Species

Species Name

NO
NO2

co
HONO
H202
HNO3
MEOH
ETOH
ISOP

Nitric oxide
Nitrogen dioxide
QOzone
Toluzns (C.H-CH.)

Xylene {CqHg-(CH3)Y)

cormaldenyds {CH, =0)

High molecular weight aldehydes (RCHO, B> H)

Ethene (CH,=CH,)

Cresol and higher molecular weight phenols

Methy! glyoxal (CH,C(O)C(OYH)

Aromatic ring fragment acid

Peroxynitric acid (HO,NO,)

Total of nitrogen compounds (NO + NO, + N,0; + NO,)
Peroxyacyl nitrate (CH,C(O)O,NG,)

Carbon monoxide

Nitrcus acid

Hydrogen peroxide

Nitric acid

Methanol (optional)

Ethanol (optional)

Isoprene

source: Reference 1
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8.3 CHEMICAL ALLOCATICH CE VLT

Generally, the basic annual inventory will contain astimatzs of sither total VOO or non-
methane VOC, depending on what emission factor informaticn is used for computing
emissions. The basic approach for allocating VOC into the c¢lasses nseded by a
photochemical model is to employ a set of "split factors” that distributa a certain fraction
of the VOC total into each class. A simple exampie demonstratas this concept:

> Assume a source emits 10 tons of VOC per day; tha solit factaors for this
particular source are 0.2 tons OLE/ton VOC, 0.3 tons PAR/ton VOO, and 0.8
tons ALDZ/ton VOU. Simpie muslipiication of ¢ach 1acior 0y ui1e (0041 (00
of VOC yields tha quani. of Vol in S8CH CEITGL su v welud, -

H

8, and 3 tons per dav, roscectively,

This allocation step would, of coursa, have t0 52 performsd for 3u0h 2m 0o o0
developed in the inventory using different split factors appropriate {or each sowroy or
source category. Please note that the exampie above is simpiified; tra |

split factors be provided in terms of moles CB-IV species per gram toral VO, Caloviznen
of split factors in these units will be discussed further below.

TA AR rovmrarmo wm e
. ren "

As can be seen from the above example, the VOC allocation step is not difficult once the
split factors are available for each source. The major difficulty in this process is
determining which split factors are most appropriate. Two basic approaches can be
followed for determining split factors. ldeally, VOC split factors should be source-specific,
reflecting the actual composition of VOC emissions from each individual source.

> For example, because of the importance of gasoline evaporation in VOC
inventories, local gasoline composition data should be obtained correspending
to the summer season in the modeling area (note that liquid composition data
would have to be adjusted to best reflect vapor composition). Additionally,
source tests could be performed to determine VOC species data for each
major facility in the region (refineries, chemical manufacturers, etc.), and
solvent composition data could be solicited from smaller commerciai and
industrial establishments (dry cleaners, degreasers, etc).

From this type of information, a photochemical modeling specialist could determine
appropriate split factors for each source. See Appendix B for additional guidance on
construction of source-specific speciation split factors.

Because of resource limitations and unavailability of solvent composition data, however,
collecting source specific speciation data is generally impractical for all but a very few
large point or area source emitters. An alternative method employs generalized VOC
speciation data from the literature to develop VOC split factors by source type. To

——
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daveiop CB-1V split factors from generalizen speciation data, the individust chamisal
compounds typically present in the emissions from each source tyns ‘and their melecular
weights and weight fractions of the emissions mixturs) must first be identifiod. Than,
each of the chemical compounds present in the modeling inventory must be classified
according to the CB-IV mechanism.

Table 9-2 contains a sample EPA VOC speciation profile; this particular profile provides an
estimate of the composition of VOQC emissions resulting from storange of petrolaum
products in fixed roof tanks. This tahle ig taken from the Air Emissions Snogizg Manunl,

Volume 1: Volatile Crganic Compound Species Profiles.® The Ai Emissions Sn«ac:w\

Manual contains over 250 "emission profiles” hke the examplie in Tagla 8-2 for voricuns

point and area sourcs caisoares 1hg manual also contins Zro g for oo

motor vehicles and aircraft, in sach orofile, individual chamical comy

their corresponding mclscular weights and weight p rcwnagc of T T
speciation profiis codes and dascripsicns ara listed 'n CETIIA,

The type of information contained in Table 9-2 can b3 ussr vith the C2-0° .
assignments for individual chemical compounds from Guidslines for Using G702 -4 ve oy

CBM-1V or Optional Mechanisms?® to calculate composite ==lit factors by spaciaticn profila
For each profile, the weight percentages associated with each organic compound are
summed for each carbon bond classification and the average molecular weight of the
mixture computed. The split factors are expressed in units of (moles of carbon bond
species)/(gram total VOC) and represent a weighted composite of the carbon bond class
assignments for each of the chemical compounds present in the mixture. Mathematically,
this can be expressed as

for each i, I [{WF, / MW) - (moles of i / mole j}] (-1

where i is the CB-IV species, j is each chemical compound in the mixture {e.g., carbon
tetrachloride), WF| is the weight fraction cf jin the mixwure, and MW is the mclecular
weight of chemical compound .

If source-specific data is unavailable, the emissions modeler can use the speciation profiles
contained in the Air Emissions Species Manual (with the CB-IV species assignments for
individual chemical compounds) to generate appropriate split factors by source type in the
manner described above. Whenever possible, however, speciation profiles should be
reviewed to ensure local applicability, especially for the major point sources and important
area sources in the modeling region.

. The 5pht factars flie grov&dad w1th the UAM EPQ cmtams C B—N spirt faatm {in
Cunitg, of moles of CB-1V specxesfgram totat VOC} for gach of the profiles E:sted
B ¢ Append'x A. In addition to the spiit factors for the tan VOC carben};pnd L

—~——
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TABLE 9-2. Example VOC speciation profile from the Air Emissions Species Manual (EPA,
1988).

Fixed Roof Tank O Crude Oil Production

0299

Uncentrolled

Engineering evaluation of test data and literature datz

Profile Name:
Profila Number:
Control Deavice:
Data Source:

| ZALSGAD CAS . {»:?;, eoemil

3 Mumber Number Species Name Weiaht WA abyine 4

43115 C-7 Cycloparaffins 98.19 .50

431106 C-8 Cycloparaffins 112.23 0.80 n

43122 Isomers of Pentane . 72.15 1.50 |
43201 74-48-8 Methane 16.04 6.20
43202 74-48-0 | Ethane 30.07 5.60
43204 74-49-6 Propane 44.09 17.60
43212 106-69-8 | N-Butane 58.12 27.1C
43214 75-52-5 Iso-Butane 58.12 1.50
43220 109-96-0 { N-Pentane 72.15 14.60
43231 110-05-3 | Hexane 86.17 7.90
43232 142-22-5 | Heptane 100.20 9.20
43233 111-16-9 | Octane 114.23 6.90
45201 71-14-2 Benzene 78.11 0.10
SUM TOTAL 100.00

source: Reference 2
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classes used 18 EPS, this file contains factors 1o split out the non-reactva
portion of VOC and disaggregate NO, emissions into NO and NQ,, These spliz

. factors wers calculated on a basis of toisl WOL I the mvemory conteins
estzmates of reaf:twa YOG, the sp?;t tactors for each profite’ st ba

rancrmaized Ty ramoving the non-resactive gordon. Section B.4 of this chapter

; andreﬁ&es cmnwmmﬁ Gf %én mums o bhe eempatnbta wmh ?;m% mvmm:or‘y

;‘Fhe spec:atwn aroﬁ%a fzie, one of ttze mpws 10 thaa £PS ;‘xegmm CEN‘I %MS
assigns profile wdes basad on Sowcas Classification Code ;%“;{Is";: for potmt
sourcas and arsa sowree caltegory ASY) coda [or arow and iaotile stwtas.

PIS ey I8k NN oy AN e Hw ﬂ_:; Blwon e \tm:ﬁ.* .
iong i a5 with 9 3 i ;

1 Y SRR feted OF Seriead S0T 5L BT WS Thiw

)
RS

are assignad to CB-1V species using the overall average soeniation naiia
{EPA spaciation prafile code 0}, The default source catsgory/spaciation nrovils
palrings in this fila should slwavs be roviawsd rcr aperonyiaTons oo
modaling region.

Whether or not the agency intends to employ a mod=s! that incorporates the carzon bond
mechanisin, a photochemicai modeling specialist should be consulted to review all
procedures, algorithms, and VOC species/split factor data prior to initiating any data
collection or allocation effort. The modeling specialist can also provide valuable advice on
how to deal with other types of VOCs. Inno case should the agency develop split factors
or carry out such an allocation without knowing what photochemical model will be run or
what classification scheme is needed to meet the model’s reactivity requirements.

9.4 SPECIFICATION OF NO, AS NO AND NO,

Some photochemical models do not requira that nitrocgen oxides be distinguished as either
nitric oxide or mitrogen dioxide. Instead, these models assume that all NO, is NO, which is
the oredeminant form of NO .emitted from combustion processes (the primary source of
NQ, emissions).

For modelis (such as the UAM) that do require this split to be made, however, split factors
are applied in the same manner as are VOC split factors. That is, for each source or
source category emitting NO,, two percentages (totaling 100 percent) need to be defined:
one corresponding to the fraction of NO, emitted as NO and the other corresponding to the
fraction emitted as NO,. In this sense, allocating NO, into NO and NO, is analogous to
utitizing a 2-class scheme for allocating VOC.

The mode of expression of the necessary split. factors may vary from one model to
another. NO, emissions are ordinarily expressed "as NO,", which means that a molecuiar

-
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weight of 46 is attributed to NO as well as NO,, even though the true molecular weight of
NO is 30. Many models, including UAM, take account of this convention by accepting
split factors totaling 100 percent for NO, "as NO,", but some may require NO emissions to
be expressed in terms of the true weight of NO. The true value for NO is 30/46 or 0.65
times the conventional value of NOQ "as NQ,." [f the inventory maintains NO totals as NO,
then care should be taken that 2 molecular weight of 20 is used when computing moles of
NO for use in the photochemical model. It is important, during the planning stages, to
review the annual inventory to determine how NC, is reported and to consult with a
modeling specialist to find out how the photochemical model accaepts NO, emissions data.

> Consider a power plant that emits NO, equivalent to 1,000 kg of NO, per
hour. Given sglit factors of 38 and B percent by weigint "as NO,", then NO
and NO, emissions would £z gguivalent to 850 and 50 kg "as NO," per hour,
respectively; howevar, the actual emissions of NO would be only 30/46 of

950, or 620 g per hour.

At present, few references are availabie that define split factors for allocating NQ, into NO
and NO,. Two sources of such data are References 4 and 5. As a rough average, 97
percent (by weight as NO,) of the NO, emitted from most bcilers will be NO.

?’he c8- N sgl:t., factor f:le provided w1th the iJAM &PS assumes defat.ﬁt Sphts
... for NO, emissions from all source typesiof 90% and. 10% by weight of NO (as
NG,} and Noz, resspectwety.. The. actual valuss mntamed n the Sphts facmr fﬂe
are determmed as foikows‘ ' : : g ~

NO fG 90} x{ {30 Grams NO[mo?a) / £46 grams &0 fmoiei I
0 58 grams NQ f gram MQ '

NO;., (0 10} x { {46 gram NO,/mole} l {46 grams NO z‘moke} I
O ‘EQ grams NGZ H gram NO, T

9.5 PROJECTION OF VOC AND NO, SPLIT FACTORS

Just as the quantity of emissions may change in an area from the base year to any
projection year, the composition of these emissions may change, as well. To reflect this,
different VOC and NO, split factors may need to be used for each projection year, at least
for important sources for which such projected compositional changes can be estimated.
One source for which this may be an important consideration is motor vehicles. Changes
in emissions control technology and use of alternative or reformulated fuels may result in
significantly different VOC split factors for these sources in projection years; emissions

——
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modelers should consult EPA for the latest guidance. Similarly, if significant changes are
expected in the compositions of petroleum products transported and stored in the
modeling area, such changes should be reflected in the projection year split factors. Of
course, for many sources, no changes in emission composition will be expected. For
instance, no change would be nseded for any sources that will use the same solvents in
the base year and projection years (e.g., dry cleaners using perchioroethyiene). Likewise,
since no evidence suggests that NO/NO, ratios in combustion emissions will change in the
near future, the same NO, split factors could also be used in projection years.

In any case, different split factors for the base and projection inventorigs should only be
used to reflact anticipated changes in the composition of future amissicns. Any cther
changes in the split factors usad for th2 base and projecticn inventories may cause the
photochemical model to predict changes in ozone concentrations that are due simply to
differences in methodology and ars urrsintad 1o expected rezl effacts of composition
changes.

9.6 COMPATIBILITY WITH INVENTORY DATA AND SOURCE CATEGORIES

Two major types of compatibility with the emissions inventory need to be considered
when determining appropriate split factors. First; the split factors must be calculated in
units compatible with those used to express VOC totals in the basic inventory. Ordinarily,
this means they should be given in terms of total VOC, including methane and any other
organic compounds considered unreactive, if such compounds are present in the emissions
for the category under consideration. However, if the basic inventory has been compiied
in terms of non-methane hydrocarbons (NMHC) or reactive volatile organic compounds
(RVOC), the split factors should be given in terms of these totals rather than of total VOC.

" The split factors provided with the UAM EPS are applicable to emissions given
as total VOU lincluding methane}, ' These splits were tabulated on & total VOC
- basis 80 85 to be compatible with the EPA VOC speciation profiles, which .
.- include methane. Hf they were to he applied {erronsousiy} to NMHC em:ssmns
estrmates t?ta resmftsng emzas;cm sstzmates in each \IOC class woutd be '

in t%‘;ts casa, ths gwan s;zln: %actors wauid hava to ba ad;ustscf ta maka mam :
appitcai}ie to rxsn*methane VOC emissions,” This can be reacﬁiy accamp&sheé
by recalculating the average molecular wesght of the mixture wrthom methane;
the methans-fres molecular weight is then used with the CB»%V;specaes ‘
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assignments by chemical campound (o geperale nun-mesthane YOQ seit facters
using the method described in Section 8-3, ’

If the existing inventory is not in terms of VOC or non-methans VOO, and insicsd 18
divided into some sort of classification scheme that is incompatibie with the Cnemistry
employed by the photochemical model, it is questionabie whether such an inventory will be
useful as input to the photochemical model. Consult a photochemical modeling specialist
if this situation exists.

Anothar important considaration is comnaribility nf thn o« e Tamrapg wyizs che e van
classification scheme. The source catsgories and sutcotagories chesan for o Lo
inventory may fail to distinguish between sources having suitstantially cifisran: amission
compositions, raquiring different s=ts of split factors. Thers zre P e
to this problem, as shown in the example below.

> Area source degreasing may be considered as a single category i o
emission inventory, but different degreasing solvents are used in i*farang
plants.

First, any individual plants which emit significant amounts of solvent vapors
from degreasing operations can be treated as point sources, in which case the
solvents used at each should be identified and entered in the point source
inventory.

Second, if there are many degreasing operations, each of which emits cnly
relatively small amounts of solvent vapors, it may be possible to detarmine
from solvent suppliers how much of each solvent is used in the region.
Lacking any information to the contrary, the agency may then assume that
the emissions of each solvent are uniformly spread throughout iz grid ceils
containing degreasing emissions. In this case, degreasing car o2 wasied as a
single area source category, with a composite set of split facizrs rafactng
the proportions used of each solvent; alternatively, it can be subdivided into
several area source categories, one for each solvent, with the emission totals
as determined from the suppliers (Appendix B describes various methods for
incorporation of additional source categories into the modeling inventory).

Third, if there is no locally available information, state or national supply

statistics can be used to provide estimates of the subcategory totals, to be
used in the manner previously explained.
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A simiiar situation may be encountered in deating with motor vehicle em ss'ona: citfarant
speciation profiles are availatle for exhaust and svaporative VOC emissions, wheraag the
basic inventory may only provide a single lumped estimats combining thase emussion
components. Since mobile sources comprise a significant portlon of the anthropogenic
inventory in most urban areas, these emissions should be recalculared in terms of the two
subcategories and the appropriate split factors applied for each categnry. T%va anhances
the accuracy of the VOC allocation process and facilitates the use of the model 1o avaluate
control strategies that may affect exhaust and evapcrative emissions differantly.

it the smigsions moﬁeier is using the UAM £PS o sssist modaling imwantny
development, SIMESSIONS TroMm ON-romd (a0 w0 mmes B Wil P D e

dieaggregated into exhaua? wnd svancrugh {z';f;s's:é::;":zng of dioemel rol ol
running 1¢s8 componenis) by t

“,-' ‘
x'l
0
it
)
Y.
L B
#
ha
(9]
€2
3

As a special consideration when speciating emissions from on-road mchor v e,
effects of RVP, oxygenated fuel blends, and alternative fuel use cn VQT so=cmtisn mu st
a2iso be quantified. Specific guidance on the evaluation of these effects ir ~roviced in tha

EPA Technical Memorandum Motor Vehicie YOC Speciation for SIP Developmant.®

Sometimes, compositional information will simply be unavailable in sufficient detail to
permit determination of split factors for many re'c”ognized VOC sources. For instance, a
petroleum refinery may be represented in the inventory by a large number of point sources
(having, for example, different NEDS source classification codes) while only a single set of
split factors is available for the entire point source category.

For less significant VOC sources, such as area source fuel combustion, the need for
accuracy in assigning split factors becomes correspondingly less important, since moderate
errors in these small contributions will result in only very smail errors in the individual VOC
class totais. A single set of split factors is, therefore, adeguate for aill extarnal combustion
sourcas cperating on a given type of fuel, and no subcategories would b2 necassary or
useful in this case.

In general, the source category list should be reviewed during the early stages of the
planning effort to ensure that all subcategories essential for proper allocation of emissions
to VOC classes have been recognized and established for data collection. This is
especially important if special surveys or questionnaires are to be utilized, because failure
to retrieve ail the necessary information in the initial contact can seriously impair the
productivity of the effort.

30098 0g?

w

-10



9.7 DATA HANDLING CONSIDERATIONS

From a data handling perspective, allocation of VOC and NO, into chemical classes is
similar to the allocation of annual emissions into hourly increments discussed in previous
chapters. Basically, as described in Sections 9.3 and 9.4, the VOC (and NO,) emissions
from each point source or area source category (including highway mobile sources) are
multiplied by "split factors” to allocate them into classes. A separate file of spiit factors
like the example shown in Table 9-3 for point sources can be created for this purpose;
alternatively, the split factors can be stored as part of the emissions data records
(molecular weights should be stored simiiarly).

Note that the file shown in Table 9-3 gives split factors by source category (i.e., at the
SCC level) instead of for individual point sources. This file is very similar in format to the
split factor files which might be used for area and highway mobile sources (for these
sources, the SCC codes in Table 9-3 could be replaced with area source category codes).
Compilation of split factors by source category instead of for individual sources is generally
recommended, since (1) specific split factors will not be known for most individual
facilities, and {2) considerably less file space will be required. One disadvantage of this
approach is the difficulty of representing any available source-specific split factor
information for individual operations.

Estimates of VOC (and NO,) by class can either be (1) computed prior to the generation of
the model-compatible inventory and stored”in the emissions data records or in a separate
file, or (2) computed during the creation of the model-compatible inventory to conserve file
space. A disadvantage of the latter approach is that VOC (and NO,) emissions by class
have to be recomputed each time a model-compatible inventory is created.

In projection inventories, new VOC and NO, split factors can be reflected by changing the
split factor files and applying them to the projected VOC and NO, emission totals.

The method for allocating area and mobile source VOC and NO, into chemical classes is
similar to that used for point sources; as mentioned above, an area source split factors file
similar to the file shown in Table 9-3 can be created for this purpose. Alternatively, the
split factors can be stored in the area source emissions records if space is available. The
split factors are multiplied by the VOC (and NO,) totals to estimate emissions by class.

For mobile sources, separate split factors should be used for each vehicle category for
which an emission total is carried along by the network emission calculation model.
Ideally, VMT and emissions will be calculated separately for each major vehicle type (e.g.,
LDGV, HDGV, etc.), in which case vehicle-type-specific VOC and NO, split factors can be
applied. In some instances, however, the model used to generate mobile source emissions
estimates may only supply composite emissions for all vehicles, in which case composite
split factors will have to be applied based on the fraction of travel by each vehicle type.

-
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TABLE 9-3. Example "split factor" file (excerpt).

Source Pollutant Class 1° Class 2° Class 3¢ Class 4°
Category" Code®
scce SFY MW* | SF MwW SF MW SF MW
30600801 HC 345 46 | 56.9 61 7.9 71 7 96
30600802 HC 13.8 46 | 75.0 81 3.9 72 7.3 92
30600803 HC 5.0 52 | 840 87 6.6 72 4.4 96
40300106 HC 13.9 58 | 73.5 61 11.2 72 1.4 92
40300107 HC 13.9 58 | 735 61 11.2 72 1.4 92
140300152 HC 1.1 38 | 57.3 68 | 37.0 31 4.6 101
40300205 HC 1.1 38 | 57.3 68 | 37.0 31 4.6 101
30000606 NX 85.0 30 | 15.0 46
30000608 NX 85.0 30 | 15.0 46

* Source category by SCC code (eight digits)

® Code: HC = VOC, NX = NO,

¢ Classes are defined as follows:

class 1 - nonreactive
class 2 - paraffins
class 3 - olefins
class 4 - aromatics
class 1 - NO

class 2 - NO,

4 Split factor, percent of total, by weight

for VOC:

for NO,:

* Average molecular weight

" Each line constitutes a record, either for VOC or NO,, for one source category
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Since the VOC compositions of the exhaust and evaporative components of mobile source
differ significantly, this distinction (if present in the inventory) should be maintained
through the VOC aliocation process. As discussed in Chapter 7, the MOBILE 4.0 and 4.1
models calculate separate emission factors for exhaust, evaporative, refueling, and running
ioss emissions from highway motor vehicies; in the absence of additionai data, running
loss emissions can be speciated using the evaporative loss solit factors.
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GLOSSARY
Activity level - Any variable parameter associated with the operation of a source of
emissions which is proportional to the quantity of pollutant emitted.

Anthropogenic emizssions - Emissicns from man-made scurces; commonly subdivided into
area, IMODag, and point SOUrce amissions.

Ty e s o Sreeemiong which 2ra assumed to occur over a given ar2F T2l
tnzn ar a2 seacified poirg often includes emissions from sources considarzg too
- . PR P R R | U B 1y, A . m ey - -
: s nanaed individuelly in S pomnt sourme
Aircanin goniasiong - Macsrage accurring amigsions from vegetation.

Carkon bond machamism - A charaical xinetics mechanism in which various nvdrocaroans
are grouped according 1o nond type (e.q., carbon single bonds, carbon doubie
bonds, carbonyl bonds, etc.). This lumping technique categorizes the reactions of
similar chemical bonds, whereas the molecular lumping approach groups the
reactions of entire molecules. e

Concentration background - The concentration of a pollutant in the ambient air of a region
as measured by monitors unaffected by sources within the region (i.e., by "upwind
moniters); also referred to as "ambient background concentration.”

i

EHzctive stack height - The sum of the actual stack height plus the plume rise. itis
defined as the height at which a pilume becomes passive and subsequently follows
ambient zir motion,

Emission factor - A factor usually expressed as mass pollutant/throughput or activity level,
used to estimate emissions for a given activity.

Emission inventory - A list of the amount of pollutants from all sources entering the air in a
given time period. Often includes associated parameters such as process
identification and stack parameters.

Emissions modeler - The person or persons responsible for compilation of an emission

inventory suitable for photochemical modeling purposes (i.e., spatially, temporally,
and chemically resolved).
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Evaporative emissions - Emissions resulting from the volatilization of gasoline and solvents
due to rising ambient temperatures or engine heat after motor vehicle shutdown.

Exhaust emissions - Emissions resulting from the combustion processes associated with
the operation of motor vehicles.

Grid cell - The three-dimensional box-like cell of a grid system.

Geid layer - The horizontal tayer of grid cells. The grid model may consist of a numbier of

el Tawarg
Jv‘x.i i;" PrR Y

o roouality sumulgnon model that provides estimates of poliutaing
ior a griddad network of receptors, using assumptions rs ga- ding the
i pmtozsn hvoaothatical box-like calls in ths atm ovcf“”ﬁ fnose o
svatact, wamemadically, this is known as an "Eulerian” meooal (of

o)

rowth surrcgare - A gquantity for which official growth projections are known and whose
grow.at may e assumead similar to that of activity for some source catsgery for
WhICh projections are needed.

Julian date - A method of referencing dates in which days are numbered consecutively
from an arbitrarily selected point (normally”January 1). The form of the date is

YYDDD, where YY is the year and DDD is the day; for example, May 3, 1990 =
80123 in Julian notation.

Land use - A description of the major natural or man-made features contained in an area of
land or a description of the way the land is being used. Examples of fand use
categories include forest, desert, cropland, urban, grassland, or wetland areas.

Line sourca - An emissions source whose spatial distribution is best characterized by
assuming emissions occur along a linear path {rather than over an area or at a

specific point). Examples of line sources include on-road motor vehicles, railroad
locomotives, and shipping vessels.

Link - A surrogate generated to model allocation of line source emissions (see "Line
source"). It takes the form of a line, or a group of lines; spatial allocation is
performed on the basis of link length per grid cell.

Lumping - In chemical mechanisms, the stratagem of representing certain compounds Lty
surrogate or hypothetical species in order to reduce the assumed number of
elementary reactions to a manageable number.
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Mobile source emissicns - Commonly used to designate emissions from on-road motor
vehicles (as opposed to "other mobile" sources; cf. "Line source”). This general
category includes emissions from different operational modes (e.g., cold start, hot
stabilized, hot start, hot soak, running losses, and diurnal evaporative emissions).

Nitrogen oxides - With respect to air pollutants, nitric oxide (NO) and nitrogen dioxide
(NO,) together comprise nitrogen oxides (NO,).

Point source emissions - Emissions which are inventoried as occurring at a specified
location from a specific process.

Plume rise - The height above a stack at which exit gases rise as a result of the buoyancy
effects of the emissions (due either to a temperature higher than the ambient air or
the momentum of the emissions as they leave the stack).

Reactivity - Measure of the tendency of a chemical species to react with other species.

Receptor - A hypothetical sensor or monitoring instrument, usually a unit of a hypothetical
network overlaid on a map of the-area being modeled. Eulerian grid models usually
assume one receptor at the center of each grid cell.

Seasonal adjustment - Adjustment of emissions from an annual to a seasonal level,
TR
generally based on seasonal variations in activity levels or temperature.

Source - A process or activity resulting in the release of pollutants to the atmosphere.

Source/receptor relationship - A model that predicts ambient pollutant concentrations
based on precursor emission levels. Photochemical models are one type of
source/receptor relationship. _

Spatial allocation surrogate - A quantity whose areal distribution is known or has been
estimated and may be assumed similar to that of the emissions from some source
category whose areal distribution is unknown.

Spatial resolution - Allocation of emissions to grid cells based on facility location or the
distribution of some surrogate indicator. (1) The process of determining or
estimating what emissions may be associated with individual grid cells or other
subcounty areas, given totals for a larger area such as a county. (2) The degree to
which a source can be pinpointed geographically in an emission inventory.

Speciation - Disaggregation of total VOC and NO, emissicns into the chemical species or
classes specific to a chemical mechanism, such as the Carbon-Bond Mechanism,
employed in a photochemical simulation model.

———
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Speciation profile - Characteristic mix of chemical species in the emissions from a
particular activity or group of activities, such as natural gas combustion in an
external combustion boiler.

Split factor - The factor by which total VOC or NO, emissions must be muitiplied to give
emissions by chemical species or class (e.g., Carbon-Bond species) as required for
use in a photochemical simulation model.

Stack parameters - Characteristic parameters of a stack and its associated plume, as
required for input to some photochemical simulation models. Typical stack
parameters include stack height, inner diameter, volumetric flow rate, and gas exit
velocity; stack parameters are required to calculate plume rise.

Temporal resolution - Disaggregation of annual or daily emissions into hourly emissions.
{1} The process of determining or estimating what emissions may be associated
with various seasons of the year, days of the week, or hours of the day, given
annual totals or averages. (2) A measure of the smallest time interval with which
emissions can pe associated in an inventory.

Throughput - A measure of activity, indicating how much of a substance is handied,
produced, or consumed over a given time period.

Trajectory - The path described by a hypothetical“parcel of air moved by winds. The air
parcel is identified as being at a given location at a given time; the trajectory
connects this hypothetical position at any given time with both earlier and later
hypothetical positions.

Trajectory model - An air quality simulation model that provides estimates of pollutant
concentrations at selected points and times on the trajectories of hypothetical air
parcels that move over an emission grid system. Mathematically, this is known as
a "Lagrangian” model! (cf. "Grid model").

Vertical resolution - Allocation of emissions to vertical layers based on plume calculations.
In regard to meteorological parameters and concentrations of pollutants in ambient
air, the provision (in a model) of a means for taking into account various values at
different heights above ground. '

Volatile organic compounds - Any hydrocarbon or other carbon compound present in the

gaseous phase in the atmosphere, with the exception of carbon monoxide (CQ),
carbon dioxide (CQO,), carbonic acid, carbonates, and metallic carbides.
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TABLE A~1. Activity codes used in the emissions preprocessor system
Code Descrinption
100 Resource Development & Agriculture
110 Agricultural Production
111 Agricultural Crops
112 Agricultural Livestock
113 Agricultural Services
120 Forestry -
130 Mining
131 Metal Mining
122 Coal Mining
133 Stone & Clay (Mining)
13l Chemicals & Fertilizer Mineral
3490 0il & Gas Extraction
iy Liguid uas Production
209 Manufacturing & Industrial
210 Food & Kindred Products
211 Fruir ‘Vegetable Preservation
212 Grain Mill Products
213 Bakery Products
214 Vegetable 0il
215 Sugar Mfg./Refining
216 Malt Beverages
217 Wines & Brandy
220 Lumber & Wood Products
230 Paper & Allied
231 Pulp & Paper Mills
240 Chemical & Allied
241 Rubber & Plastics Manufacturing
242 Brugs
243 Cleaning/Toilet Preparations
24y Paint Manufacturing
245 Agricultural Chemicals
260 Petroleum Refining/Related
261 Petroleum Refining
262 Paving & Roofing Materials
263 Petroleum Coke/Briquette
270 Mineral Products
271 Glass/Glass Products
280 Metallurgical
continued
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Continued,

Code Description

281 Iron/Steel Producticn

282 Iron/Steel Foundry

283 Nonferrous Metals

290 Misc. Manufacturing

291 Textiles & Apparel

292 Furniture & Fixtures

293 Fabricated Metal

294 Machinery

295 Transportation Eguipment -

296 Rubber & Plastics Fabrication

267 Tobacceo Manufacturirg

208 ingtruments

310 R ol LS

320 Sarnrolavn L Cas larketing

321 oot

322 niong

323

330 a8

331

332 ublisning

333 Laundry & Drycleaners

334 Sanitary & Water

335 Health Serviges

336 Educational Services

koo Transportation

410 On-road Travel !

420 Rail Transport

430 dacer Borne

440 air Transportation

500 Domestic

510 Residential

520 Recreational

600 Mize. Activities

610 Construction

611 Building Comstruction

612 Road Construction

620 Natural Sources

630 Government

continued

30008 28 A-3



TABLE A-1. Concluded.
Code Description
631 National Security
801 Seeps/Biogenic
802 Channel Shipping
B02 OCS aAnd Related Sources
aas Tideland Platforms
308 Unspecilied Aeotivities




TABLE a-2.

Process codes used in the emissions preprocessor system.

Code Description
100 Fuel Combustion

110 Boilers & Heaters

IRR Boilers

112 Space Heaters

113 QOrechard Heaters

114 Process Heaters

120 In-process Fuel

130 Stationary I1.C. Engines
131 Turcine - Combustion Gases
140 Equipment

14 Uriliry Equipment

142 Mobi e Equipment

200 Waste Burning

210 Incineration

211 Conical Burner —
220 Open Burning

221 Agricultural Debris

222 Range Improvement

223 Forest Management

300 Solvent Use

310 Dry Cleaning

320 Degreasing

330 Surface Coating

340 Asphalt Paving

350 Printing

400 Liquid Storage & Transfer
510 Tanks

L2o Tank Cars & Trucks

430 Marine Vessels

4uo Vehicle Refueling

500 Industrial Processes

510 Chemical Processes

520 Food & Agricultural

530 Petroleum & Related -
540 Mineral Processes

550 Metal Processes

551 Primary Metal

552 Secondary Metal

553 Metal Fabrication

continued




TABLE A-2. Concluded.
Code Description
560 Wood & aper Processes
570 Rubber & Plastics
600 Misc. Processes
610 Pesticide Application
620 Solid Waste Land Fill
621 Waste Disposai
630 Farming Operations
640 Construction & Demolition
650 Roa” Travel
651 ° ""mpaved Road
£52 /e Road
£80 ""p anned Fires
561 W. ~ Fires
662 Structural Fires
700 Vehicular Scurces
710 On-road Motor Vehicles
720 Of f-road Motor Vehicles
540 Mineral Processes
550 Metal Processes
551 Primary Metal
552 Secondary Metal
553 Metal Fabrication
560 Wood & Paper Processes
570 Rubber & Plastics
600 Misc. Processes
730 Trains
T80 Ships
750 Aircraft
801 Seeps/Blogenic
802 Channel Shipping
803 OCS And Related Sources
804 Tideland Platforms
900

Unspecified Processes
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TABLE A-3.

Abbreviations are defined at the end of the table.

Control codes usad in the emissions preprocessor system.

Code Description

39 Unspecified

101 Utility Boilers - Liquid Fuels

102 Utility Boilers - Gaseous Fuels

103 Refinery Boilers & Heaters - Liquid tuel
104 Fesidential Space Heaters - Natural Gas
105 "rasidential HWater Heaters - Natura! Gas
107 son-utility 1.C. Enginss - Gaseous

103 Utiliszy Reciprocal - Liguids

109 Induscrial Boilers

111 Giass Melting Furnace

12 Moring Dizsel Engines

113 Non-farm Equipment (Diesel)

114 Sulfur in Fuel

116 Utility Turbines - Liquids

117 Refinery Boilers & Heaters - Gas. Fuel
118 Steam Generators - Liquids

121 Pipeline Heaters

122 Marine Vessels - Combustion

124 Utility Turbines - Gaseous

125 Cogeneration

126 TEOR Steam Generators - Gaseous

127 Neon-utility I.C. Engines - Liguid

128 Resource Recovery

129 Boilers-Space Heaters - Liquid Fuel

130 Boilers-Space Heaters - Gas Fuel

131 Utility Reciprocal - Gaseous

201 Flares

301 Architectural Coatings -~ Qil Based

302 Architectural Coatings - Water Based
303 Architectural Coatings - Solvents

304 Auto Assembly Line - Surface Coating
305 Auto Assembly Line - Solvent Use

306 Can & Coil - Surface Coating

307 Can & Coil - Solvent Use

308 Metal Parts & Products - Surface Coating
309 Metal Parts & Products - Solvent Use
310 Paper -~ Surface Coating

311 Paper - Solvent Use

contin
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TABLE a-3. Continued.

Code Description

312 Fabric - Surface Coating

313 Fabric - Solvent Use

314 Degreasing - nonsynthetic & misc. (Industrial)
315 ) ‘ Degreasing - nonsynthetic & mise, (Commercial)
316 Cuthback Asphalt Paving Materials

317 Dry Cleaning - nonsynthetic

318 UDry Cleaning - synthetic & misc.

Graphic Arts - Except Litho/Lezts
Wood Furniture - Surface Coatings
Wocd Furniture - Solvent Use

Auto Fzfinishing - Surface Coatings
Snips - Surface Coating

Stiips - Solvent Use

Aerospace - Surface Coating

SR e
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328 ferospace - Solvent Use

331 Degreasing - Synthetic (Industrial)

332 Degreasing - Synthetic (Commercial)

333 Flatwood Products

334 Graphic Arts - Litho/Letterpress

398 Other Industrial Surface Coating

399 Unspecified Industrial Solvent Use

Bo1 Gasoline Working Loss - Bulk Storage

402 Gasoline Working Loss - Tank Trucks

403 Gasoline Working Losses - Underground Tank
Loy Gasoline Working Losses - Vehiecle Tank
4os Fixed Roof Tanks at Refineries

406 Floating Roof Tanks at Relineries

Lot HMarine Vessel Operatlon - Evaporative
410 01l Productisan Fields Storagze Tanks

411 Marine Lightering

412 Gasoline Breathing Loss - Underground
413 Gasoline Breathing Loss - Aboveground
501 Refinery Valves, Flanges, & Seals

502 Petroleum Coke Calcining

503 Sulfur Recovery Units

504 Sulfuric Acid Plants

505 Fluid Catalytic Cracking Units .
506 Gas-0il Production - Valves, Flanges, Connectors
507 Small Relief Valves

continued
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TABLE A-3. Continued.
Code Description
508 Non-refinery Valves
510 Vegetable 0il Processing
511 Paint Manufacturing
512 Rubber Products Fabrication
513 Cremical Manufacturing
514 Pharmaceutical Manufacturing
515 Aubter Preoducts Manufacturing
518 0il Procduction Steam Drive Well
519 Winer .es
520 Carbon Black Manufacturing
522 Pumps & Compressors
523 Refirery Sewers & Drains
524 Refirery Pumps & Ccmpressors
526 Refinery Vacuum System
530 Q0il Production - Pump and Compressors
531 0il Production - Heavy 0Oil Test Station
532 0il Production - Cyclic Well Vents
533 0il Production - Pseudo-cyclic Well
534 0il Productioml - Sumps and Pits
535 Natural Gas Plant Fugitives
601 Construction & Demolition
602 Waste Solvent Disposal
603 Pesticides - Synthetic
604 Roofing Tar Pots
605 Pesticides - Nonsynthetic
606 Aerosol Propellant - Synthetic
607 Aerosol Propellant - Nonsynthetic
608 Waste Disposal Landfill
609 Domestic Solvent Use
610 Aerosol Consum Prod Propellant
611 Aerosol Consum Prod Solvent
612 Non-aerosol Consum Prod Solvent
620 Agricultural Pesticide - Synthetic
621 Agricultural Pesticide - Nonsynthetic
622 Other Pesticide -~ Synthetic
623 Other Pesticide - Nonsynthetic
651 . Unpaved City/County Road Dust
71 LDA - Exhaust
712 LDA - Hot Start

continued
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TABLE A-3. Continued.

Code Description
713 LDA - Hot Stabilized

714 LDA - Evaporative

715 LLDA - Running Losses

716 LDA - Crankcase Blowby
717 LDA « Tire Wear

718 LD - Refueling

715 0ff-road Gasoline Exhaust
720 Off-road Gasoline Evaporative
721 LDT - Cold Start

722 LDT - Hot Start

723 LDT - Hot Stabilizeaq

724 LDT - Hot Soak Evaporative
725 LDT - MNiurnal Evaporative
726 LDT - Crankcase Blowby
727 LDT - Tire Wear

731 MDT - Exhaust

732 MDT - Hot Start

733 MDT - Hot Stabilized

734 MDT - Evaporajive

735 MDT - Running Losses

736 MDT - Crankcase Blowby
737 MDT - Tire Wear

738 MDT - Refueling

T41 HD - Exhaust

T42 HD - Evaporative

T43 HDG - Hot Stabilized

T44 HDG - Evaporative

745 HDG - Running Losses

746 HDG - Crankcase Blowby
T47 HDG - Tire Wear

748 HDG - Refueling

751 DDD - Exhaust

753 HDD - Hot Stabilized

757 " HDD - Tire Wear

759 Off-road Diesel

761 MCY - Cold Start

762 MCY - Hot Start

763 ‘ MCY - Hot Stabilized

764 MCY - Hot Soak Evaporative
765 MCY - Diurnal Evaporative
766 MCY - Crankcase Blowby
767 MCY - Tire Wear -

A
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TABLE A-3.

Continued.

Code Description

801 Non-farm Equipmant (Casolirne)
8oz Farm Equipment (Diesel)

803 Lawn & Garden Equip (Utility)
804 - Off-road Motorcycles

805 Pleasure Craft (Boats)

806 Railroad Line Haul Operations
207 Commercial/Civil Piston Aircraft
33 Commarcial Jeb fireralt

ge3 Farm EZguipment (gasoline)
g1 LDA - Ncat -~ Cold Start

g'z L34 - Neat - Hot Star:

313 LDA - Heat - Hot Stabilizecz
51l LDA ~ Neat - Hot Soak

g15 LDA - Necat - Diurnal

818 LDA - Ncat - Crankcase

317 LDPA - Neat - Tirewear

821 LDA - Cat - Cold Start

822 LDA - Cat - Hot Start

823 LDA - Cat - Hot Stabilized
824 LDA - Cat - Hot Soak

825 LDA - Cat - Diurnal

827 LDA - Cat - Tirewear

831 LDA - Dsl - Cold Start

832 LDA - Dsl - Hot Start

833 LDA - Dsl - Hot 3tabilized
837 LDA - Dsl - Tirewear

841 LMDT - Neat - Cold Start

842 LMDT - Necat - Hot Start

8L3 LMDT -« Neat - Mot Stabilized
844 LMDT - Neat - Hot Soak

8u5 LMDT - Necat - Diurnal

846 LMDT - Neat - Crankcase

847 LMDT - Neat - Tirewear

851 LMDT - Cat - Cold Start

852 LMDT - Cat - Hot Start

853 LMDT - Cat - Hot Stabilized
854 LMDT - Cat - Hot Soak

855 LMDT - Cat - Diurnal

857 LMDT - Cat - Tirewear

861 LMDT - Dsl - Cold Start

862 LMDT - Dsl - Hot Start

863 LMDT - Dsl - Hot Stabilized

aarna 1A
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TABLE A-2. C(Concluded.
Code Description
867 LMDT - Dsl - Tirewear
873 HDT - Ncat - Hot Stabilized
874 HDT - Ncat - Hot Soak
875 HDT - Neat - Diurnal
876 HDT - Necat - Crankcase
8717 HDT - Ncat - Tirewear
ge3 HDT - Cat - Hot Stabilized
agu HDT - Cat - Hot Scak
ga= HD™ - 7Lt . NDiurnal
237 HOT - cabt - Tirewear
891 S=2ps/Bivgeric
892 Cran -, Shiioing
2532 A a4z P2lated Sources
Ag4 Titeland Platforms
201 Forast Management Centrol Burning
802 Wild Fires Control Burning
303 Livestock Waste
855 disc. Control Tactics
Cat = catalytic
Neat = noncatalytic
Dsl - diesel
LDA = light-duty auto
LDT = light-duty truck
LMDT = light-medium-duty truck
MDT = medium-duty truck
SEG = heavy-duty gas
HDBG = heavy-duty diesel
MCT = motorcycle
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TABLE A-4. Source category codes used in the emissions
preprocessor system.

Code Description

100 Fuel Combustion

110 Agricultural

120 0il and Gas Production
130 Petroleum Refining

140 Other Manufacturing/Industrial
150 Electric Utilities

160 Other Services and Commerce
170 Residential

199 Other

200 Waste Burning

210 Agricultural Debris
220 Range Management

230 Forest Management

240 Incineration

299 Other

300 Solvent Use

310 Dry Cleaning

320 Degreasing

330 Architectural”Coating
340 Other Surface Coating
350 Asphalt Paving

360 Printing

370 Domestic

380 Industrial Solvent Use
399 Other -
Loo Petroleum Process, Storage & Transfer
410 0il and Gas Extraction
420 Petroleum Refining

430 Petroleum Marketing
g9 Other

500 Industrial Processes
510 Chemical

520 Food and Agricultural
560 Mineral Processes

570 Metal Processes

580 Wood and Paper

599 Other

600 Misc Processes

continued

ELEGERE S A-13



TABLE A-4., Concluded.

Code Description

610 Pesticide Application

620 Farming Operations

630 Construction and Demolition
640 Entrained Road Dust - Paved
650 Entrained Road Dust - Unpaved
660 Unplanned Fires

680 Waste Disposal

685 Natural Sources

699 Other

700 On Road Venhicles

710 Light Duty Passenger

720 Light and Medium Duty Trucks
730 Heavy Duty Gas Trucks

740 Heavy Duty Diesel Trucks
750 Motorcycles

799 Other

800 Other Mobile

810 Off Road Vehicles

820 Trains

830 Ships ”

850 Aircraft - Government

860 Aircraft - Other

870 Mobile Equipment

880 Utility Equipment

891 Seeps/Biogenic

892 Channel Shipping

893 0CS and Related Sources

894 Tideland Platforms

900 Unspecified Sources
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TABLE A-5. Hydrocarbon speciaticn prcfile cocdes used in the emissions
preprocessor system. (Based on EPA, 1988)
Code Description
Coso Cverall Avarage
G001 External Combustion Boiler - Residual Qil
eler External Combustion Boiler - Distillate Qil
G03 External Combustion Beller - Natural Gas
D04 External Combustion Boiler -~ Refinery Gas
008 External Combustion Boiler - Coke Oven Gas
U Natural Gas Turnine
0008 Reciprocating Dlessl Fusl Engine
0009 Reciprocating Distillate 0il Engine
coi By-Product Coks Cven Stack Gas
0012 Blast Furnace Ore Charging and Agglomerate
0013 Iron Sintering
0014 Open Hearth Furnace with Oxygen Lance
0016 Basic Oxygen Furnace

0023 Asphalt Roofing - Spraying

0024 Asphalt Roofing - Tar Kettle

0025 Asphaltic Concrece - Natural Gas Rotary Dryer
0026 Asphaltic Concrete - In Place Road Asphalt
0029 Refinery Fluid Catalytic Cracker

0031 Refinery Fugitive Emissions-Covered Drainage/Separation Pits

0035 Refinery Fugitive Emissions - Cooling Towers

0039 Refinery Fugitive Emissions - Compressor Seals Refinery Gas

0047 Refinery Fugitive Emissions - Relief Valves, Liquified Petroleum Gas

0051 Natural Gas

0066 Varnish Manufacturing - Bodying 0il

0068 Manufacturing - Plastics - Polypropylene

0072 Printing Ink Cooking

0076 General Pesticides

0073 Ethylene Dichloride - Direct Chlorination
0079 Chemical Manufacturing - Flares

0085 Perchloroethylene - Drycleaning

0087 Degreasing - 1,1,1-Trichloroethane

0088 Degreasing - Trichlorofluoromethane (Freon 11)
0089 Degreasing - 1,1,2-Trichlorcethane

0090 Degreasing - Toluene

0100 Fixed Roof Tank - Commercial Jet Fuel (Jet-A)
0121 Open Burning Dump - Landscape/Pruning

0122 Bar Screen Waste Incinerator

0127  Surface Coating - Varnish/Shellac

. continued



TABLE A-5. Centinued.
Code Description
0166 Printing Press - Letterpress Inking Process
0182 Printing Fress -~ Cravure Gensral Solvent
01383 Printing Fress - Gravure Printing Solvent
0195 Residential Fuel - Natural Gas
01597 Solvent Use - Domestic Sclvents
0202 Solid Waste Landfiil 3ite - Class II
0203 Solid Waste - Animal Waste Decomposition
0217 Coke Oven Blast Furnace Gas
0216 Surface Inating Paint Solvent - Acetone
0220 Paint Solvent - Ethyl Acetate
0221 Paint Solvent - Methyl Ethyl Ketone
0222 Surface Coating - Enamel - Cellosolve Acetate
0223 Surface Coating - Varnish/Shellac Solvent - Xylene
0225 Surface Coating - Primer- Mineral Spirits
0226 Surface Coating Solvent - Ethyl Alcochol
0227 Surface Coating Solvent - Isopropyl Alcohol
0228 Surface Coating Solvent - Isopropyl Acetate
0229 Surface Coating Solvent - Lactol Spirits
0230 Fixed Roof Tank - Hexane
0271 Degreasing -~ Trichloroethylenge
0272 Automotive Tires - Tuber Adhesive
0273 Automotive Tires - Tuber Adhesive White Sidewall
0274 futomotive Tire Production
0275 Degreasing - Dichloromethane
0277 Degreasing - Trichlorotrifluoroethane (Freon 113)
0282 Surface Coating Primer - Naphtha
0288 Surface Coating Solvent - Butyl Acetate
0289 Surface Coating Solvent - Butyl Alcohol
0250 Surface Coating Solvent - Cellosolve
6291 Surface Coating Solvent - Methyl Alcohol
0292 Surface Coating Solvent - Dimethylformamide
0296 Fixed Roof Tank - Crude 0il Production
0297 Fixed Roof Tank - Crude 0il Refinery
0299 Fixed Roof Tank - Cyclohexane
0301 Fixed Roof Tank - Heptane
0304 Printing Press - Flexographic, n-Propyl Alcohol
0305 Fixed Roof Tank - Crude Oil Marine Terminal
0307 Miscellaneous Burning - Forest Fires
0316 Pipe/Valve Flanges

continued



TABLE

2.
[}
()]

Zecntinueg.

Coae .ceserigticn

0321 Pump Seals - Composite

0332 Printing Press - Lithcgraphy Inking and Drying

0333 Lithograpny - Inking ana Drying-Oirect Fired Dryer
1001 Internal Ccocmobustion EZngine - Natural Cas

1002 Chemical Menufacturing - Carbon Black Production

1003 Surface Coating Operations - Coating Application - Solvent-base Painc
1004 Plastics Production - Polystyrene

1005 Plastics Production - Polyester Resins

1006 Phthalic Anhydride - o-{ylene Oxidation - Main Process Stream
1007 Mineral Products - Aspnaltic Concrete

1008 Rubber and Misc. Plastics Products - Styrene/Butadiene

1009 Plastics Proauction - Acrylonitrile - Butadiene - Styrene Resin

‘010 0il and Gas Proguet:cn - Fugitives - Unclassifiea

VAR 0il ana Gas Progueticn - fugltives - Valves ana Fittings - Ligu:id
Service

1012 Qil and Cas ?Prccucticn - Fugitives - Valves and Fittings - Gas
service

1013 Surface Coating Operations - Coating Application - Water-base Pain:

1014 Gasoline - Summer 2lena .

1015 Gasoline - Winter 3lend 7

1016 Surface Coating Operations - Thinning Solvents - Composite

1017 Surface Coating Operaticns -~ Coating Application - Lacquer

1018 Surface Coating Cperations - Coating Application - Enamel

1019 Surface Coating Operaticns - Coating Aoplication - ?Primer

1020 Surface Coating Operations - Coating Application - Adhesives

1021 Degreasing - Open Tep - Chlorosolve

‘022 ?rinting/Publishing - Ink Thinning Solvents - Methyl Isobutyl Xetcrne
1023 Terephthalic Acid/Dizechyl Terepnthalate - Crystal-, Separat-, 2ryi=g =
1024 Terephthalic Acid/Dizmechyl Terephthalate - Distillation and Recovery ./en
1025 Terephthalic Acid/Dimethyl Terephthalate - Product Transfer Vent

1026 Surface Coating Operations - Thinning Solvent - Hexylene Glycocl

1027 Ketone Production - Methyl Ethyl Ketone (MEK)

1028 Acetone - Light Ends Distillation Vent

1029 Acetone - Acetone flnishing Column

1030 Aldehydes Procucticn - Formaldehyde - Absorber Vent

1031 Surface Coating Operations - Thinning Solvent - Ethylene 0Oxice

1032 Aldehydes Producticn - Acrolein - Distillation System

1033 Aldehydes Production - Acrolein - Reactor Blowoff GCas

1034 Chloroprene - 3utaciene Dryer

coniinued
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lentinuec

Cege Zesecription

1035 Chloroprene - Chlorocrene Stripper ana Brine Stripper

1036 Secondary Aluminum - fouring and Castin

1037 Organchalogens - Zthylene Dichloride - Direct Chlorinaticn -
Distillation Ven

1038 Organohalogens Production - Ethylene Dichloride - Via QOxyenicrinacticn

1039 Organohalogens Production - Ethylene Dichloride - Caustic Scrupber

1040 Fluorocarbons/Chlorcfluorccarbons - General

1041 Fluorocarbons/Chlorofluorccarbons - Distillation Column

1042 Fluorocarbons/Chlor >f | .orocarbons - Fugitive Emissions - General

1043 Acrylic Acid - Quench Absorber

1044 Organic Acids Proauction - Formic Acid

1045 Organic Acids Proauction - Acetic Anhydride - Distillation Column Vent

1046 Esters Producticn - Acrylates - Ethyl Acrylate

1047 Esters Production - 3utyl Acrylate

1048 Cuzmene Proquetion - Cumene Distillation System Vent

1049 Cyclohexane - General _

1050 Cyclohexanone/Cyclonexanol - Phenol Hydrogenation Process -
Distillation Vent

1051 Vinyl Acetate - Irert Gas Purge Vent

1052 Vinyl Acetate - C02 Purge Vent

1053 Vinyl Acetate - Inhibitor Mix Tank Discharge

1054 Vinyl Acetate - Refining Column Vent

1053 Organic Chemical Storage - Methylamyl Ketone

1056 Ethylene Oxide - Oxygen Oxidation Process Reactor - CO2 Purge Vent

1057 Ethylene Oxide - Oxygen Oxidation Process Reactor - Argon Purge vent

1058 Sthylene Oxide - Stripper Purge Vent

1053 Methyl Methacrylate (MMA) - Hydrolysis Reactor, Lignt Encs,
Jistillatieon Unit

1060 Methyl Methacrylate (MMA) - Acid Distillation and MMA Pur:ficatien

1061 Nitrobenzene - Reactsr ana Separator Yent - Washer ana Neutralizer Jent

1062 Benzene

1064 Olefins Production - gthylene - Compressor Lube Qil Vent

1065 ’ropylene Oxide - Chloronydronation Process - General

1066 Styrene - General

1067 Styrene -~ Benzene Recycle

1063 Styrene - Styrene Purification

1069 Organic Chemical Storage - N-Prepyl Acetate

1070 Alcohols Production - Methanol - Purge Gas Vent

1071

Alcohols Production - Methanol - Distcillation Vent

30008 28
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TaBLE A-5. CIontinuec

Code Jeseriptic

1072 Chlorocenzene - Tail Gas Scrubber

1073 Chlorocenzene - Zenzene Drying Distillaticn

1074 Monochlorooenzene

1075 Chlorovenzene - Vacuum System Vent

1076 Chlorobenzene - Dichloropenzene Crystallization

1077 Chlorobenzene - Dichlorotenzene Crystal Handling/Loading

1078 Railcar Cleaning - Low Vapor Press., High Viscosity Cargo (EZthylene
Glycol)

1079 Railcar Cleaning - Law Vapor Press., Medium Viscosity Cargo
(o-Dichlorooenzene)

080 Railear Cleaning - Low Japor Pressure, High Viscosity Cargo
(Creosote)

‘o8 Tank Truex Cleaning - “ec. Japer Press., “ea isc. Cargo iMethv.
Metnacry.ate)

1082 Tank Truck Cleaning - Low VYapor Pfressure, Low Viscosity Cargo (Shenc:,

1083 Tank Truck Cleaning - Lcw Vapor Press., High Visc.Cargo (Prcgvlene
Glycol)

1084 Residential Wood Comoustion (C1-C6)

1085 External Compustion Beiler - Ccal-Slurry fFired

1086 Printing/Flexograshic -

1087 Organic Chemical Storagesi-Butyl i-Butyrate

1088 Surface Coating Operations - Adhesive Application

1089 Secondary Metal Production - Gray Iron Foundries - PFouringsCastinz

1090 Fluorocarbon Manufacturing - CF 12/11

1091 Plastics Production - Polyvinyl Chlorides and Copolymers

1092 Synthetic Crganic Fiber Proauction - Nylen Batch Produeticn Process

1093 Fluoroecarcon Manufacturing - CF 23/22

‘0G4 Faint Manufacture - 3lenaing Kettle

1095 Textile Products - General Fabric Cperaticns - Dyeing and Curing

1096 Textile Proaucts - General Fabr:c Operations - Tenter frame

1097 Alreraft Landing/Takeoff (LTQ) - Military

1098 Alreraft Landing/Takeoff (LTO) - Commerc:ial

1099 Alreraft LandingsTakeoff (LTO) - General Aviation

1100 Gasoline Refueling

1101 Light Duty Gasoline Vehicles

1103 ‘-?Pentene

1104 Acetaldenhyae

1105 acetic Acic

1106 Acet:c Anhydr:de

1107 Acrolein

30008 3
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TaBLE a-5.

Zintinueaq.

Code

1108
1109
1110
1N
1112
1114
1115
1116
1118
1119
1120
1121
1122
1123
1124
1128
1126
1127
1128
1129
1130
13N
1132
1134
1135
1136
137
1138
1139
1140
1141
1142
1144
1145
1146
1147
1148
1149
1150

acrylic Acid
acrylonitr:ile
Adipic Acid
aniline

Benzyl Chloride
Butyl Acrylate
Butyl Carbitol
Butyl Cellosolve
Carbitol

Carbon Tetrachloride
Acetylene
Chloroform

Cresol

Cumene
Cyclohexanol
Cyclohexanone
Cyclopentene
Diethylene Glycol
Diisopropyl Benzene
Dipropylene Glycol
Dodecene
Epichlorohydrin
Ethanolamines
Ethyl Aerylate
Ethyl Benzene
Ethyl Ether

Ethyl Mercaptan
Zthyl Dibromiae
Zthyleneamines
Formaidehyde
Formic Acid
Furfural

Heptenes
Isobutyraldehyde
[sobutyl Acrylate
Isobutyl Alcohol
lsoprene

Methanol

Methyl Acetate

30008 23
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TABLE A-S.

Zsntinuea.

Code

Jescription

1151
1182
1153
1154
1155
1158
1159
1160
1162
1163
1164
1165
1166
1167
1168
kA
1172
173
1174
1175
1176
1178
1185
1186
1187
1188
1189
1160
1191
1192
1193
1164
1195
1196
1197
1198
1199
1200
1201

Methyl Acrylate
Methyl Carbitel
Methyl Cellosolive
Methyl Styrene
Methylallene

Methyl t-Butyl Ether
m-Xylene
Nitrobenzene
N-Butyraldehyde
N-Decane

N-Dodecane

c-fylene

rentagecane
fegidential Woca Ccmpusction
?iperylene
Propionaidenyde
Propicnic Acid
Propylene Oxide
s-Xylene e
Tert-Butyl Alcohol
Toluene Diisocyanate

Coal-Fired Boiler - Electric Generation

Zoal-fFirea Boiler - Industrial
Heavy-Duty Gasoline Trucks
Citrus Coating

Termentation Processes

ulp and Paper Industry - Plywooa Veneer Dryer

5asoiine Marketed
Graphic Arts - Printing
Degreasing

Drycleaning

Auto Body Repair
Degreasing Composite
Drycleaning Composite
Isococtane

Pentane

lsopentane

Cyclopentane

Light-Duty Diesel Vehicles

30008 28
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TABLZ A-5.

lontinueaq.

Code Jescription

1202 Primary Aluminum Production

1203 Light-Duty Gasoiine Vehicles - Exhaust Emissions

1204 Light-Duty Gasoline Vehicles - Evaporative Emissicons

9001 External Comousticn Boilers - Industrial - Average

3002 Internal Combustion - Average

9003 Industrial Processes - Average

9004 Chemical Manufacturing - Average

9005 Plastics Production - dverage

9006 Synthetic Organic Fiber Production - Average

9007 Alcohols Production - Average

9008 Food and Agriculture - Average

9009 Primary Metal Proguction - Average

3010 Secondary Metal Production - Average

g0 Mineral Products - Average

9012 Petroleum Industry - Average

3013 Pulp and Paper Industry - Average

9014 Rubber and Misceilaneous Plastics Products - Average

9015 04l and Gas Production - Average

9016 Textile Products - Average

9017 Dryecleaning/Degreasing - Average

9021 Surface Coating Operations - Average

9022 Solid Waste Disposal - Average

9023 Thinning Solvents - Average

9024 Petroleum Product Storage - Average

9025 Bulk Terminals - Petroleum Storage Tanks - Average

9026 Printing/Publishing - Average

9027 Transportation ana Marketing of Petroleum Products - Average

9028 Organic Chemical Storage - Average

9029 Organic Chemical Storage - Fixed Roof Tanks - Alcohols - Average

9030 Organic Chemical Storage - Fixed Roof Tanks - Alkanes - Average

9031 Organic Chemical Storage - Fixed Roof Tanks - Alkenes - Average

3032 Organic Chemical Storage - Fixed Roof Tanks - Amines - Average

9033 Organic Chemical Storage - Fixed Roof Tanks - Aromatics - Average

9034 Organic Chemical Storage - Fixed Roof Tanks - Carboxylic Acids -
Average

9035 Organic Chemical Storage - Fixed Roof Tanks - Esters - Average

9036 Organic Chemical Storage - Fixed Roof Tanks - Glycol Ethers - Average

9037

Organic Chemical Storage - Fixed Roof Tanks - Glycols - Average

20008 238
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TABLE A-5. linclucea

Code .Descripticn

9038 Organic Chemical Storage - Fixea Roof Tanks - Halogenated Crganics -
Average

9039 Organic Chem:cal Storage - Fixed Roof Tanks - Isocyanates - Averags

9040 Organic Chemical Storage - Fixed Roof Tanks - Ketones - Average

9041 Organic Chemicaj Storage - Floating Roof Tanks - Aldehydes - Average

qou2 Crganic Chemical Storage - Floating Roof Tanks - Alkanes - average

9043 Organic Chemical Storage - Floating Roof Tanks - Ethers - Average

9044 Organic Chemical Storage - Floating Roof Tanks - Halogenatea
QOrganics - Average

9046 Organic Chemica. Storage - Pressure Tanks - Alkenes - Average

9047

Organic Sclvent Ivapcoration - Miscellaneous - Average
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Abstract

This memorandum discusses methods for incorporation of locale-specific information
into a photochemical modeling emission inventory. The emission inventory require-
ments of the Urban Airshed Modei (UAM) and the UAM Emission Preprocessor Sys-
tem (EPS), Version 1.00, developed for EPA by Systems Applications [nternational,

are briefly reviewed. Types of locaje-specific data incorporation addressed inciude
the following:

Spatially allocating emissions using distribution surrogates and/or :ink
data;

. Temporally distributing anc adjusting emissions;

Generating or adjusting mobile source :nventories using episcce-spectil
parameters; -

. Speciating YOC emissions;

. Projecting future year inventories;
. Adding source categories; and
. Incorporating biogenic emissions.

For eacn of the topics listed above, we provide a detailed discussion of moaification

of EPS input files to accommodate locale-specific data and suppiemental sofiware
requirements.



I. . INTRODUCTION

This memorandum briefiy discusses tne emission inventory (NpPUt reguirements of tne
Urban Airsneg Model (UAM) ang 1dent:{ies metnods by which locale-specific cata can
be incorporated into a moaeling inventory. The UAM Emission Preprocessor System
(EPS), Version 1.00, avaiiabie from EPA, conveniently packages a series of programs
that perform the intensive data manipulations required to deveiop an emission :nven-
tory suitable for UAM modeling with minimai additionai resource requirements. To
avoid unnecessary duplication of these manipulations by the user, this document

addresses the incorporation of locale-specific data from the perspective of moaifving
EPS and its inputs.

The UAM Emission Preprocessor System (EPS) contains a set of default inputs repre-
sentative of national average parameters. [f these defauits are inappropriate for the
region or modeling episode in question, they can be modified or supplementary code
to the existing EPS modules can be deveioped to incorporate locaje-specific cata into
the modeling inventory. Specific topics discussed inciude spatial allocation, am-
poral aajustment, mobile source parameters, YOC and NOx speciation into carcon-

bond c:asses, projection of future year inventories, and inciusion of biogenic emus-
sions.

I. BACKGROUND

The UAM (the photochemical model currently recommended by EPA) is a three-
dimensionai grid modei employing carbon-bond chemistry. Concentrations of czone
and ozone precursor emissions by hour and by grid ceil are calculated by simuiating
the various physical and chemical processes which take place in the atmospnere.
This spatial and temporal resoiution of the concentration field requires that a
detaiied emission inventory of hourly emissions by grid ceil of photocnemica.ly
react.ve species (CQO, NOx, ana YOC) be usea as input to the UAM. VOC emissions
must e further disaggregatea into individual chemicals, which are then groucea into
carbon-bond classes; NOx emissions must be separated into NO and NO2. Aaqci-
-1onaily, stack parameters (inciuding height, diameter, gas temperature, ana exit

velocity or flow rate) are required so that point source emissions can e correctly
allocated to vertical layers.

Unaer contract to EPA, Systems Appiications Internationai deveiopea the soitware
package known as the UAM Emission Preprocessor System (EPS), Version {.C0, 10
facilitate development of the cetailed photochemical modeling emission inventories
required by the UAM. Emissions from a county-level annual inventory such as
NAPAP are spauially allocatea using a combination of spec:iied location cata ({or
point sources), spatial allocation surrogates such as population and lanause (for area
sources), and optional link data (for mobile sources such as motor vehicies, aircrait,
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raliway tocomotives, ana vesseis). Emissions are temporally agjustea from annuai
totais (tons per year) to episoge-specific leveis ana diurnaily distributea using
source-spec:iic operatng information or typical activity profiles by source cate-
gory. Finauy, emissions are disaggregated into carbon-nonag classes using EPA VOC
speciation profiles py source ciassification code. Figure | provides an overview of
EPS; Tabie | indicates primary functions of each of the EPS modules.

The EPS package inciudes input files containing defauit parameters such as temporal
distribution and speciation profiles by source type. The user must supply (1) a
gridded fieid of spatial allocation surrogates for the modeling domain, (2) optionat
link data for spatial allocation of mobile source emissions, (3) factors to adjust on-
road motor vehicle emissions from annuai-average to episodic levels, and (4) a set of
projection factors for development of future year emission inventories.

In addition to the user-specified inputs listed above, other types of locale-speciiic
data can ce incorporated into the modeling inventory to make it more representative
of the reg:on and episoae of interest. This memorandum describes the types of
locate-speciiic information which may be collected for both baseiine ana future vear
inventories ana discusses how to compile this information into data bases appropriate
for interfacing with EPS or otherwise assimilate such data into the pnotecremucal
modeling inventory. For detailed descriptions of the data formats requirea by cPS,
see the User's Guide for the Urban Airshed Model, Volume [V: User's Guide for :ne
Emission Preorocessor Svstem (SAI, 1990).

Table 2 shows the information required by EPS for point and area source annuai
emission data bases. Since EPS was developed specificaily for use with the NAPAP
inventory, area source category designations compatible with those usea in NAPAP
should be maintained. Otherwise, additional modification to EPS may be recuirea.
including cnanges in program code as well as input files (these moaifications are c:s-

cussed furtner beiow). A list of the area source categories currently supportec &y
EPS is proviced in Tabie 3.

M. SPATIAL ALLOCATION OF EMISSIONS

The annual point source inventory generally inciuc 2s location information for 2acn
point source (reported as either latitude and longitude or UTM coordinates), ailowirg
direct assignment of emissions to grid cells. If locations are available in UTM
coordinates, minor code modifications to the EPS module PREPNT will be necessary
(EPS was designed specificaily for use with the NAPAP emissions data pase, .n wnicn
point source locations are designated by latitude ana longitude).

Unlike point source emissions, area and mobile source emissions are often reporiea
as county-ievel totals in an annuai inventory; emissions from these sources must con-
sequently Ce aisaggregated to grid cells. Generally, spatial allocation surrogates are
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Emission Inventory Databases
SAMS NEDS Others
NAPAP Local Agencies
FREDS
PREPNT PREGRD
GRDEMS (e—-
- UAM
L—p4 CENTEMS Preprocessor
PTSRCE
POSTEMS }
v ¢V
BEIS —»1 MRGEMS |....-. »> UAM \}
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FIGTE

Overview of EPS program modules.
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tmary functicns of IPS moaqules.

spatially allocate point source emissicns
assign temporal distribution codes baseg on operating
informaticn

identify stacks to be treated as elevated sources taseq
calculated plume rise

O
o ]

separate area and cn-road motor vehicle emissions 1nt3
differenc files

disaggregate mooile emissions Lnto exnaust, evaporative,
running losses. and refueling losses oy venicle tvge
+ adjust mecoile emissions for episocic o

(temperacure, VP, fleer turnover epfecgts, 2t¢

O
]
3

GRDEMS + spatia.ly allocate area and mobile source emissions

- -

spatia. surrcgates ana -ink cata

t
"
=

¢ assi1gn temporal distritution coces oy source category

+ adjust annual-average daily emissicns oy month of year ana
Zay of w~eek to episodic levels

+ allocate emissions by hour

+ remove non-reactive fracticn {r2m =stal nydrocarseon
emi1ssiens

+  35S1gn emlsSsS1CnhS g carcon tong classes

+ Ccreate emissions .nput for <he UAM elevatea coin:

2TERCE

UAM-reaqy low-ievel emissions i

source preprocesscr Srogram.
+  create

o8]

merge uD -
Lnto one file

o
n

1Xx low-liavel anthrooogenic UAM emissions filas

n

st

* create a summary report describing the merged lnventor,

MRGEMS + merge TWo low-ievel UAM emissions files in%c

c
(generally used tC merge anthrooogenic ane cicgenic Jiles!
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?oint source inventary

state and county idencification ceaes
facility and point identificaticn codes
+ process :2entification codes (SIC, SCC
*+ location .

* stack parameters (exhaust gas flow rate, st3
height and diameter, temperature)

+ operating schedule (seasonal threughputs anc
weexs per year, days ter Week, ang hours cer zay
LN operation

* annual average emlssicns

* range of golnts sharing a common stack

Area and meoile source .nventory

+ state and county identificaticn ccces
* source category code

¢ annual average emi1sSsSicns 3y county
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TaBcZ 3. NAPAP area source tztiZsrv cszces.
NAPAP drea Source Categorw

1 Residential Fuer - antnracite Ceal

2 Residential Fuel - 3ituminous Cecal

3 Residential Fuel - Distillate 0il

4 Residential Fuel - Residual 0%l

5 Residential Fuel - Natural Gas

6 Residential Fuel - Woca

7 Commercial/Insti:zuzicnal Fuel - Anthracite Ceoal
8 Commercial/Instituticnal Fuel - Bituminous Coal
9 Commercial/Instituzicnal Fuel - Distillate Oil
10 Commerc:ial/Instizuczicnal Fuel - Residual 0il

'Y Commercial/Instizuticnal Fuel - Natural Gas

‘2 Commercial.sinstitusiinal fuel - wooa

'3 Inagustrial Tuel - intnracize Ceal

4 Industrial rfuoel Zizuminous Ceal

15  Industrial Tuel - lzke

‘6 Industrial Tuel - Zist:illate 0Qil

17 Industriai Tuel - Res:icual 0il,

18 Industrial Fuel - Natural Gas

19 Industrial Ffuel - woca
20 Industrial Tuei - freocess Gas
21 Cn-3ite Incineraticn - Resigential
22 On-3ite Incineratizn - lndustr:i:al
23 OCn-Site Incineratign - Zommercial/Institutional
24 QOven 3Burn:ing - Resigent:ial
25 CZpen Zurning - Industrial
z8 Cpen furning - Zcmmercial/Instituticnal
27 Lignt Juty Gasoline Jenicles - Limited Access Roaas
28 Light Duty Gasoline Vehicles - Rural Roads
29 Lignt Duty Gasoliine Jehicles - Suburtan Roads
30 Lignt Zuty Gaso.lina fear it ""rtan Roads
31 Medium Duty GCasoline Vehicles Limited Access Roaas
32 Medium Duty Gasoiine Vehicles - Rural Roads
33 Medium Duty Gasoline Vehicles Suburtan Roaas
34 Medium Duty Casoline Vehicles Urban Roads
35 Heavy Duty Gasoline Jenicles - Limited Access Recaas
36 Heavy Duty Gasoline Jenicles - Rural Roads
37 Heavy Duty Gasoline Venicles - Suburzan Roaas
38 *Heavy Duty Casoline /enicles - Urtan Roaas
39 Off Highway Casoiinz Jenicles
40 Heavy Duty Diesel 'enicies - Limited Access- Roads
41 Heavy Duty Dieseli 'ehicies -

aural Roaas
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Source Catagor:

42 Heavy Duty lieseli veniclss - 3uburczan Roads
43 Heavy Duty Diesel Veniciss - Urban HAoaas
44 Off Highway Diese. VJeniciues
U5 Railrecad Loccmotives
46 Aireraft LTOs - Military
47  Aireraft LT0s - Clivil
48 Aireraft LTOs - Commerc:ial
U9 Vessels - Coal
50 Vesselis - CTiesel Q0il

Vesseis - Residual Qil

Jessels - Gasolire

(NQT USED)

Jasoline Marxetea

Jnpaved Roaa Travel

Jnpaved Airstric LTCs

WY UL WA W U an wn
a\gw O) —) O Ul F2 ) N

ay O O
£ W N -

O O (M
O~ N

1 -1 Oy Oy
2 OO0 O

-3
n

73
T4
75
76
"3
73
80

g1
82

(NOT USED)

(NOT USEL) ~

(NOT USED)

Forest Wiild Fires

Managed Burning - Frescrizec

agricultural Fleliz Zurning

Frest Control - Crenarc Heacers

Structural Tires

(NOT USED)

ADMONla TTASSLIInS - L.2ZnT Coty Gasclirne Venhicle
AMmOnLa Emissicnz - ~eavy .ty Gaseline Vehicle
ammonia Emissicns - reavy Zuty Diesel Vehicles
_ivestock waste Management - Turkeys

_ivestock Waste Management - Sheep

-lvestock saste Management - Beef Cattl
_ivestock Waste Management - Dairy Cattle
Livestock Waste Management - Swine

_ivestock Waste Management - Broilers

Livestock Waste Management - Other Chickens
anhygrous Ammonla Fertilizer Application

Zeef Cattle Feeag Lots
Jegreasing

Jry Cleaning
Jrapnic Arts/Printing

Aubper and
afenitecsur

Slastic

al Ccatings

P TN )

- - -

s manuracture
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TaBLZ . Cenctinuea.

NAPAP Area Scurce Categorvy

83 Auto Body Repair

84 Motor Vehicle Manufactur

85 Pfaper Coating

86 Fabricated Metals

87 Macninery Manufacture

88 Ffurniture Manufacture

89 Flatwood Products

90 Qther Transportation Equilpment Manufacture
§1 EZlectrical Equipment Manufacture

92 Shisopuilding and Repair:ing

Qllb
3 Miscetlaneous Ilndustrial Manufacture
4 NOT US::)
55 Misgeilaneous Solvent Use
§6 Minor Point Sources - Ccal 3oilers
97 Minor Poinz Sources - Cil Boilers

g8 Minor Peoint Sources - Natural Gas Zoilers
99 Minor Point Scurces - Cther R
100 Puklicly Owned Treatment Works | P0TWS)
101 Cu zack Aspnalt Paving Coeration
Tugitives from Synthet:c Organic Chemical Manufacture
103 3ulk Terminals and Bulk Flanss
rugitives from Petroleum Refinery Operations
cess tmissions from Eaker:es
‘06 Frceess Zmissions from Fharmaceutical Manufacture
cess fmissions from Syntnetic Fizers Manufactur
‘08 Iruze Qil oznd Narturzl Cas Procuesicn Fields

- -

i09 Hazarcous Waste Treatment, Storage and Disposal Facilities (TII7s!

:TZ-excancec NAPAP source categorv todes fov wars-~ venhicle emissicns:

Zxhaust Zmissions:
27 LDGV - Limited Access Roaas

28 LDGV - Rural Roaas

25 LDGV - Suburban Roacs

30 DGV - Urban Roaas

Eh MDGV - Limited Access Roacs
12 MDGV - Rural Reaas

i3 MDGV - Suburpan Roacs

4 MDGV - Urban FRoaas

wu

DGV - Limitea Access Roaas

wr
[



—mp o R
TABLE . Zznzinuea.

Zxhaust Smissions
i HDGV - Rura: Zoacs
37 HDGV - Subursan Foacs
38 HDGV - Urban Roaas
39 Off Hignhway Gasoline venicles
40 HDDV - Limited Access Roads
41  HDDV - Rural Roaads
42 HDDV - Suburpan HRoads
43 HDDV - Urban Roads

U4 QOff Highway Diesel Vehicles

Evapgorative Emissions:

227 LOGV - Limizeac Access Roaas (SAI NSC)
228 LDCV - Rural Z=oaas (SAI NSC)
22 L2GV - Supurscan fcacs (SAI NSC)
230  LOGV - Urtan Roags (SAI NSC)
23l MDCYV - Limiteg Access Fracs (SAI NSC)
232  MDGV - Rural Zoacs (SAI NSC)
232 MDGV - Suburszan Hoags » (SAI NSC)
234 MDGV - Jrzan Foaas (SAI N3SC)
235 HDGV - Limitea Access Roaas (SAI NSC)
236 HDGV - Rural Roacs (SAI NSC)
237 HDGV -~ 3Suburtan Roacs (SAI NSC)
238 HDGV - Urban Foads {SATI NSC)
239 Off Hignwav Gasoline venicles (SAI NSC)
240  =DDV - Limited Access FReaas (SAT NSC)
EON “DDV - Aural Roaas (SAI NSC)
iz HDDYV - Z.bursman Poaas (SAT NSC)
243 HDDV - Urban Roads (SAT NSC)
244 Qff Hignwayv Diesel Vehicles (SAI NSC)
Refueling Loss Emissions:
127 LDGV - Limited Access Roads (SAI NSC)
228 LDGV - Rural Recaas (SAI NSC)
329 LDGV - Suburczan Roads (SAI NSC)
330 LDGV - Uroan Roads (SAI NSC)
i MDGV - Lizitea Access Roads (SAI NSC)
332  MDGV - Rural Roaas (SAI NSC)
333  MDGV - Suburcan Roaas (SAI NSC)
23y MDGV - Urtan fcaas (SAI NSC)
138 HDGV - Limicte2 Access Roaas (SAI NSC)
3136  HDGV - Rural Fcaas (SKT NSC)



TABLZ 3. Concluded.

Refueiing Loss tmissions (conc.;:

o

331
338
339
340
LR
342
343
344

4DGV - Suburoan Roaas

HDGV - Urban Roads

Off Highway Gasoline vehicles
HDDV - Limited Access Roads
HODV - Rural. Roads

HDDV - Suburoan Roaas

HDDV - Urban Roads

Off Highway Diesel Vehicles

Running Loss Emissions:

427
128
129
430
4
u3z
433
43y
435
436
437
438
239
440
ub
42
3483

J44

LDGV - Limited Access Roaas
.OGV - Rural Roaas

LDGV - Suburzan Roaas

LDGV - Urban Recaas

MDGV - Limited Access Roaas
MDGV - Rural Roads

MDGV - Suburvcan Roads

MDGV - Urban Roaas .
HDGV - Limited Access Roaas
HDGV - Rural Roaas

HDGV - Suburtan Roads

HDGV - Urban Roads

2ff Highway Gasoline venicles
HDDV - Limited Access Roaas
4DDV - Rural Reads

#DDV - Suburcan Roaas

DDV - Urban Roads
Off Highway Diesei Vehicles

(SAI
(SAI
(SAI
(SAI
(sal
(SAI
(SAI
(SAI

(SAI
(SAI
(SAI
(SAI
(SAI
(SAI
(SAI
(SAL
(SAl
(SAl
(SAI
(SAl
(Sal
(SAI
(SAI
(SAI
(SAI
(SAI

NSC)
NSC)
NSC)
NSC)
NSC)
NSC)
NSC)
NSC)

NSC)
NSC)
NSC)
NSC)
NSC)
NSC)
NSC)
NSC)
NSC)
NSC)
NSC)
NSC)
RS
NSC)
NSC)
NSC)
NSC)
NSC)

(&P
]

-

(.



employea in tnis cisaggregation. Commonty usea incicators inciuce popuiaticn
ang/or neusing, lanause categor:es (e.g., urban, agricuitural, or rangetana), anc :inx
information tlocations of major roagways, shipping cnannets, alrports, raiiways,
etc.). Distribution of the surrogates used to spatially ailocate emissions must ze
determinea for the entire moceling region by grid ceil. Landuse by grid ceil can ce
estimated using maps available from local planning agencies; USGS maps are ofzen
useful for locating such sources as raliways and airports.

Spatial surrogate indicator distributions should also be estimated for future year
inventories which will be deveioped from the baseline inventory. Future year spatia:

surrogate distributions shouid reflect anticipated changes in landuse, requiring
coordination with local planning agencies.

For compatibility with EPS, spatial surrogate distributions should be tabulated as
fractions of the county total for that surrogate for each grid ceil associated with the
county. Grid cells can be idenufiea by either UTMs or ([,J) coordinates, aithougn tre
final gridced surrogate fieid used as input to the EPS module GRDEMS must te
referencea by (I,J) coorainates. lf the exact extent of the modeling domain nas yve:
to pe determinec when the spatial surrogate distribution-data is coilectea, identiiy-
ing grid ceis by UTM coordinates provides a more versatile data base. Spauai surrc-
gate distribution can then be determined over a larger region than is likety to se
modeled; the final gridded surrogate fieid can easily be extracted from this cata
base, and UTM coorcinates converted to (hJ) modeling coordinates with minimal
etfort. The modeling domain, however, should ideaily be identified prior to collect-
ing any data in order to minimize resource requirements. All spatial surrogate dis-
tribution data except for link data should be inciuded in a single file; separate files
will be maintained for base year and future year distributions.

Link data is generally digitized from maps; features that can be inciuded in tre lirk
file inciuce major roadways, railways, airports, and shioping channeis. To be com-
patible with EPS, individual link segments must end at county borgers. Currently,
EPS does not suppert spatiai allocation based on weighted travel by link; insteac, 4t

emissions from sources assigned to a given link type within a county are distr:cuzec

based on the fraction of total county distance for that link type within eacn part:cu-
lar grid ceul.

Modifications to the iink-ailocation routine in the GRDEMS moduie couid se :mpie-
mented to account for weighted travei distributions by link. Alternatively, ..nk seg-
ments could be artificially weighted by grid ceil by adding "dummy"” links of a lengi®
necessary to produce the desired distribution within each cell. The UAM assumes ar.
equal ailocation of non-elevated emissions over the entire grid cell, so the actual

location of a link within a grid ceil wiil not affect the location of emissions :n ne
final modeling inventory,

3elz7 2
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[n particular, link cata generatea for cistricution of on-road motor venicle emissions
should iceaily incorporate cifferent travei weightings by link wnicn are representa-
tive of the cay of weex being mocelea. Separate link files wouid then neea to ze
maintainea f{or each cay of multiday moaeiing episodes.

V. TEMPORAL ADJUSTMENT AND DISTRIBUTION OF EMISSIONS

Annual emission estimates must be adjusted to reflect seasonal, weekday/weekend,
and diurnal variations in either activity leveis or emission factors. The defauit tem-
poral distribution profiles and factors by source category provided with EPS may not
be representative of actual patterns for a given region. For example, shorter grow-
ing seasons in-some portions of the country may resuit in a different monthly profile
for emissions from agricultural operations than wouid be appropriate for a warmer
region. Similarly, emission factors used to estimate evaporative emissions from soi-
vent use, gasoline marketing, and other activities can be strongly temperature-
depencent. The effect of regional ambient meteorological conaitions on emission

leveis may accoraingly resuit in seasonal distribution profiles whicn difier signii:-
canuy from the EPS defauits.

Ideally, locaie-specific temporal variation data snouid be collected for all sources
which contribute significantly to the inventory. Monthly fractions of annual leveis
are preferaple to seasonal fractions, but either can be used to construct the monthly
activity profile required by GRDEMS. [n addition to seasonal profiles, regionai
weekday/weekend activity levels and diurnal variation by source category can be
determined through special surveys or estimated using engineering judgment.

Locale-specific temporai data can be incorporated into the emission inventorv in
several ways, either oy moaifying EPS input files or by devetoping suppiemental
software. Locale-specific temporal distribution factors by area source category can
usuaily be incorporated into the moceling inventory without developing supplemental
software. Monthly fractions of annuai activity, weexly profile codes wnicn identify
typical activity profiles by day of weex, and diurnai profile coges are assignea by
source category in an wnput to the GRDEMS module. This file shouid be eaitea so
that temporal profile assignments reflect locally applicabie rather than cefauit
variations in activity. Diurral and weekday codes and profiles currently defired in
EPS inputs are shown 1n Tables 4 and 5. [f none of the existing profiles matcn tne
desired temporal distribution for a given source category, additional profiles can te
created. All new profiles must be added to the files defining weexday anc ciurnal
distribution profiles used as inputs to the EPS module CENTEMS.

Alternatvely, diurnal variations in emissions can be incorporated directly into the
modeling inventory. The day-specific modeling emission record format (merf), shown
in Table 6, allows the user o specify the hourly fractions used to diurnally allocate
total daily emissions. Unusuat diurnal profiles not currently definea in the temporal

-—-—
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TABLE 5. weexaav v
the emissions oreprocessor system.

Emissions contribution Totai
Code oy (Mon-Sun) Days
1 11T 100 5
P 2000011 2
3 1111700 5
i 111100 5
] 111100 5
6 DR N TR T B 6
7 R 7
3
3
0
iR
'z n
i3
14
16
17
18
'3
<0
21 c 2 S
2z 270103070 7 & 61
23 33344 33




TABLZ £.

Cay-specifiz mogeiinz emissicns recera format (mer?).

~ine  varizole Columns  Type - Descripticn
Te ISRG 1-3 X Griddea surrogate code (not usea,

skippea)

IFIP 4-8 ! FIPS states/county code (not used,
skipped)

SIC g9-12 R Either Sourece Industrial Classification
or NAPAP Source Category code

PS 13-20 A Either Standard Classification Code or
NAPAP Source Category code

ICL 21-23 . [ coordinate of grid cell

JCL 24-26 I J coordinate of grid cell

IYR 27-28 I Year, two digits (e.g.‘ 89 for 1989)

1DYCCD 2§-30 1 Diurnal variaticn code

IWKCCD 31-32 i Weexday variation code?

FIl 33-41 A Facility ID (0 or blank for area

sources)
FST 4z2-26 A Stack ID (O or blank for area sources)
FCNTY u47-52 I AEROS state/county cocde
53-3% - (Not usea, skipped)

VMNTH 5§7-116 R Array of 12 hourly factorss

co 117~126 R CO episode emissions (kg/day)

CNO 127-136 R NO, episode emissions (kg/day)

SOX 137146 R SO, episode emissions (kg/day)

THC 147-156 R TOC episode emissions (kg/day)

oM 167-166 2 ®M enisode emissicns (kgsdav)

167-168 - (Not used, skipped)
SLEBL 169-175 Scenario label (not used, skiopea)
tither -1 or -<, corresponaing to the first 2 hours of the cZay cr tne

3

secona !2 hours of the day, respectively.

Always equal to O in day-specific merf.

Factors used to allocate daily emissions to hours of day; corresoond
o first 12 hours of day if IDYCOD = -1 and second '2 hours of zay .7l

IDYCCD = -2.



input files 1o EPS can thus easlly be accommodateas thls (ormat also supports :ne
‘nclusion of hourly episoce-specific em:ssions cata into the moceling inventory.
Table 7 shows e stancara mers for comparison. Note that in the cay-speciiic mer:,

emissions reflect episoaic leveis; the standarg merf contains annuai average caiiy
emissions.

The day-specific mer! is espec:aily useful for incorporating source- or stack-scec:iic
operating information or episogic emissions into the modeling inventory. Day-
specific mer{ records must currently be generated outside of EPS; the CENTE!MS
module, however, accepts both standard and day-specific merf input files.

V. MOBILE SOURCE PARAMETERS

Since EPS was originally designed for use with the NAPAP inventory, mobile source
emissions are assumed to be annual, county-level composite emissions for the fojlow-
ing vehicle types and road classes: light duty gasoline vehicles, light duty gasoline
trucks, heavy duty gasoline vehicles, and heavy duty gasoline trucks for limitea
access roagways, rural roadways, suburban, and urban roagways. The EPS modute
PREGRD disaggregates composite mobile source emissions into exhaust, evaporative,
running loss, and refueiing components and adjusts emissions from annuai average tc
episodic !eveis based on regional episodic conditions (e.g., temperature and fue:
RVP). The factors used for disaggregation and adjustment are calculated from ratics
of MOBILEY emission factors generated {dr episodic conditions to MOBILE4 emission
factors generated using the annual average inputs used to construct the NAPAP

inventory, assuming average speeds of 55 mph for limited access, 45 mph for rurai,
and 19.6 mph for suburban and urban roadways.

Mobile sources often constitute a significant portion of the urban anthropogenic
inventory. Consequently, to minimize uncertainties in the modeling inventory, a
mobile source inventory generated specificaily for the modeling episode snouic se
used insteaa of an annuai-average inventory whenever feasible. Detaiied guicance cn
construction of mobile source inventories is provided in Procedures for Emission
Inventorv Preparation. Volume [V: Mobile Sources (EPA, 1989). In short, a traffic
mode! is employead in conjuction with a mobtie emission factor mode!l (the recom-
mmaonded emission factor medel 1s EPA' MO3ILEY) to estim~te moptle source emis-
sions oy link. Locaie- and episode-specific parameters such as link YMT, averzge
speed by link, and VMT mix and fleet mix by vehicie type shouid be used to ensure

that the mobile source inventory reflects actual episodic conaitions as accurately as
possible.

MOBILE% calculates exhaust, evaporative, running loss. and refueling emission
factors for eight venicle types (light duty gasoline automobilies, light duty ciese:
automopiies, two classes of light duty gasoline trucks, light duty diesel trucks. neavy
duty gasoline venicles, heavy duty diesei vehicles, and motorcycies). Accorcingly,
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Stangarc moceling emissicns recore format (mer?).

Line Variaple Columns cype Jescrigtion
le [SRG 1-3 I Gridded surrogate code (not useag,
skipped)
IFIP 4-8 [ FIPS state/county code (not usea,
skipped)
SIC 9-12 R Either Source Industrial Classification
or NAPAP Source Category code
PS 13-20 A Either Standard Classification Code or
NAPAP Source Category code
tl 21-23 [ I coordinate of grid cell
S 24-2h I J coorainate of grid cell
YR 27-28 I Year, two digits (e.g., 89 for 1389)
CYCCD 29-30 I Diurnal var:iation ccae
_wKCCD 31-32 i Weekday variation cecce
e 33-41 A Facility ID (0 or blank for area
sources)
73T 42-46 A Stack ID (0 or blank for area sources)
FONTY 4752 [ AERQS state/county coae
53-56 - (Not used, skipped)
VMNTH 57~116 R Array of 12 monthly facters
co 117-126 R CO annually averaged emissions (kg/day)
<o 127-136 R NO, annually averaged emissions (kg/day.
S0X 137-146 ] SO,, annually averaged emissions (kg/cay,
THC 147-156 ] TOC annually averagea emissions (xg/day,
=M 157-166 R PM annually averaged emissions (xg/dav;
167-168 - (Not used, skippea)
SLEL 169-173 A

Scenar:o label (not usea, sK.zzez!

w



use of an episcge-soec:ii.c mootie source \nveniory may regulule exbanaing ne area
source category cesignations 1o (ncluce new ccges for tnhese agaitional sources tsee

Section VII of tnis memoranaum, aacressing acdition of new source categortes, i2°
specific guicance).

lf resource !imitations prevent construction of an episode-specific mobiie source
inventory, emission factors from MOBILE4 can be used to generate the ratios usea :v
EPS to agjust an available annuai average inventory to episodic conditions. At tre
minimum, this adjustment will require the following data: maximum and mimimum
ambient temperatures on the episode day(s), fuel RVP, ASTM voiatility ciass, anc
detaiied identification of any Inspection and Maintenance Programs, Anti-Tamper:ng
Programs, or Refueling Loss Control Programs (such as Stage !l vapor recovery) cur-
rently in effect in the region. Additionally, region-specific data sucn as VMT mix,
annual mileage accruai rates, and registration distributions by vehicie type can be
incorporated into the adjustment factors. The values of ail pararneters used to con-

struct the original annual average inventory must aiso ne :dentified so that appropri-
ate adjustment ratios can be caiculated.

A detaiiea cescription of the user-specified inputs for MOBILEY4 can pe founc in tre
User’s Guice to MOBILE4 (Mob:le Source Emission Factor Model) (EPA, 1989).

V1. SPECIATION OF YOC EMISSIONS

EPS disaggregates VOC emissions into carbon-bond c!asses based on a combination of
the YOC speciation profiles by source type contained in the Air Emissions Species
Manual. Volume [: Volatile Organic Compound Species Profiles (EPA, (988) ana the
carbon-bond class assignments by chemical compound from Guidelines for Using
OZIPM-4 with CBM-IV or Optional Mechanisms (EPA and SAI, 1986). [n some cases,
however, source-specific speciated emissions or (less commonly) reg:on-spec:fic

speciation profiles by source type may be available. This data can ce incorporatea
into the moceling inventory in several ways.

If region-specific speciation profiles by source type are available, the carpon-boncg
split associatea with that profile code can be modified to rer.ect the locale-spec:iiic
data. One of the input files to the EPS module CENTEMS contains all of the
information required to moaify the carbon-bond spiit for a given profile, namety
weight fractions of specific cnemicals (identified by SARQAD code) for each of the
EPA VOC speciation profiles and moiecular weights and carbon-bond class assign-
ments for each chemical compound. For each profile, the carpon-bona split s
expressed in units of {moles of each carbon-bond species)/(gram THC). The car>on-
bond spiit for each profile is a weighted composite combining the carbon-bona c.ass
assignments for eacn chemical compound contained in the profiles it is calcuiatea bv
summing, over each carten-bond species (i) and eacn chemicai compouna (j) present
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in tne profile, ine ((weignt fraction of compouna j for tnat profiie)/{motecuiar weign:
of compoung j) * (moies of carzon-bona species | for eacn mole of compouna )}, as
snown 1n Eguation |:

for eacn
g::zgg;bim [z (ut frac of ! _(moles of L):l (1)
! i Wt of ! mole
each mod J ]

chemical
compound ]

Modified carbon-bond splits corresponding to redistribution of the weight {raction
contributions of the individual chemical compounds can thus be constructed fairly
easily. However, difficuities may arise if chemical compounds not present in the file
designating carbon-bond class assignments by compound are added to the profile,
since carbon-bond distributions for the new chemicals may be unavailable from
published literature. An appropriate carbon-bond split must then be determined by
someone experienced in both photochemistry and the carbon-bond mechanism.

Locaie-specific speciation data are more often available for individual sources tnan
for categories of sources. As these data are collected, each chemicai compound in
the data base should be identified by a universaily recognized standardized code
rather than by name aione; the SARQAD designation is especially appropriate, since
this is the coding system used to identify chemicals in both EPA publications ana EPS
input files. Additionaily, all other data inciuded in a point source inventory (fac:lity,
point, and process identification codes, location, operating schedule information,
etc.) shouid be linked with each emission record to facilitate further processing. EPS
does not currently support direct incorporation of pre-speciated emissions by stack
into the modeling inventory. Conseguently, additional software must be deveiooed 1o

assemple emissions from these sources into a UAM-compatible emissions file. This
software must accomplish the following tasks:

Disaggregate emissions of individual cnemicalis into carbon-bonag species:

Apply appropriate temporal factors to adjust for seasonal and dav-of-weex
variationss

Disaggregate emissions by hour of day basea on diurnal profiles:
Distinguish between elevated and low-ievei sources:

Create a UAM-compauble emission file containing low-ievel emissions:
and



Create an eievated noINt source emission fiie for inout 1o tne LAM eieva-
leq DOInt source creporocessor, ETSRCEL*

VIl. PROJECTION OF FUTURE YEAR INVENTORIES

Often, future year inventor:es mus: Se generatea for planning purposes or contrc:
strategy evajuations. EPS allows the baseline inventory to be "grown” using ratics c:
future-to-base-year expectea activily leveis or activity levei indicators for genera:
categories of sources. Upper bounds on point source emissions based on maximum
future year permittable emission leveis may also need to be incorporated into the
projected inventory. Bounded emissions projections might aiso resuit from process
capacity limits. The current EPS will not impose an upper-bound limit on emissions:
such processing must occur outside of EPS,

Common indicators used to estimate future year activity leveis for source categories
include employment by industrial category (the Bureau of Economic Analysis
publishes projections for the nation, states, and MSAs), demographic characteristics
such as popuiation and housing, and vehicie miles traveled by vehicle type and roaa
type. Appropriate pairing of growth indicators with source categories should te
evaluated using engineering ;udgment.

Alternativeiy, estimated future year activity leveis for individual sources may ce
obtained through surveying the facilities irrquestion or screening permit applications
to determine expected expansions or new construction. This is a resource-intensive

approach, so coliection of projected future year activity data for individual sources
should be limited to the major sources in the region.

EPS projects emussions based on 2-digit SIC code for point sources and NAPAP
Source Category Code for area and mobile sources. Projection factors are expressed
as a ratio of future-to-base year activity. Source-specific projections (incorporating
such information as anticipateg shut-caowns or construction of aaditionai faciiities)
must be impiemented outside of EPS and then incorporated into the remainger of 12
inventory. For point sources, it may be desirable to assign growth based on projectec

fractional increases of industrially zoned land by grid cell instead of assuming tnat
all growtn will occur at exisuing piants. This approach, however, will probabiy

* [f source-specific speciated emissions are not available for all elevated stacks
within the moaeling region, THC emissions from some eievated stacks must Ze
speciatea through EPS by source classification code using either EPA or locaie-
specific VOC speciation profiles. Suppiemental software will need to be devetopec
to merge tne source-spec:fic and EPS-generated elevated point source emissicn
files before the eievatea point source processor can berun.
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require the creation of hypotnetical point source records; ail informartion associatea
with a point source recora (inclucing process icentification codes ana stack
parameters) must be esumated for. eacn hypothetical record. Additionally, supple-

mental software or muitiple runs of EPS modules may be required if different growtn
rates are used for sub-regions of the modeling domain.

Viil. INCORPORATION OF ADDITIONAL SOURCE CATEGORIES

For some regions, emission estimates may be available for source types not inciuded
in Table 3. Incorporation of additional source categories into the modeling inventory

may require minor computer code changes to EPS as well as modifications to input
files.

Area source categories may be added to the inventory in one of two ways. [f some of
the NAPAP categories listed in Table 3 are not appiicable to the region in question,
their NAPAP source category codes may be reassigned to new types of sources. All
temporal profiles ana spatial allocation surrogate pairings (usea as input to GRDEMS)
associated with the reassigned codes must be reviewed and revised if necessary.
Additionaily, the speciation profiles and reporting category code assignments used by
the CENTEMS module (activity code, old inventory category code, process code, and

control code) must be reassigned to ensure compatibility with the reassigned NAPAP
source category designations.

Alternatively, the user can create new code designations in addition to the cate-
gories in Table 3. In this case, the maximum parameters set in each of the EPS
modules used to process the area source portion of the inventory (i.e., PREGRD,
GRDEMS, and CENTEMS) must be assessed and modified where necessary to ensure
that array dimension bounds wiil not be exceeded because of the additionai cate-
gories. New spatial allocation surrogate and temporal profile assignments must be
made for 2il new categories; approriate growth indicators must also be selected and
all data incorporated into the appropriate input files. Likewise, appropriate specia-

tion profiles and reporting category code assignments must be identified and included
in the CENTEMS and POSTEMS inputs.

Disaggregation of mobile source emissions into source categories besides exhaust,
evaporative, running, and refueiing losses (e.g., hot soak, hot stabilized, cold start,
etc.) or inclusion of additional sources (such as motorcycies) requires all of the modi-
fications discussed above for new source category code designations. Additionally,
extensive code modifications to the PREGRD moduie will be necessary, or the func-
tions provided by PREGRD for adjustment of mobile source emissions (discussea in
the previous section on mobile source parameters) must be dupiicated outside of EPS,

perhaps in a suppiemental module either parailel or subsequent 10 PREGRD and prior
to GRDEMS.
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The agaition of point source 3iC,SCC combinations not currently Inciuced in e
.nput files to CENTEMS reguires :ess effort than inciusion of acaitional area or
mobile source categories. For eacn.new SIC/SCC compination, appropriate reportng
category codes must be assignea: the SCC/speciation profile pairings should aiso ce
checked if the SCC in the new pair does not appear in any existing 3IC/SCC com-

binations, since the new SCC may not te present in the CENTEMS input file pairing
SCCs with speciation profiles.

X. MULTISTATE AND MULTINATION MODELING DOMAINS

for some areas, the inclusion of all major sources that may affect the uroan region
requires extending the modeling domain across state or sometimes national borders
(namely, Canada and Mexico). [n these cases, it is often necessary to obtain
emissions data for portions of the domain from other agencies. These data may have
t0 receive special treatment, such as conversion to an EPS-compatible format,
Sefore it can be incorporated into the modeling inventory.

A province-ievel NAPAP inventory has been compiled for Canada: the technical
memorandum "Recommended Software and System Upgrades: the UAM Emission
Preprocessor System (EPS)" discusses some of the problems encountered in combining
emissions estimates from the Canadian and U.S. NAPAP inventories into a single
photocnemical modeling inventory (SAl, 1990). Specifically, the Canadian inventory
employs a different SIC, SCC, and source category coding system that must be cross-
referenced with the U.S. designations. Additional problems include the lack of

readily available data bases for construction of gridded spatial surrogate fields ana
speciation of emissions.

Emissions estimates for Mexican sources are likely to be less readily available than
Canadian information. Mobiie source emission factors for Mexican venicies may
need to be estimated by modifying the fleet distribution and anti~tampering rates
used as input to MOBILEY; it may aiso be desirable to modify the zero mile emission
factors and deterioration rates internal to the MOBILEY% code (any modifications to
MOBILE% code shouid be ciscussed with, and approved by, the EPA Office of Mobile
Sources). The industrial source inventory may need to be generated by hand from
available information describing source characterization, location, and activity
leveis. Special attention shouid be given to identifying types of control equipment
widely employed in the United States but not required in Mexico, which might make
U.S. emission factors by source classification inapplicable. Gridded spatial

allocatuion surrogate fields and link files must also be developed to distribute area
and mobile source emissions.

Developing the mobile source portion of the photochemical modeling inventory for 2
muitistate modeling domain reguires a slightly different procedure than is used for =2
singie-state region. [f episoaic mobile source emissions are estimated by adjusting
an annual average :nventory as described in Section V, the MOBILEY inputs usead to

~
-3
~



estimate eacn state's moolie source emissions in the annuai inventory must ce

idenufiea and a separate set of mooiie source adjustment factors definea for eacn
state.

Simulariy, the growth factors used to project {uture year inventories will probaciy
differ by state. For these reasons, it may be necessary to process each state's
contribution to the area and the point source inventory separately through the
PREGRD and PREPNT modules. The output merf emission files for each state from
these modules can then be merged before further processing. For point sources,
however, a separate PREPNT run using dummy growth factors and a combined annual
inventory of all point sources within the modeiing domain should be made so that a

single stack control file (used as input to the CENTEMS module) containing all stacks
in the region is generated.

X. BIOGENIC EMISSIONS

In recent vears, air quality modeiers have begun to recognize that biogenic emissions
(naturaily occurring emissions from vegetation) can contribute significantly to the
total hydrocarbon inventory, even in predominantly urban regions. Some of the
chemical species commoniy found in biogenic emissions are aiso quite photocnemi-
cally reacuive (e.g., isoprene). Accordingiy, the photochemical modeling inventory
should include an estimate of biogenic emissions for completeness.

EPS Version 1.00 does not contain a module for generating biogenic emission inven-
tories; however, EPA's recently developed Biogenic Emission Inventory System (BEIS)
is distributed with EPS. This system produces a UAM-formatted biogenic inventory
by using a biomass data base (derived from landise data from the Oak Ridge National
Laboratory's Geoecological Data Base) in conjunction with emission factors by forest
type (developed by Zimmerman). BEIS provides aigorithms for caliculating the
effects of temperature and light intensity on biogenic emission rates and can
accoraingly be used 10 ceveiop a biogenic emission inventory which inciudes tne
effects of region-spec:fic houriy temperatures and light intensity. The canopy moagei
utilized in BEIS also requires as input the gridded hourty wind fields used by CAM;
these are used to account for varying leaf surface temperatures in different strata of
the canopy. Incorporation of additionai locaie-specific information (such as a more
highly resoived landuse data base or emission factors for plant spec:es indigenous to
the region) requires modification of the BEIS code.

XI. SUMMARY

This memoranaum identifies methods by which locale-specific information can be

incorporated into a photochemical modeling emission inventory. Specific topics
addressea inciuded the following:
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Temporaily aistributing ana agjusting emissionss

Generating or adjusting mobiie source inventories Using episode-speciiic
parameters;

Speciating YVOC emissions;
Projecting future year inventories;
Adding source categories; and

Incorporating biogenic emissions.

A brief review of the emission inventory input requirements of the Urban Airshea
Mode! and the UAM Emission Preprocessor System Version 1.00 deveioped for EPA s

' provided. Additionally, for each of the categories listed above, modification of EFS
input files to accommodate locale-specific data and suppiemental software require-
ments are discussed in detail.
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