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data, output data, models used, justification
of model selections, ambient monitoring
data used, meteorological data used, jus-
tification for use of offsite data (where used),
modes of models used, assumptions, and
other information relevant to the determina-
tion of adequacy of the modeling analysis.

(f) Evidence, where necessary, that emis-
sion limitations are based on continuous
emission reduction technology.

(9) Evidence that the plan contains emis-
sion limitations, work practice standards
and recordkeeping/reporting requirements,
where necessary, to ensure emission levels.

(h) Compliance/enforcement strategies, in-
cluding how compliance will be determined
in practice.

(i) Special economic and technological jus-
tifications required by any applicable EPA
policies, or an explanation of why such jus-
tifications are not necessary.

2.3. Exceptions

2.3.1. The EPA, for the purposes of expe-
diting the review of the plan, has adopted a
procedure referred to as ‘‘parallel proc-
essing.”” Parallel processing allows a State to
submit the plan prior to actual adoption by
the State and provides an opportunity for
the State to consider EPA comments prior
to submission of a final plan for final review
and action. Under these circumstances, the
plan submitted will not be able to meet all of
the requirements of paragraph 2.1 (all re-
quirements of paragraph 2.2 will apply). As a
result, the following exceptions apply to
plans submitted explicitly for parallel proc-
essing:

(a) The letter required by paragraph 2.1(a)
shall request that EPA propose approval of
the proposed plan by parallel processing.

(b) In lieu of paragraph 2.1(b) the State
shall submit a schedule for final adoption or
issuance of the plan.

(c) In lieu of paragraph 2.1(d) the plan shall
include a copy of the proposed/draft regula-
tion or document, including indication of the
proposed changes to be made to the existing
approved plan, where applicable.

(d) The requirements of paragraphs 2.1(e)-
2.1(h) shall not apply to plans submitted for
parallel processing.

2.3.2. The exceptions granted in paragraph
2.3.1 shall apply only to EPA’s determination
of proposed action and all requirements of
paragraph 2.1 shall be met prior to publica-
tion of EPA’s final determination of plan ap-
provability.

[55 FR 5830, Feb. 16, 1990, as amended at 56
FR 42219, Aug. 26, 1991; 56 FR 57288, Nov. 8,
1991]
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APPENDIX W TO PART 51—GUIDELINE ON
AIR QUALITY MODELS

PREFACE

a. Industry and control agencies have long
expressed a need for consistency in the appli-
cation of air quality models for regulatory
purposes. In the 1977 Clean Air Act, Congress
mandated such consistency and encouraged
the standardization of model applications.
The Guideline on Air Quality Models (here-
after, Guideline) was first published in April
1978 to satisfy these requirements by speci-
fying models and providing guidance for
their use. The Guideline provides a common
basis for estimating the air quality con-
centrations of criteria pollutants used in as-
sessing control strategies and developing
emission limits.

b. The continuing development of new air
quality models in response to regulatory re-
quirements and the expanded requirements
for models to cover even more complex prob-
lems have emphasized the need for periodic
review and update of guidance on these tech-
niques. Three primary on-going activities
provide direct input to revisions of the
Guideline. The first is a series of annual EPA
workshops conducted for the purpose of en-
suring consistency and providing clarifica-
tion in the application of models. The second
activity is the solicitation and review of new
models from the technical and user commu-
nity. In the March 27, 1980 FEDERAL REG-
ISTER, a procedure was outlined for the sub-
mittal to EPA of privately developed models.
After extensive evaluation and scientific re-
view, these models, as well as those made
available by EPA, are considered for recogni-
tion in the Guideline. The third activity is
the extensive on-going research efforts by
EPA and others in air quality and meteoro-
logical modeling.

c. Based primarily on these three activi-
ties, new sections and topics are included as
needed. EPA does not make changes to the
guidance on a predetermined schedule, but
rather on an as needed basis. EPA believes
that revisions of the Guideline should be
timely and responsive to user needs and
should involve public participation to the
greatest possible extent. All future changes
to the guidance will be proposed and final-
ized in the FEDERAL REGISTER. Information
on the current status of modeling guidance
can always be obtained from EPA’s Regional
Offices.
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1.0 INTRODUCTION

a. The Guideline recommends air quality
modeling techniques that should be applied
to State Implementation Plan (SIP) revi-
sions for existing sources and to new source
reviews (NSR), including prevention of sig-
nificant deterioration (PSD). (See Ref. 1, 2,
3). Applicable only to criteria air pollutants,
it is intended for use by EPA Regional Of-
fices in judging the adequacy of modeling
analyses performed by EPA, State and local
agencies and by industry. The guidance is
appropriate for use by other Federal agencies
and by State agencies with air quality and
land management responsibilities. The
Guideline serves to identify, for all interested
parties, those techniques and data bases EPA
considers acceptable. The Guideline is not in-
tended to be a compendium of modeling
techniques. Rather, it should serve as a com-
mon measure of acceptable technical anal-

ysis when supported by sound scientific
judgement.
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b. Due to limitations in the spatial and
temporal coverage of air quality measure-
ments, monitoring data normally are not
sufficient as the sole basis for demonstrating
the adequacy of emission limits for existing
sources. Also, the impacts of new sources
that do not yet exist can only be determined
through modeling. Thus, models, while
uniquely filling one program need, have be-
come a primary analytical tool in most air
quality assessments. Air quality measure-
ments can be used in a complementary man-
ner to dispersion models, with due regard for
the strengths and weaknesses of both anal-
ysis techniques. Measurements are particu-
larly useful in assessing the accuracy of
model estimates. The use of air quality
measurements alone however could be pref-
erable, as detailed in a later section of this
document, when models are found to be un-
acceptable and monitoring data with suffi-
cient spatial and temporal coverage are
available.

c. It would be advantageous to categorize
the various regulatory programs and to
apply a designated model to each proposed
source needing analysis under a given pro-
gram. However, the diversity of the nation’s
topography and climate, and variations in
source configurations and operating charac-
teristics dictate against a strict modeling
‘“‘cookbook’’. There is no one model capable
of properly addressing all conceivable situa-
tions even within a broad category such as
point sources. Meteorological phenomena as-
sociated with threats to air quality stand-
ards are rarely amenable to a single mathe-
matical treatment; thus, case-by-case anal-
ysis and judgement are frequently required.
As modeling efforts become more complex, it
is increasingly important that they be di-
rected by highly competent individuals with
a broad range of experience and knowledge in
air quality meteorology. Further, they
should be coordinated closely with special-
ists in emissions characteristics, air moni-
toring and data processing. The judgement of
experienced meteorologists and analysts is
essential.

d. The model that most accurately esti-
mates concentrations in the area of interest
is always sought. However, it is clear from
the needs expressed by the States and EPA
Regional Offices, by many industries and
trade associations, and also by the delibera-
tions of Congress, that consistency in the se-
lection and application of models and data
bases should also be sought, even in case-by-
case analyses. Consistency ensures that air
quality control agencies and the general pub-
lic have a common basis for estimating pol-
lutant concentrations, assessing control
strategies and specifying emission limits.
Such consistency is not, however, promoted
at the expense of model and data base accu-
racy. The Guideline provides a consistent
basis for selection of the most accurate mod-

40 CFR Ch. | (7-1-03 Edition)

els and data bases for use in air quality as-
sessments.

e. Recommendations are made in the
Guideline concerning air quality models, data
bases, requirements for concentration esti-
mates, the use of measured data in lieu of
model estimates, and model evaluation pro-
cedures. Models are identified for some spe-
cific applications. The guidance provided
here should be followed in air quality anal-
yses relative to State Implementation Plans
and in supporting analyses required by EPA,
State and local agency air programs. EPA
may approve the use of another technique
that can be demonstrated to be more appro-
priate than those recommended in this
guide. This is discussed at greater length in
Section 3. In all cases, the model applied to
a given situation should be the one that pro-
vides the most accurate representation of at-
mospheric transport, dispersion, and chem-
ical transformations in the area of interest.
However, to ensure consistency, deviations
from this guide should be carefully docu-
mented and fully supported.

f. From time to time situations arise re-
quiring clarification of the intent of the
guidance on a specific topic. Periodic work-
shops are held with the headquarters, Re-
gional Office, State, and local agency mod-
eling representatives to ensure consistency
in modeling guidance and to promote the use
of more accurate air quality models and data
bases. The workshops serve to provide fur-
ther explanations of Guideline requirements
to the Regional Offices and workshop reports
are issued with this clarifying information.
In addition, findings from on-going research
programs, new model submittals, or results
from model evaluations and applications are
continuously evaluated. Based on this infor-
mation changes in the guidance may be indi-
cated.

g. All changes to the Guideline must follow
rulemaking requirements since the Guideline
is codified in Appendix W of Part 51. EPA
will promulgate proposed and final rules in
the FEDERAL REGISTER to amend this Appen-
dix. Ample opportunity for public comment
will be provided for each proposed change
and public hearings scheduled if requested.

h. A wide range of topics on modeling and
data bases are discussed in the Guideline.
Section 2 gives an overview of models and
their appropriate use. Section 3 provides spe-
cific guidance on the use of ‘“‘preferred” air
quality models and on the selection of alter-
native techniques. Sections 4 through 7 pro-
vide recommendations on modeling tech-
niques for application to simple-terrain sta-
tionary source problems, complex terrain
problems, and mobile source problems. Spe-
cific modeling requirements for selected reg-
ulatory issues are also addressed. Section 8
discusses issues common to many modeling
analyses, including acceptable model compo-
nents. Section 9 makes recommendations for
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data inputs to models including source, me-
teorological and background air quality
data. Section 10 covers the uncertainty in
model estimates and how that information
can be useful to the regulatory decision-
maker. The last chapter summarizes how es-
timates and measurements of air quality are
used in assessing source impact and in evalu-
ating control strategies.

i. Appendix W to 40 CFR Part 51 itself con-
tains an appendix: Appendix A. Thus, when
reference is made to “Appendix A” in this
document, it refers to Appendix A to Appen-
dix W to 40 CFR Part 51. Appendix A con-
tains summaries of refined air quality mod-
els that are “‘preferred’” for specific applica-
tions; both EPA models and models devel-
oped by others are included.

2.0 OVERVIEW OF MODEL USE

a. Before attempting to implement the
guidance contained in this document, the
reader should be aware of certain general in-
formation concerning air quality models and
their use. Such information is provided in
this section.

2.1 Suitability of Models

a. The extent to which a specific air qual-
ity model is suitable for the evaluation of
source impact depends upon several factors.
These include: (1) The meteorological and
topographic complexities of the area; (2) the
level of detail and accuracy needed for the
analysis; (3) the technical competence of
those undertaking such simulation mod-
eling; (4) the resources available; and (5) the
detail and accuracy of the data base, i.e.,
emissions inventory, meteorological data,
and air quality data. Appropriate data
should be available before any attempt is
made to apply a model. A model that re-
quires detailed, precise, input data should
not be used when such data are unavailable.
However, assuming the data are adequate,
the greater the detail with which a model
considers the spatial and temporal vari-
ations in emissions and meteorological con-
ditions, the greater the ability to evaluate
the source impact and to distinguish the ef-
fects of various control strategies.

b. Air quality models have been applied
with the most accuracy, or the least degree
of uncertainty, to simulations of long term
averages in areas with relatively simple to-
pography. Areas subject to major topo-
graphic influences experience meteorological
complexities that are extremely difficult to
simulate. Although models are available for
such circumstances, they are frequently site
specific and resource intensive. In the ab-
sence of a model capable of simulating such
complexities, only a preliminary approxima-
tion may be feasible until such time as bet-
ter models and data bases become available.
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c. Models are highly specialized tools.
Competent and experienced personnel are an
essential prerequisite to the successful appli-
cation of simulation models. The need for
specialists is critical when the more sophis-
ticated models are used or the area being in-
vestigated has complicated meteorological
or topographic features. A model applied im-
properly, or with inappropriate data, can
lead to serious misjudgements regarding the
source impact or the effectiveness of a con-
trol strategy.

d. The resource demands generated by use
of air quality models vary widely depending
on the specific application. The resources re-
quired depend on the nature of the model and
its complexity, the detail of the data base,
the difficulty of the application, and the
amount and level of expertise required. The
costs of manpower and computational facili-
ties may also be important factors in the se-
lection and use of a model for a specific anal-
ysis. However, it should be recognized that
under some sets of physical circumstances
and accuracy requirements, no present
model may be appropriate. Thus, consider-
ation of these factors should lead to selec-
tion of an appropriate model.

2.2 Levels of Sophistication of Models

a. There are two levels of sophistication of
models. The first level consists of relatively
simple estimation techniques that generally
use preset, worst-case meteorological condi-
tions to provide conservative estimates of
the air quality impact of a specific source, or
source category. These are called screening
techniques or screening models. The purpose
of such techniques is to eliminate the need of
more detailed modeling for those sources
that clearly will not cause or contribute to
ambient concentrations in excess of either
the National Ambient Air Quality Standards
(NAAQS)* or the allowable prevention of sig-
nificant deterioration (PSD) concentration
increments.23 If a screening technique indi-
cates that the concentration contributed by
the source exceeds the PSD increment or the
increment remaining to just meet the
NAAQS, then the second level of more so-
phisticated models should be applied.

b. The second level consists of those ana-
lytical techniques that provide more de-
tailed treatment of physical and chemical
atmospheric processes, require more detailed
and precise input data, and provide more spe-
cialized concentration estimates. As a result
they provide a more refined and, at least
theoretically, a more accurate estimate of
source impact and the effectiveness of con-
trol strategies. These are referred to as re-
fined models.

c. The use of screening techniques fol-
lowed, as appropriate, by a more refined
analysis is always desirable, however there
are situations where the screening tech-
niques are practically and technically the
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only viable option for estimating source im-
pact. In such cases, an attempt should be
made to acquire or improve the necessary
data bases and to develop appropriate ana-
lytical techniques.

2.3 Availability of Models

a. For most of the screening and refined
models discussed in the Guideline, codes, as-
sociated documentation and other useful in-
formation are available for download from
EPA’s Support Center for Regulatory Air
Modeling (SCRAM) Internet Web site at
http://www.epa.gov/scram001. A list of alter-
nate models that can be used with case-by-
case justification (subsection 3.2) and an ex-
ample air quality analysis checklist are also
posted on this Web site. This is a site with
which modelers should become familiar.

3.0 RECOMMENDED AIR QUALITY MODELS

a. This section recommends the approach
to be taken in determining refined modeling
techniques for use in regulatory air quality
programs. The status of models developed by
EPA, as well as those submitted to EPA for
review and possible inclusion in this guid-
ance, is discussed. The section also addresses
the selection of models for individual cases
and provides recommendations for situations
where the preferred models are not applica-
ble. Two additional sources of modeling
guidance are the Model Clearinghouse and
periodic Regional/State/Local Modelers
workshops.

b. In this guidance, when approval is re-
quired for a particular modeling technique
or analytical procedure, we often refer to the
‘‘appropriate reviewing authority’’. In some
EPA regions, authority for NSR and PSD
permitting and related activities has been
delegated to State and even local agencies.
In these cases, such agencies are
“‘representatives’ of the respective regions.
Even in these circumstances, the Regional
Office retains the ultimate authority in deci-
sions and approvals. Therefore, as discussed
above and depending on the circumstances,
the appropriate reviewing authority may be
the Regional Office, Federal Land Man-
ager(s), State agency(ies), or perhaps local
agency(ies). In cases where review and ap-
proval comes solely from the Regional Office
(sometimes stated as ‘‘Regional Adminis-
trator’’), this will be stipulated. If there is
any question as to the appropriate reviewing
authority, you should contact the Regional
modeling contact (http://lwww.epa.gov/
scram001/tt28.htm@regionalmodelingcontacts) in
the appropriate EPA Regional Office, whose
jurisdiction generally includes the physical
location of the source in question and its ex-
pected impacts.

c. In all regulatory analyses, especially if
other than preferred models are selected for
use, early discussions among Regional Office
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staff, State and local control agencies, in-
dustry representatives, and where appro-
priate, the Federal Land Manager, are in-
valuable and are encouraged. Agreement on
the data base(s) to be used, modeling tech-
niques to be applied and the overall tech-
nical approach, prior to the actual analyses,
helps avoid misunderstandings concerning
the final results and may reduce the later
need for additional analyses. The use of an
air quality analysis checklist, such as is
posted on EPA’s Internet SCRAM Web site
(subsection 2.3), and the preparation of a
written protocol help to keep misunder-
standings at a minimum.

d. It should not be construed that the pre-
ferred models identified here are to be per-
manently used to the exclusion of all others
or that they are the only models available
for relating emissions to air quality. The
model that most accurately estimates con-
centrations in the area of interest is always
sought. However, designation of specific
models is needed to promote consistency in
model selection and application.

e. The 1980 solicitation of new or different
models from the technical community and
the program whereby these models were
evaluated, established a means by which new
models are identified, reviewed and made
available in the Guideline. There is a pressing
need for the development of models for a
wide range of regulatory applications. Re-
fined models that more realistically simu-
late the physical and chemical process in the
atmosphere and that more reliably estimate
pollutant concentrations are needed. Thus,
the solicitation of models is considered to be
continuous.

3.1 Preferred Modeling Techniques

3.1.1 Discussion

a. EPA has developed models suitable for
regulatory application. Other models have
been submitted by private developers for
possible inclusion in the Guideline. These re-
fined models have undergone evaluation ex-
ercises7:8.9.10.11.12.13.14.15 that include statistical
measures of model performance in compari-
son with measured air quality data as sug-
gested by the American Meteorological Soci-
ety 16 and, where possible, peer scientific re-
views. 17.18,19,20,21

b. When a single model is found to perform
better than others, it is recommended for ap-
plication as a preferred model and listed in
Appendix A. If no one model is found to
clearly perform better through the evalua-
tion exercise, then the preferred model listed
in Appendix A is selected on the basis of
other factors such as past use, public famili-
arity, cost or resource requirements, and
availability. No further evaluation of a pre-
ferred model is required for a particular ap-
plication if the EPA recommendations for
regulatory use specified for the model in the

456



Environmental Protection Agency

Guideline are followed. Alternative models to
those listed in Appendix A should generally
be compared with measured air quality data
when they are used for regulatory applica-
tions consistent with recommendations in
subsection 3.2.

c. The solicitation of new refined models
which are based on sounder scientific prin-
ciples and which more reliably estimate pol-
lutant concentrations is considered by EPA
to be continuous. Models that are submitted
in accordance with the established provi-
sions will be evaluated as submitted. These
requirements are:

i. The model must be computerized and
functioning in a common computer code
suitable for use on a variety of computer sys-
tems.

ii. The model must be documented in a
user’s guide which identifies the mathe-
matics of the model, data requirements and
program operating characteristics at a level
of detail comparable to that available for
currently recommended models.

iii. The model must be accompanied by a
complete test data set including input pa-
rameters and output results. The test data
must be included in the user’s guide as well
as provided in computer-readable form.

iv. The model must be useful to typical
users, e.g., State air pollution control agen-
cies, for specific air quality control prob-
lems. Such users should be able to operate
the computer program(s) from available doc-
umentation.

v. The model documentation must include
a comparison with air quality data (and/or
tracer measurements) or with other well-es-
tablished analytical techniques.

vi. The developer must be willing to make
the model available to users at reasonable
cost or make it available for public access
through the Internet or National Technical
Information Service: the model cannot be
proprietary.

d. The evaluation process will include a de-
termination of technical merit, in accord-
ance with the above six items including the
practicality of the model for use in ongoing
regulatory programs. Each model will also
be subjected to a performance evaluation for
an appropriate data base and to a peer sci-
entific review. Models for wide use (not just
an isolated case) that are found to perform
better will be proposed for inclusion as pre-
ferred models in future Guideline revisions.

3.1.2 Recommendations

a. Appendix A identifies refined models
that are preferred for use in regulatory ap-
plications. If a model is required for a par-
ticular application, the user should select a
model from that appendix. These models
may be used without a formal demonstration
of applicability as long as they are used as
indicated in each model summary of Appen-
dix A. Further recommendations for the ap-

Pt. 51, App. W

plication of these models to specific source
problems are found in subsequent sections of
the Guideline.

b. If changes are made to a preferred model
without affecting the concentration esti-
mates, the preferred status of the model is
unchanged. Examples of modifications that
do not affect concentrations are those made
to enable use of a different computer or
those that affect only the format or aver-
aging time of the model results. However,
when any changes are made, the Regional
Administrator should require a test case ex-
ample to demonstrate that the concentra-
tion estimates are not affected.

c. A preferred model should be operated
with the options listed in Appendix A as
‘““Recommendations for Regulatory Use.” If
other options are exercised, the model is no
longer ‘“‘preferred.”” Any other modification
to a preferred model that would result in a
change in the concentration estimates like-
wise alters its status as a preferred model.
Use of the model must then be justified on a
case-by-case basis.

3.2 Use of Alternative Models

3.2.1 Discussion

a. Selection of the best techniques for each
individual air quality analysis is always en-
couraged, but the selection should be done in
a consistent manner. A simple listing of
models in this guide cannot alone achieve
that consistency nor can it necessarily pro-
vide the best model for all possible situa-
tions. EPA reports22.23 are available to assist
in developing a consistent approach when
justifying the use of other than the preferred
modeling techniques recommended in the
Guideline. An ASTM reference?+ provides a
general philosophy for developing and imple-
menting advanced statistical evaluations of
atmospheric dispersion models, and provides
an example statistical technique to illus-
trate the application of this philosophy. An
EPA reference?25 provides a statistical tech-
nique for evaluating model performance for
predicting peak concentration values, as
might be observed at individual monitoring
locations. In many cases, this protocol
should be considered preferentially to the
material in Chapter 3 of reference 22. The
procedures in these documents provide a gen-
eral framework for objective decision-mak-
ing on the acceptability of an alternative
model for a given regulatory application.
The documents contain procedures for con-
ducting both the technical evaluation of the
model and the field test or performance eval-
uation.

b. This section discusses the use of alter-
nate modeling techniques and defines three
situations when alternative models may be
used.
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3.2.2 Recommendations

a. Determination of acceptability of a
model is a Regional Office responsibility.
Where the Regional Administrator finds that
an alternative model is more appropriate
than a preferred model, that model may be
used subject to the recommendations of this
subsection. This finding will normally result
from a determination that (1) a preferred air
quality model is not appropriate for the par-
ticular application; or (2) a more appropriate
model or analytical procedure is available
and applicable.

b. An alternative model should be evalu-
ated from both a theoretical and a perform-
ance perspective before it is selected for use.
There are three separate conditions under
which such a model may normally be ap-
proved for use: (1) If a demonstration can be
made that the model produces concentration
estimates equivalent to the estimates ob-
tained using a preferred model; (2) if a statis-
tical performance evaluation has been con-
ducted using measured air quality data and
the results of that evaluation indicate the
alternative model performs better for the
given application than a comparable model
in Appendix A; or (3) if the preferred model
is less appropriate for the specific applica-
tion, or there is no preferred model. Any one
of these three separate conditions may make
use of an alternative model acceptable. Some
known alternative models that are applica-
ble for selected situations are listed on
EPA’s SCRAM Internet Web site (subsection
2.3). However, inclusion there does not confer
any unique status relative to other alter-
native models that are being or will be devel-
oped in the future.

c. Equivalency, condition (1) in paragraph
(b) of this subsection, is established by dem-
onstrating that the maximum or highest,
second highest concentrations are within 2
percent of the estimates obtained from the
preferred model. The option to show equiva-
lency is intended as a simple demonstration
of acceptability for an alternative model
that is so nearly identical (or contains op-
tions that can make it identical) to a pre-
ferred model that it can be treated for prac-
tical purposes as the preferred model. Two
percent was selected as the basis for equiva-
lency since it is a rough approximation of
the fraction that PSD Class | increments are
of the NAAQS for SO02, i.e., the difference in
concentrations that is judged to be signifi-
cant. However, notwithstanding this dem-
onstration, models that are not equivalent
may be used when one of the two other con-
ditions described in paragraphs (d) and (e) of
this subsection are satisfied.

d. For condition (2) in paragraph (b) of this
subsection, the procedures and techniques
for determining the acceptability of a model
for an individual case based on superior per-
formance are contained in references 22-25
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should be followed, as appropriate. Prepara-
tion and implementation of an evaluation
protocol which is acceptable to both control
agencies and regulated industry is an impor-
tant element in such an evaluation.

e. Finally, for condition (3) in paragraph
(b) of this subsection, an alternative refined
model may be used provided that:

i. The model has received a scientific peer
review;

ii. The model can be demonstrated to be
applicable to the problem on a theoretical
basis;

iii. The data bases which are necessary to
perform the analysis are available and ade-
quate;

iv. Appropriate performance evaluations of
the model have shown that the model is not
biased toward underestimates; and

v. A protocol on methods and procedures to
be followed has been established.

3.3 Availability of Supplementary Modeling
Guidance

a. The Regional Administrator has the au-
thority to select models that are appropriate
for use in a given situation. However, there
is a need for assistance and guidance in the
selection process so that fairness and con-
sistency in modeling decisions is fostered
among the various Regional Offices and the
States. To satisfy that need, EPA estab-
lished the Model Clearinghouse5 and also
holds periodic workshops with headquarters,
Regional Office, State, and local agency
modeling representatives.

b. The Regional Office should always be
consulted for information and guidance con-
cerning modeling methods and interpreta-
tions of modeling guidance, and to ensure
that the air quality model user has available
the latest most up-to-date policy and proce-
dures. As appropriate, the Regional Office
may request assistance from the Model
Clearinghouse after an initial evaluation and
decision has been reached concerning the ap-
plication of a model, analytical technique or
data base in a particular regulatory action.

4.0 SIMPLE-TERRAIN STATIONARY SOURCE
MODELS

4.1 Discussion

a. Simple terrain, as used here, is consid-
ered to be an area where terrain features are
all lower in elevation than the top of the
stack of the source(s) in question. The mod-
els recommended in this section are gen-
erally used in the air quality impact analysis
of stationary sources for most criteria pol-
lutants. The averaging time of the con-
centration estimates produced by these mod-
els ranges from 1 hour to an annual average.

b. In the early 1980s, model evaluation ex-
ercises were conducted to determine the
““best, most appropriate point source model’’
for use in simple terrain.817” No one model
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was found to be clearly superior and, based
on past use, public familiarity, and avail-
ability, 1SC (predecessor to 1SC326) became
the recommended model for a wide range of
regulatory applications. Other refined mod-
els which also employed the basic Gaussian
kernel, i.e., BLP, CALINE3, OCD, and EDMS,
were developed for specialized applications
(Appendix A). Performance evaluations were
also made for these models, which are identi-
fied in Appendix A.

4.2 Recommendations

4.2.1 Screening Techniques

a. Where a preliminary or conservative es-
timate is desired, point source screening
techniques are an acceptable approach to air
quality analyses. EPA has published guid-
ance for screening procedures,?’” and a com-

puterized version of the recommended
screening technique, SCREEN3, is avail-
able.28

b. All screening procedures should be ad-
justed to the site and problem at hand. Close
attention should be paid to whether the area
should be classified urban or rural in accord-
ance with subsection 8.2.3. The climatology
of the area should be studied to help define
the worst-case meteorological conditions.
Agreement should be reached between the
model user and the appropriate reviewing au-
thority (paragraph 3.0(b)) on the choice of
the screening model for each analysis, and
on the input data as well as the ultimate use
of the results.

4.2.2 Refined Analytical Techniques

a. A brief description of preferred models
for refined applications is found in Appendix
A. Also listed in that appendix are the model
input requirements, the standard options
that should be selected when running the
program, and output options.

b. When modeling for compliance with
short term NAAQS and PSD increments is of
primary concern, a short term model may be
used to provide long term concentration esti-
mates. The conversion from long term to
short term concentration averages by any
transformation technique is not acceptable
in regulatory applications.

c. The state-of-the-science for modeling at-
mospheric deposition is evolving and the
best techniques are currently being assessed
and their results are being compared with
observations. Consequently, the approach
taken for any purpose should be coordinated
with the appropriate reviewing authority
(paragraph 3.0(b)).

5.0 MODEL USE IN COMPLEX TERRAIN

5.1 Discussion

a. For the purpose of the Guideline, com-
plex terrain is defined as terrain exceeding
the height of the stack being modeled. Com-
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plex terrain dispersion models are normally
applied to stationary sources of pollutants
such as SO, and particulates.

b. A major outcome from the EPA Complex
Terrain Model Development project has been
the publication of a refined dispersion model
(CTDM) suitable for regulatory application
to plume impaction assessments in complex
terrain.2® Although CTDM as originally pro-
duced was only applicable to those hours
characterized as neutral or stable, a com-
puter code for all stability conditions—
CTDMPLUS—together with a user’s guide,3°
and site specific meteorological and terrain
data processors31:32 js available. Moreover,
CTSCREEN,33 a version of CTDMPLUS that
does not require site specific meteorological
data inputs, is also available as a screening
technique.

c. The methods discussed in this section
should be considered in two categories: (1)
Screening techniques, and (2) the refined dis-
persion model, CTDMPLUS, discussed in this
subsection and listed in Appendix A.

d. Continued improvements in ability to
accurately model plume dispersion in com-
plex terrain situations can be expected, e.g.,
from research on lee side effects due to ter-
rain obstacles. New approaches to improve
the ability of models to realistically simu-
late atmospheric physics, e.g., hybrid models
which incorporate an accurate wind field
analysis, will ultimately provide more ap-
propriate tools for analyses. Such hybrid
modeling techniques are also acceptable for
regulatory applications after the appropriate
demonstration and evaluation.??

5.2 Recommendations

a. Recommendations in this section apply
primarily to those situations where the im-
paction of plumes on terrain at elevations
equal to or greater than the plume center-
line during stable atmospheric conditions
are determined to be the problem. If a viola-
tion of any NAAQS or the controlling incre-
ment is indicated by using any of the pre-
ferred screening techniques, then a refined
complex terrain model may be used. Phe-
nomena such as fumigation, wind direction
shear, lee-side effects, building wake- or ter-
rain-induced downwash, deposition, chemical
transformation, variable plume trajectories,
and long range transport are not addressed
by the recommendations in this section.

b. Where site specific data are used for ei-
ther screening or refined complex terrain
models, a data base of at least 1 full-year of
meteorological data is preferred. If more
data are available, they should be used. Me-
teorological data used in the analysis should
be reviewed for both spatial and temporal
representativeness.

c. Placement of receptors requires very
careful attention when modeling in complex
terrain. Often the highest concentrations are
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predicted to occur under very stable condi-
tions, when the plume is near, or impinges
on, the terrain. The plume under such condi-
tions may be quite narrow in the vertical, so
that even relatively small changes in a re-
ceptor’s location may substantially affect
the predicted concentration. Receptors with-
in about a kilometer of the source may be
even more sensitive to location. Thus, a
dense array of receptors may be required in
some cases. In order to avoid excessively
large computer runs due to such a large
array of receptors, it is often desirable to
model the area twice. The first model run
would use a moderate number of receptors
carefully located over the area of interest.
The second model run would use a more
dense array of receptors in areas showing po-
tential for high concentrations, as indicated
by the results of the first model run.

d. When CTSCREEN or CTDMPLUS is
used, digitized contour data must be first
processed by the CTDM Terrain Processor 32
to provide hill shape parameters in a format
suitable for direct input to CTDMPLUS.
Then the user supplies receptors either
through an interactive program that is part
of the model or directly, by using a text edi-
tor; using both methods to select receptors
will generally be necessary to assure that
the maximum concentrations are estimated
by either model. In cases where a terrain fea-
ture may ‘“‘appear to the plume’” as smaller,
multiple hills, it may be necessary to model
the terrain both as a single feature and as
multiple hills to determine design con-
centrations.

e. The user is encouraged to confer with
the Regional Office if any unresolvable prob-
lems are encountered with any screening or
refined analytical procedures, e.g., meteoro-
logical data, receptor siting, or terrain con-
tour processing issues.

5.2.1 Screening Techniques

a. CTSCREEN 33 can be used to obtain con-
servative, yet realistic, worst-case estimates
for receptors located on terrain above stack
height. CTSCREEN accounts for the three-
dimensional nature of plume and terrain
interaction and requires detailed terrain
data representative of the modeling domain.
The model description and user’s instruc-
tions are contained in the user’s guide.3? The
terrain data must be digitized in the same
manner as for CTDMPLUS and a terrain
processor is available.32 A discussion of the
model’s performance characteristics is pro-
vided in a technical paper.3¢ CTSCREEN is
designed to execute a fixed matrix of mete-
orological values for wind speed (u), standard
deviation of horizontal and vertical wind
speeds (oy, ow), vertical potential tempera-
ture gradient (d6/dz), friction velocity (u-),
Monin-Obukhov length (L), mixing height (z;)
as a function of terrain height, and wind di-
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rections for both neutral/stable conditions
and unstable convective conditions. Table 5-
1 contains the matrix of meteorological vari-
ables that is used for each CTSCREEN anal-
ysis. There are 96 combinations, including
exceptions, for each wind direction for the
neutral/stable case, and 108 combinations for
the unstable case. The specification of wind
direction, however, is handled internally,
based on the source and terrain geometry.
Although CTSCREEN is designed to address
a single source scenario, there are a number
of options that can be selected on a case-by-
case basis to address multi-source situations.
However, the appropriate reviewing author-
ity (paragraph 3.0(b)) should be consulted,
and concurrence obtained, on the protocol
for modeling multiple sources with
CTSCREEN to ensure that the worst case is
identified and assessed. The maximum con-
centration output from CTSCREEN rep-
resents a worst-case 1-hour concentration.
Time-scaling factors of 0.7 for 3-hour, 0.15 for
24-hour and 0.03 for annual concentration
averages are applied internally by
CTSCREEN to the highest 1-hour concentra-
tion calculated by the model.

b. Placement of receptors requires very
careful attention when modeling in complex
terrain. Often the highest concentrations are
predicted to occur under very stable condi-
tions, when the plume is near, or impinges
on, the terrain. The plume under such condi-
tions may be quite narrow in the vertical, so
that even relatively small changes in a re-
ceptor’s location may substantially affect
the predicted concentration. Receptors with-
in about a kilometer of the source may be
even more sensitive to location. Thus, a
dense array of receptors may be required in
some cases. In order to avoid excessively
large computer runs due to such a large
array of receptors, it is often desirable to
model the area twice. The first model run
would use a moderate number of receptors
carefully located over the area of interest.
The second model run would use a more
dense array of receptors in areas showing po-
tential for high concentrations, as indicated
by the results of the first model run.

c. As mentioned above, digitized contour
data must be preprocessed32 to provide hill
shape parameters in suitable input format.
The wuser then supplies receptors either
through an interactive program that is part
of the model or directly, by using a text edi-
tor; using both methods to select receptors
will generally be necessary to assure that
the maximum concentrations are estimated
by either model. In cases where a terrain fea-
ture may ‘“‘appear to the plume’” as smaller,
multiple hills, it may be necessary to model
the terrain both as a single feature and as
multiple hills to determine design con-
centrations.

d. Other screening techniques, e.g., Valley
(as implemented in SCREEN328), COMPLEX
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I (as implemented in 1SC326), SHORTZ/
LONGZ35, and RTDM?3¢ may be acceptable
for complex terrain cases where established
procedures are used. The user is encouraged
to confer with the appropriate reviewing au-
thority (paragraph 3.0(b)) if any unresolvable
problems are encountered, e.g., applicability,
meteorological data, receptor siting, or ter-
rain contour processing issues.

5.2.2 Refined Analytical Techniques

a. When the results of the screening anal-
ysis demonstrate a possible violation of
NAAQS or the controlling PSD increments, a
more refined analysis may need to be con-
ducted.

b. The Complex Terrain Dispersion Model
PLus Algorithms for Unstable Situations
(CTDMPLUS) is a refined air quality model
that is preferred for use in all stability con-
ditions for complex terrain applications.
CTDMPLUS is a sequential model that re-
quires five input files: (1) General program
specifications; (2) a terrain data file; (3) a re-
ceptor file; (4) a surface meteorological data
file; and (5) a user created meteorological
profile data file. Two optional input files
consist of hourly emissions parameters and a
file containing upper air data from rawin-
sonde data files, e.g., a National Climatic
Data Center TD-6201 file, unless there are no
hours categorized as unstable in the record.
The model description and user instructions
are contained in Volume 1 of the User’s
Guide.30 Separate publications323! describe
the terrain preprocessor system and the me-
teorological preprocessor program. In Part |
of a technical article? is a discussion of the
model and its preprocessors; the model’s per-
formance characteristics are discussed in
Part Il of the same article.3® The size of the
CTDMPLUS executable file on a personal
computer is approximately 360K bytes. The
model produces hourly average concentra-
tions of stable pollutants, i.e., chemical
transformation or decay of species and set-
tling/deposition are not simulated. To obtain
concentration averages corresponding to the
NAAQS, e.g., 3- or 24-hour, or annual aver-
ages, the user must execute a postprocessor
program such as CHAVG. CTDMPLUS is ap-
plicable to all receptors on terrain ele-
vations above stack top. However, the model
contains no algorithms for simulating build-
ing downwash or the mixing or recirculation
found in cavity zones in the lee of a hill. The
path taken by a plume through an array of
hills cannot be simulated. CTDMPLUS does
not explicitly simulate calm meteorological
periods, and for those situations the user
should follow the guidance in subsection
9.3.4. The wuser should follow the rec-
ommendations in the User’s Guide under
General Program Specifications for: (1) Se-
lecting mixed layer heights, (2) setting min-
imum scalar wind speed to 1 m/s, and (3) scal-
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ing wind direction with height. Close coordi-
nation with the Regional Office is essential
to insure a consistent, technically sound ap-
plication of this model.

c. The performance of CTDMPLUS is
greatly improved by the use of meteorolog-
ical data from several levels up to plume
height. However, due to the vast range of
source-plume-hill geometries possible in
complex terrain, detailed requirements for
meteorological monitoring in support of re-
fined analyses using CTDMPLUS should be
determined on a case-by-case basis. The fol-
lowing general guidance should be consid-
ered in the development of a meteorological
monitoring protocol for regulatory applica-
tions of CTDMPLUS and reviewed in detail
by the Regional Office before initiating any
monitoring. As appropriate, EPA guidance
(see reference 100) should be consulted for
specific guidance on siting requirements for
meteorological towers, selection and expo-
sure of sensors, etc. As more experience is
gained with the model in a variety of cir-
cumstances, more specific guidance may be
developed.

d. Site specific meteorological data are
critical to dispersion modeling in complex
terrain and, consequently, the meteorolog-
ical requirements are more demanding than
for simple terrain. Generally, three different
meteorological files (referred to as surface,
profile, and rawin files) are needed to run
CTDMPLUS in a regulatory mode.

e. The surface file is created by the mete-
orological preprocessor (METPRO)3! based
on site specific measurements or estimates
of solar and/or net radiation, cloud cover and
ceiling, and the mixed layer height. These
data are used in METPRO to calculate the
various surface layer scaling parameters
(roughness length, friction velocity, and
Monin-Obukhov length) which are needed to
run the model. All of the user inputs re-
quired for the surface file are based either on
surface observations or on measurements at
or below 10m.

f. The profile data file is prepared by the
user with site specific measurements (from
at least three levels) of wind speed, wind di-
rection, turbulence, and potential tempera-
ture. These measurements should be ob-
tained up to the representative plume
height(s) of interest (i.e., the plume height(s)
under those conditions important to the de-
termination of the design concentration).
The representative plume height(s) of inter-
est should be determined using an appro-
priate complex terrain screening procedure
(e.g., CTSCREEN) and should be documented
in the monitoring/modeling protocol. The
necessary meteorological ~measurements
should be obtained from an appropriately
sited meteorological tower augmented by
SODAR if the representative plume height(s)
of interest exceed 100m. The meteorological

461



Pt. 51, App. W

tower need not exceed the lesser of the rep-
resentative plume height of interest (the
highest plume height if there is more than
one plume height of interest) or 100m.

g. Locating towers on nearby terrain to ob-
tain stack height or plume height measure-
ments for use in profiles by CTDMPLUS
should be avoided unless it can clearly be
demonstrated that such measurements
would be representative of conditions affect-
ing the plume.

h. The rawin file is created by a second me-
teorological preprocessor (READ62)3! based
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on NWS (National Weather Service) upper
air data. The rawin file is wused in
CTDMPLUS to calculate vertical potential
temperature gradients for use in estimating
plume penetration in unstable conditions.
The representativeness of the off-site NWS
upper air data should be evaluated on a case-
by-case basis.

i. In the absence of an appropriate refined
model, screening results may need to be used
to determine air quality impact and/or emis-
sion limits.

TABLE 5-1A.—NEUTRAL/STABLE METEOROLOGICAL MATRIX FOR CTSCREEN

Variable Specific values
U (m/s) 1.0 2.0 3.0 4.0 5.0
oy (m/s) 0.3 0.75 | oo | e
Ow (M/s) ...... 0.08 0.15 0.30
AB/Az (K/m) ... 0.01 0.02 0.035
WD ... (Wind direction optimized internally for each met:
Exceptions:

(1) If U <2 m/s and o, < 0.3 m/s, then include o, = 0.04 m/s.

2) If 6 = 0.75 m/s and U > 3.0 m/s, then A6/Az is limited to < 0.01 K/m.

(
(3) If U >4 m/s, then ow > 0.15 m/s.
(4) ow <oy

TABLE 5—1B.—UNSTABLE/CONVECTIVE METEOROLOGICAL MATRIX FOR CTSCREEN

Variable Specific values
[N J— 1.0 2.0 3.0
u- (m/s) ... . 0.1 0.3 0.5
L (m) -10 -50 -90 . .
Ao/Az (K/m) ... 0.030 (potential temperature gradient above z;)
zi (m) 0.5h | 1.0h | 150 | e | e
(where h = terrain height)

6.0 MODELS FOR OZONE, PARTICULATE MAT-
TER, CARBON MONOXIDE, NITROGEN DIOXIDE,
AND LEAD

6.1 Discussion

a. This section identifies modeling ap-
proaches or models appropriate for address-
ing ozone (03)1, carbon monoxide (CO), nitro-
gen dioxide (NO,), particulates (PM-2.52 and
PM-10), and lead. These pollutants are often
associated with emissions from numerous
sources. Generally, mobile sources con-
tribute significantly to emissions of these
pollutants or their precursors. For cases
where it is of interest to estimate concentra-
tions of CO or NO, near a single or small
group of stationary sources, refer to Section

1Modeling for attainment demonstrations
for O; and PM-2.5 should be conducted in
time to meet required SIP submission dates
as provided for in the respective implemen-
tation rules. Information on implementation
of the 8-hr O; and PM-2.5 standards is avail-
able at: http://www.epa.gov/ttn/naags/.

4. (Modeling approaches for SO, are discussed
in Section 4.)

b. Several of the pollutants mentioned in
the preceding paragraph are closely related
to each other in that they share common
sources of emissions and/or are subject to
chemical transformations of similar precur-
sors.39. 40 For example, strategies designed
to reduce ozone could have an effect on the
secondary component of PM-2.5 and vice
versa. Thus, it makes sense to use models
which take into account the chemical cou-
pling between O; and PM-2.5, when feasible.
This should promote consistency among
methods used to evaluate strategies for re-
ducing different pollutants as well as con-
sistency among the strategies themselves.
Regulatory requirements for the different
pollutants are likely to be due at different
times. Thus, the following paragraphs iden-
tify appropriate modeling approaches for
pollutants individually.

c. The NAAQS for ozone was revised on
July 18, 1997 and is now based on an 8-hour
averaging period. Models for ozone are need-
ed primarily to guide choice of strategies to
correct an observed ozone problem in an area
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not attaining the NAAQS for ozone. Use of
photochemical grid models is the rec-
ommended means for identifying strategies
needed to correct high ozone concentrations
in such areas. Such models need to consider
emissions of volatile organic compounds
(VOC), nitrogen oxides (NOx) and carbon
monoxide (CO), as well as means for gener-
ating meteorological data governing trans-
port and dispersion of ozone and its precur-
sors. Other approaches, such as Lagrangian
or observational models may be used to
guide choice of appropriate strategies to con-
sider with a photochemical grid model.
These other approaches may be sufficient to
address ozone in an area where observed con-
centrations are near the NAAQS or only
slightly above it. Such a decision needs to be
made on a case-by-case basis in concert with
the Regional Office.

d. A control agency with jurisdiction over
one or more areas with significant ozone
problems should review available ambient
air quality data to assess whether the prob-
lem is likely to be significantly impacted by
regional transport.*® Choice of a modeling
approach depends on the outcome of this re-
view. In cases where transport is considered
significant, use of a nested regional model
may be the preferred approach. If the ob-
served problem is believed to be primarily of
local origin, use of a model with a single hor-
izontal grid resolution and geographical cov-
erage that is less than that of a regional
model may suffice.

e. The fine particulate matter NAAQS, pro-
mulgated on July 18, 1997, includes particles
with an aerodynamic diameter nominally
less than or equal to 2.5 micrometers (PM-
2.5). Models for PM-2.5 are needed to assess
adequacy of a proposed strategy for meeting
annual and/or 24-hour NAAQS for PM-2.5.
PM-2.5 is a mixture consisting of several di-
verse components. Because chemical/phys-
ical properties and origins of each compo-
nent differ, it may be appropriate to use ei-
ther a single model capable of addressing
several of the important components or to
model primary and secondary components
using different models. Effects of a control
strategy on PM-25 is estimated from the
sum of the effects on the components com-
posing PM-2.5. Model users may refer to
guidance 42 for further details concerning ap-
propriate modeling approaches.

f. A control agency with jurisdiction over
one or more areas with PM-2.5 problems
should review available ambient air quality
data to assess which components of PM-2.5
are likely to be major contributors to the
problem. If it is determined that regional
transport of secondary particulates, such as
sulfates or nitrates, is likely to contribute
significantly to the problem, use of a re-
gional model may be the preferred approach.
Otherwise, coverage may be limited to a do-
main that is urban scale or less. Special care
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should be taken to select appropriate geo-
graphical coverage for a modeling applica-
tion.42

g. The NAAQS for PM-10 was promulgated
in July 1987. A SIP development guide“? is
available to assist in PM-10 analyses and
control strategy development. EPA promul-
gated regulations for PSD increments meas-
ured as PM-10 in a notice published on June
3, 1993. As an aid to assessing the impact on
ambient air quality of particulate matter
generated from prescribed burning activities,
a reference* is available.

h. Models for assessing the impacts of par-
ticulate matter may involve dispersion mod-
els or receptor models, or a combination (de-
pending on the circumstances). Receptor
models focus on the behavior of the ambient
environment at the point of impact as op-
posed to source-oriented dispersion models,
which focus on the transport, diffusion, and
transformation that begin at the source and
continue to the receptor site. Receptor mod-
els attempt to identify and apportion sources
by relating known sample compositions at
receptors to measured or inferred composi-
tions of source emissions. When complete
and accurate emission inventories or mete-
orological characterization are unavailable,
or unknown pollutant sources exist, receptor
modeling may be necessary.

i. Models for assessing the impact of CO
emissions are needed for a number of dif-
ferent purposes. Examples include evalu-
ating effects of point sources, congested
intersections and highways, as well as the
cumulative effect of numerous sources of CO
in an urban area.

j. Models for assessing the impact of
sources on ambient NO, concentrations are
primarily needed to meet new source review
requirements, such as addressing the effect
of a proposed source on PSD increments for
annual concentrations of NO,. Impact of an
individual source on ambient NO, depends, in
part, on the chemical environment into
which the source’s plume is to be emitted.
There are several approaches for estimating
effects of an individual source on ambient
NO,. One approach is through use of a plume-
in-grid algorithm imbedded within a photo-
chemical grid model. However, because of
the rigor and complexity involved, and be-
cause this approach may not be capable of
defining sub-grid concentration gradients,
the plume-in-grid approach may be imprac-
tical for estimating effects on an annual
PSD increment. A second approach is to de-
velop site specific conversion factors based
on measurements. If it is not possible to de-
velop site specific conversion factors and use
of the plume-in-grid algorithm is also not
feasible, other screening procedures may be
considered.

k. In January 1999 (40 CFR part 58, Appen-
dix D), EPA gave notice that concern about
ambient lead impacts was being shifted away
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from roadways and toward a focus on sta-
tionary point sources. EPA has also issued
guidance on siting ambient monitors in the
vicinity of such sources.*> For lead, the SIP
should contain an air quality analysis to de-
termine the maximum quarterly lead con-
centration resulting from major lead point
sources, such as smelters, gasoline additive
plants, etc. General guidance for lead SIP de-
velopment is also available.46

6.2 Recommendations

6.2.1 Models for Ozone

a. Choice of Models for Multi-source Applica-
tions. Simulation of ozone formation and
transport is a highly complex and resource
intensive exercise. Control agencies with ju-
risdiction over areas with ozone problems
are encouraged to use photochemical grid
models, such as the Models-3/Community
Multi-scale Air Quality (CMAQ) modeling
system47, to evaluate the relationship be-
tween precursor species and ozone. Judge-
ment on the suitability of a model for a
given application should consider factors
that include use of the model in an attain-
ment test, development of emissions and me-
teorological inputs to the model and choice
of episodes to model.4t Similar models for
the 8-hour NAAQS and for the 1-hour NAAQS
are appropriate.

b. Choice of Models to Complement Photo-
chemical Grid Models. As previously noted,
observational models, Lagrangian models, or
the Empirical Kinetics Modeling Approach
(EKMA)48. 499 may be used to help guide
choice of strategies to simulate with a pho-
tochemical grid model and to corroborate re-
sults obtained with a grid model. Receptor
models have also been used to apportion
sources of ozone precursors (e.g., VOC) in
urban domains. EPA has issued guidance“! in
selecting appropriate techniques.

c. Estimating the Impact of Individual
Sources. Choice of methods used to assess the
impact of an individual source depends on
the nature of the source and its emissions.
Thus, model users should consult with the
Regional Office to determine the most suit-
able approach on a case-by-case basis (sub-
section 3.2.2).

6.2.2 Models for Particulate Matter

6.2.2.1 PM-2.5

a. Choice of Models for Multi-source Applica-
tions. Simulation of phenomena resulting in
high ambient PM-2.5 can be a multi-faceted
and complex problem resulting from PM-2.5’s
existence as an aerosol mixture. Treating
secondary components of PM-2.5, such as
sulfates and nitrates, can be a highly com-
plex and resource-intensive exercise. Control
agencies with jurisdiction over areas with
secondary PM-2.5 problems are encouraged
to use models which integrate chemical and
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physical processes important in the forma-
tion, decay and transport of these species
(e.g., Models-3/CMAQ*4” or REMSAD?%9). Pri-
mary components can be simulated using
less resource-intensive techniques. Suit-
ability of a modeling approach or mix of
modeling approaches for a given application
requires technical judgement42, as well as
professional experience in choice of models,
use of the model(s) in an attainment test, de-
velopment of emissions and meteorological
inputs to the model and selection of days to
model.

b. Choice of Analysis Techniques to Com-
plement Air Quality Simulation Models. Recep-
tor models may be used to corroborate pre-
dictions obtained with one or more air qual-
ity simulation models. They may also be po-
tentially useful in helping to define specific
source categories contributing to major
components of PM-2.5.42

c. Estimating the Impact of Individual
Sources. Choice of methods used to assess the
impact of an individual source depends on
the nature of the source and its emissions.
Thus, model users should consult with the
Regional Office to determine the most suit-
able approach on a case-by-case basis (sub-
section 3.2.2).

6.2.2.2 PM-10

a. Screening techniques like those identi-
fied in subsection 4.2.1 are applicable to PM-
10. Conservative assumptions which do not
allow removal or transformation are sug-
gested for screening. Thus, it is rec-
ommended that subjectively determined val-
ues for “‘half-life”” or pollutant decay not be
used as a surrogate for particle removal.
Proportional models (rollback/forward) may
not be applied for screening analysis, unless
such techniques are used in conjunction with
receptor modeling.43

b. Refined models such as those discussed
in subsection 4.2.2 are recommended for PM-
10. However, where possible, particle size,
gas-to-particle formation, and their effect on
ambient concentrations may be considered.
For point sources of small particles and for
source-specific analyses of complicated
sources, use the appropriate recommended
steady-state plume dispersion model (sub-
section 4.2.2). For guidance on determination
of design concentrations, see paragraph
8.2.1.1(e).

c. Receptor models have proven useful for
helping validate emission inventories and for
corroborating source-specific impacts esti-
mated by dispersion models. The Chemical
Mass Balance (CMB) model is useful for ap-
portioning impacts from localized
sources.51.52,53 Other receptor models, e.g., the
Positive  Matrix Factorization (PMF)
model % and Unmix?®%, which don’t share
some of CMB’s constraints, have also been
applied. In regulatory applications, disper-
sion models have been used in conjunction
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with receptor models to attribute source (or
source category) contributions. Guidance is
available for PM-10 sampling and analysis
applicable to receptor modeling.5¢

d. Under certain conditions, recommended
dispersion models may not be reliable. In
such circumstances, the modeling approach
should be approved by the Regional Office on
a case-by-case basis. Analyses involving
model calculations for stagnation conditions
should also be justified on a case-by-case
basis (subsection 8.2.8).

e. Fugitive dust usually refers to dust put
into the atmosphere by the wind blowing
over plowed fields, dirt roads or desert or
sandy areas with little or no vegetation. Re-
entrained dust is that which is put into the
air by reason of vehicles driving over dirt
roads (or dirty roads) and dusty areas. Such
sources can be characterized as line, area or
volume sources. Emission rates may be based
on site specific data or values from the gen-
eral literature. Fugitive emissions include
the emissions resulting from the industrial
process that are not captured and vented
through a stack but may be released from
various locations within the complex. In
some unique cases a model developed specifi-
cally for the situation may be needed. Due to
the difficult nature of characterizing and
modeling fugitive dust and fugitive emis-
sions, it is recommended that the proposed
procedure be cleared by the Regional Office
for each specific situation before the mod-
eling exercise is begun.

6.2.3 Models for Carbon Monoxide

a. Guidance is available for analyzing CO
impacts at roadway intersections.5” The rec-

Pt. 51, App. W

ommended screening model for such analyses
is CAL3QHC.585 This model combines
CALINES3 (listed in Appendix A) with a traf-
fic model to calculate delays and queues that
occur at signalized intersections. The screen-
ing approach is described in reference 57; a
refined approach may be considered on a
case-by-case basis with CAL3QHCR.®® The
latest version of the MOBILE (mobile source
emission factor) model should be used for
emissions input to intersection models.

b. For analyses of highways characterized
by uninterrupted traffic flows, CALINE3 is
recommended, with emissions input from the
latest version of the MOBILE model.

c. For urban area wide analyses of CO, an
Eulerian grid model should be used. Informa-
tion on SIP development and requirements
for using such models can be found in several
references.57.61.62.63

d. Where point sources of CO are of con-
cern, they should be treated using the
screening and refined techniques described in
Section 4.

6.2.4 Models for Nitrogen Dioxide (Annual
Average)

a. A tiered screening approach is rec-
ommended to obtain annual average esti-
mates of NO, from point sources for New
Source Review analysis, including PSD, and
for SIP planning purposes. This multi-tiered
approach is conceptually shown in Figure 6-
1 and described in paragraphs b through d of
this subsection:

465



Pt. 51, App. W

40 CFR Ch. | (7-1-03 Edition)

FIGURE 6-1

Multi-tiered Screening Approach for Estimating Annual NO,

Concentrations from Point Sources

Tier 1: Assume Total Conversion of NO to NO,
Tier 2: Multiply Annual NO, Estimate by Representative
Equilibrium NO, / NO, Ratio (e.g., 0.75 National
Default Ratio)
Tier 3: | Detailed Analysis on Case-by-Case Basis

b. For Tier 1 (the initial screen), use an ap-
propriate model in subsection 4.2.2 to esti-
mate the maximum annual average con-
centration and assume a total conversion of
NO to NO.. If the concentration exceeds the
NAAQS and/or PSD increments for NO,, pro-
ceed to the 2nd level screen.

c. For Tier 2 (2nd level) screening analysis,
multiply the Tier 1 estimate(s) by an empiri-
cally derived NO,/NOx value of 0.75 (annual
national default).’4 The reviewing agency
may establish an alternative default NO»/
NOx ratio based on ambient annual average
NO, and annual average NOx data represent-
ative of area wide quasi-equilibrium condi-
tions. Alternative default NO,/NOx ratios
should be based on data satisfying quality
assurance procedures that ensure data accu-
racy for both NO, and NOx within the typical
range of measured values. In areas with rel-
atively low NOx concentrations, the quality
assurance procedures used to determine com-
pliance with the NO, national ambient air
quality standard may not be adequate. In ad-
dition, default NO,/NOx ratios, including the
0.75 national default value, can underesti-
mate long range NO, impacts and should be
used with caution in long range transport
scenarios.

d. For Tier 3 (3rd level) analysis, a detailed
screening method may be selected on a case-
by-case basis. For point source modeling,
other refined screening methods, such as the
ozone limiting method,® may also be consid-
ered. Also, a site specific NO,/NOx ratio may

be used as a detailed screening method if it
meets the same restrictions as described for
alternative default NO,/NOx ratios. Ambient
NOx monitors used to develop a site specific
ratio should be sited to obtain the NO, and
NOx concentrations under quasi-equilibrium
conditions. Data obtained from monitors
sited at the maximum NOx impact site, as
may be required in a PSD pre-construction
monitoring program, likely reflect transi-
tional NOx conditions. Therefore, NOx data
from maximum impact sites may not be
suitable for determining a site specific NO»/
NOx ratio that is applicable for the entire
modeling analysis. A site specific ratio de-
rived from maximum impact data can only
be used to estimate NO, impacts at receptors
located within the same distance of the
source as the source-to-monitor distance.

e. In urban areas (subsection 8.2.3), a pro-
portional model may be used as a prelimi-
nary assessment to evaluate control strate-
gies to meet the NAAQS for multiple minor
sources, i.e., minor point, area and mobile
sources of NOx; concentrations resulting
from major point sources should be esti-
mated separately as discussed above, then
added to the impact of the minor sources. An
acceptable screening technique for urban
complexes is to assume that all NOx is emit-
ted in the form of NO, and to use a model
from Appendix A for nonreactive pollutants
to estimate NO, concentrations. A more ac-
curate estimate can be obtained by: (1) Cal-
culating the annual average concentrations
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of NOx with an urban model, and (2) con-
verting these estimates to NO. concentra-
tions using an empirically derived annual
NO,/NOx ratio. A value of 0.75 is rec-
ommended for this ratio. However, a spa-
tially averaged alternative default annual
NO./NOx ratio may be determined from an
existing air quality monitoring network and
used in lieu of the 0.75 value if it is deter-
mined to be representative of prevailing ra-
tios in the urban area by the reviewing agen-
cy. To ensure use of appropriate locally de-
rived annual average NO, / NOx ratios, moni-
toring data under consideration should be
limited to those collected at monitors meet-
ing siting criteria defined in 40 CFR Part 58,
Appendix D as representative of ‘‘neighbor-
hood™, ‘‘urban’, or ‘‘regional” scales. Fur-
thermore, the highest annual spatially aver-
aged NO,/NOx ratio from the most recent 3
years of complete data should be used to fos-
ter conservatism in estimated impacts.

f. To demonstrate compliance with NO,
PSD increments in urban areas, emissions
from major and minor sources should be in-
cluded in the modeling analysis. Point and
area source emissions should be modeled as
discussed above. If mobile source emissions
do not contribute to localized areas of high
ambient NO, concentrations, they should be
modeled as area sources. When modeled as
area sources, mobile source emissions should
be assumed uniform over the entire highway
link and allocated to each area source grid
square based on the portion of highway link
within each grid square. If localized areas of
high concentrations are likely, then mobile
sources should be modeled as line sources
using an appropriate steady-state plume dis-
persion model (e.g., CAL3QHCR; subsection
6.2.3).

g. More refined techniques to handle spe-
cial circumstances may be considered on a
case-by-case basis and agreement with the
appropriate reviewing authority (paragraph
3.0(b)) should be obtained. Such techniques
should consider individual quantities of NO
and NO, emissions, atmospheric transport
and dispersion, and atmospheric trans-
formation of NO to NO,. Where they are
available, site specific data on the conver-
sion of NO to NO, may be used. Photo-
chemical dispersion models, if used for other
pollutants in the area, may also be applied
to the NOx problem.

6.2.5 Models for Lead

a. For major lead point sources, such as
smelters, which contribute fugitive emis-
sions and for which deposition is important,
professional judgement should be used, and
there should be coordination with the appro-
priate reviewing authority (paragraph 3.0(b)).
To model an entire major urban area or to
model areas without significant sources of
lead emissions, as a minimum a proportional
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(rollback) model may be used for air quality
analysis. The rollback philosophy assumes
that measured pollutant concentrations are
proportional to emissions. However, urban or
other dispersion models are encouraged in
these circumstances where the use of such
models is feasible.

b. In modeling the effect of traditional line
sources (such as a specific roadway or high-
way) on lead air quality, dispersion models
applied for other pollutants can be used. Dis-
persion models such as CALINE3 and
CAL3QHCR have been used for modeling car-
bon monoxide emissions from highways and
intersections (subsection 6.2.3). Where there
is a point source in the middle of a substan-
tial road network, the lead concentrations
that result from the road network should be
treated as background (subsection 9.2); the
point source and any nearby major roadways
should be modeled separately using the ap-
propriate recommended steady-state plume
dispersion model (subsection 4.2.2).

7.0 OTHER MODEL REQUIREMENTS

7.1 Discussion

a. This section covers those cases where
specific techniques have been developed for
special regulatory programs. Most of the
programs have, or will have when fully de-
veloped, separate guidance documents that
cover the program and a discussion of the
tools that are needed. The following para-
graphs reference those guidance documents,
when they are available. No attempt has
been made to provide a comprehensive dis-
cussion of each topic since the reference doc-
uments were designed to do that. This sec-
tion will undergo periodic revision as new
programs are added and new techniques are
developed.

b. Other Federal agencies have also devel-
oped specific modeling approaches for their
own regulatory or other requirements.ss Al-
though such regulatory requirements and
manuals may have come about because of
EPA rules or standards, the implementation
of such regulations and the use of the mod-
eling techniques is under the jurisdiction of
the agency issuing the manual or directive.

c. The need to estimate impacts at dis-
tances greater than 50km (the nominal dis-
tance to which EPA considers most steady-
state Gaussian plume models are applicable)
is an important one especially when consid-
ering the effects from secondary pollutants.
Unfortunately, models originally available
to EPA had not undergone sufficient field
evaluation to be recommended for general
use. Data bases from field studies at
mesoscale and long range transport dis-
tances were limited in detail. This limita-
tion was a result of the expense to perform
the field studies required to verify and im-
prove mesoscale and long range transport
models. Meteorological data adequate for
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generating three-dimensional wind fields
were particularly sparse. Application of
models to complicated terrain compounds
the difficulty of making good assessments of
long range transport impacts. EPA com-
pleted limited evaluation of several long
range transport (LRT) models against two
sets of field data and evaluated results.3
Based on the results, EPA concluded that
long range and mesoscale transport models
were limited for regulatory use to a case-by-
case basis. However a more recent series of
comparisons has been completed for a new
model, CALPUFF (Section A.3). Several of
these field studies involved three-to-four
hour releases of tracer gas sampled along
arcs of receptors at distances greater than
50km downwind. In some cases, short-term
concentration sampling was available, such
that the transport of the tracer puff as it
passed the arc could be monitored. Dif-
ferences on the order of 10 to 20 degrees were
found between the location of the simulated
and observed center of mass of the tracer
puff. Most of the simulated centerline con-
centration maxima along each arc were
within a factor of two of those observed. It
was concluded from these case studies that
the CALPUFF dispersion model had per-
formed in a reasonable manner, and had no
apparent bias toward over or under pre-
diction, so long as the transport distance
was limited to less than 300km.¢7

7.2 Recommendations

7.2.1 Visibility

a. Visibility in important natural areas
(e.g., Federal Class | areas) is protected
under a number of provisions of the Clean
Air Act, including Sections 169A and 169B
(addressing impacts primarily from existing
sources) and Section 165 (new source review).
Visibility impairment is caused by light
scattering and light absorption associated
with particles and gases in the atmosphere.
In most areas of the country, light scat-
tering by PM-2.5 is the most significant com-
ponent of visibility impairment. The key
components of PM-2.5 contributing to visi-
bility impairment include sulfates, nitrates,
organic carbon, elemental carbon, and crust-
al material.

b. The visibility regulations as promul-
gated in December 1980 (40 CFR 51.300-307) re-
quire States to mitigate visibility impair-
ment, in any of the 156 mandatory Federal
Class | areas, that is found to be ‘‘reasonably
attributable” to a single source or a small
group of sources. In 1985, EPA promulgated
Federal Implementation Plans (FIPs) for
several States without approved visibility
provisions in their SIPs. The IMPROVE
(Interagency Monitoring for Protected Vis-
ual Environments) monitoring network, a
cooperative effort between EPA, the States,
and Federal land management agencies, was
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established to implement the monitoring re-
quirements in these FIPs. Data has been col-
lected by the IMPROVE network since 1988.

c. In 1999, EPA issued revisions to the 1980
regulations to address visibility impairment
in the form of regional haze, which is caused
by numerous, diverse sources (e.g., Ssta-
tionary, mobile, and area sources) located
across a broad region (40 CFR 51.308-309). The
state of relevant scientific knowledge has ex-
panded significantly since the Clean Air Act
Amendments of 1977. A number of studies
and reportsssc® have concluded that long
range transport (e.g., up to hundreds of kilo-
meters) of fine particulate matter plays a
significant role in visibility impairment
across the country. Section 169A of the Act
requires states to develop SIPs containing
long-term strategies for remedying existing
and preventing future visibility impairment
in 156 mandatory Class | federal areas. In
order to develop long-term strategies to ad-
dress regional haze, many States will need to
conduct regional-scale modeling of fine par-
ticulate concentrations and associated visi-
bility impairment (e.g., light extinction and
deciview metrics).

d. To calculate the potential impact of a
plume of specified emissions for specific
transport and dispersion conditions (‘‘plume
blight’’), a screening model, VISCREEN, and
guidance are available.’ If a more com-
prehensive analysis is required, a refined
model should be selected . The model selec-
tion (VISCREEN vs. PLUVUE Il or some
other refined model), procedures, and anal-
yses should be determined in consultation
with the appropriate reviewing authority
(paragraph 3.0(b)) and the affected Federal
Land Manager (FLM). FLMs are responsible
for determining whether there is an adverse
effect by a plume on a Class | area.

e. CALPUFF (Section A.3) may be applied
when assessment is needed of reasonably at-
tributable haze impairment or atmospheric
deposition due to one or a small group of
sources. This situation may involve more
sources and larger modeling domains than
that to which VISCREEN ideally may be ap-
plied. The procedures and analyses should be
determined in consultation with the appro-
priate reviewing authority (paragraph 3.0(b))
and the affected FLM(s).

f. Regional scale models are used by EPA
to develop and evaluate national policy and
assist State and local control agencies. Two
such models which can be used to assess visi-
bility impacts from source emissions are
Models-3/CMAQ4 and REMSAD.50 Model
users should consult with the appropriate re-
viewing authority (paragraph 3.0(b)), which
in this instance would include FLMs.

7.2.2 Good Engineering Practice Stack
Height

a. The use of stack height credit in excess
of Good Engineering Practice (GEP) stack

468



Environmental Protection Agency

height or credit resulting from any other dis-
persion technique is prohibited in the devel-
opment of emission limitations by 40 CFR
51.118 and 40 CFR 51.164. The definitions of
GEP stack height and dispersion technique
are contained in 40 CFR 51.100. Methods and
procedures for making the appropriate stack
height calculations, determining stack
height credits and an example of applying
those techniques are found in several ref-
erences’!.72.73.74  which provide a great deal
of additional information for evaluating and
describing building cavity and wake effects.

b. If stacks for new or existing major
sources are found to be less than the height
defined by EPA’s refined formula for deter-
mining GEP height, then air quality impacts
associated with cavity or wake effects due to
the nearby building structures should be de-
termined. The EPA refined formula height is
defined as H + 1.5L (see reference 73). De-
tailed downwash screening procedures?’ for
both the cavity and wake regions should be
followed. If more refined concentration esti-
mates are required, the recommended
steady-state plume dispersion model in sub-
section 4.2.2 contains algorithms for building
wake calculations and should be used.

7.2.3 Long Range Transport (LRT) (i.e.,
Beyond 50km)

a. Section 165(d) of the Clean Air Act re-
quires that suspected adverse impacts on
PSD Class | areas be determined. However,
50km is the useful distance to which most
steady-state Gaussian plume models are con-
sidered accurate for setting emission limits.
Since in many cases PSD analyses show that
Class | areas may be threatened at distances
greater than 50km from new sources, some
procedure is needed to (1) determine if an ad-
verse impact will occur, and (2) identify the
model to be used in setting an emission limit
if the Class | increments are threatened. In
addition to the situations just described,
there are certain applications containing a
mixture of both long range and short range
source-receptor relationships in a large mod-
eled domain (e.g., several industrialized
areas located along a river or valley). His-
torically, these applications have presented
considerable difficulty to an analyst if im-
pacts from sources having transport dis-
tances greater than 50km significantly con-
tributed to the design concentrations. To
properly analyze applications of this type, a
modeling approach is needed which has the
capability of combining, in a consistent
manner, impacts involving both short and
long range transport. The CALPUFF mod-
eling system, listed in Appendix A, has been
designed to accommodate both the Class |
area LRT situation and the large modeling
domain situation. Given the judgement and
refinement involved, conducting a LRT mod-
eling assessment will require significant con-
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sultation with the appropriate reviewing au-
thority (paragraph 3.0(b)) and the affected
FLM(s). The FLM has an affirmative respon-
sibility to protect air quality related values
(AQRVs) that may be affected, and to pro-
vide the appropriate procedures and analysis
techniques. Where there is no increment vio-
lation, the ultimate decision on whether a
Class | area is adversely affected is the re-
sponsibility of the appropriate reviewing au-
thority (Section 165(d)(2)(C)(ii) of the Clean
Air Act), taking into consideration any in-
formation on the impacts on AQRVs pro-
vided by the FLM. According to Section
165(d)(2)(C)(iii) of the Clean Air Act, if there
is a Class | increment violation, the source
must demonstrate to the satisfaction of the
FLM that the emissions from the source will
have no adverse impact on the AQRVs.

b. If LRT is determined to be important,
then refined estimates utilizing the
CALPUFF modeling system should be ob-
tained. A screening approach¢’.75 is also
available for use on a case-by-case basis that
generally provides concentrations that are
higher than those obtained using refined
characterizations of the meteorological con-
ditions. The meteorological input data re-
quirements for developing the time and
space varying three-dimensional winds and
dispersion meteorology for refined analyses
are discussed in paragraph 9.3.1.2(d). Addi-
tional information on applying this model is
contained in Appendix A. To facilitate use of
complex air quality and meteorological mod-
eling systems, a written protocol approved
by the appropriate reviewing authority
(paragraph 3.0(b)) and the affected FLM(s)
may be considered for developing consensus
in the methods and procedures to be fol-
lowed.

7.2.4 Modeling Guidance for Other
Governmental Programs

a. When using the models recommended or
discussed in the Guideline in support of pro-
grammatic requirements not specifically
covered by EPA regulations, the model user
should consult the appropriate Federal or
State agency to ensure the proper applica-
tion and use of the models. For modeling as-
sociated with PSD permit applications that
involve a Class | area, the appropriate Fed-
eral Land Manager should be consulted on
all modeling questions.

b. The Offshore and Coastal Dispersion
(OCD) model, described in Appendix A, was
developed by the Minerals Management
Service and is recommended for estimating
air quality impact from offshore sources on
onshore, flat terrain areas. The OCD model is
not recommended for use in air quality im-
pact assessments for onshore sources.
Sources located on or just inland of a shore-
line where fumigation is expected should be
treated in accordance with subsection 8.2.8.
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c. The Emissions and Dispersion Modeling
System (EDMS), described in Appendix A,
was developed by the Federal Aviation Ad-
ministration and the United States Air
Force and is recommended for air quality as-
sessment of primary pollutant impacts at
airports or air bases. Regulatory application
of EDMS is intended for estimating the cu-
mulative effect of changes in aircraft oper-
ations, point source, and mobile source emis-
sions on pollutant concentrations. It is not
intended for PSD, SIP, or other regulatory
air quality analyses of point or mobile
sources at or peripheral to airport property
that are independent of changes in aircraft
operations. If changes in other than aircraft
operations are associated with analyses, a
model recommended in Chapter 4 or 5 should
be used.

8.0 GENERAL MODELING CONSIDERATIONS

8.1 Discussion

a. This section contains recommendations
concerning a number of different issues not
explicitly covered in other sections of this
guide. The topics covered here are not spe-
cific to any one program or modeling area
but are common to nearly all modeling anal-
yses for criteria pollutants.

8.2 Recommendations

8.2.1 Design Concentrations (see also
subsection 11.2.3.1)

8.2.1.1 Design Concentrations for SO,, PM-
10, CO, Pb, and NO,

a. An air quality analysis for SO,, PM-10,
CO, Pb, and NO; is required to determine if
the source will (1) cause a violation of the
NAAQS, or (2) cause or contribute to air
quality deterioration greater than the speci-
fied allowable PSD increment. For the
former, background concentration (sub-
section 9.2) should be added to the estimated
impact of the source to determine the design
concentration. For the latter, the design
concentration includes impact from all in-
crement consuming sources.

b. If the air quality analyses are conducted
using the period of meteorological input data
recommended in subsection 9.3.1.2 (e.g., 5
years of National Weather Service (NWS)
data or at least 1 year of site specific data;
subsection 9.3.3), then the design concentra-
tion based on the highest, second-highest
short term concentration or the highest long
term average, whichever is controlling,
should be used to determine emission limita-
tions to assess compliance with the NAAQS
and PSD increments.

c. When sufficient and representative data
exist for less than a 5-year period from a
nearby NWS site, or when site specific data
have been collected for less than a full con-
tinuous year, or when it has been determined
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that the site specific data may not be tem-
porally representative (subsection 9.3.3),
then the highest concentration estimate
should be considered the design value. This
is because the length of the data record may
be too short to assure that the conditions
producing worst-case estimates have been
adequately sampled. The highest value is
then a surrogate for the concentration that
is not to be exceeded more than once per
year (the wording of the deterministic stand-
ards). Also, the highest concentration should
be used whenever selected worst-case condi-
tions are input to a screening technique, as
described in EPA guidance.?’

d. If the controlling concentration is an
annual average value and multiple years of
data (site specific or NWS) are used, then the
design value is the highest of the annual
averages calculated for the individual years.
If the controlling concentration is a quar-
terly average and multiple years are used,
then the highest individual quarterly aver-
age should be considered the design value.

e. As long a period of record as possible
should be used in making estimates to deter-
mine design values and PSD increments. If
more than 1 year of site specific data is
available, it should be used.

8.2.1.2 Design Concentrations for O; and
PM-2.5

a. Guidance and specific instructions for
the determination of the 1-hr and 8-hr design
concentrations for ozone are provided in Ap-
pendix H and | (respectively) of reference 4.
Appendix H explains how to determine when
the expected number of days per calendar
year with maximum hourly concentrations
above the NAAQS is equal to or less than 1.
Appendix | explains the data handling con-
ventions and computations necessary for de-
termining whether the 8-hour primary and
secondary NAAQS are met at an ambient
monitoring site. For PM-2.5, Appendix N of
reference 4, and supplementary guidance?’s,
explain the data handling conventions and
computations necessary for determining
when the annual and 24-hour primary and
secondary NAAQS are met. For all SIP revi-
sions the user should check with the Re-
gional Office to obtain the most recent guid-
ance documents and policy memoranda con-
cerning the pollutant in question. There are
currently no PSD increments for O; and PM-
2.5.

8.2.2 Critical Receptor Sites

a. Receptor sites for refined modeling
should be utilized in sufficient detail to esti-
mate the highest concentrations and possible
violations of a NAAQS or a PSD increment.
In designing a receptor network, the empha-
sis should be placed on receptor resolution
and location, not total number of receptors.
The selection of receptor sites should be a
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case-by-case determination taking into con-
sideration the topography, the climatology,
monitor sites, and the results of the initial
screening procedure. For large sources (those
equivalent to a 500MW power plant) and
where violations of the NAAQS or PSD in-
crement are likely, 360 receptors for a polar
coordinate grid system and 400 receptors for
a rectangular grid system, where the dis-
tance from the source to the farthest recep-
tor is 10km, are usually adequate to identify
areas of high concentration. Additional re-
ceptors may be needed in the high concentra-
tion location if greater resolution is indi-
cated by terrain or source factors.

8.2.3 Dispersion Coefficients

a. Steady-state Gaussian plume models
used in most applications should employ dis-
persion coefficients consistent with those
contained in the preferred models in Appen-
dix A. Factors such as averaging time,
urban/rural surroundings (see paragraphs
(b)—(f) of this subsection), and type of source
(point vs. line) may dictate the selection of
specific coefficients. Coefficients used in
some Appendix A models are identical to, or
at least based on, Pasquill-Gifford coeffi-
cients?” in rural areas and McElroy-Pooler78
coefficients in urban areas.”

b. The selection of either rural or urban
dispersion coefficients in a specific applica-
tion should follow one of the procedures sug-
gested by Irwin8 and briefly described in
paragraphs (c)-(f) of this subsection. These
include a land use classification procedure or
a population based procedure to determine
whether the character of an area is primarily
urban or rural.

c. Land Use Procedure: (1) Classify the land
use within the total area, A,, circumscribed
by a 3km radius circle about the source
using the meteorological land use typing
scheme proposed by Auer?8:; (2) if land use
types 11, 12, C1, R2, and R3 account for 50 per-
cent or more of A,, use urban dispersion coef-
ficients; otherwise, use appropriate rural dis-
persion coefficients.

d. Population Density Procedure: (1) Com-
pute the average population density, p per
square kilometer with A, as defined above;
(2) If p is greater than 750 people/km?, use
urban dispersion coefficients; otherwise use
appropriate rural dispersion coefficients.

e. Of the two methods, the land use proce-
dure is considered more definitive. Popu-
lation density should be used with caution
and should not be applied to highly industri-
alized areas where the population density
may be low and thus a rural classification
would be indicated, but the area is suffi-
ciently built-up so that the urban land use
criteria would be satisfied. In this case, the
classification should already be ‘““‘urban’ and
urban dispersion parameters should be used.

f. Sources located in an area defined as
urban should be modeled using urban disper-
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sion parameters. Sources located in areas de-
fined as rural should be modeled using the
rural dispersion parameters. For analyses of
whole urban complexes, the entire area
should be modeled as an urban region if most
of the sources are located in areas classified
as urban.

g. Buoyancy-induced dispersion (BID), as
identified by Pasquill82, is included in the
preferred models and should be used where
buoyant sources, e.g., those involving fuel
combustion, are involved.

8.2.4 Stability Categories

a. The Pasquill approach to classifying sta-
bility is commonly used in preferred models
(Appendix A). The Pasquill method, as modi-
fied by Turner?83, was developed for use with
commonly observed meteorological data
from the National Weather Service and is
based on cloud cover, insolation and wind
speed.

b. Procedures to determine Pasquill sta-
bility categories from other than NWS data
are found in subsection 9.3. Any other meth-
od to determine Pasquill stability categories
must be justified on a case-by-case basis.

c. For a given model application where sta-
bility categories are the basis for selecting
dispersion coefficients, both ¢, and o, should
be determined from the same stability cat-
egory. “‘Split sigmas’ in that instance are
not recommended. Sector averaging, which
eliminates the o, term, is commonly accept-
able in complex terrain screening methods.

8.2.5 Plume Rise

a. The plume rise methods of Briggs3s+ss
are incorporated in many of the preferred
models and are recommended for use in
many modeling applications. In the convec-
tive boundary layer, plume rise is superposed
on the displacements by random convective
velocities.88 No explicit provisions in these
models are made for multistack plume rise
enhancement or the handling of such special
plumes as flares; these problems should be
considered on a case-by-case basis.

b. Gradual plume rise is generally rec-
ommended where its use is appropriate: (1) In
complex terrain screening procedures to de-
termine close-in impacts and (2) when calcu-
lating the effects of building wakes. If the
building wake is calculated to affect the
plume for any hour, gradual plume rise is
also used in downwind dispersion calcula-
tions to the distance of final plume rise,
after which final plume rise is used. Plumes
captured by the near wake are re-emitted to
the far wake as a ground-level volume
source.

c. Stack tip downwash generally occurs
with poorly constructed stacks and when the
ratio of the stack exit velocity to wind speed
is small. An algorithm developed by Briggs 8
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is the recommended technique for this situa-
tion and is found in the point source pre-
ferred models.

8.2.6 Chemical Transformation

a. The chemical transformation of SO,
emitted from point sources or single indus-
trial plants in rural areas is generally as-
sumed to be relatively unimportant to the
estimation of maximum concentrations
when travel time is limited to a few hours.
However, in urban areas, where synergistic
effects among pollutants are of considerable
consequence, chemical transformation rates
may be of concern. In urban area applica-
tions, a half-life of 4 hours8 may be applied
to the analysis of SO, emissions. Calcula-
tions of transformation coefficients from
site specific studies can be used to define a
“half-life’”” to be used in a steady-state
Gaussian plume model with any travel time,
or in any application, if appropriate docu-
mentation is provided. Such conversion fac-
tors for pollutant half-life should not be used
with screening analyses.

b. Use of models incorporating complex
chemical mechanisms should be considered
only on a case-by-case basis with proper
demonstration of applicability. These are
generally regional models not designed for
the evaluation of individual sources but used
primarily for region-wide evaluations. Visi-
bility models also incorporate chemical
transformation mechanisms which are an in-
tegral part of the visibility model itself and
should be used in visibility assessments.

8.2.7 Gravitational Settling and Deposition

a. An “infinite half-life’” should be used for
estimates of particle concentrations when
steady-state Gaussian plume models con-
taining only exponential decay terms for
treating settling and deposition are used.

b. Gravitational settling and deposition
may be directly included in a model if either
is a significant factor. When particulate
matter sources can be quantified and set-
tling and dry deposition are problems, pro-
fessional judgement should be used, and
there should be coordination with the appro-
priate reviewing authority (paragraph 3.0(b)).

8.2.8 Complex Winds

a. Inhomogeneous Local Winds. In many
parts of the United States, the ground is nei-
ther flat nor is the ground cover (or land use)
uniform. These geographical variations can
generate local winds and circulations, and
modify the prevailing ambient winds and cir-
culations. Geographic effects are most ap-
parent when the ambient winds are light or
calm.8” In general these geographically in-
duced wind circulation effects are named
after the source location of the winds, e.g.,
lake and sea breezes, and mountain and val-
ley winds. In very rugged hilly or moun-
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tainous terrain, along coastlines, or near
large land use variations, the characteriza-
tion of the winds is a balance of various
forces, such that the assumptions of steady-
state straight-line transport both in time
and space are inappropriate. In the special
cases described, the CALPUFF modeling sys-
tem (described in Appendix A) may be ap-
plied on a case-by-case basis for air quality
estimates in such complex non-steady-state
meteorological conditions. The purpose of
choosing a modeling system like CALPUFF
is to fully treat the time and space vari-
ations of meteorology effects on transport
and dispersion. The setup and application of
the model should be determined in consulta-
tion with the appropriate reviewing author-
ity (paragraph 3.0(b)) consistent with limita-
tions of paragraph 3.2.2(e). The meteorolog-
ical input data requirements for developing
the time and space varying three-dimen-
sional winds and dispersion meteorology for
these situations are discussed in paragraph
9.3.1.2(d). Examples of inhomogeneous winds
include, but aren’t limited to, situations de-
scribed in the following paragraphs (i)-(iii):

i. Inversion Breakup Fumigation. Inversion
breakup fumigation occurs when a plume (or
multiple plumes) is emitted into a stable
layer of air and that layer is subsequently
mixed to the ground through convective
transfer of heat from the surface or because
of advection to less stable surroundings. Fu-
migation may cause excessively high con-
centrations but is usually rather short-lived
at a given receptor. There are no rec-
ommended refined techniques to model this
phenomenon. There are, however, screening
procedures?’ that may be used to approxi-
mate the concentrations. Considerable care
should be exercised in using the results ob-
tained from the screening techniques.

ii. Shoreline Fumigation. Fumigation can be
an important phenomenon on and near the
shoreline of bodies of water. This can affect
both individual plumes and area-wide emis-
sions. When fumigation conditions are ex-
pected to occur from a source or sources
with tall stacks located on or just inland of
a shoreline, this should be addressed in the
air quality modeling analysis. The Shoreline
Dispersion Model (SDM) listed on EPA’s
Internet SCRAM Web site (subsection 2.3)
may be applied on a case-by-case basis when
air quality estimates under shoreline fumi-
gation conditions are needed.88 Information
on the results of EPA’s evaluation of this
model together with other coastal fumiga-
tion models is available.®® Selection of the
appropriate model for applications where
shoreline fumigation is of concern should be
determined in consultation with the appro-
priate reviewing authority (paragraph 3.0(b)).

iii. Stagnation. Stagnation conditions are
characterized by calm or very low wind
speeds, and variable wind directions. These
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stagnant meteorological conditions may per-
sist for several hours to several days. During
stagnation conditions, the dispersion of air
pollutants, especially those from low-level
emissions sources, tends to be minimized, po-
tentially leading to relatively high ground-
level concentrations. If point sources are of
interest, users should note the guidance pro-
vided for CALPUFF in paragraph (a) of this
subsection. Selection of the appropriate
model for applications where stagnation is of
concern should be determined in consulta-
tion with the appropriate reviewing author-
ity (paragraph 3.0(b)).

8.2.9 Calibration of Models

a. Calibration of models is not common
practice and is subject to much error and
misunderstanding. There have been attempts
by some to compare model estimates and
measurements on an event-by-event basis
and then to calibrate a model with results of
that comparison. This approach is severely
limited by uncertainties in both source and
meteorological data and therefore it is dif-
ficult to precisely estimate the concentra-
tion at an exact location for a specific incre-
ment of time. Such uncertainties make cali-
bration of models of questionable benefit.
Therefore, model calibration is unaccept-
able.

9.0 MODEL INPUT DATA

a. Data bases and related procedures for es-
timating input parameters are an integral
part of the modeling procedure. The most ap-
propriate data available should always be se-
lected for use in modeling analyses. Con-
centrations can vary widely depending on
the source data or meteorological data used.
Input data are a major source of uncertain-
ties in any modeling analysis. This section
attempts to minimize the uncertainty asso-
ciated with data base selection and use by
identifying requirements for data used in
modeling. A checklist of input data require-
ments for modeling analyses is posted on
EPA’s Internet SCRAM Web site (subsection
2.3). More specific data requirements and the
format required for the individual models
are described in detail in the users’ guide for
each model.

9.1 Source Data

9.1.1 Discussion

a. Sources of pollutants can be classified as
point, line and area/volume sources. Point
sources are defined in terms of size and may
vary between regulatory programs. The line
sources most frequently considered are road-
ways and streets along which there are well-
defined movements of motor vehicles, but
they may be lines of roof vents or stacks
such as in aluminum refineries. Area and
volume sources are often collections of a
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multitude of minor sources with individually
small emissions that are impractical to con-
sider as separate point or line sources. Large
area sources are typically treated as a grid
network of square areas, with pollutant
emissions distributed uniformly within each
grid square.

b. Emission factors are compiled in an EPA
publication commonly known as AP-429%; an
indication of the quality and amount of data
on which many of the factors are based is
also provided. Other information concerning
emissions is available in EPA publications
relating to specific source categories. The
appropriate reviewing authority (paragraph
3.0(b)) should be consulted to determine ap-
propriate source definitions and for guidance
concerning the determination of emissions
from and techniques for modeling the var-
ious source types.

9.1.2 Recommendations

a. For point source applications the load or
operating condition that causes maximum
ground-level concentrations should be estab-
lished. As a minimum, the source should be
modeled using the design capacity (100 per-
cent load). If a source operates at greater
than design capacity for periods that could
result in violations of the standards or PSD
increments, this load? should be modeled.
Where the source operates at substantially
less than design capacity, and the changes in
the stack parameters associated with the op-
erating conditions could lead to higher
ground level concentrations, loads such as 50
percent and 75 percent of capacity should
also be modeled. A range of operating condi-
tions should be considered in screening anal-
yses; the load causing the highest concentra-
tion, in addition to the design load, should
be included in refined modeling. For a steam
power plant, the following (b-h) is typical of
the kind of data on source characteristics
and operating conditions that may be need-
ed. Generally, input data requirements for
air quality models necessitate the use of
metric units; where English units are com-
mon for engineering usage, a conversion to
metric is required.

b. Plant layout. The connection scheme be-
tween boilers and stacks, and the distance
and direction between stacks, building pa-
rameters (length, width, height, location and
orientation relative to stacks) for plant
structures which house boilers, control

2Malfunctions which may result in excess
emissions are not considered to be a normal
operating condition. They generally should
not be considered in determining allowable
emissions. However, if the excess emissions
are the result of poor maintenance, careless
operation, or other preventable conditions, it
may be necessary to consider them in deter-
mining source impact.
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equipment, and surrounding buildings within
a distance of approximately five stack
heights.

c. Stack parameters. For all stacks, the
stack height and inside diameter (meters),
and the temperature (K) and volume flow
rate (actual cubic meters per second) or exit
gas velocity (meters per second) for oper-
ation at 100 percent, 75 percent and 50 per-
cent load.

d. Boiler size. For all boilers, the associated
megawatts, 106 BTU/hr, and pounds of steam
per hour, and the design and/or actual fuel
consumption rate for 100 percent load for
coal (tons/hour), oil (barrels/hour), and nat-
ural gas (thousand cubic feet/hour).

e. Boiler parameters. For all boilers, the per-
cent excess air used, the boiler type (e.g., wet
bottom, cyclone, etc.), and the type of firing
(e.g., pulverized coal, front firing, etc.).

f. Operating conditions. For all boilers, the
type, amount and pollutant contents of fuel,
the total hours of boiler operation and the
boiler capacity factor during the year, and
the percent load for peak conditions.

g. Pollution control equipment parameters.
For each boiler served and each pollutant af-
fected, the type of emission control equip-
ment, the year of its installation, its design
efficiency and mass emission rate, the date
of the last test and the tested efficiency, the
number of hours of operation during the lat-
est year, and the best engineering estimate
of its projected efficiency if used in conjunc-
tion with coal combustion; data for any an-
ticipated modifications or additions.

h. Data for new boilers or stacks. For all new
boilers and stacks under construction and
for all planned modifications to existing
boilers or stacks, the scheduled date of com-
pletion, and the data or best estimates avail-
able for items (b) through (g) of this sub-
section following completion of construction
or modification.

i. In stationary point source applications
for compliance with short term ambient
standards, SIP control strategies should be
tested using the emission input shown on
Table 9-1. When using a refined model,
sources should be modeled sequentially with
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these loads for every hour of the year. To
evaluate SIPs for compliance with quarterly
and annual standards, emission input data
shown in Table 9-1 should again be used.
Emissions from area sources should gen-
erally be based on annual average condi-
tions. The source input information in each
model user’s guide should be carefully con-
sulted and the checklist (paragraph 9.0(a))
should also be consulted for other possible
emission data that could be helpful. PSD and
NAAQS compliance demonstrations should
follow the emission input data shown in
Table 9-2. For purposes of emissions trading,
new source review and demonstrations, refer
to current EPA policy and guidance to estab-
lish input data.

j. Line source modeling of streets and high-
ways requires data on the width of the road-
way and the median strip, the types and
amounts of pollutant emissions, the number
of lanes, the emissions from each lane and
the height of emissions. The location of the
ends of the straight roadway segments
should be specified by appropriate grid co-
ordinates. Detailed information and data re-
quirements for modeling mobile sources of
pollution are provided in the user’s manuals
for each of the models applicable to mobile
sources.

k. The impact of growth on emissions
should be considered in all modeling anal-
yses covering existing sources. Increases in
emissions due to planned expansion or
planned fuel switches should be identified.
Increases in emissions at individual sources
that may be associated with a general indus-
trial/commercial/residential expansion in
multi-source urban areas should also be
treated. For new sources the impact of
growth on emissions should generally be con-
sidered for the period prior to the start-up
date for the source. Such changes in emis-
sions should treat increased area source
emissions, changes in existing point source
emissions which were not subject to
preconstruction review, and emissions due to
sources with permits to construct that have
not yet started operation.

TABLE 9—1.—MODEL EMISSION INPUT DATA FOR POINT SOURCES !

Emission limit

Averaging time (#/MMBtu) 2 X

Operating level

S M Operating factor
u/hr

(e.g., hriyr, hr/day)

Stationary Point Source(s) Subject to SIP Emission Limit(s) Evaluation for Compliance With Ambient Standards (Including
Areawide Demonstrations)

Maximum allowable emis-
sion limit or federally en-
forceable permit limit..

Annual & quarterly ..........

Short term .......ccccveveeene Maximum allowable emis-
sion limit or federally en-

forceable permit limit..

Actual or design capacity

Actual or design capacity

Actual operating factor
averaged over most re-
cent 2 years.®

(whichever is greater), or
federally enforceable per-
mit condition..
Continuous operation, i.e.,
all hours of each time pe-
riod under consideration
(for all hours of the mete-
orological data base).5

(whichever is greater), or
federally enforceable per-
mit condition.4.
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TABLE 9—1.—MODEL EMISSION INPUT DATA FOR POINT SOURCES '—Continued

Emission limit

Bt % Operating level

(MMBtu/hr) 2

Operating factor

Averaging time (e.g., hriyr, hr/day)

Nearby Source(s) 67
Same input requirements as for stationary point source(s) above.

Other Sources 7ROW RUL="s@’<
If modeled (subsection 9.2.3), input data requirements are defined below.

Annual & quarterly .......... Maximum allowable emis-
sion limit or federally en-
forceable permit limit.6.

Short term .........ccccceene Maximum allowable emis-
sion limit or federally en-
forceable permit limit.6.

Annual level when actually
operating, averaged over
the most recent 2 years.3.

Annual level when actually
operating, averaged over
the most recent 2 years.3.

Actual operating factor
averaged over the most
recent 2 years.3

Continuous operation, i.e.,
all hours of each time pe-
riod under consideration
(for all hours of the mete-
orological data base).5

1The model input data requirements shown on this table apply to stationary source control strategies for STATE IMPLEMEN-
TATION PLANS. For purposes of emissions trading, new source review, or prevention of significant deterioration, other model
input criteria may apply. Refer to the policy and guidance for these programs to establish the input data.

2Terminology applicable to fuel burning sources; analogous terminology (e.g., #/throughput) may be used for other types of
sources.

3Unless it is determined that this period is not representative.

4 Operating levels such as 50 percent and 75 percent of capacity should also be modeled to determine the load causing the
highest concentration.

51f operation does not occur for all hours of the time period of consideration (e.g., 3 or 24 hours) and the source operation is
constrained by a federally enforceable permit condition, an appropriate adjustment to the modeled emission rate may be made
(e.g., if operation is only 8 a.m. to 4 p.m. each day, only these hours will be modeled with emissions from the source. Modeled
emissions should not be averaged across non-operating time periods.)

6 See paragraph 9.2.3(c).

7 See paragraph 9.2.3(d).

TABLE 9-2.—POINT SOURCE MODEL INPUT DATA (EMISSIONS) FOR PSD NAAQS COMPLIANCE
DEMONSTRATIONS

Emission limit

% Operating factor (e.g., hr/
(#/MMBtu) 1

Averaging time Operating rI]er;/?l (MMBtu/ 9 i)

Proposed Major New or Modified Source

Annual & quarterly .......... Maximum allowable emis- Design capacity or federally Continuous operation (i.e.,
sion limit or federally en- enforceable permit condi- 8760 hours).2
forceable permit limit.. tion..

Short term (< 24 hours) .. Maximum allowable emis- Design capacity or federally
sion limit or federally en- enforceable permit condi-

forceable permit limit.. tion.3.

Continuous operation (i.e.,
all hours of each time pe-
riod under consideration)

(for all hours of the mete-
orological data base).2

Nearby Source(s) 46

Annual & quarterly ..........

Short term (< 24 hours) ..

Maximum allowable emis-
sion limit or federally en-
forceable permit limit.5.

Actual or design capacity
(whichever is greater), or
federally enforceable per-
mit condition..

Actual or design capacity
(whichever is greater), or
federally enforceable per-
mit condition.3.

Maximum allowable emis-
sion limit or federally en-
forceable permit limit.5.

Actual operating factor
averaged over the most
recent 2 years.”8

Continuous operation (i.e.,
all hours of each time pe-
riod under consideration)

(for all hours of the mete-
orological data base).2

Other Source(s) 62

Annual & quarterly ..........

Short term (< 24 hours) ..

Maximum allowable emis-
sion limit or federally en-
forceable permit limit.5.

Maximum allowable emis-
sion limit or federally en-
forceable permit limit.5.

Annual level when actually
operating, averaged over

Annual level when actually
operating, averaged over

the most recent 2 years.”.

the most recent 2 years.”.

Actual operating factor
averaged over the most
recent 2 years.”8

Continuous operation (i.e.,
all hours of each time pe-
riod under consideration)

(for all hours of the mete-
orological data base).2

1Terminology applicable to fuel burning sources; analogous terminology (e.g., #/throughput) may be used for other types of

sources.
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2|f operation does not occur for all hours of the time period of consideration (e.g., 3 or 24 hours) and the source operation is
constrained by a federally enforceable permit condition, an appropriate adjustment to the modeled emission rate may be made
(e.g., if operation is only 8 a.m. to 4 p.m. each day, only these hours will be modeled with emissions from the source. Modeled
emissions should not be averaged across non-operating time periods.

3 Operating levels such as 50 percent and 75 percent of capacity should also be modeled to determine the load causing the
highest concentration.

4Includes existing facility to which modification is proposed if the emissions from the existing facility will not be affected by the

modification. Otherwise use the same parameters as for major modification.

5 See paragraph 9.2.3(c).
6 See paragraph 9.2.3(d).

7Unless it is determined that this period is not representative.

8For those permitted sources not in operation or that have not established an appropriate factor, continuous operation (i.e.,

8760) should be used.

9Generally, the ambient impacts from non-nearby (background) sources can be represented by air quality data unless ade-

quate data do not exist.

9.2 Background Concentrations

9.2.1 Discussion

a. Background concentrations are an es-
sential part of the total air quality con-
centration to be considered in determining
source impacts. Background air quality in-
cludes pollutant concentrations due to: (1)
Natural sources; (2) nearby sources other
than the one(s) currently under consider-
ation; and (3) unidentified sources.

b. Typically, air quality data should be
used to establish background concentrations
in the vicinity of the source(s) under consid-
eration. The monitoring network used for
background determinations should conform
to the same quality assurance and other re-
quirements as those networks established for
PSD purposes.®? An appropriate data valida-
tion procedure should be applied to the data
prior to use.

c. If the source is not isolated, it may be
necessary to use a multi-source model to es-
tablish the impact of nearby sources. Since
sources don’t typically operate at their max-
imum allowable capacity (which may include
the use of ‘‘dirtier” fuels), modeling is nec-
essary to express the potential contribution
of background sources, and this impact
would not be captured via monitoring. Back-
ground concentrations should be determined
for each critical (concentration) averaging
time.

9.2.2 Recommendations (Isolated Single
Source)

a. Two options (paragraph (b) or (c) of this
section) are available to determine the back-
ground concentration near isolated sources.

b. Use air quality data collected in the vi-
cinity of the source to determine the back-
ground concentration for the averaging
times of concern. Determine the mean back-
ground concentration at each monitor by ex-
cluding values when the source in question is
impacting the monitor. The mean annual
background is the average of the annual con-
centrations so determined at each monitor.
For shorter averaging periods, the meteoro-
logical conditions accompanying the con-
centrations of concern should be identified.
Concentrations for meteorological condi-
tions of concern, at monitors not impacted

by the source in question, should be averaged
for each separate averaging time to deter-
mine the average background value. Moni-
toring sites inside a 90° sector downwind of
the source may be used to determine the
area of impact. One hour concentrations may
be added and averaged to determine longer
averaging periods.

c. If there are no monitors located in the
vicinity of the source, a ‘‘regional site”” may
be used to determine background. A ‘‘re-
gional site’ is one that is located away from
the area of interest but is impacted by simi-
lar natural and distant man-made sources.

9.2.3 Recommendations (Multi-Source
Areas)

a. In multi-source areas, two components
of background should be determined: Con-
tributions from nearby sources and contribu-
tions from other sources.

b. Nearby Sources: All sources expected to
cause a significant concentration gradient in
the vicinity of the source or sources under
consideration for emission limit(s) should be
explicitly modeled. The number of such
sources is expected to be small except in un-
usual situations. Owing to both the unique-
ness of each modeling situation and the large
number of variables involved in identifying
nearby sources, no attempt is made here to
comprehensively define this term. Rather,
identification of nearby sources calls for the
exercise of professional judgement by the ap-
propriate reviewing authority (paragraph
3.0(b)). This guidance is not intended to alter
the exercise of that judgement or to com-
prehensively define which sources are nearby
sources.

c. For compliance with the short-term and
annual ambient standards, the nearby
sources as well as the primary source(s)
should be evaluated using an appropriate Ap-
pendix A model with the emission input data
shown in Table 9-1 or 9-2. When modeling a
nearby source that does not have a permit
and the emission limit contained in the SIP
for a particular source category is greater
than the emissions possible given the
source’s maximum physical capacity to
emit, the “maximum allowable emission
limit” for such a nearby source may be cal-
culated as the emission rate representative
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of the nearby source’s maximum physical ca-
pacity to emit, considering its design speci-
fications and allowable fuels and process ma-
terials. However, the burden is on the permit
applicant to sufficiently document what the
maximum physical capacity to emit is for
such a nearby source.

d. It is appropriate to model nearby
sources only during those times when they,
by their nature, operate at the same time as
the primary source(s) being modeled. Where
a primary source believes that a nearby
source does not, by its nature, operate at the
same time as the primary source being mod-
eled, the burden is on the primary source to
demonstrate to the satisfaction of the appro-
priate reviewing authority (paragraph 3.0(b))
that this is, in fact, the case. Whether or not
the primary source has adequately dem-
onstrated that fact is a matter of profes-
sional judgement left to the discretion of the
appropriate reviewing authority. The fol-
lowing examples illustrate two cases in
which a nearby source may be shown not to
operate at the same time as the primary
source(s) being modeled. Some sources are
only used during certain seasons of the year.
Those sources would not be modeled as near-
by sources during times in which they do not
operate. Similarly, emergency backup gen-
erators that never operate simultaneously
with the sources that they back up would
not be modeled as nearby sources. To reit-
erate, in these examples and other appro-
priate cases, the burden is on the primary
source being modeled to make the appro-
priate demonstration to the satisfaction of
the appropriate reviewing authority.

e. The impact of the nearby sources should
be examined at locations where interactions
between the plume of the point source under
consideration and those of nearby sources
(plus natural background) can occur. Signifi-
cant locations include: (1) The area of max-
imum impact of the point source; (2) the area
of maximum impact of nearby sources; and
(3) the area where all sources combine to
cause maximum impact. These locations
may be identified through trial and error
analyses.

f. Other Sources: That portion of the back-
ground attributable to all other sources (e.g.,
natural sources, minor sources and distant
major sources) should be determined by the
procedures found in subsection 9.2.2 or by ap-
plication of a model using Table 9-1 or 9-2.

9.3 Meteorological Input Data

a. The meteorological data used as input to
a dispersion model should be selected on the
basis of spatial and climatological (tem-
poral) representativeness as well as the abil-
ity of the individual parameters selected to
characterize the transport and dispersion
conditions in the area of concern. The rep-
resentativeness of the data is dependent on:
(1) The proximity of the meteorological mon-
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itoring site to the area under consideration;
(2) the complexity of the terrain; (3) the ex-
posure of the meteorological monitoring
site; and (4) the period of time during which
data are collected. The spatial representa-
tiveness of the data can be adversely affected
by large distances between the source and re-
ceptors of interest and the complex topo-
graphic characteristics of the area. Tem-
poral representativeness is a function of the
year-to-year variations in weather condi-
tions. Where appropriate, data representa-
tiveness should be viewed in terms of the ap-
propriateness of the data for constructing re-
alistic boundary layer profiles and three di-
mensional meteorological fields, as described
in paragraphs (c) and (d) below.

b. Model input data are normally obtained
either from the National Weather Service or
as part of a site specific measurement pro-
gram. Local universities, Federal Aviation
Administration (FAA), military stations, in-
dustry and pollution control agencies may
also be sources of such data. Some rec-
ommendations for the use of each type of
data are included in this subsection.

c. For long range transport modeling as-
sessments (subsection 7.2.3) or for assess-
ments where the transport winds are com-
plex and the application involves a non-
steady-state dispersion model (subsection
8.2.8), wuse of output from prognostic
mesoscale meteorological models is encour-
aged.?”2.93.94 Some diagnostic meteorological
processors are designed to appropriately
blend available NWS comparable meteoro-
logical observations, local site specific mete-
orological observations, and prognostic
mesoscale meteorological data, using empir-
ical relationships, to diagnostically adjust
the wind field for mesoscale and local-scale
effects. These diagnostic adjustments can
sometimes be improved through the use of
strategically placed site specific meteorolog-
ical observations. The placement of these
special meteorological observations (often
more than one location is needed) involves
expert judgement, and is specific to the ter-
rain and land use of the modeling domain.
Acceptance for use of output from prognostic
mesoscale meteorological models is contin-
gent on concurrence by the appropriate re-
viewing authorities (paragraph 3.0(b)) that
the data are of acceptable quality, which can
be demonstrated through statistical com-
parisons with observations of winds aloft and
at the surface at several appropriate loca-
tions.

9.3.1 Length of Record of Meteorological
Data

9.3.1.1 Discussion

a. The model user should acquire enough
meteorological data to ensure that worst-
case meteorological conditions are ade-
quately represented in the model results.
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The trend toward statistically based stand-
ards suggests a need for all meteorological
conditions to be adequately represented in
the data set selected for model input. The
number of years of record needed to obtain a
stable distribution of conditions depends on
the variable being measured and has been es-
timated by Landsberg and Jacobs9 for var-
ious parameters. Although that study indi-
cates in excess of 10 years may be required to
achieve stability in the frequency distribu-
tions of some meteorological variables, such
long periods are not reasonable for model
input data. This is due in part to the fact
that hourly data in model input format are
frequently not available for such periods and
that hourly calculations of concentration for
long periods may be prohibitively expensive.
Another study® compared various periods
from a 17-year data set to determine the
minimum number of years of data needed to
approximate the concentrations modeled
with a 17-year period of meteorological data
from one station. This study indicated that
the variability of model estimates due to the
meteorological data input was adequately
reduced if a 5-year period of record of mete-
orological input was used.

9.3.1.2 Recommendations

a. Five years of representative meteorolog-
ical data should be used when estimating
concentrations with an air quality model.
Consecutive years from the most recent,
readily available 5-year period are preferred.
The meteorological data should be ade-
quately representative, and may be site spe-
cific or from a nearby NWS station. Where
professional judgment indicates NWS-col-
lected ASOS (automated surface observing
stations) data are inadequate {for cloud
cover observations, the most recent 5 years
of NWS data that are observer-based may be
considered for use.

b. The use of 5 years of NWS meteorolog-
ical data or at least | year of site specific
data is required. If one year or more (includ-
ing partial years), up to five years, of site
specific data is available, these data are pre-
ferred for use in air quality analyses. Such
data should have been subjected to quality
assurance procedures as described in sub-
section 9.3.3.2.

c. For permitted sources whose emission
limitations are based on a specific year of
meteorological data, that year should be
added to any longer period being used (e.g., 5
years of NWS data) when modeling the facil-
ity at a later time.

d. For LRT situations (subsection 7.2.3) and
for complex wind situations (paragraph
8.2.8(a)), if only NWS or comparable standard
meteorological observations are employed,
five years of meteorological data (within and
near the modeling domain) should be used.
Consecutive years from the most recent,
readily available 5-year period are preferred.
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Less than five, but at least three, years of
meteorological data (need not be consecu-
tive) may be used if mesoscale meteorolog-
ical fields are available, as discussed in para-
graph 9.3(c). These mesoscale meteorological
fields should be used in conjunction with
available standard NWS or comparable mete-
orological observations within and near the
modeling domain. If site specific meteorolog-
ical data are available, these data may be es-
pecially helpful for local-scale complex wind
situations, when appropriately blended to-
gether with standard NWS or comparable ob-
servations and mesoscale meteorological
fields.

9.3.2 National Weather Service Data

9.3.2.1 Discussion

a. The NWS meteorological data are rou-
tinely available and familiar to most model
users. Although the NWS does not provide
direct measurements of all the needed dis-
persion model input variables, methods have
been developed and successfully used to
translate the basic NWS data to the needed
model input. Site specific measurements of
model input parameters have been made for
many modeling studies, and those methods
and techniques are becoming more widely
applied, especially in situations such as com-
plex terrain applications, where available
NWS data are not adequately representative.
However, there are many model applications
where NWS data are adequately representa-
tive, and the applications still rely heavily
on the NWS data.

b. Many models use the standard hourly
weather observations available from the Na-
tional Climatic Data Center (NCDC). These
observations are then preprocessed before
they can be used in the models.

9.3.2.2 Recommendations

a. The preferred models listed in Appendix
A all accept as input the NWS meteorolog-
ical data preprocessed into model compatible
form. If NWS data are judged to be ade-
quately representative for a particular mod-
eling application, they may be used. NCDC
makes available surface®”% and upper air
meteorological data in CD-ROM format.

b. Although most NWS measurements are
made at a standard height of 10 meters, the
actual anemometer height should be used as
input to the preferred model.

c. Wind directions observed by the Na-
tional Weather Service are reported to the
nearest 10 degrees. A specific set of randomly
generated numbers has been developed for
use with the preferred EPA models and
should be used with NWS data to ensure a
lack of bias in wind direction assignments
within the models.

d. Data from universities, FAA, military
stations, industry and pollution control
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agencies may be used if such data are equiva-
lent in accuracy and detail to the NWS data,
and they are judged to be adequately rep-
resentative for the particular application.

9.3.3 Site Specific Data

9.3.3.1 Discussion

a. Spatial or geographical representative-
ness is best achieved by collection of all of
the needed model input data in close prox-
imity to the actual site of the source(s). Site
specific measured data are therefore pre-
ferred as model input, provided that appro-
priate instrumentation and quality assur-
ance procedures are followed and that the
data collected are adequately representative
(free from inappropriate local or microscale
influences) and compatible with the input re-
quirements of the model to be used. It should
be noted that, while site specific measure-
ments are frequently made ‘‘on-property’’
(i.e., on the source’s premises), acquisition of
adequately representative site specific data
does not preclude collection of data from a
location off property. Conversely, collection
of meteorological data on a source’s property
does not of itself guarantee adequate rep-
resentativeness. For help in determining rep-
resentativeness of site specific measure-
ments, technical guidance 1% is available.
Site specific data should always be reviewed
for representativeness and consistency by a
qualified meteorologist.

9.3.3.2 Recommendations

a. EPA guidancel® provides recommenda-
tions on the collection and use of site spe-
cific meteorological data. Recommendations
on characteristics, siting, and exposure of
meteorological instruments and on data re-
cording, processing, completeness require-
ments, reporting, and archiving are also in-
cluded. This publication should be used as a
supplement to other limited guidance on
these subjects.91.101.102 Detailed information
on quality assurance is also available.193 As a
minimum, site specific measurements of am-
bient air temperature, transport wind speed
and direction, and the variables necessary to
estimate atmospheric dispersion should be
available in meteorological data sets to be
used in modeling. Care should be taken to
ensure that meteorological instruments are
located to provide representative character-
ization of pollutant transport between
sources and receptors of interest. The appro-
priate reviewing authority (paragraph 3.0(b))
is available to help determine the appro-
priateness of the measurement locations.

b. All site specific data should be reduced
to hourly averages. Table 9-3 lists the wind
related parameters and the averaging time
requirements.

c. Missing Data Substitution. After valid
data retrieval requirements have been
met1%, hours in the record having missing
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data should be treated according to an estab-
lished data substitution protocol provided
that data from an adequately representative
alternative site are available. Such protocols
are usually part of the approved monitoring
program plan. Data substitution guidance is
provided in Section 5.3 of reference 100. If no
representative alternative data are available
for substitution, the absent data should be
coded as missing using missing data codes
appropriate to the applicable meteorological
pre-processor. Appropriate model options for
treating missing data, if available in the
model, should be employed.

d. Solar Radiation Measurements. Total solar
radiation or net radiation should be meas-
ured with a reliable pyranometer or net radi-
ometer, sited and operated in accordance
with established site specific meteorological
guidance.100,103

e. Temperature Measurements. Temperature
measurements should be made at standard
shelter height (2m) in accordance with estab-

lished site specific meteorological guid-
ance.100
f. Temperature Difference Measurements.

Temperature difference (8T) measurements
should be obtained using matched thermom-
eters or a reliable thermocouple system to
achieve adequate accuracy. Siting, probe
placement, and operation of 3T systems
should be based on guidance found in Chap-
ter 3 of reference 100, and such guidance
should be followed when obtaining vertical
temperature gradient data.

g. Winds Aloft. For simulation of plume rise
and dispersion of a plume emitted from a
stack, characterization of the wind profile up
through the layer in which the plume dis-
perses is required. This is especially impor-
tant in complex terrain and/or complex wind
situations where wind measurements at
heights up to hundreds of meters above stack
base may be required in some circumstances.
For tall stacks when site specific data are
needed, these winds have been obtained tra-
ditionally using meteorological sensors
mounted on tall towers. A feasible alter-
native to tall towers is the use of meteoro-
logical remote sensing instruments (e.g.,
acoustic sounders or radar wind profilers) to
provide winds aloft, coupled with 10-meter
towers to provide the near-surface winds.
(For specific requirements for CTDMPLUS,
see Appendix A.) Specifications for wind
measuring instruments and systems are con-
tained in reference 100.

h. Turbulence. There are several dispersion
models that are capable of using direct
measurements of turbulence (wind fluctua-
tions) in the characterization of the vertical
and lateral dispersion (e.g., CTDMPLUS and
CALPUFF). For specific requirements for
CTDMPLUS and CALPUFF, see Appendix A.
For technical guidance on measurement and
processing of turbulence parameters, see ref-
erence 100. When turbulence data are used in
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this manner to directly characterize the
vertical and lateral dispersion, the averaging
time for the turbulence measurements
should be one hour (Table 9-3). There are
other dispersion models (e.g., BLP, and
CALINE3) that employ P-G stability cat-
egories for the characterization of the
vertical and lateral dispersion. Methods for
using site specific turbulence data for the
characterization of P-G stability categories
are discussed in reference 100. When turbu-
lence data are used in this manner to deter-
mine the P-G stability category, the aver-
aging time for the turbulence measurements
should be 15 minutes.

i. Stability Categories. For dispersion models
that employ P-G stability categories for the
characterization of the vertical and lateral
dispersion (e.g., 1SC3), the P-G stability cat-
egories, as originally defined, couple near-
surface measurements of wind speed with
subjectively determined insolation assess-
ments based on hourly cloud cover and ceil-
ing height observations. The wind speed
measurements are made at or near 10m. The
insolation rate is typically assessed using
observations of cloud cover and ceiling
height based on criteria outlined by Turn-
er.”7 It is recommended that the P-G sta-
bility category be estimated using the Turn-
er method with site specific wind speed
measured at or near 10m and representative
cloud cover and ceiling height. Implementa-
tion of the Turner method, as well as consid-
erations in determining representativeness
of cloud cover and ceiling height in cases for
which site specific cloud observations are
unavailable, may be found in Section 6 of
reference 100. In the absence of requisite data
to implement the Turner method, the SRDT
method or wind fluctuation statistics (i.e.,
the o and 6, methods) may be used.

j. The SRDT method, described in Section
6.4.4.2 of reference 100, is modified slightly
from that published from earlier work 14 and
has been evaluated with three site specific
data bases.!5 The two methods of stability
classification which use wind fluctuation
statistics, the oz and cx methods, are also de-
scribed in detail in Section 6.4.4 of reference
100 (note applicable tables in Section 6). For
additional information on the wind fluctua-
tion methods, several references are avail-
able.106,107,108,109,

k. Meteorological Data Preprocessors. The
following meteorological preprocessors are
recommended by EPA: PCRAMMET,!0
MPRM,111  METPRO,12 and CALMET.113
PCRAMMET is the recommended meteoro-
logical preprocessor for use in applications
employing hourly NWS data. MPRM is a gen-
eral purpose meteorological data
preprocessor which supports regulatory mod-
els requiring PCRAMMET formatted (NWS)
data. MPRM is available for use in applica-
tions employing site specific meteorological
data. The latest version (MPRM 1.3) has been
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configured to implement the SRDT method
for estimating P-G stability categories.
METPRO is the required meteorological data
preprocessor for use with CTDMPLUS.
CALMET is available for use with applica-
tions of CALPUFF. All of the above men-
tioned data preprocessors are available for
downloading from EPA’s Internet SCRAM
Web site (subsection 2.3).

TABLE 9-3.—AVERAGING TIMES FOR SITE SPE-
CIFIC WIND AND TURBULENCE MEASUREMENTS

Averaging time

Parameter (in hours)

Surface wind speed (for use in stability de- | 1
terminations).
Transport direction ... L1
Dilution wind speed ... .
Turbulence measurements (o and ca) for | 11
use in stability determinations.
Turbulence Measurements for direct input | 1
to dispersion models.

1To minimize meander effects in ca when wind conditions
are light and/or variable, determine the hourly average o
value from four sequential 15-minute ¢’s according to the fol-
lowing formula:

[ 2 2 2
|Oys” +0ys" +05” + 055

(o) =,
1-hr \‘w 4

9.3.4 Treatment of Near-calms and Calms

9.3.4.1 Discussion

a. Treatment of calm or light and variable
wind poses a special problem in model appli-
cations since steady-state Gaussian plume
models assume that concentration is in-
versely proportional to wind speed. Further-
more, concentrations may become unreal-
istically large when wind speeds less than |
m/s are input to the model. Procedures have
been developed to prevent the occurrence of
overly conservative concentration estimates
during periods of calms. These procedures ac-
knowledge that a steady-state Gaussian
plume model does not apply during calm
conditions, and that our knowledge of wind
patterns and plume behavior during these
conditions does not, at present, permit the
development of a better technique. There-
fore, the procedures disregard hours which
are identified as calm. The hour is treated as
missing and a convention for handling miss-
ing hours is recommended.

9.3.4.2 Recommendations

a. Hourly concentrations calculated with
steady-state Gaussian plume models using
calms should not be considered valid; the
wind and concentration estimates for these
hours should be disregarded and considered
to be missing. Critical concentrations for 3-
, 8-, and 24-hour averages should be cal-
culated by dividing the sum of the hourly
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concentrations for the period by the number
of valid or non-missing hours. If the total
number of valid hours is less than 18 for 24-
hour averages, less than 6 for 8-hour aver-
ages or less than 3 for 3-hour averages, the
total concentration should be divided by 18
for the 24-hour average, 6 for the 8-hour aver-
age and 3 for the 3-hour average. For annual
averages, the sum of all valid hourly con-
centrations is divided by the number of non-
calm hours during the year. For models list-
ed in Appendix A, a post-processor computer
program, CALMPRO 114 has been prepared, is
available on the SCRAM Internet Web site
(subsection 2.3), and should be used.

b. Stagnant conditions that include ex-
tended periods of calms often produce high
concentrations over wide areas for relatively
long averaging periods. The standard steady-
state Gaussian plume models are often not
applicable to such situations. When stagna-
tion conditions are of concern, other mod-
eling techniques should be considered on a
case-by-case basis (see also subsection 8.2.8).

c. When used in steady-state Gaussian
plume models, measured site specific wind
speeds of less than | m/s but higher than the
response threshold of the instrument should
be input as | m/s; the corresponding wind di-
rection should also be input. Wind observa-
tions below the response threshold of the in-
strument should be set to zero, with the
input file in ASCII format. In all cases in-
volving steady-state Gaussian plume models,
calm hours should be treated as missing, and
concentrations should be calculated as in
paragraph (a) of this subsection.

10.0 ACCURACY AND UNCERTAINTY OF MODELS

10.1 Discussion

a. Increasing reliance has been placed on
concentration estimates from models as the
primary basis for regulatory decisions con-
cerning source permits and emission control
requirements. In many situations, such as
review of a proposed source, no practical al-
ternative exists. Therefore, there is an obvi-
ous need to know how accurate models really
are and how any uncertainty in the esti-
mates affects regulatory decisions. During
the 1980’s, attempts were made to encourage
development of standardized evaluation
methods.16,115 EPA recognized the need for
incorporating such information and has
sponsored workshops16 on model accuracy,
the possible ways to quantify accuracy, and
on considerations in the incorporation of
model accuracy and uncertainty in the regu-
latory process. The Second (EPA) Conference
on Air Quality Modeling, August 1982,117 was
devoted to that subject.

b. To better deduce the statistical signifi-
cance of differences seen in model perform-
ance in the face of unaccounted for uncer-
tainties and variations, investigators have
more recently explored the use of bootstrap
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techniques.!!8.11 Work is underway to de-
velop a new generation of evaluation
metrics?4 that takes into account the statis-
tical differences (in error distributions) be-
tween model predictions and observations.120
Even though the procedures and measures
are still evolving to describe performance of
models that characterize atmospheric fate,
transport and diffusion!2!.122.123 there has
been general acceptance of a need to address
the uncertainties inherent in atmospheric
processes.

10.1.1 Overview of Model Uncertainty

a. Dispersion models generally attempt to
estimate concentrations at specific sites
that really represent an ensemble average of
numerous repetitions of the same event.24
The event is characterized by measured or
“known’ conditions that are input to the
models, e.g., wind speed, mixed layer height,
surface heat flux, emission characteristics,
etc. However, in addition to the known con-
ditions, there are unmeasured or unknown
variations in the conditions of this event,
e.g., unresolved details of the atmospheric
flow such as the turbulent velocity field.
These unknown conditions, may vary among
repetitions of the event. As a result, devi-
ations in observed concentrations from their
ensemble average, and from the concentra-
tions estimated by the model, are likely to
occur even though the known conditions are
fixed. Even with a perfect model that predicts
the correct ensemble average, there are like-
ly to be deviations from the observed con-
centrations in individual repetitions of the
event, due to variations in the unknown con-
ditions. The statistics of these concentration
residuals are termed ‘‘inherent’ uncertainty.
Available evidence suggests that this source
of uncertainty alone may be responsible for
a typical range of variation in concentra-
tions of as much as 50 percent.124

b. Moreover, there is ‘‘reducible’” uncer-
tainty 115 associated with the model and its
input conditions; neither models nor data
bases are perfect. Reducible uncertainties
are caused by: (1) Uncertainties in the input
values of the known conditions (i.e., emission
characteristics and meteorological data); (2)
errors in the measured concentrations which
are used to compute the concentration re-
siduals; and (3) inadequate model physics and
formulation. The “‘reducible’” uncertainties
can be minimized through better (more accu-
rate and more representative) measurements
and better model physics.

c. To use the terminology correctly, ref-
erence to model accuracy should be limited
to that portion of reducible uncertainty
which deals with the physics and the formu-
lation of the model. The accuracy of the
model is normally determined by an evalua-
tion procedure which involves the compari-
son of model concentration estimates with
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measured air quality data.!?> The statement
of accuracy is based on statistical tests or
performance measures such as bias, noise,
correlation, etc.1® However, information that
allows a distinction between contributions of
the various elements of inherent and reduc-
ible uncertainty is only now beginning to
emerge.2* As a result most discussions of the
accuracy of models make no quantitative
distinction between (1) limitations of the
model versus (2) limitations of the data base
and of knowledge concerning atmospheric
variability. The reader should be aware that
statements on model accuracy and uncer-
tainty may imply the need for improvements
in model performance that even the ‘“‘per-
fect’” model could not satisfy.

10.1.2 Studies of Model Accuracy

a. A number of studies!26.127 have been con-
ducted to examine model accuracy, particu-
larly with respect to the reliability of short-
term concentrations required for ambient
standard and increment evaluations. The re-
sults of these studies are not surprising. Ba-
sically, they confirm what expert atmos-
pheric scientists have said for some time: (1)
Models are more reliable for estimating
longer time-averaged concentrations than
for estimating short-term concentrations at
specific locations; and (2) the models are rea-
sonably reliable in estimating the magnitude
of highest concentrations occurring some-
time, somewhere within an area. For exam-
ple, errors in highest estimated concentra-
tions of £10 to 40 percent are found to be typ-
ical128.129 j e, certainly well within the often
quoted factor-of-two accuracy that has long
been recognized for these models. However,
estimates of concentrations that occur at a
specific time and site, are poorly correlated
with actually observed concentrations and
are much less reliable.

b. As noted above, poor correlations be-
tween paired concentrations at fixed stations
may be due to ‘“‘reducible’ uncertainties in
knowledge of the precise plume location and
to unquantified inherent uncertainties. For
example, Pasquill130 estimates that, apart
from data input errors, maximum ground-
level concentrations at a given hour for a
point source in flat terrain could be in error
by 50 percent due to these uncertainties. Un-
certainty of five to 10 degrees in the meas-
ured wind direction, which transports the
plume, can result in concentration errors of
20 to 70 percent for a particular time and lo-
cation, depending on stability and station lo-
cation. Such uncertainties do not indicate
that an estimated concentration does not
occur, only that the precise time and loca-
tions are in doubt.
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10.1.3 Use of Uncertainty in Decision-
Making

a. The accuracy of model estimates varies
with the model used, the type of application,
and site specific characteristics. Thus, it is
desirable to quantify the accuracy or uncer-
tainty associated with concentration esti-
mates used in decision-making. Communica-
tions between modelers and decision-makers
must be fostered and further developed. Com-
munications concerning concentration esti-
mates currently exist in most cases, but the
communications dealing with the accuracy
of models and its meaning to the decision-
maker are limited by the lack of a technical
basis for quantifying and directly including
uncertainty in decisions. Procedures for
quantifying and interpreting uncertainty in
the practical application of such concepts
are only beginning to evolve; much study is
still required.!15.116,117,131,132

b. In all applications of models an effort is
encouraged to identify the reliability of the
model estimates for that particular area and
to determine the magnitude and sources of
error associated with the use of the model.
The analyst is responsible for recognizing
and quantifying limitations in the accuracy,
precision and sensitivity of the procedure.
Information that might be useful to the deci-
sion-maker in recognizing the seriousness of
potential air quality violations includes such
model accuracy estimates as accuracy of
peak predictions, bias, noise, correlation,
frequency distribution, spatial extent of high
concentration, etc. Both space/time pairing
of estimates and measurements and unpaired
comparisons are recommended. Emphasis
should be on the highest concentrations and
the averaging times of the standards or in-
crements of concern. Where possible, con-
fidence intervals about the statistical values
should be provided. However, while such in-
formation can be provided by the modeler to
the decision-maker, it is unclear how this in-
formation should be used to make an air pol-
lution control decision. Given a range of pos-
sible outcomes, it is easiest and tends to en-
sure consistency if the decision-maker con-
fines his judgement to use of the ‘“‘best esti-
mate’ provided by the modeler (i.e., the de-
sign concentration estimated by a model rec-
ommended in the Guideline or an alternate
model of known accuracy). This is an indica-
tion of the practical limitations imposed by
current abilities of the technical commu-
nity.

c. To improve the basis for decision-mak-
ing, EPA has developed and is continuing to
study procedures for determining the accu-
racy of models, quantifying the uncertainty,
and expressing confidence levels in decisions
that are made concerning emissions con-
trols.133.134 However, work in this area in-
volves ‘“‘breaking new ground’” with slow and
sporadic progress likely. As a result, it may
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be necessary to continue using the ‘‘best es-
timate’ until sufficient technical progress
has been made to meaningfully implement
such concepts dealing with uncertainty.

10.1.4 Evaluation of Models

a. A number of actions have been taken to
ensure that the best model is used correctly
for each regulatory application and that a
model is not arbitrarily imposed. First, the
Guideline clearly recommends the most ap-
propriate model be used in each case. Pre-
ferred models, based on a number of factors,
are identified for many uses. General guid-
ance on using alternatives to the preferred
models is also provided. Second, the models
have been subjected to a systematic perform-
ance evaluation and a peer scientific review.
Statistical performance measures, including
measures of difference (or residuals) such as
bias, variance of difference and gross varia-
bility of the difference, and measures of cor-
relation such as time, space, and time and
space combined as recommended by the AMS
Woods Hole Workshop 16, were generally fol-
lowed. Third, more specific information has
been provided for justifying the site specific
use of alternative models in previously cited
EPA guidance22.25, and new models are under
consideration and review.24 Together these
documents provide methods that allow a
judgement to be made as to what models are
most appropriate for a specific application.
For the present, performance and the theo-
retical evaluation of models are being used
as an indirect means to quantify one element
of uncertainty in air pollution regulatory de-
cisions.

b. EPA has participated in a series of con-
ferences entitled, ‘“Harmonisation within At-
mospheric Dispersion Modelling for Regu-
latory Purposes.’” 135 for the purpose of pro-
moting the development of improved meth-
ods for the characterization of model per-
formance. There is a consensus developing on
what should be considered in the evaluation
of air quality models13, namely quality as-
surance planning, documentation and scru-
tiny should be consistent with the intended
use, and should include:

e Scientific peer review;

e Supportive analyses (diagnostic evalua-
tions, code verification, sensitivity and un-
certainty analyses);

e Diagnostic and performance evaluations
with data obtained in trial locations, and

e Statistical performance evaluations in
the circumstances of the intended applica-
tions.

Performance evaluations and diagnostic
evaluations assess different qualities of how
well a model is performing, and both are
needed to establish credibility within the cli-
ent and scientific community. Performance
evaluations allow us to decide how well the
model simulates the average temporal and
spatial patterns seen in the observations,
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and employ large spatial/temporal scale data
sets (e.g., national data sets). Performance
evaluations also allow determination of rel-
ative performance of a model in comparison
with alternative modeling systems. Diag-
nostic evaluations allow determination of a
model capability to simulate individual
processes that affect the results, and usually
employ smaller spatial/temporal scale date
sets (e.g., field studies). Diagnostic evalua-
tions allow us to decide if we get the right
answer for the right reason. The objective
comparison of modeled concentrations with
observed field data provides only a partial
means for assessing model performance. Due
to the limited supply of evaluation data sets,
there are severe practical limits in assessing
model performance. For this reason, the con-
clusions reached in the science peer reviews
and the supportive analyses have particular
relevance in deciding whether a model will
be useful for its intended purposes.

c. To extend information from diagnostic
and performance evaluations, sensitivity and
uncertainty analyses are encouraged since
they can provide additional information on
the effect of inaccuracies in the data bases
and on the uncertainty in model estimates.
Sensitivity analyses can aid in determining
the effect of inaccuracies of variations or un-
certainties in the data bases on the range of
likely concentrations. Uncertainty analyses
can aid in determining the range of likely
concentration values, resulting from uncer-
tainties in the model inputs, the model for-
mulations, and parameterizations. Such in-
formation may be used to determine source
impact and to evaluate control strategies.
Where possible, information from such sensi-
tivity analyses should be made available to
the decision-maker with an appropriate in-
terpretation of the effect on the critical con-
centrations.

10.2 Recommendations

a. No specific guidance on the quantifica-
tion of model uncertainty for use in decision-
making is being given at this time. As proce-
dures for considering uncertainty develop
and become implementable, this guidance
will be changed and expanded. For the
present, continued use of the ‘‘best esti-
mate’’ is acceptable; however, in specific cir-
cumstances for O;, PM-2.5 and regional haze,
additional information and/or procedures
may be appropriate.41.42

11.0 REGULATORY APPLICATION OF MODELS

11.1 Discussion

a. Procedures with respect to the review
and analysis of air quality modeling and
data analyses in support of SIP revisions,
PSD permitting or other regulatory require-
ments need a certain amount of standardiza-
tion to ensure consistency in the depth and
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comprehensiveness of both the review and
the analysis itself. This section recommends
procedures that permit some degree of stand-
ardization while at the same time allowing
the flexibility needed to assure the tech-
nically best analysis for each regulatory ap-
plication.

b. Dispersion model estimates, especially
with the support of measured air quality
data, are the preferred basis for air quality
demonstrations. Nevertheless, there are in-
stances where the performance of rec-
ommended dispersion modeling techniques,
by comparison with observed air quality
data, may be shown to be less than accept-
able. Also, there may be no recommended
modeling procedure suitable for the situa-
tion. In these instances, emission limitations
may be established solely on the basis of ob-
served air quality data as would be applied
to a modeling analysis. The same care should
be given to the analyses of the air quality
data as would be applied to a modeling anal-
ysis.

c. The current NAAQS for SO, and CO are
both stated in terms of a concentration not
to be exceeded more than once a year. There
is only an annual standard for NO, and a
quarterly standard for Pb. Standards for fine
particulate matter (PM-2.5) are expressed in
terms of both long-term (annual) and short-
term (daily) averages. The long-term stand-
ard is calculated using the three year aver-
age of the annual averages while the short-
term standard is calculated using the three
year average of the 98th percentile of the
daily average concentration. For PM-10, the
convention is to compare the arithmetic
mean, averaged over 3 consecutive years,
with the concentration specified in the
NAAQS (50 pg/m3). The 24-hour NAAQS (150
ug/m3) is met if, over a 3-year period, there is
(on average) no more than one exceedance
per year. For ozone the short term 1-hour
standard is expressed in terms of an expected
exceedance limit while the short term 8-hour
standard is expressed in terms of a three
year average of the annual fourth highest
daily maximum 8-hour value. The NAAQS
are subjected to extensive review and pos-
sible revision every 5 years.

d. This section discusses general require-
ments for concentration estimates and iden-
tifies the relationship to emission limits.
The following recommendations apply to: (1)
Revisions of State Implementation Plans
and (2) the review of new sources and the
prevention of significant deterioration
(PSD).

11.2 Recommendations

11.2.1 Analysis Requirements

a. Every effort should be made by the Re-
gional Office to meet with all parties in-
volved in either a SIP revision or a PSD per-
mit application prior to the start of any
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work on such a project. During this meeting,
a protocol should be established between the
preparing and reviewing parties to define the
procedures to be followed, the data to be col-
lected, the model to be used, and the anal-
ysis of the source and concentration data.
An example of requirements for such an ef-
fort is contained in the Air Quality Analysis
Checklist posted on EPA’s Internet SCRAM
Web site (subsection 2.3). This checklist sug-
gests the level of detail required to assess
the air quality resulting from the proposed
action. Special cases may require additional
data collection or analysis and this should be
determined and agreed upon at this
preapplication meeting. The protocol should
be written and agreed upon by the parties
concerned, although a formal legal document
is not intended. Changes in such a protocol
are often required as the data collection and
analysis progresses. However, the protocol
establishes a common understanding of the
requirements.

b. An air quality analysis should begin
with a screening model to determine the po-
tential of the proposed source or control
strategy to violate the PSD increment or
NAAQS. For traditional stationary sources,
EPA guidance 2’ should be followed. Guidance
is also available for mobile sources.5”

c. If the concentration estimates from
screening techniques indicate that the PSD
increment or NAAQS may be approached or
exceeded, then a more refined modeling anal-
ysis is appropriate and the model user should
select a model according to recommenda-
tions in Sections 4-8. In some instances, no
refined technique may be specified in this
guide for the situation. The model user is
then encouraged to submit a model devel-
oped specifically for the case at hand. If that
is not possible, a screening technique may
supply the needed results.

d. Regional Offices should require permit
applicants to incorporate the pollutant con-
tributions of all sources into their analysis.
Where necessary this may include emissions
associated with growth in the area of impact
of the new or modified source. PSD air qual-
ity assessments should consider the amount
of the allowable air quality increment that
has already been consumed by other sources.
Therefore, the most recent source applicant
should model the existing or permitted
sources in addition to the one currently
under consideration. This would permit the
use of newly acquired data or improved mod-
eling techniques if such have become avail-
able since the last source was permitted.
When remodeling, the worst case used in the
previous modeling analysis should be one set
of conditions modeled in the new analysis.
All sources should be modeled for each set of
meteorological conditions selected.
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11.2.2 Use of Measured Data in Lieu of
Model Estimates

a. Modeling is the preferred method for de-
termining emission limitations for both new
and existing sources. When a preferred model
is available, model results alone (including
background) are sufficient. Monitoring will
normally not be accepted as the sole basis
for emission limitation. In some instances
when the modeling technique available is
only a screening technique, the addition of
air quality data to the analysis may lend
credence to model results.

b. There are circumstances where there is
no applicable model, and measured data may
need to be used. However, only in the case of
an existing source should monitoring data
alone be a basis for emission limits. In addi-
tion, the following items (i-vi) should be
considered prior to the acceptance of the
measured data:

i. Does a monitoring network exist for the
pollutants and averaging times of concern?

ii. Has the monitoring network been de-
signed to locate points of maximum con-
centration?

iii. Do the monitoring network and the
data reduction and storage procedures meet
EPA monitoring and quality assurance re-
quirements?

iv. Do the data set and the analysis allow
impact of the most important individual
sources to be identified if more than one
source or emission point is involved?

v. Is at least one full year of valid ambient
data available?

vi. Can it be demonstrated through the
comparison of monitored data with model re-
sults that available models are not applica-
ble?

c. The number of monitors required is a
function of the problem being considered.
The source configuration, terrain configura-
tion, and meteorological variations all have
an impact on number and placement of mon-
itors. Decisions can only be made on a case-
by-case basis. Guidance is available for es-
tablishing criteria for demonstrating that a
model is not applicable.2?

d. Sources should obtain approval from the
appropriate reviewing authority (paragraph
3.0(b)) for the monitoring network prior to
the start of monitoring. A monitoring pro-
tocol agreed to by all concerned parties is
highly desirable. The design of the network,
the number, type and location of the mon-
itors, the sampling period, averaging time as
well as the need for meteorological moni-
toring or the use of mobile sampling or
plume tracking techniques, should all be
specified in the protocol and agreed upon
prior to start-up of the network.
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11.2.3 Emission Limits

11.2.3.1 Design Concentrations

a. Emission limits should be based on con-
centration estimates for the averaging time
that results in the most stringent control re-
quirements. The concentration used in speci-
fying emission limits is called the design
value or design concentration and is a sum of
the concentration contributed by the source
and the background concentration.

b. To determine the averaging time for the
design value, the most restrictive NAAQS
should be identified by calculating, for each
averaging time, the ratio of the difference
between the applicable NAAQS (S) and the
background concentration (B) to the (model)
predicted concentration (P) (i.e., (S-B)/P).
The averaging time with the lowest ratio
identifies the most restrictive standard. If
the annual average is the most restrictive,
the highest estimated annual average con-
centration from one or a number of years of
data is the design value. When short term
standards are most restrictive, it may be
necessary to consider a broader range of con-
centrations than the highest value. For ex-
ample, for pollutants such as SO,, the high-
est, second-highest concentration is the de-
sign value. For pollutants with statistically
based NAAQS, the design value is found by
determining the more restrictive of: (1) The
short-term concentration over the period
specified in the standard, or (2) the long-
term concentration that is not expected to
exceed the long-term NAAQS. Determination
of design values for PM-10 is presented in
more detail in EPA guidance.*3

11.2.3.2 NAAQS Analyses for New or
Modified Sources

a. For new or modified sources predicted to
have a significant ambient impact®! and to
be located in areas designated attainment or
unclassifiable for the SO,, Pb, NO,, or CO
NAAQS, the demonstration as to whether
the source will cause or contribute to an air
quality violation should be based on: (1) The
highest estimated annual average concentra-
tion determined from annual averages of in-
dividual years; or (2) the highest, second-
highest estimated concentration for aver-
aging times of 24-hours or less; and (3) the
significance of the spatial and temporal con-
tribution to any modeled violation. For Pb,
the highest estimated concentration based
on an individual calendar quarter averaging
period should be used. Background con-
centrations should be added to the estimated
impact of the source. The most restrictive
standard should be used in all cases to assess
the threat of an air quality violation. For
new or modified sources predicted to have a
significant ambient impact® in areas des-
ignated attainment or unclassifiable for the
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PM-10 NAAQS, the demonstration of wheth-
er or not the source will cause or contribute
to an air quality violation should be based
on sufficient data to show whether: (1) The
projected 24-hour average concentrations
will exceed the 24-hour NAAQS more than 1
percent of the time, on average ; (2) the ex-
pected (i.e., average) annual mean concentra-
tion will exceed the annual NAAQS; and (3)
the source contributes significantly, in a
temporal and spatial sense, to any modeled
violation.

11.2.3.3 PSD Air Quality Increments and
Impacts

a. The allowable PSD increments for cri-
teria pollutants are established by regula-
tion and cited in 40 CFR 51.166. These max-
imum allowable increases in pollutant con-
centrations may be exceeded once per year
at each site, except for the annual increment
that may not be exceeded. The highest, sec-
ond-highest increase in estimated concentra-
tions for the short term averages as deter-
mined by a model should be less than or
equal to the permitted increment. The mod-
eled annual averages should not exceed the
increment.

b. Screening techniques defined in sub-
section 4.1 can sometimes be used to esti-
mate short term incremental concentrations
for the first new source that triggers the
baseline in a given area. However, when mul-
tiple increment-consuming sources are in-
volved in the calculation, the use of a refined
model with at least 1 year of site specific or
5 years of (off-site) NWS data is normally re-
quired (subsection 9.3.1.2). In such cases, se-
quential modeling must demonstrate that
the allowable increments are not exceeded
temporally and spatially, i.e., for all recep-
tors for each time period throughout the
year(s) (time period means the appropriate
PSD averaging time, e.g., 3-hour, 24-hour,
etc.).

c. The PSD regulations require an esti-
mation of the SO,, particulate matter (PM-
10), and NO; impact on any Class | area. Nor-
mally, steady-state Gaussian plume models
should not be applied at distances greater
than can be accommodated by the steady
state assumptions inherent in such models.
The maximum distance for refined steady-
state Gaussian plume model application for
regulatory purposes is generally considered
to be 50km. Beyond the 50km range, screen-
ing techniques may be used to determine if
more refined modeling is needed. If refined
models are needed, long range transport
models should be considered in accordance
with subsection 7.2.3. As previously noted in
Sections 3 and 7, the need to involve the Fed-
eral Land Manager in decisions on potential
air quality impacts, particularly in relation
to PSD Class | areas, cannot be overempha-
sized.
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