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>>>> Thisarticle, FR94, isdivided into fivefiles. ThisisFileD: Technica Amendments; Guideline on Air Quality
Models (Revised) of Appendix X to Part 266, through Appendix A.REF to Appendix X of Part 266 - Summaries of
Preferred Air Quality Models. <<<<

Appendix X to Part 266-Guideline On Air Quality Models (Revised)
[EPA DOCUMENT NUMBER EPA-450/2-78-027R]
Preface

Industry and control agencies have long expressed a need for consistency in the application 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 was first published in April 1978 to satisfy
these requirements by specifying models and providing guidance for their use. This guideline provides a common basis
for estimating the air quality concentrations used in assessing control strategies and devel oping emission limits.

The continuing development of new air quality models in response to regulatory requirements and the
expanded requirements for models to cover even more complex problems have emphasized the need for periodic review
and update of guidance on these techniques. Four primary on-going activities provide direct input to revisions of this
modeling guideline. The first is a series of annual EPA workshops conducted for the purpose of ensuring consistency
and providing clarification in the application of models. The second activity, directed toward the improvement of
modeling procedures, is the cooperative agreement that EPA has with the scientific community represented by the
American Meteorological Society. This agreement provides scientific assessment of procedures and proposed
techniques and sponsors workshops on key technical issues. The third activity is the solicitation and review of new
models from the technical and user community. In the March 27, 1980 Federal Register, a procedure was outlined for
the submittal to EPA of privately developed models. After extensive evaluation and scientific review, these models, as
well as those made available by EPA, are considered for recognition in this guideline. The fourth activity isthe extensive
on-going research efforts by EPA and othersin air quality and meteorological modeling.

Based primarily on these four activities, this document embodies revisions to the "Guideline on Air Quality
Models." Although the text has been revised from the 1978 guide, the present content and topics are similar. As
necessary, new sections and topics are included. A new format has also been adopted in an attempt to lessen the time
required to incorporate changes. The looseleaf notebook format allows future changes to be made on a page-by-page
basis. Changes will not be scheduled, but announcements of proposed changes will be made in the Federal Register as
needed. EPA believesthat revisions to this guideline should be timely and responsive to user needs and should involve
public participation to the greatest possible extent. Information on the current status of modeling guidance can always be
obtained from EPA's Regional Offices.

This revised guideline was promulgated in September 1986 (51 FR 32176-32179) and, with further revisions
known as supplement A, in January 1988 (53 FR 392-396).

Table of Contents

List of Tables

1.0 Introduction

2.0 Overview of Model Use

2.1 Suitability of Models



2.2 Classes of Models
2.3 Levels of Sophistication of Models
3.0 Recommended Air Quality Models
3.1 Preferred Modeling Techniques
3.2 Use of Alternative Models
3.3 Availability of Supplementary Modeling Guidance
3.3.1 The Model Clearinghouse
3.3.2 Regional Meteorologists Workshops
4.0 Smple-Terrain Stationary-Source Models
4.1 Discussion
4.2 Recommendations
4.2.1 Screening Techniques
4.2.2 Refined Analytical Techniques
5.0 Model Usein Complex Terrain
5.1 Discussion
5.2 Recommendations
5.2.1 Screening Techniques
5.2.2 Refined Analytical Techniques
6.0 Models for Ozone, Carbon Monoxide and Nitrogem Dioxide
6.1 Discussion
6.2 Recommendations
6.2.1 Models for Ozone
6.2.2 Models for Carbon Monoxide
6.2.3 Models for Nitrogen Dioxide (Annual Average)
7.0 Other Model Requirements
7.1 Discussion

7.2 Recommendations

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

7.2.1 Fugitive Dust/Fugitive Emissions




7.2.2 Particulate Matter

723 Lead

7.2.4 Vighility

7.2.5 Good Engineering Practice Stack Height

7.2.6 Long Range Transport (beyond 50 km)

7.2.7 Modeling Guidance for Other Governmental Programs
8.0 General Modeling Considerations

8.1 Discussion

8.2 Recommendations

8.2.1 Design Concentrations

8.2.2 Critical Receptor Sites

8.2.3 Dispersion Coefficients

8.2.4 Stability Categories

8.2.5 PlumeRise

8.2.6 Chemical Transformation

8.2.7 Gravitationa Settling and Deposition

8.2.8 Urban/Rural Classification

8.2.9 Fumigation

8.2.10 Stagnation

8.2.11 Calibration of Models
9.0 Modd Input Data

9.1 Source Data

9.1.1 Discussion

9.1.2 Recommendations

9.2 Background Concentrations

9.2.1 Discussion

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

9.2.2 Recommendations (Isolated Single Source)

9.2.3 Recommendations (Multi-Source Areas)




-
<
L
=
-
O
o
(@
L
>
—
- -
O
o
<
<
o
Ll
2
=

9.3 Meteorological Input Data
9.3.1 Length of Record of Meteorological Data
9.3.2 National Weather Service Data
9.3.3 Site-Specific Data
9.3.4 Treatment of Calms
10.0 Accuracy and Uncertainty of Models
10.1 Discussion
10.1.1 Overview of Model Uncertainty
10.1.2 Studies of Model Accuracy
10.1.3 Use of Uncertainty in Decision-Making
10.1.4 Evaluation of Models
10.2 Recommendations
11.0 Regulatory Application of Models
11.1 Discussion
11.2 Recommendations
11.2.1 Analysis Requirements
11.2.2 Use of Measured Datain Lieu of Model Estimates
11.2.3 Emission Limits
12.0 References
13.0 Bibliography
14.0 Glossary of Terms
Appendix A-Summaries of Preferred Air Quality Models
Appendix B-Summaries of Alternative Air Quality Models
Appendix C-Example Air Quality Analysis Checklist
List of Tables
Table No. and title Page
4-1 Preferred Models for Selected Applicationsin Simple Terrain

5-1 Preferred Options for the SHORTZ/LONGZ Computer Codes When Used in a Screening Mode.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

5-2 Preferred Options for the RTDM Computer Code When Used in a Screening Mode.
9-1 Model Emission Input Data for Point Sources

9-2 Averaging Times for Site-Specific Wind and Turbulence Measurements.

9-3 Wind Fluctuation Criteriafor Estimating Pasquill Stability Categories.

9-4 Nighttime P-G Stability Categories Based on °A from Table 9-3

1.0 Introduction

This guideline recommends air quality modeling techniques that should be applied to State Implementation
Plan (SIP)(1) revisions for existing sources and to new source reviews,(2) including prevention of significant
deterioration (PSD).(3) It isintended for use by EPA Regional Officesin judging the adegquacy 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 quaity and land management responsibilities. It servesto identify, for all
interested parties, those techniques and data bases EPA considers acceptable. The guide is not intended to be a
compendium of modeling techniques. Rather, it should serve as abasis by which air quality managers, supported by
sound scientific judgment, have a common measure of acceptable technical analysis.

Dueto limitationsin the spatial and temporal coverage of air quality measurements, 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 become a primary analytical tool in most air quality assessments. Air quality
measurements though can be used in a complementary manner to dispersion models, with due regard for the strengths
and weaknesses of both analysis techniques. M easurements are particularly useful in ng the accuracy of model
estimates. The use of air quality measurements alone however could be preferable, as detailed in alater section of this
document, when models are found to be unacceptable and monitoring data with sufficient spatial and temporal coverage
areavailable.

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 program. However, the diversity of the nation's topography and
climate, and variations in source configurations and operating characteristics dictate against a strict modeling
"cookbook." Thereisno one model capable of properly addressing all conceivable situations even within a broad
category such as point sources. Meteorological phenomena associated with threatsto air quality standards are rarely
amenable to a single mathematical treatment; thus, case-by-case analysis and judgment are frequently required. As
modeling efforts become more comple, it isincreasingly important that they be directed by highly competent
individuals with a broad range of experience and knowledge in air quality meteorology. Further, they should be
coordinated closely with specialists in emissions characteristics, air monitoring and data processing. The judgment of
experienced meteorol ogists and analystsis essential.

The model that most accurately estimates concentrations in the area of interest is aways 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 deliberations of Congress, that consistency in the selection and application of models and data bases should
also be sought, even in case-by-case analyses. Consistency ensuresthat air quality control agencies and the general
public have acommon basis for estimating pollutant concentrations, ng control strategies and specifying emission
limits. Such consistency is not, however, promoted at the expense of model and data base accuracy. This guide provides
aconsistent basis for selection of the most accurate models and data bases for use in air quality assessments.

Recommendations are made in this guide concerning air quality models, data bases, requirements for
concentration estimates, the use of measured datain lieu of model estimates, and model evaluation procedures. Models
are identified for some specific applications. The guidance provided here should be followed in al air quality analyses
relative to State Implementation Plans and in analyses required by EPA, State and local agency air programs. The EPA
may approve the use of another technique that can be demonstrated to be more appropriate than those recommended in
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thisguide. Thisis discussed at greater length in section 3.0. In all cases, the model applied to a given situation should be
the one that provides the most accurate representation of atmospheric transport, dispersion, and chemical
transformations in the area of interest. However, to ensure consistency, deviations from this guide should be carefully
documented and fully supported.

From time to time situations arise requiring clarification of the intent of the guidance on a specific topic.
Periodic workshops are held with the EPA Regional Meteorologists 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 further
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 information changes in the guidance may be
indicated.

All changes to this guideline must follow rulemaking requirements since the guideline has been incorporated
by reference in the PSD regulations. Changes will be proposed and noticed in the Federal Register. Ample opportunity
for public comment will be provided for each proposed change and public hearings scheduled if requested. Published,
final changeswill be made available through the National Technical Information Service (NTIS).

A wide range of topics on modeling and data bases are discussed in the remainder of this guideline. Where
specific recommendations are made, the recommendations are typed in a single-spaced format. Chapter 2 gives an
overview of models and their appropriate use. Chapter 3 provides specific guidance on the use of "preferred” air quality
models and on the selection of alternative techniques. Chapters 4 through 7 provide recommendations on modeling
techniques for application to simple-terrain stationary source problems, complex terrain problems, and mobile source
problems. Specific modeling requirements for selected regulatory issues are also addressed. Chapter 8 discusses issues
common to many modeling analyses, including acceptable model components. Chapter 9 makes recommendations for
data inputs to models including source, meteorological and background air quality data. Chapter 10 coversthe
uncertainty in model estimates and how that information can be useful to the regulatory decision-maker. The last chapter
summarizes how estimates and measurements of air quality are used in ng source impact and in evaluating control
strategies.

Appendix A contains summaries of refined air quality models that are "preferred” for specific applications;
both EPA models and models developed by others are included. Appendix B contains summaries of other refined
models that may be considered with a case-specific justification. Appendix C contains a checklist of requirements for an
air quality analysis.

2.0 Overview of Model Use

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

2.1 Suitability of Models

The extent to which a specific air quality model is suitable for the eval uation of source impact depends upon
several factors. Theseinclude: (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 modeling; (4)
the resources available; and (5) the detail and accuracy of the data base, i.e., emissions inventory, meteorologica data,
and air quality data. Appropriate data should be available before any attempt is made to apply amodel. A model that
requires 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 amodel considers the spatial and temporal variationsin emissions and
meteorological conditions, the greater the ability to evaluate the source impact and to distinguish the effects of various
control strategies.

Air quality models have been applied with the most accuracy or the least degree of uncertainty to simulations of
long term averagesin areas with relatively simple topography. Areas subject to major topographic influences experience
meteorological complexities that are extremely difficult to smulate. Although models are available for such
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circumstances, they are frequently site specific and resource intensive. In the absence of amodel capable of smulating
such complexities, only a preliminary approximation may be feasible until such time as better models and data bases
become available.

Models are highly specialized tools. Competent and experienced personnel are an essentia prerequisite to the
successful application of simulation models. The need for specialistsis critical when the more sophisticated models are
used or the area being investigated has complicated meteorological or topographic features. A model applied
improperly, or with inappropriately chosen data, can lead to serious misjudgments regarding the source impact or the
effectiveness of a control strategy.

The resource demands generated by use of air quality models vary widely depending on the specific
application. The resources required 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
facilities may also be important factors in the selection and use of amodel for a specific analysis. However, it should be
recognized that under some sets of physical circumstances and accuracy requirements, no present model may be
appropriate. Thus, consideration of these factors should not lead to selection of an inappropriate model.

2.2 Classes of Models

The air quality modeling procedures discussed in this guide can be categorized into four generic classes:
Gaussian, numerical, statistical or empirical, and physical. Within these classes, especially Gaussian and numerical
models, alarge number of individua "computational algorithms" may exist, each with its own specific applications.
While each of the algorithms may have the same generic basis, e.g., Gaussian, it is accepted practice to refer to them
individually as models. For example, the CRSTER model and the RAM model are commonly referred to asindividual
models. In fact, they are both variations of a basic Gaussian model. In many cases the only real difference between
models within the different classesis the degree of detail considered in the input or output data.

Gaussian models are the most widely used techniques for estimating the impact of nonreactive pollutants.
Numerical models may be more appropriate than Gaussian models for area source urban applications that involve
reactive pollutants, but they require much more extensive input data bases and resources and therefore are not as widely
applied. Statistical or empirical techniques are frequently employed in situations where incompl ete scientific
understanding of the physical and chemical processes or lack of the required data bases make the use of a Gaussian or
numerical model impractical. Various specific models in these three generic types are discussed in this guideline.

Physical modeling, the fourth generic type, involves the use of wind tunnel or other fluid modeling facilities.
This class of modeling isacomplex process requiring ahigh level of technical expertise, aswell as accessto the
necessary facilities. Nevertheless, physical modeling may be useful for complex flow situations, such as building, terrain
or stack downwash conditions, plume impact on elevated terrain, diffusion in an urban environment, or diffusionin
complex terrain. It is particularly applicable to such situations for a source or group of sources in a geographic area
limited to afew square kilometers. If physical modeling is available and its applicability demonstrated, it may be the best
technique. A discussion of physical modeling is beyond the scope of this guide. The EPA publication "Guideline for
Fluid Modeling of Atmospheric Diffusion,” (4) provides information on fluid modeling applications and the limitations
of that method.

2.3 Levels of Sophistication of Models

In addition to the various classes of models, there are two levels of sophistication. Thefirst level consists of
general, relatively simple estimation techniques that provide conservative estimates of the air quality impact of a specific
source, or source category. These are screening techniques or screening models. The purpose of such techniquesisto
eliminate the need of further 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) (5) or the allowable prevention
of significant deterioration (PSD) concentration increments. (3) If a screening technique indicates 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 sophisticated models should be applied.
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The second level consists of those analytical techniques that provide more detailed treatment of physical and
chemical atmospheric processes, require more detailed and precise input data, and provide more specialized
concentration estimates. As aresult they provide a more refined and, at least theoretically, a more accurate estimate of
source impact and the effectiveness of control strategies. These are referred to as refined models.

The use of screening techniques followed by a more refined analysis is always desirable, however there are
situations where the screening techniques are practically and technically the only viable option for estimating source
impact. In such cases, an attempt should be made to acquire or improve the necessary data bases and to develop
appropriate analytical techniques.

3.0 Recommended Air Quality Models

This section recommends refined modeling techniques that are preferredfor usein regulatory air quality
programs. The status of models developed by EPA, aswell as those submitted to EPA for review and possibleinclusion
in this guidance, is discussed. The section also addresses the selection of models for individual cases and provides
recommendations for situations where the preferred models are not applicable. Two additional sources of modeling
guidance, the Model Clearinghouse (6) and periodic Regional Meteorologists workshops, are also briefly discussed
here.

In al regulatory analyses, especiadly if other than preferred models are selected for use, early discussions
among Regional Office staff, State and local control agencies, industry representatives, and where appropriate, the
Federal Land Manager, are invaluable and are encouraged. Agreement on the data base to be used, modeling techniques
to be applied and the overall technical approach, prior to the actual analyses, hel ps avoid misunderstandings concerning
the final results and may reduce the later need for additional analyses. The use of an air quality checklist, such as
presented in Appendix C, and the preparation of awritten protocol help to keep misunderstandings at a minimum.

It should not be construed that the preferred models identified here are to be permanently 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 concentrations in the area of interest is always sought. However, designation of specific modelsis
needed to promote consistency in model selection and application.

The 1980 solicitation of new or different models from the technical community (7) and the program whereby
these models are eval uated, established a means by which new models are identified, reviewed and made available in the
guideline. Thereis a pressing need for the development of models for awide range of regulatory applications. Refined
models that more realistically simulate the physical and chemical processin the atmosphere and that more reliably
estimate pollutant concentrations are required. Thus, the solicitation of modelsis considered to be continuous.

3.1 Preferred Modeling Techniques
3.1.1 Discussion

EPA has devel oped approximately 10 models suitable for regulatory application. More than 20 additional
models were submitted by private developers for possible inclusion in the guideline. These refined models have all been
organized into eight categories of use: Rural, urban industrial complex, reactive pollutants, mobile sources, complex
terrain, visibility, and long range transport. They are undergoing an intensive evaluation by category. The evaluation
exercises (8,9,10) include statistical measures of model performance in comparison with measured air quality data as
suggested by the American Meteorological Society (11) and, where possible, peer scientific reviews. (12,13,14)

When asingle model is found to perform better than othersin a given category, it is recommended for
application in that category as a preferred model and listed in appendix A. If no one model isfound to clearly perform
better through the evaluation exercise, then the preferred model listed in appendix A is selected on the basis of other
factors such as past use, public familiarity, cost or resource requirements, and availability. No further evaluation of a
preferred model isrequired if the source follows EPA recommendations specified for the model in this guideline. The
models not specifically recommended for use in a particular category are summarized in appendix B. These models
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should be compared with measured air quality data when they are used for regulatory applications consistent with
recommendations in section 3.2.

The solicitation of new refined models which are based on sounder scientific principles and which more
reliably estimate pollutant concentrations is considered by EPA to be continuous. Models that are submitted in
accordance with the provisions outlined in the Federal Register notice of March 1980 (45 FR 20157) (7) will be
evaluated as submitted.

These requirements are: 1. The model must be computerized and functioning in acommon Fortran language
suitable for use on avariety of computer systems.

2. The model must be documented in a user's guide which identifies the mathematics of the model, data
requirements and program operating characteristics at alevel of detail comparable to that available for currently
recommended models, e.g., the Single Source [CRSTER] Model.

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

4. The model must be useful to typical users, e.g., State air pollution control agencies, for specific air quality
control problems. Such users should be able to operate the computer program(s) from available documentation.

5. The model documentation must include a comparison with air quality data or with other well-established
analytica techniques.

6. The devel oper must be willing to make the model available to users at reasonable cost or make it available
for public access through the National Technical Information Service; the model cannot be proprietary.

The evaluation process will include a determination of technical merit, in accordance 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 scientific review. Models for wide use (not just an
isolated case!) found to perform better, based on an evauation for the same data bases used to evaluate modelsin
appendix A, will be proposed for inclusion as preferred models in future guideline revisions.

3.1.2 Recommendations

Appendix A identifies refined models that are preferred for use in regulatory applications. If amodel is
required for a particular application, the user should select amodel from that appendix. These models may be used
without aformal demonstration of applicability aslong asthey are used asindicated in each model summary of appendix
A. Further recommendations for the application of these models to specific source problems are found in subsequent
sections of this guideline.

If changes are made to a preferred model without affecting the concentration estimates, 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 averaging time of the model results. However, when any
changes are made, the Regional Administrator should require atest case example to demonstrate that the concentration
estimates are not affected.

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 likewise atersits 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
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Selection of the best techniques for each individual air quality analysisis always encouraged, but the selection
should be done in a consistent manner. A ssimple listing of modelsin this guide cannot alone achieve that consistency nor
can it necessarily provide the best model for all possible situations. An EPA document, "Interim Procedures for
Evaluating Air Quality Models," (15, 16) has been prepared to assist in devel oping a consistent approach when justifying
the use of other than the preferred modeling techniques recommended in this guide. These procedures provide a general
framework for objective decision-making on the acceptability of an aternative model for a given regulatory application.
The document contains procedures for conducting both the technical evaluation of the model and thefield test or
performance evaluation. An example problem that focuses on the design and execution of the protocol for conducting a
field performance evaluation is aso included in that document.

This section discusses the use of aternate modeling techniques and defines three situations when alternative
models may be used.

3.2.2 Recommendations

Determination of acceptability of amodel isaRegiona Office responsibility. Where the Regional
Administrator or reviewing authority finds that an alternative model is more appropriate than a preferred model, that
model may be used subject to the recommendations below. This finding will normally result from a determination that
(1) apreferred air quality model is not appropriate for the particular application; or (2) a more appropriate model or
analytical procedureis available and is applicable.

An aternative model should be evaluated from both atheoretical and a performance perspective beforeit is
selected for use. There are three separate conditions under which such a model will normally be approved for use: (1) If
ademonstration can be made that the model produces concentration estimates equivalent to the estimates obtained using
apreferred model; (2) if astatistical performance evaluation has been conducted using measured air quality data and the
results of that evaluation indicate the alternative model performs better for the application than a comparable model in
appendix A; and (3) if there is no preferred model for the specific application but arefined model is needed to satisfy
regulatory requirements. Any one of these three separate conditions may warrant use of an aternative model. Some
alternative models known to be available to the public that are applicable for selected situations are contained in
appendix B. However, inclusion there does not infer any unique status relative to other alternative models that are being
or will be developed for the future.

Equivaency is established by demonstrating that the maximum or highest, second highest concentrations are
within two percent of the estimates obtained from the preferred model. The option to show equivalency isintended asa
simple demonstration of acceptability for an alternative model that is so nearly identical (or contains options that can
make it identical) to a preferred model that it can be treated for practical purposes as the preferred model. Two percent
was selected as the basis for equivalency sinceit is arough approximation of the fraction that PSD Class | increments
are of the NAAQS for SO, i.e., the difference in concentrations that is judged to be significant. However, this
demonstration is not intended to preclude the use of models that are not equivalent. They may be used when one of two
other conditionsidentified below are satisfied.

The procedures and techniques for determining the acceptability of amodel for an individua case based on
superior performance is contained in the document entitled "Interim Procedures for Evaluating Air Quality Models,"
(15) and should be followed, as appropriate. Preparation and implementation of an evaluation protocol whichis
acceptable to both control agencies and regulated industry is an important element in such an evaluation.

When no appendix A model is applicable to the modeling problem, an alternative refined model may be used
provided that:

1. The model can be demonstrated to be applicable to the problem on atheoretical basis, and
2. the data bases which are necessary to perform the analysis are available and adeguate, and

3a. performance evaluations of the model in similar circumstances have shown that the model is not biased
toward underestimates (examples of such circumstances include long range transport and shoreline fumigation), or
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3b. after consultation with the EPA Regiona Office, a second model is selected as a baseline or reference point
for performance and the interim procedures (15) are then used to demonstrate that the proposed model performs better
than the reference model (an example of such circumstances includes complex terrain).

3.3 Availability of Supplementary Modeling Guidance

The Regional Administrator has the authority 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 consistency in
modeling decisionsis fostered among the various Regional Offices and the States. To satisfy that need, EPA established
the Model Clearinghouse and also holds periodic workshops with headquarters, Regional Office and State modeling
representatives.

3.3.1 The Model Clearinghouse
3.3.1.1 Discussion.

The Model Clearinghouse isthe single EPA focal point for review of air quality simulation models proposed
for use in specific regulatory applications. Details concerning the Clearinghouse and its operation are found in the
document, "Model Clearinghouse: Operational Plan." (6) Three primary functions of the Clearinghouse are:

(1) Review of decisions proposed by EPA Regional Offices on the use of modeling techniques and data bases.
(2) Periodic visits to Regiona Offices to gather information pertinent to regulatory model usage.

(3) Preparation of an annual report summarizing activities of the Clearinghouse including specific
determinations made during the course of the year.

3.3.1.2 Recommendations.

The Regional Administrator may request assistance from the Model Clearinghouse after an initial evaluation
and decision has been reached concerning the application of amodel, analytical technique or data base in a particular
regulatory action. The Clearinghouse may also consider and evaluate the use of modeling techniques submitted in
support of any regulatory action. Additional responsibilities are: (1) Review proposed action for consistency with agency
policy; (2) determine technical adequacy; and (3) make recommendations concerning the technique or data base.

3.3.2 Regional Meteorologists Workshops
3.3.2.1 Discussion.

EPA conducts an annua in-house workshop for the purpose of mutual discussion and problem resolution
among Regional Office modeling specialists, EPA research modeling experts, EPA Headguarters modeling and
regulatory staff and representatives from State modeling programs. A summary of the issues resolved at previous
workshops wasissued in 1981 as "Regiona Workshops on Air Quality Modeling: A Summary Report." (17) That report
clarified procedures not specifically defined in the 1978 guideline and was issued to ensure the consistent interpretation
of model requirements from Region to Region. Similar workshops for the purpose of clarifying guideline procedures or
providing detailed instructions for the use of those procedures are anticipated in the future.

3.3.2.2 Recommendations.
The Regiona Office should aways be consulted for information and guidance concerning modeling methods
and interpretations of modeling guidance, and to ensure that the air quality model user has available the latest most up-

to-date policy and procedures.

4.0 SIMPLE-TERRAIN STATIONARY-SOURCE MODELS
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4.1 Discussion

Simpleterrain, as used here, is considered to be an areawhere terrain features are all lower in elevation than
the top of the stack of the source(s) in question. The models recommended in this section are generally used in the air
quality impact analysis of stationary sources for most criteria pollutants. The averaging time of the concentration
estimates produced by these models ranges from 1 hour to an annual average.

Model evaluation exercises have been conducted to determine the "best, most appropriate point source model"
for usein simpleterrain. (8, 12) However, no one model has been found to be clearly superior. Thus, based on past use,
public familiarity, and availability CRSTER remains the recommended model for rural, simple terrain, single point
source applications. Similar determinations were made for the other refined models that are identified in the following
sections.

4.2 Recommendations.
4.2.1 Screening Techniques

The EPA document "Guidelines for Air Quality Maintenance Planning and Analysis, Volume 10R: Procedures
for Evaluating Air Quality Impact of New Stationary Sources' 18 contains screening procedures that should be used if
the sourceisin simple terrain. A computerized version of the Volume 10R screening technique for usein smpleterrain
(urban and rural) is availablein UNAMAP" 19 as PTPLU-2.

All screening procedures should be adjusted to the site and problem at hand. Close attention should be paid to
whether the area should be classified urban or rural in accordance with Section 8.2.8. 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 reviewing authority 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

Table 4-1 lists preferred models for selected applications. These preferred models should be used for the
sources, land use categories and averaging times indicated in the table. A brief description of each of these modelsis
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.

When modeling for compliance with short term NAAQS and PSD incrementsis of primary concern, the short
term modelslisted in Table 4-1 may also be used to provide long term concentration estimates. When modeling for
sources for which long term standards al one are applicable (e.g., lead), then the long term model s should be used.

The conversion from long term to short term concentration averages by any transformation technique is not
acceptable in regulatory applications.

Table 4-1.- Preferred Mdels for Selected Applications in Sinple Terrain

Land Use Model *
Short Term (1-24 hours):
Si ngl e Source Rur al CRSTER
Ur ban RAM
Mul tiple Source Rur al MPTR
Ur ban RAM
Conpl i cat ed Sour ces? Rur al / Ur ban | SCST
Buoyant Industrial Line Rur al BLP

Sour ces
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Long Term (rmont hly, seasonal

or annual):
Singl e Source Rur al CRSTER
Ur ban RAM
Mul tiple Source Rur al MPTER
Ur ban CDM 2.0 or RAM
Conpl i cat ed Sour ces? Rur al / Ur ban I SCLT
Buoyant Industrial Line Rur al BLP
Sour ces

!Several of these nodels contain options which allow themto be interchanged. For

exanpl e, | SCST can be substituted for CRSTER and equivalent, if not identical,
concentration estinates obtained. Simlarily, for a point source application, MPTER with
urban option can be substituted for RAM Were a substitution is convenient to the user
and equi val ent estinmates are assured, it nay be nade. The npdels as listed here reflect
the applications for which they were originally intended.

2Conpl i cated sources are sources with special problens such as aerodynam c downwash,
particle deposition, volunme and area sources, etc.

°If only a few sources in an urban area are to be nodel ed, RAM shoul d be used.

5.0 Mbdel Use in Conplex Terrain
5.1 Di scussion

For the purpose of this guideline, complex terrain is defined as terrain
exceedi ng the height of the stack being nodel ed. Conplex terrain dispersion
nodel s are normally applied to stationary sources of pollutants such as SG
and particul at es.

Al t hough the need for refined conplex terrain dispersion nodels has been
acknow edged for several years, adequate refined nodels have not been
devel oped. The |l ack of detailed, descriptive data bases and basic know edge
concerni ng the behavior of atnospheric variables in the vicinity of conplex
terrain presents a considerable obstacle to the solution of the problem and
t he devel opnent of refined nodels.

A workshop (20) of invited conplex terrain experts was held by the
Ameri can Meteorol ogi cal Society as a part of the AMS- EPA Cooperative Agreenent
in May of 1983. Several mmjor conmplex terrain problens were identified at this
wor kshop; anobng them were: (1) Valley stagnation, (2) valley funmigation, (3)
downwash on the |eeside of terrain obstacles; and (4) the identification of
condi tions under which plume inpaction can occur

A first step toward the solution of two of these problens has been taken
in the nmulti-year EPA Conplex Terrain Mdel Devel opment project. (21, 22,23, 24)
One product of this project is expected to be a nodel suitable for regulatory
application to plume inpaction problens in conplex terrain. In addition
insight into the leeside effects problemis also anticipated. Conpletion of
the project is not expected before late 1987. Prelimnary results have
identified at |east two concepts that have inportant inplications for the
regul atory application of nodels in conplex terrain and will require further
detail ed study and evaluation. First, plune inpaction resulting in high
concentrati ons was observed to occur during the field study as well as in
supporting fluid nodeling studies. (21) Further, the occurrence of inpaction
was linked to a "critical stream ine" that separates flow around an obstacle
fromflow over an obstacle. Second, high concentrations were al so observed to
occur in the |lee of the obstacle and were of sufficient magnitude to indicate
that this phenomenon shoul d be considered, if appropriate, in the
determ nati on of source inpacts. (22)
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To date nmost projects have been designed to identify plune behavior in
conplex terrain and to define the nmeteorol ogical variables influencing that
behavior. Until such tine as it is possible to devel op and eval uate a nodel
hased on the quantification of the nmeteorol ogi cal and plune paraneters
identified in these studies, existing algorithms adapted to site-specific
conplex terrain situations are all that are available. The nethods di scussed
in this section should be considered screening, or "refined" screening,
techni ques and not refined di spersion nodels.

5.2 Recommendati ons

The foll owi ng recormendati ons apply primarily to the situati ons where
the inmpaction of plumes on terrain at elevations equal to or greater than the
pl ume centerline during stable atnmospheric conditions are deternined to be the
problem The eval uation of other concentrations should be considered after
consultation with the Regional Ofice. However, limted guidance on
cal cul ati on of concentrations between stack height and plunme centerline is
provi ded.

Model s devel oped for specific uses in conplex terrain will be considered
on a case-by-case basis after a suitable denonstration of their technica
nerits and an eval uati on using neasured on-site data follow ng the procedures
in "InterimProcedures for the Evaluation of Air Quality Mdels." (15) Since
the I ocation of plune centerline is as inportant a concern in conplex terrain
as dispersion rates, it should be noted that the dispersion nodels conbi ned
with a wind field anal ysis nodel should be superior to an assunption of
straight-line plune travel. Such hybrid nodeling techniques are also
acceptabl e, after the appropriate denonstrati on and eval uati on.

5.2.1 Screening Techni ques

In the absence of an approved case-specific, refined, conplex terrain
nodel , four screening techniques are currently available to aid in the
eval uation of concentrations due to plume inpaction during stable conditions:
the Vall ey Screening Technique as outlined in the Valley Mdel's User's Guide,
(19, 25) COWPLEX |, (19) SHORTZ/ LONGZ, (26) and the Rough Terrain Dispersion
Model (RTDM (91) in its prescribed node described bel ow. These methods shoul d
be used only to cal cul ate concentrations at receptors whose el evations are
greater than or equal to plune height. Receptors bel ow stack hei ght shoul d be
nodel ed using a preferred sinple terrain nodel (see chapter 4). Receptors
bet ween stack hei ght and plune hei ght shoul d be nodeled with both conpl ex
terrain and sinple terrain nodels and the highest concentration used. (For the
sinmple terrain nodels, terrain may have to be "chopped-off" at stack height,
since these nodels are frequently linmted to receptors no greater than stack
hei ght .)

If a violation of any NAAQS or the controlling increment is indicated by
using the Valley Screening Techni que, a second-or third-1evel screening
techni que may be used. A site-specific data base of at |east one full year of
nmet eorol ogi cal data is preferred for use with either the second- or third-
| evel screening technique. |If nore data are avail able, they should be used.
Met eor ol ogi cal data used in the analysis should be reviewed for both spatia
and tenporal representativeness.

Pl acenent of receptors requires very careful attention when nodeling in
conplex terrain. Often the highest concentrations are predicted to occur under
very stable conditions, when the plume is near, or inmpinges on, the terrain.
The plume under such conditions may be quite narrow in the vertical, so that a
change in a receptor to a |location where the terrainis as little as 25 neters
or so higher or lower may make a substantial change in the predicted
concentration. Receptors within about a kilometer of the source may be even
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nore sensitive to location. Thus, a very dense array of receptors may be
required in some cases. In order to avoid excessively |large conputer runs due
to such a large array of receptors, it is often desirable to nodel the area
twice. The first nodel run would use a noderate nunber of receptors carefully
| ocated over the area of interest. The second nodel run would use a nore dense
array of receptors in areas showi ng potential for high concentrations, as

i ndicated by the results of the first nodel run

5.2.1.1 Initial Screening Techni que.

The initial screen to determ ne 24-hour averages is the Valley Screening
Techni que. This technique uses the Valley Mdel with the follow ng worst-case
assunptions for rural areas: (1) P-Gstability "F'; (2) wind speed of 2.5 m's;
and (3) 6 hours of occurrence. For urban areas the stability should be changed
to "P-G stability E. "

When using the Valley Screening Technique to obtain 24-hour average
concentrations the follow ng apply: (1) Miltiple sources should be treated
i ndi vidual ly and the concentrations for each wind direction sumed; (2) only
one wind direction should be used (see User's Cuide, (25) page 2-15) even if
i ndi vidual runs are made for each source; (3) for buoyant sources, the BID
option may be used, and the option to use the 2.6 stable plume rise factor
shoul d be selected; (4) if plune inpaction is likely on any elevated terrain
cl oser to the source than the distance fromthe source to the final plunme
rise, then the transitional (or gradual) plune rise option for stable
condi tions shoul d be sel ected.

The standard polar receptor grid found in the Valley Mdel User's Guide
may not be sufficiently dense for all analyses if only one geographical scale
factor is used. The user should choose an additional set of receptors at
appropriate downw nd di stances whose el evations are equal to plune height
m nus 10 neters. Alternatively, the user may exercise the "VALLEY equival ent"
option in COVMPLEX | and note the comments above on the placenment of receptors
in conplex terrain nodels.

5.2.1.2 Second-Level Screening Technique (Rural).

If the area is rural, the suggested second-I|evel screening technique is
COWLEX | for all averaging tinmes. COWLEX | is a nodification of the MPTER
nodel that incorporates the plune inpaction algorithmof the Valley Mdel. It
is a nultiple-source screening technique that accepts hourly mneteorol ogi ca
data as input. The output is the same as the normal MPTER output. When using
COWPLEX | the follow ng options should be selected: (1) Set terrain adjustnent
|OPT(1) = 1; (2) set buoyancy induced dispersion |OPT (4) = 1; (3) set |I0OPT
(25) =1; (4) set the terrain adjustnent values to 0.5, 0.5, 0.5 0.5, 0.0,
0.0, (respectively for 6 stability classes); and (5) set Z MN = 10

Gradual plunme rise should be used to estinate concentrations at nearby
el evated receptors, if plume inpaction is likely on any elevated terrain
closer to the source than the distance fromthe source to the final plunme rise
(see section 8.2.5).

5.2.1.3 Second-Level Screening Techni que (Urban).

If the source is located in an urbanized (section 8.2.8) conplex terrain
val l ey, then the suggested second-|evel screening technique is SHORTZ for
short term averages or LONGZ for |ong term averages. (SHORTZ and LONGZ may be
used as screening techniques in these conplex terrain applications without
denonstrati on and eval uation. Application of these nodels in other than
urbani zed valley situations will require the sanme eval uation and denobnstration
procedures as are required for all appendi x B nodels.)
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Bot h SHORTZ and LONGZ have a nunber of options. Wen using these nodels
as screening techni ques for urbanized valley applications, the options listed
in table 5-1 shoul d be sel ected.

5.2.1.4 Third Level Screening Techni que (Rural).

If a violation of any NAAQS or the controlling increment is indicated by
using the second-level screening technique, a third-level screening technique
may be used for rural applications. RTDMwith the options specified in Table
5-2 may be used as a screening technique in rural conplex terrain situations
wi t hout denonstration and eval uation.

The RTDM screening technique can provide a nore refined concentration
estimate if on-site wind speed and direction characteristic of plunme dilution
and transport are used as input to the nodel. In conplex terrain, these w nds
can sel dom be estimated accurately fromthe standard surface (10m | evel)
nmeasurements. Therefore, in order to increase confidence in nodel estinmates,
EPA recommends that wind data input to RTDM shoul d be based on fixed
measurenents at stack top height. For stacks greater than 100m the
nmeasurenment height may be limted to 100min height relative to stack base.
However, for very tall stacks see guidance in section 9.3.3.2. This
recomendati on i s broadened to include wind data representative of plune
transport hei ght where such data are derived from measurements taken with
renote sensing devices such as SODAR. The data from both fixed and renote
measurenments should nmeet quality assurance and recovery rate requirenents. The
user should also be aware that RTDMin the screening node accepts the input of
measured wi nd speeds at only one height. The default values for the wi nd speed
profil e exponents shown in Table 5-2 are used in the nodel to determ ne the
wi nd speed at other heights. RTDM uses wi nd speed at stack top to cal cul ate
the plume rise and the critical dividing streamine height, and the w nd speed
at plume transport level to calculate dilution. RTDMtreats wind direction as
constant with height.

The RTDM nodel is available as part of Change 3 to UNAMAP Version 6

RTDM nakes use of the "critical dividing stream ine" concept and thus
treats plume interactions with terrain quite differently from other nodels
such as SHORTZ and COWPLEX |. The plume height relative to the critica
di viding stream i ne determ nes whether the plune inpacts the terrain, or is
lifted up and over the terrain. The receptor spacing to identify nmaxi mum
i mpact concentrations is quite critical depending on the |ocation of the plune
in the vertical. It is suggested that an analysis of the expected plunme height
relative to the height of the critical dividing streamine be performed for
di ffering nmeteorol ogical conditions in order to help devel op an appropriate
array of receptors. Then it is advisable to nodel the area twi ce according to
t he suggestions in section 5.2.1.

5.2.1.5 Restrictions.

For screening anal yses using the Valley Screening Techni que, Conplex |
or RTDM a sector greater than 22 1/2° should not be allowed. Full ground
refl ection should al ways be used in the VALLEY Screeni ng Techni que and COWPLEX
l.

5.2.2 Refined Anal ytical Techniques

When the results of the screening analysis denonstrate a possible
vi ol ati on of NAAQS or the controlling PSD increnents, a nore refined analysis
may need to be conducted. Since there are no refined techniques currently
recommended for conplex terrain applications, any refined nodel used should be
applied in accordance with section 3.2. In particular, use of the "Interim
Procedures for Evaluating Air Quality Mdels" (15) and a second nodel to serve
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as a baseline or reference point for the conparison should be used in a
denonstration of applicability. New approaches to inprove the ability of
nodel s to realistically sinulate atnospheric physics, for exanple hybrid
nodel s which incorporate an accurate wind field analysis, will ultimtely
provide nore appropriate tools for anal yses.

In the absence of an appropriate refined nodel, screening results may
need to be used to determne air quality inpact and/or emission limts.

Table 5-1.-Preferred Options for the SHORTZ/ LONGZ Conputer Codes Wen Used in a

Scr eeni ng Mode

Option Sel ection

I Switch 9 If using NW6 data, set = 0. If using site-
specific data, check with the Regional
Ofice.

I Switch 17 Set = 1 (urban option).

GAMA 1 Use default values (0.6 entrainment
coefficient).

GAMVA 2 Al ways default to stable.

XRY Set = 0 (50 mrectilinear expansion

NS, VS, FRQ (SHORTZ)

(particle size, etc.)

NUS, VS, FRQ (LON&)

(particle size, etc.)

ALPHA

S| GEPU (di spersi on paraneters)
S| GAPU (di spersi on paraneters)

P (wind profile)

di st ance).
Do not use. (Applicable only in flat
terrain).

Sel ect 0.9.

Use Craner curves (default).

If site-specific turbulence data are

avai l abl e, see the Regional Ofice for

advi ce.

Sel ect default values given in table 2-2 of
User's Instructions. If site-specific data
are available, see the Regional O fice for
advi ce.

Table 5-2.-Preferred Options for the RTDM Conputer Code When Used in a Screeni ng Mdde

Par anet er Vari abl e

Val ue Remar ks

PROOI - 003 SCALE

PRO04 ZW NDI
Z\W ND2
I DI LUT

Scal e factors
assuni ng hori zont al
distance is in
kil oneters, vertical
distance is in feet,
and wind speed is in
meters per second.
W nd Measur enent See section 5.2.1.4.
Hei ght
Not used Hei ght of second
anenonet er.
1 Dilution wind speed
scaled to plune
hei ght .
0 (default) Anenoreter-terrain
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PRO05
PRO06

PRO09

PRO10

PRO11

PRO12
PRO13
PRO14

PRO15

PRO20
PRO22

PRO23

PROI 6 to 019; 021;
and 024.

EXPON
| COEF

| PPP

| BUOY
ALPHA

| DIMX

| TRANS
TERCOR
RVPTG

I TI PD

| SHEAR
| REFL

| HORI Z
SECTCOR
1Y, 12,
I HVPTG,

| RVPTG,

| EPS;

IEM S

.09, .11, .12, .14,
.2, .3 (default)
3 (default)

0 (default)

1 (default)
3.162 (default)

1 (default)

1 (default)
6°0.5 (default)
0.02, 0.035 (default)

1

0 (default)
1 (default)
2 (default)
6°22.5 (defaul t)
0

hei ght above stack
base.

Wnd profile

exponent s.

Bri ggs Rural / ASVE
(1979) di spersion

par anmet ers.

Partial plune
penetration, not
used.

Buoyancy- enhanced

di spersion is used.
Buoyancy- enhanced

di spersi on
coefficient.
Unlimted mxing

hei ght for stable
condi tions.
Transitional plune
rise is used.

Pl ume path correction
factors.

Vertical potential

t enperature gradient
val ues for
stabilities E and F.
Stack-ti p downwash is
used.

W nd shear, not used.
Partial surface
reflection is used.
Sect or averagi ng.

Usi ng 22.5° sectors.
Hourly val ues of

tur bul ence, vertical
potential tenperature
gradient, w nd speed
profil e exponents,
and stack em ssions
are not used.

6.0 Moddels for Ozone,

6.1 Di scussion

Car bon Monoxi de and Nitrogen Di oxide

Mbdel s di scussed in this section are applicable to pollutants often
associ ated wi th nobil e sources,

ni trogen di oxi de (NQ).

e.g.,

ozone (0,),

the reader is referred to sections 4 and 5.

A contro

ozone probl ens and who has sufficient

phot ocheni ca

approach

sophi sticated anal ytica
fill the gap between nore sophisticated photochenica
(rol |l back) nodeling techniques and may be the only applicable

proportiona

di spersi on nodel
eval uati ons of the Urban Airshed Mde

is encouraged to do so.
show it to be an acceptabl e,
Better data bases are beconing avail able that support the nore
nodel s (e.qg.

di spersion nodel

procedures.

However ,

enpirica

procedure if the data bases avail able are insufficient for

nodel i ng.

car bon nonoxi de (CO and
VWere stationary sources of CO and NO, are of concern,

agency whose jurisdiction contains areas with significant
resources and data to use a
Experience with and

refined

EKMA)
5 and

refined di spersion

Car bon nonoxide is generally considered to be a problemonly in specific

areas with high nunbers of vehicles or slow noving traffic.

For that reason,
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frequently only "hot spots" or project |evel analyses are needed in SIP
revisi ons.

Ni trogen oxi des are reactive and also an inportant contribution to the
phot ocheni cal ozone problem They are usually of nobst concern in areas of high
ozone concentrations. Unless suitable photochem cal dispersion nodels are
used, assunptions regarding the conversion of NOto NO, are required when
nodel i ng. Site-specific conversion factors may be devel oped. |If site-specific
conversion factors are not avail abl e or photochem cal nodels are not used, NGO
nodel i ng shoul d be considered only a screening procedure.

6.2 Recommendati ons
6.2.1 Mbdels for Ozone.

The Urban Airshed Mdel (27) is recommended for photochenical or
reactive pollutant nodeling applications involving entire urban areas. To
ensure proper execution of this numerical nodel, users nust satisfy the
ext ensi ve input data requirenents for the nodel as listed in appendix A and
the users guide. Users are also referred to the "Guideline for Applying the
Airshed Mbdel to Urban Areas" (28) for further information on data base
requi rements, kinds of tasks involved in the nodel application, and the
overall level of resources required.

The enpirical nodel, City-specific EKMA (29, 30, 31,32,33) is an
accept abl e approach for urban ozone applications.

Appendi x B contains some additional nodels that may be applied on a
case- by-case basis for photochenical or reactive pollutant nodeling. O her
phot ocheni cal nodels, including multi-layered trajectory nodels, that are
avail abl e may be used if shown to be appropriate. Mst photochenica
di spersion nodel s require em ssion data on individual hydrocarbon species and
may require three dimensional neteorol ogical information on an hourly basis.
Reasonabl y sophisticated conputer facilities are also often required. Because
the input data are not universally available and studies to collect such data
are very resource intensive, there are only limted eval uations of those
nodel s.

Proportional (rollback/forward) nodeling is no | onger an acceptable
procedure for eval uating ozone control strategies.

6.2.2 Mddels for Carbon Monoxi de.

Car bon nonoxi de nodeling for the devel opnment of SIP-required contro
strategi es should follow the guidance provided in the "Carbon Mnoxi de Hot
Spot Guidelines" (34) or in Volume 9 of the "Guidelines for Air Quality
Mai nt enance Pl anni ng and Anal ysis." (35) These vol umes provi de screening
techni ques for |ocating and quantifying worst case carbon nonoxi de
concentrations, and for establishing background val ues; they also provide
met hods for assessing carbon nonoxide concentrations at nmultiple |ocations
across the urban area. If results from screening techniques or measured carbon
nonoxi de levels in an urban area are clearly well bel ow the standards and
expected to remain bel ow the standard, or it can be denonstrated that the
Federal Mdtor Vehicle Control Programwi |l provide the needed CO reductions,
then urban area-wi de strategi es may be eval uated using a nodified roll back or
proportional nodel approach

Proj ect analysis of nobile source enissions of carbon nonoxi de shoul d
first include an analysis using the screening techniques referenced above. If
concentrations using these techni ques exceed the NAAQS, then refined
techni ques are needed to deternine conpliance with the standards. CALINE3 (see
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appendi x A) is the preferred nodel for use when refined anal yses are required.
For free flow sources, the |atest version of nobile source enission factors
are required for input to CALINE3, and for interrupted flow sources (i.e.
signal yzed intersections), procedures to cal cul ate nodal em ssion factors as
contained in Wrksheet 2 of the "Guidelines for Air Quality Mintenance

Pl anni ng and Anal ysis, Volunme 9" (35) are recomended.

Situations that require the use of refined techni ques on an urban-wi de
basi s shoul d be considered on a case-by-case basis. If a suitable nodel is
avai |l abl e and the data and technical conpetence required for its use are
avail abl e, then such a nodel should be considered.

VWere point sources of CO are of concern, they should be nodel ed using
the screening and preferred techni ques of sections 4 or 5.

6.2.3 Mdels for N trogen Dioxide (Annual Average).

A three-tiered screening approach is recommended to obtain annua
average estimates of NO, from point sources:

a. Initial screen: Use an appropriate Gaussian nodel from Appendix A to
estimte the maxi num annual average concentration and assunme a tota
conversion of NOto NO,. If the concentration exceeds the NAAQS for NO,
proceed to the 2nd | evel screen.

b. 2nd |l evel screen: Apply the Ozone Liniting Method (36) to the annua
NQ, estimate obtained in (a) above using a representative average annual ozone
concentration. If the result is still greater than the NAAQS, the nore refined
Ozone Limiting Method in the 3rd | evel screen should be appli ed.

c. 3rd level screen: Apply the Ozone Linmting Method separately for each
hour of the year or multi-year period. Use representative hourly NGO
background and ozone levels in the cal cul ations.

In urban areas, a proportional nodel nay be used as a preliminary
assessment to evaluate control strategies for nultiple sources (nobile and
area) of NQ, concentrations resulting from major point sources should be
estimted separately as discussed above, then added to the inpact of area
sources. An acceptabl e screening technique for urban conplexes is to assune
that all NQ is emtted in the formof NGO and to use a nodel from Appendix A
for nonreactive pollutants to estimate NO, concentrations. A nore accurate
estimte can be obtained by (1) cal culating the annual average concentrations
of NQ with an urban nodel, and (2) converting these estimates to NG
concentrations based on a spatially averaged NGO/ NQ, annual ratio determ ned
froman existing air quality nonitoring network

In situations where there are sufficient hydrocarbons available to
significantly enhance the rate of NOto NGO, conversion, the assunptions
implicit in the Ozone Limting Procedure may not be appropriate. Mre refined
techni ques shoul d be considered on a case-by-case basis and agreenment with the
reviewi ng authority shoul d be obtained. Such techni ques shoul d consi der
i ndi vi dual quantities of NO and NO, eni ssions, atnospheric transport and
di spersion, and atnospheric transformation of NOto NO. Were it is available
site-specific data on the conversion of NOto NO nay be used. Photochenica
di spersion nodels, if used for other pollutants in the area, may al so be
applied to the NQ, probl em

7.0 Ot her Mdel Requirenents

7.1 Discussion
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This section covers those cases where specific techni ques have been
devel oped for special regulatory progranms. Mst of the prograns have, or wll
have when fully devel oped, separate gui dance docunents that cover the program
and a discussion of the tools that are needed. The foll owi ng paragraphs
ref erence those gui dance docunents, when they are available. No attenpt has
been nade to provide a conprehensive di scussion of each topic since the
ref erence docunments were designed to do that. This section will undergo
periodic revision as new prograns are added and new techni ques are devel oped.

O her Federal agencies have al so devel oped specific nodeling approaches
for their own regulatory or other requirements. An exanple of this is the
t hree-vol ume manual issued by the U. S. Departnent of Housing and Urban
Devel opnent, "Air Quality Considerations in Residential Planning." (37)
Al t hough such regul atory requirenments and nanual s may have come about because
of EPA rul es or standards, the inplenentation of such regulations and the use
of the nodeling techniques is under the jurisdiction of the agency issuing the
manual or directive.

The need to estimate inpacts at distances greater than 50 km (the
nom nal distance to which EPA considers nost Gaussi an nodels applicable) is an
i mportant one especially when considering the effects from secondary
pol lutants. Unfortunately, nodels submtted to EPA have not as yet undergone
sufficient field evaluation to be reconmended for general use. Existing data
bases fromfield studies at nesoscale and | ong range transport di stances are
l[imted in detail. This linitation is a result of the expense to performthe
field studies required to verify and inprove nesoscal e and | ong range
transport nodels. Particularly inportant and sparse are neteorol ogical data
adequate for generating three dinmensional wind fields. Application of npdels
to conplicated terrain conpounds the difficulty.

A current EPA agreenment with Argonne National Laboratory, schedul ed for
conpletion In FY 1986, will result in the devel opnent of eval uation procedures
for long range transport nodels. Mdels subnitted to EPA will be tested with
currently avail abl e data bases using these procedures. Simlar research in
this area is also being perforned by others in EPA and ot her organizations.

For the tine being, however, |ong range and nesoscal e transport nodel s nust be
eval uated for regulatory use on a case-by-case basis.

7.2 Recommendati ons
7.2.1 Fugitive Dust/Fugitive Em ssions.

Fugi tive dust usually refers to the dust put into the atnosphere by the
wi nd bl owi ng over plowed fields, dirt roads or desert or sandy areas wth
little or no vegetation. Reentrained 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 volune sources. Emi ssion
rates may be based on site-specific data or values fromthe genera
literature.

Fugitive em ssions are usually defined as enissions that come from an
i ndustrial source conplex. They include the em ssions resulting fromthe
i ndustrial process that are not captured and vented through a stack but may be
rel eased fromvarious locations within the conplex. Were such fugitive
em ssions can be properly specified, the |1 SC nodel, with consideration of
gravitational settling and dry deposition, is the reconmended nodel. In sone
uni que cases a nodel devel oped specifically for the situation my be needed.

Due to the difficult nature of characterizing and nodeling fugitive dust
and fugitive emissions, it is recommended that the proposed procedure be
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cleared by the appropriate Regional Ofice for each specific situation before
t he nodel i ng exercise is begun

7.2.2 Particul ate Matter.

Currently a proposed NAAQS for particulate matter includes provisions
both for particles in the size range |l ess than 10 mcroneters (PM,) and for
Total Suspended Particulates (TSP). State Inplementation Plans will be
devel oped by States to attain and maintain this new standard when the standard
i s promul gat ed.

Screeni ng techniques like those identified in section 4 are al so
applicable to PM, and to large particles (TSP). It is recommended t hat
subj ectively determined values for "half-1ife" or pollutant decay not be used
as a surrogate for particle renoval. Conservative assunptions which do not
all ow renmoval or transformation are suggested for screening. Proportiona
nodel s (rol | back/forward) nmay not be applied for screening analysis, unless
such techniques are used in conjunction with receptor nodeling.

Refined nodel s such as those in section 4 are recommended for both PM,
and TSP. However, where possible, particle size, gas-to-particle formati on and
their effect on anbient concentrations may be considered. For urban-wi de
refined anal yses CDM 2.0 or RAM shoul d be used. CRSTER and MPTER are
recormmended for point sources of small particles. For source-specific anal yses
of complicated sources, the |1SC nodel is preferred. No nodel recomrended for
general use at this time accounts for secondary particulate formation or other
transformations in a manner suitable for SIP control strategy denonstrations.
Were possible, the use of receptor nodels (38, 39) in conjunction with
di spersion nodels is encouraged to nore precisely characterize the em ssions
i nventory and to validate source specific inmpacts cal cul ated by the di spersion
nodel .

For those cases where no recomrended technique is avail able or
appl i cabl e, nodeling approaches shoul d be approved by the appropriate Regi ona
O fice on a case-by-case basis. At this time anal yses invol ving nodel
cal cul ations for distances beyond 50 km should al so be justified on a case-by-
case basis (see section 7.2.6).

7.2.3 Lead.

The air quality anal yses required for lead inplenentation plans are
given in 88 51.83, 51.84 and 51.85 of 40 CFR part 51. Sections 51.83 and 51.85
require the use of a nodified roll back nodel as a nminimmto denpnstrate
attainment of the lead air quality standard but the use of a dispersion nodel
is the preferred approach. Section 51.83 requires the analysis of an entire
urban area if the nmeasured | ead concentration in the urbani zed area exceeds a
quarterly (three nonth) average of 4.0 pg/n¥ . Section 51.84 requires the use
of a dispersion nodel to denonstrate attainment of the lead air quality
standard around specified | ead point sources. For other areas reporting a
violation of the | ead standard, 8 51.85 requires an analysis of the area in
the vicinity of the nmonitor reporting the violation. The NAAQS for lead is a
quarterly (three nonth) average, thus requiring the use of npdeling techni ques
that can provide | ong-term concentration estinmates.

The SIP should contain an air quality analysis to determ ne the maxi mum
quarterly |l ead concentration resulting from major |ead point sources, such as
snelters, gasoline additive plants, etc. For these applications the |ISC nodel
is preferred, since the nodel can account for deposition of particles and the
i mpact of fugitive emissions. |If the source is located in conplicated terrain
or is subject to unusual climtic conditions, a case-specific review by the
appropriate Regional Ofice nay be required.
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In nodeling the effect of traditional |ine sources (such as a specific
roadway or highway) on lead air quality, dispersion nodels applied for other
pol l utants can be used. Dispersion nodels such as CALI NE3 and APRAC- 3 have
been wi dely used for npdeling carbon nonoxi de enissions from hi ghways.

However, where deposition is of concern, the line source treatment in | SC may
be used. Also, where there is a point source in the mddle of a substantia
road network, the |lead concentrations that result fromthe road network should
be treated as background (see section 9.2); the point source and any near by
maj or roadways shoul d be nodel ed separately using the | SC nodel .

To nmodel an entire major urban area or to nodel areas w thout
significant sources of |ead em ssions, as a mininuma proportional (roll back)
nodel may be used for air quality analysis. The roll back phil osophy assunes
t hat nmeasured pol |l utant concentrations are proportional to em ssions. However,
urban or other dispersion nodels are encouraged in these circunstances where
the use of such nodels is feasible.

For further information concerning the use of nodels in the devel opnent
of lead inplementation plans, the docunents "Supplenentary Cuidelines for Lead
| mpl ementation Plans," (40) and "Updated | nformation on Approval and
Promul gation of Lead | nplenentation Plans," (41) should be consulted.

7.2.4 Visibility.

The visibility regul ations as promul gated in Decermber 1980 require
consi deration of the effect of new sources on the visibility values of Federa
Class | areas. The state of scientific know edge concerning identifying,
noni toring, nmodeling, and controlling visibility inmpairment is contained in an
EPA report "Protecting Visibility: An EPA Report to Congress." (42) At the
present tine, "although information derived from nodeling and nonitoring can
in sone cases, aid the States in devel opment and inplenmentation of the
visibility program "2 the States are not currently required to establish
noni tori ng networks or perform nodeling anal yses. However, a nonitoring
strategy is required. As additional know edge is gained, guidance on "plune
blight" and regional scale nodels will be provided, as appropriate.

145 FR 80084.

240 CFR 51. 300- 307

Ref erences 43, 44, and 45 may al so be useful when visibility eval uations
are needed. Appendi x B contains two nodel s devel oped for application to
visibility problens.

7.2.5 Good Engi neering Practice Stack Height.

The use of stack height credit in excess of Good Engi neering Practice
(GEP) stack height is prohibited in the devel opnent of emission linmitations by
40 CFR 51.12 and 40 CFR 51.18. The definition of GEP stack height is contained
in 40 CFR 51.1. Methods and procedures for making the appropriate stack hei ght
cal cul ati ons, determ ning stack height credits and an exanpl e of applying
t hose techni ques are found in references 46, 47, 48, and 49.

If stacks for new or existing major sources are found to be | ess than
the height defined by EPA's refined formula for determ ning GEP height,?! then
air quality inmpacts associated with cavity or wake effects due to the nearby
buil di ng structures should be determnined. Detail ed downwash screening
procedures (17) for both the cavity and wake regi ons should be followed. If
nore refined concentration estimtes are required, the Industrial Source
Conpl ex (1 SC) nodel contains algorithnms for buil ding wake cal cul ati ons and
shoul d be used. Fluid nodeling can provide a great deal of additiona
i nformati on for evaluating and describing the cavity and wake effects.
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The EPA refined fornmula height is defined as H+l.5L (refer to reference
46) .

7.2.6 Long Range Transport (beyond 50 km.

Section 165(e) of the Clean Air Act requires that suspected significant
i mpacts on PSD Class | areas be determ ned. However, the useful distance to
whi ch npst Gaussian nodel s are considered accurate for setting emssion lints
is 50 km Since in many cases Class | areas may be threatened at distances
greater than 50 km from new sources, some procedure is needed to (1) determ ne
if asignificant inpact will occur, and (2) identify the nodel to be used in
setting an emssion linit if the Class | increments are threatened (nodels for
this purpose should be approved for use on a case-by-case basis as required in
section 3.2). This procedure and the nodels sel ected for use should be
determ ned in consultation with the EPA Regional Ofice and the appropriate
Federal Land Manager (FLM. While the ultimte decision on whether a C ass |
area is adversely affected is the responsibility of the permitting authority,
the FLM has an affirmative responsibility to protect air quality rel ated
val ues that may be affected.

LRT nodel s for use beyond 50 km and for other than PSD purposes al so
shoul d be selected on a case-by-case basis. Normally, use of these nodels will
requi re an acceptabl e denonstration of applicability and an eval uati on of
nodel performance if possible (See section 3.2).

7.2.7 Modeling Guidance for OQther Governmental Prograns

When using the nodel s recomended or discussed in this guideline in
support of progranmatic requirenments not specifically covered by EPA
regul ati ons, the nodel user should consult the appropriate Federal or State
agency to ensure the proper application and use of that nodel. For npdeling
associ ated with PSD pernit applications that involve a Class | area, the
appropriate Federal Land Manager should be consulted on all npdeling
guesti ons.

The O fshore and Coastal Dispersion (OCD) nodel (92) was devel oped by
the M nerals Managenent Service and is reconmended for estimating air quality
i mpact from of fshore sources on onshore flat terrain areas. The OCD nodel is
not reconmended for use in air quality inmpact assessnents for onshore sources.

8.0 Ceneral Mbdeling Considerations
8.1 Discussion

This section contains recomendati ons concerning a nunber of different
i ssues not explicitly covered in other sections of this guide. The topics
covered here are not specific to any one program or nodeling area but are
conmon to nearly all nodeling anal yses.

8.2 Recommendati ons
8.2.1 Design Concentrations

8.2.1.1 Design Concentrations for SO, Particulate Matter, Lead, and
NO,.

An air quality analysis 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 specified allowable PSD i ncrement. For the
former, background concentration (See section 9.2) should be added to the
estimted inpact of the source to determ ne the design concentration. For the
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latter, the design concentration includes inpact fromall increnent consum ng
sour ces.

If the air quality anal yses are conducted using the period of
nmet eor ol ogi cal input data recommended in section 9.3.1.2 (e.g., 5 years of NWS
data or one year of site-specific data), then the design concentration based
on the highest, second-hi ghest short termconcentration or |long term average,
whi chever is controlling, should be used to determine enission limtations to
assess conpliance with the NAAQS and to determine PSD increnents.

When sufficient and representative data exist for less than a 5-year
period froma nearby NW5 site, or when on-site data have been collected for
| ess than a full continuous year, or when it has been determ ned that the on-
site data may not be tenporally representative, then the highest concentration
estimte shoul d be considered the design value. This is because the |ength of
the data record may be too short to assure that the conditions producing
wor st - case estimates have been adequately sanpl ed. The highest value is then a
surrogate for the concentration that is not to be exceeded nore than once per
year (the wording of the deternministic standards). Also, the highest
concentration should be used whenever sel ected worst-case conditions are input
to a screening technique. This specifically applies to the use of techniques
such as outlined in "Procedures for Evaluating Air Quality Inmpact of New
Stationary Sources." (18)

If the controlling concentration is an annual average value and multiple
years of data (on-site or NWS) are used, then the design value is the highest
of the annual averages cal culated for the individual years. If the controlling
concentration is a quarterly average and nultiple years are used, then the
hi ghest individual quarterly average shoul d be considered the design val ue.

As long a period of record as possible should be used in making
estimtes to determ ne design values and PSD increnents. |If nore than one year
of site-specific data is available, it should be used.

8.2.1.2 Design Concentrations for Criteria Pollutants with Expected
Exceedance Standards.

Specific instructions for the determ nation of design concentrations for
criteria pollutants with expected exceedance standards are contained in
speci al gui dance docunents for the preparation of State |nplenentation Plans
for those pollutants. For all SIP revisions the user should check with the
Regi onal Office to obtain the nost recent guidance documents and policy
menor anda concerni ng the pollutant in question

8.2.2 Critical Receptor Sites

Receptor sites for refined nodeling should be utilized In sufficient
detail to estimate the highest concentrations and possible violations of a
NAAQS or a PSD increnent. In designing a receptor network, the enphasis shoul d
be placed on receptor resolution and | ocation, not total number of receptors.
The sel ection of receptor sites should be a case-by-case determn nation taking
into consideration the topography, the climtol ogy, nonitor sites, and the
results of the initial screening procedure. For |arge sources [those
equi valent to a 500 MV power plant) and where violations of the NAAQS or PSD
increnent are likely, 360 receptors for a polar coordinate grid system and 400
receptors for a rectangular grid system where the distance fromthe source to
the farthest receptor is 10 km are usually adequate to identify areas of high
concentration. Additional receptors may be needed in the high concentration
location if greater resolution is indicated by terrain or source factors.

8.2.3 Dispersion Coefficients
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Gaussi an nodel s used in nost applications should enpl oy di spersion
coefficients consistent with those contained in the preferred nodels in
appendi x A. Factors such as averaging time, urban/rural surroundings, and type

of source (point vs. line) may dictate the selection of specific coefficients.
General ly, coefficients used in appendix A nodels are identical to, or at
| east based on, Pasquill-Gfford coefficients (50) in rural areas and ME! roy-

Pool er (51) coefficients in urban areas.

Research is continuing toward the devel opnent of nethods to determ ne
di spersion coefficients directly from neasured or observed variables. (52, 53)
No met hod to date has proved to be w dely applicable. Thus, direct
measurenment, as well as other dispersion coefficients related to distance and
stability, may be used in Gaussian nodeling only if a denonstration can be
made t hat such paranmeters are nore applicable and accurate for the given
situation than are algorithns contained in the preferred nodels.

Buoyancy-i nduced dispersion (BID), as identified by Pasquill, (54) is
included in the preferred nodels and shoul d be used where buoyant sources,
e.g., those involving fuel conmbustion, are involved.

8.2.4 Stability Categories

The Pasquill approach to classifying stability is generally required in
all preferred nodels (appendix A). The Pasquill method, as nodified by Turner
(55) was devel oped for use with conmonly observed neteorol ogical data fromthe
Nati onal Weat her Service and is based on cloud cover, insolation and w nd
speed.

Procedures to determ ne Pasquill stability categories fromother than
NWS data are found in section 9.3. Any other method to deternine Pasquil
stability categories must be justified on a case-by-case basis.

For a given nodel application where stability categories are the basis
for selecting dispersion coefficients, both F, and F, shoul d be determ ned
fromthe sane stability category. "Split sigmas" in that instance are not
recomrended.

Sector averaging, which elinmnates the F, term is generally acceptable
only to determ ne | ong term averages, such as seasonal or annual, and when the
nmet eorol ogi cal input data are statistically summari zed as in the STAR
summari es. Sector averaging is, however, conmonly acceptable in conplex
terrain screening methods.

8.2.5 Plune Rise

The plume rise methods of Briggs (56, 57) are incorporated in the
preferred nodels and are recommended for use in all nodeling applications. No
provisions in these nodels are nade for fumigation or nmultistack plune rise
enhancenent or the handling of such special plumes as flares; these probl ens
shoul d be considered on a case-by-case basis.

Since there is insufficient information to identify and quantify
di spersion during the transitional plune rise period, gradual plunme rise is
not generally reconmended for use. There are two exceptions where the use of
gradual plume rise is appropriate: (1) In conmplex terrain screening procedures
to determne close-in inmpact; (2) when calculating the effects of building
wakes. The buil ding wake algorithmin the | SC nodel incorporates gradual plune
rise calculations. If the building wake is calculated to affect the plume for
any hour, gradual plume rise is also used in downw nd di spersion cal cul ati ons
to the distance of final plume rise, after which final plume rise is used.
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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
devel oped by Briggs (Hanna, et al.) (57) is the recommended technique for this
situation and is found in the point source preferred nodels.

VWer e aerodynam ¢ downwash occurs due to the adverse influence of nearby
structures, the algorithnms included in the | SC nodel (58) should be used.

8.2.6 Chem cal Transformation

The chem cal transformation of SO, emitted from point sources or single
i ndustrial plants in rural areas is generally assuned to be relatively
uni nportant to the estimation of maxi mum concentrations when travel tine is
limted to a few hours. However, in urban area, where synergistic effects
among pol lutants are of consi derabl e consequence, chem cal transformation
rates may be of concern. In urban area applications, a half-life of 4 hours
(55) may be applied to the analysis of SO enissions. Cal cul ations of
transformati on coefficients fromsite-specific studies can be used to define a
"half-life" to be used in a Gaussian nodel with any travel tinme, or in any
application, if appropriate documentation is provided. Such conversion factors
for pollutant half-life should not be used with screening anal yses.

Conpl ete conversion of NOto NO, should be assumed for all travel tine
when sinpl e screening techni ques are used to nodel point source em ssions of
nitrogen oxides. If a Gaussian nodel is used, and data are avail able on
seasonabl e variations in maxi mum ozone concentrations, the Ozone Liniting
Met hod (36) is recommended. In refined anal yses, case-by-case conversion rates
based on technical studies appropriate to the site in question may be used.
The use of nore sophisticated nodeling techni ques should be justified for
i ndi vi dual cases.

Use of nodel s incorporating conplex chem cal mechani sms shoul d be
considered only on a case-by-case basis with proper denonstration of
applicability. These are generally regional nodels not designed for the
eval uation of individual sources but used primarily for region-w de
eval uations. Visibility nodels also incorporate chem cal transformation
mechani sns which are an integral part of the visibility nodel itself and
shoul d be used in visibility assessnents.

8.2.7 Gravitational Settling and Deposition

An "infinite half-life" should be used for estimtes of total suspended
particul ate concentrations when Gaussi an nodel s containing only exponentia
decay ternms for treating settling and deposition are used.

Gravitational settling and deposition may be directly included in a
nodel if either is a significant factor. At |east one preferred nodel (ISC)
contains settling and deposition algorithns and is recormended for use when
particul ate matter sources can be quantified and settling and deposition are
probl ens.

8.2.8 Urban/Rural C assification

The selection of either rural or urban dispersion coefficients in a
specific application should follow one of the procedures suggested by Irwin
(59) and briefly described bel ow These include a | and use classification
procedure or a popul ati on based procedure to determ ne whether the character
of an area is primarily urban or rural

Land Use Procedure: (1) Classify the land use within the total area, A,
circunmscribed by a 3 kmradius circle about the source using the
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nmet eor ol ogi cal | and use typing scheme proposed by Auer (60); (2) if land use
types 11, 12, Cl, R2, and R3 account for 50 percent or nore of A, use urban
di spersion coefficients; otherw se, use appropriate rural dispersion
coefficients.

Popul ation Density Procedure: (1) Conpute the average popul ation
density, p per square kilometer with A, as defined above; (2) If p is greater
than 750 peopl e/ kn¥, use urban di spersion coefficients; otherw se use
appropriate rural dispersion coefficients.

O the two nmethods the | and use procedure is considered nmore definitive.
Popul ati on density should be used with caution and should not be applied to
highly industrialized areas where the popul ati on density may be |l ow and thus a
rural classification would be indicated, but the area is sufficiently built-up
so that the urban land use criteria would be satisfied. In this case, the
classification should al ready be "urban" and urban di spersion paraneters
shoul d be used.

Sources located in an area defined as urban should be nodel ed using
urban di spersion paraneters. Sources |located in areas defined as rural should
be nodel ed using the rural dispersion paraneters. For anal yses of whol e urban
conpl exes, the entire area should be nodel ed as an urban region if nost of the
sources are located in areas classified as urban.

8.2.9 Funmigation

Fum gation occurs when a plune (or multiple plunmes) is emtted into a
stable layer of air and that |ayer is subsequently mxed to the ground either
t hrough convective transfer of heat fromthe surface or because of advection
to | ess stable surroundi ngs. Fumigation nmay cause excessively high
concentrations but is usually rather short-lived at a given receptor. There
are no recommended refined techniques to nodel this phenomenon. There are,
however, screening procedures (see "Guidelines for Air Quality Mintenance
Pl anni ng and Anal ysis Vol une 10R Procedures for Evaluating Air Quality Inpact
of New Stationary Sources") (18) that nay be used to approximate the
concentrations. Considerable care should be exercised in the use of the
results obtained fromthe screening techniques.

Fum gation is also an inportant phenomenon on and near the shoreline of
bodi es of water. This can affect both individual plunes and area-w de
em ssi ons. Although nodel s have been devel oped to address this problem the
eval uations so far do not permit the reconmendati on of any specific technique.

The Regi onal O fice should be contacted to determ ne the appropriate
nodel for applications where funmigation is of concern.

8.2.10 Stagnation

Al t hough both short and | ong term periods of very light winds are
important in the identification of worst-case conditions, the nodels
identified in this guideline cannot adequately sinmulate such conditions. If
stagnati on conditions are determined to be inportant to the analysis, then
techni ques specific to the situation and | ocation nmust be devel oped. Such
techni ques m ght include enpirical npdels or box nodels. Assistance fromthe
appropriate Regional Ofice should be obtained prior to enbarking on the
devel opnent of such a procedure.

8.2.11 Calibration of Mdels

Calibration of long termnulti-source nodels has been a wi dely used
procedure even though the Iimtations inposed by statistical theory on the
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reliability of the calibration process for long termestimtes are well known.
(61) In sone cases, where a nore accurate nodel is not available, calibration
may be the best alternative for inproving the accuracy of the estinmated
concentrations needed for control strategy eval uations.

Calibration of short termnodels is not common practice and i s subject
to much greater error and m sunderstandi ng. There have been attenpts by sone
to conpare short term estinmates and nmeasurenents on an event-by-event basis
and then to calibrate a nodel with results of that conparison. This approach
is severely limted by uncertainties in both source and neteorol ogi cal data
and therefore it is difficult to precisely estimate the concentration at an
exact location for a specific increment of time. Such uncertainties make
calibration of short term nodels of questionable benefit. Therefore, short
term nodel calibration is unacceptable.

9.0 Mddel Input Data

Dat a bases and rel ated procedures for estimating input paraneters are an
integral part of the nodeling procedure. The nost appropriate data avail able
shoul d al ways be sel ected for use in nodeling anal yses. Concentrations can
vary wi dely depending on the source data or neteorol ogical data used. I|nput
data are a mmjor source of inconsistencies in any nodeling analysis. This
section attenpts to mnimze the uncertainty associated with data base
sel ection and use by identifying requirenents for data used in nodeling. A
checklist of input data requirements for nodeling anal yses is included as
appendi x C. Mre specific data requirenents and the format required for the
i ndi vidual nodels are described in detail in the users' guide for each nodel.

9.1 Source Data
9.1.1 Di scussion

Sources of pollutants can be classified as point, line and area/vol une
sources. Point sources are defined in ternms of size and may vary between
regul atory progranms. The line sources nost frequently considered are roadways
and streets along which there are well-defined novenents of notor vehicles,
but they may be lines of roof vents or stacks such as in alum numrefineries.
Area and vol une sources are often collections of a nultitude of mnor sources
with individually small enissions that are inpractical to consider as separate
point or line sources. Large area sources are typically treated as a grid
networ k of square areas, with pollutant em ssions distributed uniformy within
each grid square

Enmi ssion factors are conpiled in an EPA publication comonly known as
AP-42 (62), an indication of the quality and anmount of data on which many of
the factors are based is also provided. O her information concerning em ssions
is available in EPA publications relating to specific source categories. The
Regi onal O fice should be consulted to determ ne appropriate source
definitions and for guidance concerning the deternination of em ssions from
and techni ques for nodeling the various source types.

9. 1.2 Recommendati ons

For point source applications the | oad or operating condition that
causes nmaxi mum ground-| evel concentrations should be established. As a
m ni mum the source should be nodel ed using the design capacity (100 percent
load). If a source operates at greater than design capacity for periods that
could result in violations of the standards or PSD increnents, this |oad!
shoul d be nodel ed. Were the source operates at substantially | ess than design
capacity, and the changes in the stack paraneters associated with the
operating conditions could | ead to higher ground | evel concentrations, |oads
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such as 50 percent and 75 percent of capacity should al so be nodel ed. A range
of operating conditions should be considered in screening anal yses; the | oad
causing the hi ghest concentration, in addition to the design |oad, should be
included in refined nodeling. The foll owi ng exanple for a power plant is
typical of the kind of data on source characteristics and operating conditions
that may be needed. Generally, input data requirements for air quality nodels
necessitate the use of netric units; where English units are conmon for
engi neeri ng usage, a conversion to netric is required. IMal functions
whi ch may result
in excess
eni ssi ons are not
consi dered to be a
nor mal operating
condition. They
general |y shoul d
not be consi dered
in determnining
al | owabl e
eni ssi ons.
However, if the
excess emni ssions
are the result of
poor mai ntenance,
carel ess
operation, or
ot her preventabl e
conditions, it may
be necessary to
consi der themin
det erm ni ng source

i mpact .

a. Plant |layout. The connection schene between boilers and stacks, and
the di stance and direction between stacks, building paraneters (length, w dth,
hei ght, location and orientation relative to stacks) for plant structures
whi ch house boilers, control equipnent, and surrounding buildings within a
di stance of approximately five stack heights.

b. Stack paraneters. For all stacks, the stack height and inside
di ameter (neters), and the tenperature (K) and volune flow rate (actual cubic
nmeters per second) or exit gas velocity (meters per second) for operation at
100 percent, 75 percent and 50 percent | oad.

c. Boiler size. For all boilers, the associ ated megawatts, 10°% BTU hr,
and pounds of steam per hour, and the design and/or actual fuel consunption
rate for 100 percent | oad for coal (tons/hour), oil (barrels/hour), and
natural gas (thousand cubic feet/hour).

d. Boiler parameters. For all boilers, the percent excess air used, the
boiler type (e.g., wet bottom cyclone, etc.), and the type of firing (e.qg.
pul veri zed coal, front firing, etc.).

e. Operating conditions. For all boilers, the type, ambunt and pol | utant
contents of fuel, the total hours of boiler operation and the boiler capacity
factor during the year, and the percent |oad for peak conditions.

f. Pollution control equiprment paraneters. For each boiler served and
each pollutant affected, the type of em ssion control equipnent, the year of
its installation, its design efficiency and nass eni ssion rate, the date of
the last test and the tested efficiency, the nunmber of hours of operation
during the latest year, and the best engineering estimate of its projected
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efficiency if used in conjunction with coal conbustion; data for any
anticipated nodifications or additions.

g. Data for new bollers or stacks. For all new boilers and stacks under
construction and for all planned nodifications to existing boilers or stacks,
t he schedul ed date of conpletion, and the data or best estimates available for
items (a) through (f) above followi ng conpletion of construction or
nmodi fi cati on.

In stationary point source applications for conpliance with short term
ambi ent standards, SIP control strategies should be tested using the enission
i nput shown on table 9-1. Wen using a refined nodel, sources should be
nodel ed sequentially with these | oads for every hour of the year. To eval uate
SIP's for conpliance with quarterly and annual standards, enission input data
shown on table 9-1 should again be used. Em ssions from area sources shoul d
general |y be based on annual average conditions. The source input information
in each nodel user's guide should be carefully consulted and the checklist in
appendi x C should al so be consulted for other possible em ssion data that
coul d be hel pful

Li ne source nmodeling of streets and hi ghways requires data on the width
of the roadway and the nedian strip, the types and anounts of poll utant
em ssi ons, the nunber of |anes, the enissions fromeach | ane and the hei ght of
em ssions. The location of the ends of the straight roadway segments shoul d be
specified by appropriate grid coordinates. Detailed information and data
requi rements for nodeling nobile sources of pollution are provided in the
user's manual s for each of the nodels applicable to nobile sources.

The inpact of growth on em ssions should be considered in all nodeling
anal yses covering existing sources. Increases in em ssions due to planned
expansi on or planned fuel switches should be identified. Increases in
em ssions at individual sources that nmay be associated with a genera
i ndustrial/conmercial/residential expansion in nmulti-source urban areas shoul d
al so be treated. For new sources the inpact of growh on em ssions should
general ly be considered for the period prior to the start-up date for the
source. Such changes in enissions should treat increased area source
em ssi ons, changes in existing point source em ssions which were not subject
to preconstruction review, and em ssions due to sources with pernits to
construct that have not yet started operation.

Tabl e 9-1.-Mdel Emission Input Data for Point Sources?

Em ssi on X Operating X Operating
limt | evel factor (e.g.
(#/ MVBt u) 2 (MVBt u/ hr)?2 hr/yr,

hr / day)

Stationary Point Source(s) Subject to SIP Em ssion Limt(s) Evaluation for Conpliance
with Ambi ent Standards (including Areawi de Denpbnstrati ons)

Aver agi ng Maxi mum Actual or Act ual

tine, Annual al | onabl e desi gn operating

& quarterly. em ssion capacity factor
limt or (whi chever is aver aged over
federal ly greater), or nost recent 2
enf orceabl e federally en- years.?

permt limt forceabl e
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Short term Maxi mum
al | owabl e
em ssi on
limt or
federal ly
enf or ceabl e
permt limt.

permt

condi tion.
Actual or
desi gn
capacity
(whi chever is
greater), or
federal ly
enf orceabl e
permt

condi ti on®.

Cont i nuous
operati on,
i.e., all
hours of each
tine period
under

consi deration
(for all
hours of the
nmet eor ol ogi ca
| data base).®

Near by Background Source(s) Same input

above.

requirements as for stationary point source(s)

O her Background Source(s):
defined bel ow.

I f nodel ed (see section 9.2.3),

input data requirenents are

Aver agi ng Maxi mum

ti me, Annual al | owabl e

& quarterly em ssion
limt or
federal ly

enf or ceabl e
permt limt.
Short term Maxi mum
al | owabl e
em ssi on
limt or
federally
enf or ceabl e
permt limt.

Annual | evel
when actual ly
operati ng,
aver aged over
t he nost
recent 2
years.?

Annual | evel
when actual ly
operati ng,
aver aged over
t he nost
recent 2
years.?

Act ual
operating
factor

aver aged over
nost recent 2
years?

Cont i nuous
operati on,
i.e., all
hours of each
tine period
under

consi deration
(for all
hours of the
nmet eor ol ogi ca
| data base).®

The nodel input data requirements shown on this table apply to stationary source control
strategi es for STATE | MPLEMENTATI ON PLANS. For purposes of emissions trading, new source

review, or prevention of significant deterioration,

ot her nodel

input criteria my

apply. Refer to the policy and guidance for these prograns to establish the input data.

2Ter m nol ogy applicable to fuel

bur ni ng sources;

#/t hr oughput may be used for other type of sources.

SUnless it is determined that this period is not

anal ogous term nol ogy,

representative.

e.g.,

“Operating levels such as 50 percent and 75 percent of capacity should al so be npdeled to
determ ne the | oad causing the highest concentration.

5If 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 pernit
condition, an appropriate adjustment to the nodel ed emi ssion rate may be made (e.g., if

operation is only 8 aam to 4 p.m each day,

only these hours wll

be nodeled with

em ssions fromthe source. Mdel ed em ssions shoul d not be averaged across nonoperating

tine periods.)

9.2 Background Concentrations

9.2.1 Discussion
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Background concentrations are an essential part of the total air quality
concentration to be considered in determ ning source inpacts. Background air
quality includes pollutant concentrations due to: (1) Natural sources; (2)
near by sources other than the one(s) currently under consideration; and (3)
uni dentified sources.

Typically, air quality data should be used to establish background
concentrations in the vicinity of the source(s) under consideration. The
noni toring network used for background determ nations should conformto the
same quality assurance and other requirenents as those networks established
for PSD purposes. (63) An appropriate data validation procedure should be
applied to the data prior to use.

If the source is not isolated, it nmay be necessary to use a nulti-source
nodel to establish the inpact of nearby sources. Background concentrations
shoul d be determi ned for each critical (concentration) averaging tinme.

9.2.2 Recomendations (lsolated Single Source)
Two options are avail able to determ ne background near isol ated sources.

Option One: Use air quality data collected in the vicinity of the source
to determ ne the background concentration for the averaging tinmes of concern.!?
Determ ne the mean background concentration at each nonitor by excluding
val ues when the source in question is inpacting the nonitor. The nean annua
background is the average of the annual concentrations so deternined at each
noni tor. For shorter averaging periods, the neteorol ogical conditions
acconpanyi ng the concentrations of concern should be identified.
Concentrations for meteorol ogical conditions of concern, at nonitors not
i npacted by the source in question, should be averaged for each separate
averaging tine to deternm ne the average background val ue. Monitoring sites
i nside a 90° sector downwi nd of the source may be used to determine the area
of inpact. One hour concentrations may be added and averaged to determ ne
| onger averagi ng peri ods.

For purposes of PSD, the location of nonitors as well as data quality

assurance procedures must satisfy requirenents listed in the PSD

Moni t ori ng Gui delines. (63)

Option Two: If there are no nonitors located in the vicinity of the
source, a "regional site" may be used to determ ne background. A "regiona
site" is one that is located away fromthe area of interest but is inmpacted by
simlar natural and distant man-made sources.

9. 2.3 Recommendations (Multi-Source Areas)
In nulti-source areas two conmponents of background shoul d be deterni ned.

Near by Sources: All sources expected to cause a significant
concentration gradient in the vicinity of the source or sources under
consideration for emission limt(s) should be explicitly nodel ed. For
eval uation for conpliance with the short term and annual ambi ent standards,

t he nearby sources should be nodel ed using the enission input data shown in
Table 9-1. The nunber of such sources is expected to be small except in
unusual situations. The nearby source inventory should be determned in
consultation withthe | ocal air pollution control agency. It is envisioned that
t he nearby sources and the sources under consideration will be eval uated

t oget her using an appropriate appendi x A nodel .

The inpact of the nearby sources should be exam ned at |ocations where
i nteracti ons between the plune of the point source under consideration and
t hose of nearby sources (plus natural background) can occur. Significant
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| ocations include: (1) The area of maxi muminpact of the point source; (2) the
area of maxi mum i npact of nearby sources; and (3) the area where all sources
conbi ne to cause nmaxi mum i nmpact. These | ocations may be identified through
trial and error anal yses.

Ot her Sources: That portion of the background attributable to all other
sources (e.g., natural sources, mnor sources and distant major sources)
shoul d be determi ned either by the procedures found in section 9.2.2 or by
application of a nodel using Table 9-1

9.3 Meteorological |nput Data

The neteorol ogi cal data used as input to a dispersion nodel should be
sel ected on the basis of spatial and clinmatol ogical (tenporal)
representativeness as well as the ability of the individual paranmeters
sel ected to characterize the transport and di spersion conditions in the area
of concern. The representativeness of the data is dependent on: (1) The
proximty of the meteorol ogical nmonitoring site to the area under
consideration; (2) the conplexity of the terrain; (3) the exposure of the
nmet eorol ogi cal nonitoring site; and (4) the period of time during which data
are collected. The spatial representativeness of the data can be adversely
affected by | arge di stances between the source and receptors of interest and
t he conpl ex topographic characteristics of the area. Tenporal
representativeness is a function of the year-to-year variations in weather
condi tions.

Model input data are normally obtained either fromthe National Wather
Service or as part of an on-site neasurement program Local universities, FAA,
mlitary stations, industry and pollution control agencies may al so be sources
of such data. Sonme recommendations for the use of each type of data are
included in this section.

9.3.1 Length of Record of Meteorol ogical Data
9.3.1.1 Discussion

The nodel user should acquire enough nmeteorol ogical data to ensure that
wor st - case neteorol ogical conditions are adequately represented in the nodel
results. The trend toward statistically based standards suggests a need for
all neteorol ogical conditions to be adequately represented in the data set
sel ected for nodel input. The nunber of years of record needed to obtain a
stabl e distribution of conditions depends on the variable being neasured and
has been estinmated by Landsberg and Jacobs (64) for various paraneters.

Al t hough that study indicates in excess of 10 years may be required to achi eve
stability in the frequency distributions of sone neteorol ogical variabl es,
such long periods are not reasonable for nodel input data. This is due in part
to the fact that hourly data in nodel input format are frequently not
avai l abl e for such periods and that hourly cal cul ati ons of concentration for

| ong periods are prohibitively expensive. A recent study (65) compared various
periods froma 17-year data set to determi ne the m ni mum nunmber of years of
dat a needed to approxi mate the concentrations nodeled with a 17-year period of
nmet eorol ogi cal data fromone station. This study indicated that the
variability of nodel estimates due to the neteorol ogical data input was
adequately reduced if a 5-year period of record of neteorol ogical input was
used.

9.3.1.2 Recommendati ons.
Five years of representative neteorol ogical data shoul d be used when

estimating concentrations with an air quality nodel. Consecutive years from
the nost recent, readily available 5-year period are preferred. The
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nmet eorol ogi cal data may be data collected either onsite or at the nearest

Nati onal Weather Service (NWS) station. 1f the source is large, e.g., a 500 MW
power plant, the use of 5 years of NWS neteorol ogical data or at |east 1 year
of site-specific data is required.

If one year or nore, up to five years, of site-specific data is
avai l abl e, these data are preferred for use in air quality analyses. Such data
shoul d have been subjected to quality assurance procedures as described in
section 9.3.3.2.

For permitted sources whose enm ssion linitations are based on a specific
year of neteorol ogical data that year should be added to any | onger period
being used (e.g., 5 years of NW5 data) when nodeling the facility at a |later
tinme.

9.3.2 National Weather Service Data
9.3.2.1 Discussion

The National Weather Service (NWS) neteorol ogical data are routinely
avail abl e and fanmiliar to nost nodel users. Although the NWS does not provide
di rect neasurerments of all the needed dispersion nodel input variables,
nmet hods have been devel oped and successfully used to translate the basic NWS
data to the needed nodel input. Direct neasurenents of nodel input paraneters
have been made for |linited nodel studies and those nmethods and techni ques are
becom ng nore wi dely applied; however, npst nodel applications still rely
heavily on the NWS data.

There are two standard formats of the NWS data for use in air quality
nodel s. The short term nodel s use the standard hourly weather observations
avail able fromthe National Climatic Data Center (NCDC). These observations
are then "preprocessed" before they can be used in the nodels. "STAR'
sunmmaries are available from NCDC for | ong term nodel use. These are joint
frequency distributions of wind speed, direction and P-G stability category.
They are used as direct input to nodels such as the long termversion of |SC.
(58)

9.3.2.2 Recommendati ons.

The preferred short termnodels listed in appendix A all accept as input
the NWS et eorol ogi cal data preprocessed into nodel conpatible form Long-term
(mont hly seasonal or annual) preferred nodels use NWS "STAR' sunmari es.
Sunmarized concentration estimates fromthe short term nodels nmay al so be used
to devel op | ong-term averages; however, concentration estinmates based on the
two separate input data sets may not necessarily agree.

Al t hough nost NWS neasurenments are made at a standard hei ght of 10
neters, the actual anenoneter hei ght should be used as input to the preferred
nodel .

Nati onal Weather Service wind directions are reported to the nearest 10
degrees. A specific set of randomy generated nunbers has been devel oped for
use with the preferred EPA nodel s and shoul d be used to ensure a | ack of bias
in wind direction assignments within the nodels.

Data fromuniversities, FAA nilitary stations, industry and pollution
control agencies may be used if such data are equivalent in accuracy and
detail to the NWS5 data.

9.3.3 Site-Specific Data
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9.3.3.1 Discussion

Spatial or geographical representativeness is best achieved by
collection of all of the needed nodel input data at the actual site of the
source(s). Site-specific neasured data are therefore preferred as nodel input,
provi ded appropriate instrumentation and quality assurance procedures are
foll owed and that the data collected are representative (free fromundue |oca
or "mcro" influences) and conpatible with the input requirements of the nodel
to be used. However, direct nmeasurenents of all the needed nodel input
parameters may not be possible. This section di scusses suggestions for the
col l ection and use of on-site data. Since the methods outlined in this section
are still being tested, conparison of the nodel parameters derived using these
site-specific data should be conpared at | east on a spot-check basis, with
paranmeters derived from nore conventional observations.

9.3.3.2 Recomendati ons.
Site-specific Data Collection

Gui dance provided in the "Ambient Mntoring Guidelines for Prevention of
Significant Deterioration (PSD)" (63) should be used for the establishnent of
special monitoring networks for PSD and other air quality nodeling anal yses.
That gui dance includes requirenents and specifications for both pollutant and
nmet eorol ogi cal nonitoring. Additional information is available in the EPA
qual ity assurance handbooks and site sel ection gui dance documents published on
a pol lutant-by-pollutant basis (see the Air Prograns Report and Cuidelines
| ndex EPA-450/2-82-016). Volune |1V of the series of reports "Quality Assurance
Handbook for Air Pollution Measurenent Systens" (66) contains such informtion
for nmeteorol ogical neasurenents. As a minimum site-specific neasurenments of
ambient air tenperature, transport w nd speed and direction, and the
paranmeters to determne Pasquill-Gfford stability categories should be
avail abl e in meteorol ogi cal data sets to be used in nodeling. Care should be
taken to ensure that nonitors are located to represent the area of concern and
that they are not influenced by very localized effects. Site-specific data for
nodel applications should cover as long a period of neasurement as is possible
to ensure adequate representation of "worst-case" neteorol ogy. The Regi ona
Ofice will determ ne the appropriateness of the neasurenent |ocations.

Al site-specific data should be reduced to hourly averages. Table 9-2
lists the wind related paraneters and the averaging time requirenents.

Tenper ature Measurenents

Tenper ature neasurenents shoul d be nade at standard shelter height in
accordance with the gui dance referenced above.

W nd Measurenents

In addition to surface wi nd nmeasurenments, the transport w nd direction
shoul d be neasured at an elevation as close as possible to the plune height.
To approximate this, if a source has a stack below 100 m select the stack top
hei ght as the transport w nd neasurenent height. For sourcees with stacks
ext endi ng above 100 m a 100 mtower is suggested unless the stack top is
significantly above 100 neters (200 mor nore). In cases with stacks 200 m or
above, the Regional Ofice should determ ne the appropriate nmeasurenent hei ght
on a case-by-case basis. Renpte sensing may be a feasible alternative. The
di lution wind speed used in determning plunme rise and al so used in the
Gaussi an di spersion equation is, by convention, defined as the wi nd speed at
stack top.
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For routine tower neasurenments and surface nmeasurenents the wi nd speed
shoul d be nmeasured using an anenoneter and the wi nd direction nmeasured using a
hori zontal vane. Specifications for wind measuring instrunents and nonitoring
systens are contained in the "Ambient Air Mnitoring Guidelines for Prevention
of Significant Deterioration (PSD)" (63) and in the quality assurance handbook
on neteorol ogi cal measurenents (66). Ilrwin (67) provides additional guidance
for processing w nd data.

Stability Categories

The Pasquill-Gfford (P-G stability categories, as originally defined,
coupl e near-surface neasurements of wind speed with subjectively deterni ned
i nsol ati on assessenents based on hourly cloud cover and ceiling observations.
The wi nd speed neasurenents are nade at or near 10 m The insolation rate is
typically assessed using the cloud cover and ceiling height criteria outlined
by Turner (50). Often the cloud cover data are not available in site-specific
data sets. In the absence of such observations, it is recommended that the P-G
stability category be estimated using Table 9-3. This table requires Fg the
standard deviation of the vertical wind direction fluctuations. If the surface
roughness of the area surrounding the source is different fromthe 15 cm
roughness | ength upon which the table is based, an adjustnent nay be made as
indicated in the second footnote of Table 9-3. F. is conputed from direct
nmeasurenments of the elevation angle of the vertical w nd directions.

| f neasurements of elevation angle are not avail able, F. may be
det erm ned using the transform

Fe = FJu,

wher e:

Fr = +the standard deviation of the vertical wind direction fluctuations over
a one-hour period.

F, = the standard deviation of the vertical w nd speed fluctuations over a
one- hour peri od.

u = t he average horizontal w nd speed for a one-hour period.

Since both F, and u are in nmeters per second, G8sg is in radians. To use
Fc in Table 9-3, F. nmust be converted to degrees. It is recomended that a
vertically nounted propeller anenoneter be used to neasure the vertical w nd
speed fluctuations. The instrunent should nmeet the specifications given in the
Anmbi ent Mnitoring Guidelines referenced above. Conpute F, directly each hour
using at |east 360 val ues based on a recomended readout interval of up to 10
seconds. If Fc is computed using the output of the anenmoneter by other than
direct application of the formula for a variance, the nethod shoul d be
denonstrated to be equivalent to direct conputation. Both the vertical w nd
speed fluctuations and the horizontal w nd speed should be neasured at the
same | evel. Moreover, these measurenents should be made at a height of 10 m
for use in estimating the P-G stability category. \Where trees or |and use
precl ude neasurenments as low as 10 m nmeasurenents shoul d be made at a hei ght
above the obstructions.

If on-site neasurements of either F. or F, are not available, stability
categories may be determ ned using the horizontal w nd direction flucuation
F, as outlined by Irwin (68). Irwin includes the Mtchell and Tinbre (69)
nmet hod that uses categories of F, (70) listed in Table 9-3, as an initia
estimate of the P-G stability category. This relationship is considered
adequate for daytime use. During the nighttime (one hour prior to sunset to
one hour after sunrise), the adjustments given in Table 9-4 should be applied
to these categories. As with F. an hourly average F, may be adjusted for
surface roughness by multiplying the table values of F, by a factor based on
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t he average surface roughness length determined within 1 to 3 km of the
source. The need for such adjustnents should be determ ned on a case-by-case
basi s.

Wnd direction meander may, at tinmes, lead to an erroneous determni nation
of P-G stability category based on F,, To minimze wi nd direction neander
contributions, F, my be determ ned for each of four 15-mi nute periods in an
hour. However, 360 sanples are needed during each 15-m nute period. To obtain
the F, for stability determinations in these situations, take the square root
of one-quarter of the sumof the squares of the four 15-minute F, s, as
illustrated in the footnote to Table 9-2. Wile this approach is acceptable
for determining stability, F\ s calculated in this manner are not likely to be
suitable for input to nodels under devel opment that are designed to accept on-
site hourly F's based on 60-ni nute peri ods.

There has not been a wi despread use of F. and F, to deternmine P-G
categories. As nentioned in the footnotes to Table 9-3, the techniques
outlined have not been extensively tested. The criteria listed in Table 9-3,
are for Fr and F, values at 10 m For best results, the F. and F, val ues shoul d
be for heights near the surface as close to 10 mas practicable. Obstacles and
| arge roughness el ements may preclude neasurenments as low as 10 m |f
ci rcunst ances preclude neasurenents below 30 m the Regi onal Meteorol ogi st
shoul d be consulted to determ ne the appropri ate nmeasurenents to be taken on a
case-by-case basis. The criteria listed in Tables 9-3 and 9-4 result from
studi es conducted in relatively flat terrain in rather ideal circunstances.

For routine applications where conditions are often less than ideal, it is
recormended that a tenporary programbe initiated at each site to spot-check
the stability class estimates. lrwin's nmethod using F. or F, should be

conpared with P-G stability class estimtes using on-site wi nd speed and

subj ective assessnents of the insolation based on ceiling height and cl oud
cover. The Regi onal Meteorol ogist should be consulted when using the spot-
check results to refine and adjust the prelimnary criteria outlined in Tabl es
9-3 and 9-4.

In summary, when on-site data sets are being used, Pasquill-Gfford
stability categories should be deternined fromone of the followi ng schenes
listed in the order of preference:

(1) Turner's 1964 nethod (54) using site-specific data which include
cl oud cover, ceiling height and surface (~10 m w nd speeds.

(2) Fe fromsite-specific neasurements and Table 9-3 (F: may be
determ ned from el evati on angl e nmeasurenments or may be estimated from
nmeasurenments of F, according to the transform F. = F/u (see page 9-17)).

(3) Fy, fromsite-specific neasurements and Tables 9-3 and 9-4.

(4) Turner's 1964 nethod using site-specific wind speed with cloud cover
and ceiling height froma nearby NWs site.

Table 9-2.-Averaging Tines for Site-Specific Wnd and Turbul ence Measurenents

Par aret er Averaging tine
Surface wind speed (for use in stability 1-hr

det erm nati ons).

Transport direction 1-hr

Dilution wind speed 1-hr
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Tur bul ence neasurenents (Fz and F,) for use 1-hr?
in stability deterninations.

To mi nimze meander effects in F' when wind conditions are |ight and/or variable,
determne the hourly average F's fromfour 15-minute F's according to the follow ng
formul a:

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<

Table 9-4.-Nighttinme! P-G Stability Categories Based on FA from Table 9-3

If the FA And the Wnd Speed Then the Pasquill
Stability at 10 mis n's Stability Category
Category is is
A <2.9 F
2.9to 3.6 E
>3.6 D
B <2.4 F
2.4 to 3.0 E
>3.0 D
C <2.4 E
>2. 4 D
D wi nd speed not consi der ed. D
E wi nd speed not considered.? E
F wi nd speed not considered.? F

Adapted fromlrwin, J. 1980 68.

INi ghttime is considered to be from1 hour prior to sunset to 1 hour after sunrise.

2The original Mtchell and Tinbre (69) table had no wi nd speed restrictions; However, the
original Pasquill criteria suggest that for wi nd speeds greater than 5 nis, neutral

condi tions should be used.

SThe original Mtchell and Tinbre (69) table had no wi nd speed restrictions; however, the
original Pasquill criteria suggest that for wind speeds greater than or equal to 5 nis,
the D category would be appropriate, and for wind speeds between 3 mis and 5 nis, the E
cat egory shoul d be used.

9.3.4 Treatnment of Cal ns
9.3.4.1 Discussion

Treatment of calmor light and variable wi nd poses a special problemin
nodel applications since Gaussi an nodel s assunme that concentration is
i nversely proportional to wi nd speed. Furthernore, concentrations becone
unrealistically | arge when wi nd speeds less than 1 m's are input to the nodel.
A procedure has been devel oped for use with NWS data to prevent the occurrence
of overly conservative concentration estinmates during periods of calnms. This
procedure acknow edges that a Gaussi an plume nodel does not apply during calm
conditions and that our know edge of plume behavior and wi nd patterns during
t hese conditions does not, at present, permt the devel opnment of a better
techni que. Therefore, the procedure disregards hours which are identified as
calm The hour is treated as missing and a convention for handling nissing
hours is recomrended.
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Preprocessed neteorol ogical data input to nost appendi x A EPA nodel s
substitute a 1.00 ms wi nd speed and the previous direction for the cal mhour
The new treatnment of calnms in those nodels attenpts to identify the origina
cal m cases by checking for a 1.00 m's wi nd speed coincident with a w nd
direction equal to the previous hour's wind direction. Such cases are then
treated in a prescribed manner when estimating short term concentrations.

9.3.4.2 Recommendat i ons.

Hourly concentrations cal cul ated with Gaussi an nodel s using cal ms shoul d
not be considered valid; the wind and concentration estimates for these hours
shoul d be di sregarded and considered to be nissing. Critical concentrations
for 3, 8, and 24-hour averages should be cal cul ated by dividing the sum of the
hourly concentration for the period by the nunmber of valid or nonnissing
hours. If the total nunmber of valid hours is |less than 18 for 24-hour
averages, less than 6 for 8-hour averages or less than 3 for 3-hour averages,
the total concentration should be divided by 18 for the 24-hour average, 6 for
t he 8-hour average and 3 for the 3-hour average. For annual averages, the sum
of all valid hourly concentrations is divided by the nunmber of non-cal m hours
during the year. A post-processor conputer program CALMPRO (73) has been
prepared follow ng these instructions and has been hardwired in the follow ng
nodel s: RAM | SC, MPTER and CRSTER

The recomendati ons above apply to the use of calnms for short term
averages and do not apply to the determ nation of |long term averages using
"STAR' data summaries. Cal nms should continue to be included in the preparation
of "STAR' summaries. A treatnent for calms and very light winds is built into
the software that produces the "STAR' summari es.

St agnhant conditions, including extended periods of calns, often produce
hi gh concentrations over wide areas for relatively |long averagi ng periods. The
standard short term Gaussi an nodels are often not applicable to such
situations. When stagnation conditions are of concern, other nopdeling
t echni ques shoul d be consi dered on a case-by-case basis. (See al so Section
8.2.10)

When used in Gaussi an nodel s, measured on-site wi nd speeds of |ess than
1 m's but higher than the response threshold of the instrument should be input
as 1 m's; the corresponding wind direction should al so be input. Observations
bel ow t he response threshold of the instrunent are also set to 1 nmls but the
wind direction fromthe previous hour is used. If the wind speed or direction
can not be determined, that hour should be treated as nissing and short term
averages shoul d then be cal cul ated as above.

10. 0 Accuracy and Uncertainty of Mbdels
10.1 Di scussion

I ncreasing reliance has been placed on concentration estimates from
nodel s as the primary basis for regul atory deci sions concerning source permits
and em ssion control requirenents. In many situations, such as review of a
proposed source, no practical alternative exists. Therefore, there is an
obvi ous need to know how accurate nodels really are and how any uncertainty in
the estimtes affects regul atory decisions. EPA recogni zes the need for
i ncorporating such information and has sponsored workshops (11, 74) on nodel
accuracy, the possible ways to quantify accuracy, and on considerations in the
i ncorporation of nodel accuracy and uncertainty in the regulatory process. The
Second (EPA) Conference on Air Quality Moddeling, August 1982, (75) was devoted
to that subject.

10. 1.1 Overview of Model Uncertainty
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Di spersion nodel s generally attenpt to estimate concentrations at
specific sites that really represent an ensenbl e average of numnerous
repetitions of the sane event. The event is characterized by nmeasured or
"known" conditions that are input to the nodels, e.g., w nd speed, nixed |ayer
hei ght, surface heat flux, em ssion characteristics, etc. However, in addition
to the known conditions, there are unneasured or unknown variations in the
conditions of this event, e.g., unresolved details of the atnmospheric flow
such as the turbulent velocity field. These unknown conditions, nay vary anong
repetitions of the event. As a result, deviations in observed concentrations
fromtheir ensenble average, and fromthe concentrations estinmated by the
nodel , are likely to occur even though the known conditions are fixed. Even
with a perfect nodel that predicts the correct ensenble average, there are
likely to be deviations fromthe observed concentrations in individua
repetitions of the event, due to variations in the unknown conditions. The
statistics of these concentration residuals are terned "inherent" uncertainty.
Avai | abl e evi dence suggests that this source of uncertainty al one may be
responsi ble for a typical range of variation in concentrations of as nmuch as *
50 percent. (76)

Moreover, there is "reduci ble" uncertainty (77) associated with the
nodel and its input conditions; neither nodels nor data bases are perfect.
Reduci bl e uncertainties are caused by: (1) Uncertainties in the input val ues
of the known condition-enission characteristics and neteorol ogical data; (2)
errors in the measured concentrations which are used to conmpute the
concentration residuals; and (3) inadequate nodel physics and formul ati on. The
“reduci bl e" uncertainties can be mninized through better (nore accurate and
nore representative) neasurenents and better nodel physics.

To use the term nology correctly, reference to nodel accuracy should be
[imted to that portion of reducible uncertainty which deals with the physics
and the formul ati on of the nodel. The accuracy of the nodel is normally
determ ned by an eval uation procedure which invol ves the conpari son of nodel
concentration estimates with nmeasured air quality data. (78) The statenent of
accuracy is based on statistical tests or performance neasures such as bias,
noi se, correlation, etc. (11) However, information that allows a distinction
bet ween contributions of the various elenents of inherent and reducible
uncertainty is only now beginning to enmerge. As a result npbst discussions of
t he accuracy of nodels make no quantitative distinction between (1)
[imtations of the nodel versus (2) limtations of the data base and of
know edge concerni ng atnospheric variability. The reader should be aware that
statenments on nodel accuracy and uncertainty may inply the need for
i mprovenents in nodel performance that even the "perfect" nodel could not
satisfy.

10. 1.2 Studi es of Mdel Accuracy

A nunmber of studies (79, 80) have been conducted to exam ne nodel
accuracy, particularly with respect to the reliability of short-term
concentrations required for anmbient standard and increnent eval uations. The
results of these studies are not surprising. Basically, they confirm what
| eadi ng at nospheric scientists have said for sone tine: (1) Models are nore
reliable for estimating | onger tinme-averaged concentrations than for
estimating short-term concentrations at specific |ocations; and (2) the nopdels
are reasonably reliable in estimting the magnitude of highest concentrations
occurring sonetinme, somewhere within an area. For exanple, errors in highest
estimted concentrations of + 10 to 40 percent are found to be typical (81)
i.e., certainly well within the often-quoted factor-of-two accuracy that has
| ong been recogni zed for these nodels. However, estimates of concentrations
that occur at a specific tine and site, are poorly correlated with actually
observed concentrations and are much less reliable.
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As noted above, poor correl ations between paired concentrations at fixed
stations nmay be due to "reduci ble" uncertainties in know edge of the precise
plume | ocation and to unquantified i nherent uncertainties. For exanple,
Pasquill (82) estimates that, apart fromdata input errors, nmaximm ground-
| evel concentrations at a given hour for a point source in flat terrain could
be in error by 50 percent due to these uncertainties. Uncertainty of five to
10 degrees in the neasured wind direction, which transports the plunme, can
result in concentration errors of 20 to 70 percent for a particular tine and
| ocation, depending on stability and station |ocation. Such uncertainties do
not indicate that an estimted concentration does not occur, only that the
precise tine and locations are in doubt.

10. 1.3 Use of Uncertainty in Decision-Mking

The accuracy of nodel estimates varies with the nodel used, the type of
application, and site-specific characteristics. Thus, it is desirable to
quantify the accuracy or uncertainty associated with concentrati on estimates
used in deci sion-maki ng. Communi cati ons between nodel ers and deci si on- nakers
nmust be fostered and further devel oped. Commruni cati ons concer ni ng
concentration estimates currently exist in nost cases, but the conmunications
dealing with the accuracy of nodels and its nmeaning to the decision-maker are
limted by the lack of a technical basis for quantifying and directly
i ncludi ng 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. (74, 75, 77)

In all applications of nodels an effort is encouraged to identify the
reliability of the nodel estimates for that particular area and to determ ne
t he magni tude and sources of error associated with the use of the nodel. The
anal yst is responsible for recognizing and quantifying lintations in the
accuracy, precision and sensitivity of the procedure. Information that night
be useful to the decision-naker in recognizing the seriousness of potentia
air quality violations includes such nodel accuracy estimtes as accuracy of
peak predictions, bias, noise, correlation, frequency distribution, spatia
extent of high concentration, etc. Both space/time pairing of estimtes and
measur ement s and unpai red conpari sons are recomended. Enphasis should be on
t he hi ghest concentrations and the averaging times of the standards or
i ncrenents of concern. \Were possible, confidence intervals about the
statistical values should be provided. However, while such information can be
provi ded by the nodeler to the decision-maker, it is unclear how this
i nformati on shoul d be used to make an air pollution control decision. Gven a
range of possible outcones, it is easiest and tends to ensure consistency if
t he deci si on-maker confines his judgnment to use of the "best estimate"
provi ded by the nodeler (i.e., the design concentration estimted by a nodel
recormended in this guideline or an alternate nodel of known accuracy). This
is an indication of the practical limtations inposed by current abilities of
the technical community.

To inprove the basis for decision-making, EPA has devel oped and is
continuing to study procedures for determ ning the accuracy of nodels,
quantifying the uncertainty, and expressing confidence |levels in decisions
that are nade concerning em ssions controls. (83, 84) However, work in this
area invol ves "breaking new ground" with slow and sporadic progress likely. As
aresult, it may be necessary to continue using the "best estimate" unti
sufficient technical progress has been made to meaningfully inplenment such
concepts dealing with uncertainty.

10.1. 4 Eval uati on of Mbdels

A nunmber of actions are being taken to ensure that the best nodel is
used correctly for each regulatory application and that a nodel is not
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arbitrarily inmposed. First, this guideline clearly recommends that the nost
appropriate nodel be used in each case. Preferred nodels, based on a nunber of
factors, are identified for many uses. General gui dance on using alternatives
to the preferred nodels is also provided. Second, all the nodels in eight
categories (i.e., rural, urban, industrial conplex, reactive pollutants,
nobi |l e source, conplex terrain, visibility and | ong-range transport) that are
candi dates for inclusion in this guideline are being subjected to a systematic
performance eval uati on and a peer scientific review. (85) The same data bases
are being used to evaluate all nodels within each of eight categories.
Statistical performance neasures, including nmeasures of difference (or

resi dual s) such as bias, variance of difference and gross variability of the
di fference, and neasures of correlation such as tinme, space, and tine and
space combi ned as reconmended by the AMS Wods Hol e Workshop (11) are being
foll owed. The results of the scientific review are being incorporated in this
guideline and will be the basis for future revision. (12, 13) Third, nore
specific informati on has been provided for justifying the site-specific use of
alternative nodels in the docunent "Interim Procedures for Evaluating Air
Quality Models." (15) This docunent provides a method, follow ng
recomendati ons of the Wods Hol e Workshop, that allows a judgnent to be nade
as to what nodels are nost appropriate for a specific application. For the
present, performance and the theoretical evaluation of npdels are being used
as an indirect neans to quantify one el ement of uncertainty in air pollution
regul atory deci si ons.

In addition to performance eval uation of nodels, sensitivity analyses
are encouraged since they can provide additional information on the effect of
i naccuracies in the data bases and on the uncertainty in nodel estinmates.
Sensitivity analyses can aid in determning the effect of inaccuracies of
variations or uncertainties in the data bases on the range of likely
concentrations. Such information nay be used to determ ne source inpact and to
eval uate control strategies. Where possible, information fromsuch sensitivity
anal yses shoul d be made available to the decisionmaker with an appropriate
interpretation of the effect on the critical concentrations.

10. 2 Recomrendat i ons

No specific guidance on the consideration of nodel uncertainty in
deci si onmaking is being given at this time. There is inconplete technica
i nformati on on neasures of nodel uncertainty that are npst relevant to the
deci sionmaker. It is not clear how a decisionmaker could use such information,
particularly given linmtations of the Clean Air Act. As procedures for
consi dering uncertainty devel op and becone inpl enmentable, this guidance will
be changed and expanded. For the present, continued use of the "best estinmate"
is acceptable and is consistent with CAA requirenents.

11.0 Regul atory Application of Mdels
11.1 Discussion

Procedures with respect to the review and analysis of air quality
nodel i ng and data anal yses in support of SIP revisions, PSD pernmitting or
other regulatory requirenments need a certain anpunt of standardization to
ensure consistency in the depth and conprehensi veness of both the review and
the analysis itself. This section reconmends procedures that pernit sone
degree of standardization while at the sane tine allowing the flexibility
needed to assure the technically best analysis for each regul atory
application.

Di spersion nodel estimates, especially with the support of measured air
quality data, are the preferred basis for air quality denonstrations.
Nevert hel ess, there are instances where the performnce of reconmended
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di spersion nodel i ng techni ques, by conparison with observed air quality data,
may be shown to be | ess than acceptable. Al so, there may be no recomended
nodel i ng procedure suitable for the situation. In these instances, enission
[imtations may be established solely on the basis of observed air quality
data. The sane care should be given to the analysis of the air quality data as
woul d be applied to a nodeling anal ysis.

The current NAAQS for SO, TSP, and CO are all stated in terns of a
concentration not to be exceeded nore than once a year. There is only an
annual standard for NO,. The ozone standard was revised in 1979 and t hat
standard pernmits the exceedance of a concentration on an average of not nore
than once a year, averaged over a 3-year period. (5, 86) This represents a
change froma deterministic to a nore statistical formof the standard and
permts sone consideration to be given to unusual circunstances. The NAAQS are
subj ected to extensive review and possible revision every 5 years.

This section discusses general requirenents for concentration estimtes
and identifies the relationship to enission limts. The foll ow ng
recomendati ons apply to: (1) Revisions of State Inplementation Plans; (2) the
revi ew of new sources and the prevention of significant deterioration (PSD)
and (3) anal yses of the em ssions trades ("bubbles").

11. 2 Recommendati ons
11. 2.1 Anal ysis Requirenents.

Every effort should be nade by the Regional Ofice to neet with al
parties involved in either a SIP revision or a PSD permt application prior to
the start of any work on such a project. During this neeting, a protoco
shoul d be established between the preparing and review ng parties to define
the procedures to be followed, the data to be collected, the nodel to be used,
and the analysis of the source and concentration data. An exanple of
requi rements for such an effort is contained in the Air Quality Analysis
Checklist included here as appendix C. This checklist suggests the |evel of
detail required to assess the air quality resulting fromthe proposed action
Speci al cases may require additional data collection or analysis and this
shoul d be determ ned and agreed upon at this preapplication neeting. The
protocol should be witten and agreed upon by the parties concerned, although
a formal |egal document is not intended. Changes in such a protocol are often
required as the data collection and anal ysis progresses. However, the protoco
est abl i shes a common under standi ng of the requirenents.

An air quality analysis should begin with a screening nodel to determ ne
the potential of the proposed source or control strategy to violate the PSD
increnent or the NAAQS. It is reconmended that the screening techniques found
in "Procedures for Evaluating Air Quality Inmpact of New Stationary Sources"
(18) be used for point source anal yses. Screening procedures for area source
anal ysis are discussed in "Applying Atnospheric Sinulation Mddels to Air
Qual ity Maintenance Areas." (87)

If the concentration estimtes from screening techni ques indicate that
the PSD i ncrement or NAAQS nmay be approached or exceeded, then a nore refined
nodel i ng anal ysis is appropriate and the nodel user should sel ect a nopdel
according to recomendations in sections 4, 5, 6 or 7. 1n some instances, no
refined technique nmay be specified in this guide for the situation. The nodel
user is then encouraged to submit a nodel devel oped specifically for the case
at hand. If that is not possible, a screening technique may supply the needed
results.

Regi onal O fices should require pernmit applicants to incorporate the
pol | utant contributions of all sources into their analysis. Were necessary
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this may include enissions associated with growth in the area of inpact of the
new or nodified source's inpact. PSD air quality assessnents shoul d consi der

t he amount of the allowable air quality increnent that has already been
granted to any other sources. The npbst recent source applicant should be

all owed the prerogative to renndel the existing or permtted sources in
addition to the one currently under consideration. This would permt the use
of newy acquired data or inproved nodeling techniques if such have becone
avai l abl e since the | ast source was permtted. Wen renodeling, the worst case
used in the previous nodeling anal ysis should be one set of conditions nodel ed
in the new analysis. Al sources should be nodel ed for each set of

nmet eor ol ogi cal conditions selected and for all receptor sites used in the
previous applications as well as new sites specific to the new source

11.2.2 Use of Measured Data in Lieu of Mddel Estimates.

Modeling is the preferred nethod for determ ning emission limtations
for both new and existing sources. Wien a preferred nodel is avail able, nopdel
results alone (including background) are sufficient. Monitoring will normally
not be accepted as the sole basis for enmission [imtation determ nation in
flat terrain areas. In sone instances when the nodeling technique available is
only a screening technique, the addition of air quality data to the analysis
may | end credence to nodel results.

There are circunstances where there is no applicable nodel, and neasured
data may need to be used. Exanples of such situations are: (1) Conplex terrain
| ocations; (2) land/water interface areas; and (3) urban locations with a
large fraction of particulate em ssions fromnontraditional sources. However,
only in the case of an existing source should nonitoring data al one be a basis
for emission limts. In addition, the following itenms should be considered
prior to the acceptance of the neasured data:

a. Does a nonitoring network exist for the pollutants and averaging
ti mes of concern;

b. Has the nmonitoring network been designed to | ocate points of maxi num
concentration;

c. Do the nonitoring network and the data reduction and storage
procedures nmeet EPA nonitoring and quality assurance requirenents;

d. Do the data set and the analysis allow i npact of the nost inportant
i ndi vi dual sources to be identified if nore than one source or em ssion point
is involved;

e. Is at least one full year of valid anbient data avail abl e; and

f. Can it be demonstrated through the conparison of nonitored data with
nodel results that avail abl e nodel s are not applicabl e?

The nunber of nonitors required is a function of the probl em being
consi dered. The source configuration, terrain configuration, and
net eorol ogi cal variations all have an inpact on nunmber and pl acement of
noni tors. Decisions can only be made on a case-by-case basis. The Interim
Procedure for Evaluating Air Quality Mdels (15) should be used in
establishing criteria for denpnstrating that a nodel is not applicable.

Sour ces shoul d obtain approval fromthe Regional Ofice or review ng
authority for the nmonitoring network prior to the start of nonitoring. A
noni toring protocol agreed to by all concerned parties is highly desirable.
The design of the network, the number, type and l|ocation of the nonitors, the
sampl ing period, averaging time as well as the need for neteorol ogica
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noni toring or the use of nobile sanpling or plune tracking techniques, should
all be specified in the protocol and agreed upon prior to start-up of the
net wor k.

11.2.3 Enmission Linits
11. 2. 3.1 Design Concentrations.

Emission limts should be based on concentration estimtes for the
averaging tine that results in the npst stringent control requirements. The
concentration used in specifying emssion limts is called the design value or
desi gn concentration and is a sumof the concentration contributed by the
source and the background concentrati on.

To determne the averaging time for the design value, the nost
restrictive National Ambient Air Quality Standard (NAAQS) should be identified
by cal cul ating, for each averaging time, the ratio of the applicable NAAQS(S)
m nus background (B) to the predicted concentration (P) (i.e., (S-B)/P). The
averaging tine with the lowest ratio identifies the nost restrictive standard.
If the annual average is the npbst restrictive, the highest estinmted annua
average concentration fromone or a nunber of years of data is the design
val ue. When short term standards are nost restrictive, it may be necessary to
consi der a broader range of concentrations than the highest val ue. For
exanpl e, for pollutants such as SO, the highest, second-hi ghest concentration
is the design value. For pollutants with statistically based NAAQS, the design
value is found by determning the value that is not expected to be exceeded
nore than once per year over the period specified in the standard.

When the highest, second-hi ghest concentration is used in assessing
potential violations of a short term NAAQS, criteria that are identified in
"CQuideline for Interpretation of Air Quality Standards" (88) should be
foll owed. This guideline specifies that a violation of a short term standard
occurs at a site when the standard is exceeded a second tine. Thus, emi ssion
limts that protect standards for averaging tinmes of 24 hours or less are
appropriately based on the highest, second-highest estimated concentration
pl us a background concentration which can reasonably be assuned to occur with
the concentration.

11.2.3.2 Air Quality Standards.

For new or nodified sources to be located in areas where the SO, TSP
| ead, NO,, or CO NAAQS are being attained, the deternination of whether or not
the source will cause or contribute to an air quality violation should be
based on (1) the highest estimated annual average concentration deternned
from annual averages of individual years or (2) the highest, second-highest
estimted concentration for averaging times of 24-hours or |less. For |ead, the
hi ghest estimated concentrati on based on an individual cal endar quarter
averagi ng period shoul d be used. Background concentrations should be added to
the estimated i nmpact of the source. The npbst restrictive standard shoul d be
used in all cases to assess the threat of an air quality violation

11.2.3.3 PSD Air Quality Increments and | npacts.

The al |l owabl e PSD i ncrements for criteria pollutants are established by
regul ation and cited in 40 CFR 51.24. These maxi mum al | owabl e i ncreases in
pol | utant concentrations may be exceeded once per year at each site, except
for the annual increment that nay not be exceeded. The highest, second-hi ghest
increase in estimated concentrations for the short term averages as deterni ned
by a nodel should be Iess than or equal to the pernmitted increment. The
nodel ed annual averages shoul d not exceed the increnent.
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Screeni ng techni ques defined in sections 4 and 5 can sonetines be used
to estimate short termincrenental concentrations for the first new source
that triggers the baseline in a given area. However, when nultiple increment-
consum ng sources are involved in the cal cul ation, the use of a refined nodel
with at | east one year of on-site or five years of off-site NWs data is
normally required. In such cases, sequential nodeling nmust denpnstrate that
the all owabl e i ncrenents are not exceeded tenporally and spatially, i.e., for
all receptors for each tine period throughout the year(s) (time period nmeans
t he appropriate PSD averaging tine, e.g., 3-hour, 24-hour, etc.).

The PSD regul ations require an estimation of the SO, and TSP i npact on
any Class | area. Normally, Gaussian nodels should not be applied at distances
greater than can be accommpdated by the steady state assunptions inherent in
such nodel s. The nmaxi mum di stance for refined Gaussian nodel application for
regul atory purposes is generally considered to be 50 km Beyond the 50 km
range, screening techniques may be used to deternmine if nore refined nodeling
is needed. If refined nodels are needed, |ong range transport nodels should be
considered in accordance with section 7.2.6. As previously noted in sections 3
and 7, the need to involve the Federal Land Manager in decisions on potentia
air quality inmpacts, particularly in relation to PSD Class | areas, cannot be
over enphasi zed.

11.2.3.4 Em ssions Trading Policy (Bubbles).

EPA' s Em ssions Trading Policy, commonly referred to as the "bubble
policy," was proposed in the Federal Register on April 7, 1982. (89) Until a
final policy is pronulgated, principles contained in the proposal should be
used to evaluate trading activities which becorme ripe for decision. Certain
technical clarifications of the policy, including procedures for nodeling
bubbl es, were provided to the Regional Ofices in February, 1983. (90)

Emi ssi on increases and decreases within the bubble should result in
ambient air quality equival ence. Two |levels of analysis are defined for
establishing this equivalence. In a Level | analysis the source configuration
and setting nust neet certain limtations (defined in the policy and
clarification to the policy) that ensure ambient equival ence; no nodeling is
required. In a Level Il analysis a nodeling denonstration of anbient
equi val ence is required but only the sources involved in the enissions trade
are nodel ed. The resulting anbient estimtes of net increases/decreases are
conpared to a set of significance levels to deternmne if the bubble can be

approved. A Level Il analysis requires the use of a refined nodel and one year
of representative meteorol ogi cal data. Sequential nodeling nust denonstrate
that the significance |evels are nmet tenporally and spatially, i.e., for al

receptors for each tinme period throughout the year (tine period means the
appropriate NAAQS averaging tine, e.g., 3-hour, 24-hour, etc.)

For those bubbles that cannot neet the Level | or Level |l requirenents,
the Emi ssions Trading Policy allows for a Level |1l analysis. A Level 111
anal ysis, froma nodeling standpoint, is equivalent to the requirenments for a
standard SIP revision where all sources (and background) are considered and
the estimtes are conmpared to the NAAQS as in section 11.2.3.2.

The Emi ssions Trading Policy allows States to adopt generic regul ations
for processing bubbles. The nodeling procedures recommended in this guideline
apply to such generic regul ati ons. However, an added requirement is that the
nodel i ng procedures contained in any generic regul ation nmust be replicable
such that there is no doubt as to how each individual bubble will be nodel ed.
In general this neans that the nodels, the data bases and the procedures for
appl yi ng the nodel must be defined in the regul ati on. The consequences of the
replicability requirenment are that bubbles for sources |ocated in conplex
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terrain and certain industrial sources where judgnments nmust be made on source
characterizati on cannot be handl ed generically.
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14.0 d ossary of Terns

Air Quality-Anbient pollutant concentrations and their tenporal and
spatial distribution.

Al gorithm A specific mathematical cal cul ation procedure. A nodel may
contain several algorithms.

Backgr ound- Ambi ent pol | utant concentrations due to (1) natural sources,
(2) nearby sources other than the one(s) currently under consideration; and
(3) unidentified sources.
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Cal i brat e- An objective adjustnment using nmeasured air quality data (e.g.
an adjustnent based on | east-squares |inear regression).

Cal m For purposes of air quality nodeling, calmis used to define the
situation when the wind is indetermnate with regard to speed or direction

Conpl ex Terrain-Terrain exceeding the height of the stack bei ng nodel ed.
Conput er Code- A set of statenents that conprise a conputer program

Eval uat e- To apprai se the performance and accuracy of a nodel based on a
conpari son of concentration estimates with observed air quality data.

Fl ui d Model i ng- Mbdel i ng conducted in a wind tunnel or water channel to
quantitatively evaluate the influence of buildings and/or terrain on poll utant
concentrations.

Fugi tive Dust-Dust discharged to the atnosphere in an unconfined fl ow
stream such as that from unpaved roads, storage piles and heavy construction
operations.

Model - A quantitative or mathematical representation or sinulation which
attenpts to describe the characteristics or relationships of physical events.

Preferred Model - A refined nodel that is recomended for a specific type
of regul atory application.

Receptor-A | ocation at which anmbient air quality is neasured or
esti mat ed.

Recept or Model s- Procedures that examnine an anbient nonitor sanple of
particulate matter and the conditions of its collection to infer the types or
relative mx of sources inmpacting on it during collection

Ref i ned Model - An anal ytical technique that provides a detailed treatnent
of physical and chemi cal atnospheric processes and requires detailed and
preci se input data. Specialized estimates are calculated that are useful for
eval uating source inmpact relative to air quality standards and al |l owabl e
increments. The estimates are nore accurate than those obtained from
conservative screeni ng techniques.

Rol | back- A sinple nodel that assumes that if em ssions fromeach source
affecting a given receptor are decreased by the same percentage, ambient air
qual ity concentrati ons decrease proportionately.

Screeni ng Techni que-A relatively sinple analysis technique to determ ne
if a given source is likely to pose a threat to air quality. Concentration
estimtes from screening techni ques are conservative.

Sinple Terrain-An area where terrain features are all lower in elevation
than the top of the stack of the source.

Appendi x A to Appendi x X of Part 266-Summaries of Preferred Air Quality Models
Tabl e of Contents

A. 0 Introduction

A. 1 Buoyant line and point source dispersion nodel (BLP)

A.2 Caline 3
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A. 3 dimatol ogi cal dispersion nodel (CDM 2.0)
A. 4 Gaussian-Plune nultiple source air quality al gorithm (RAM
A.5 Industrial source conplex nodel (ISC

A.6 Miultiple point Gaussian dispersion algorithmwith terrain adjustnent
( MPTER)

A. 7 Single source (CRSTER) nopdel

A. 8 Urban airshed nodel (UAM

A.9 O fshore and coastal dispersion nodel (OCD)
A. REF Ref erences

A. 0 Introduction

Thi s appendi x summari zes key features of refined air quality nopdels
preferred for specific regulatory applications. For each nodel, information is
provided on availability, approxi mate cost in 1986! regulatory use, data
i nput, output format and options, sinulation of atnospheric physics, and
accuracy. These nodels may be used without a formal denonstration of
applicability provided they satisfy the recomrendati ons for regul atory use;
not all options in the nodels are necessarily recomended for regul atory use.
The nodels are |listed by nane in al phabetical order

IAI'l nmodel s except the Urban Airshed Mdel are avail abl e on UNAMAP

(Version 6) fromNTIS at a price consistent with the previous version of

UNAMAP.

Each of these nodel s has been subjected to a performance eval uation
usi ng conparisons with observed air quality data. A summary of such
conparisons for all nodels contained in this appendix is included in "A Survey
of Statistical Measures of Mdel Performance and Accuracy for Several Air
Quality Model s," EPA-450/4-83-001. \Were possible, several of the nodels
cont ai ned herein have been subjected to eval uati on exercises, including (1)
statistical performance tests recommended by the American Meteorol ogica
Society and (2) peer scientific reviews. The nodels in this appendi x have been
sel ected on the basis of the results of the nodel evaluations, experience with
previous use, famliarity of the nodel to various air quality prograns, and
the costs and resource requirenents for use.

A. 1 Buoyant Line and Point Source Di spersion Mdel (BLP)
Ref er ence

Schul man, Lloyd L., and Joseph S. Scire, 1980. Buoyant Line and Point
Source (BLP) Dispersion Mdel User's Guide. Docurment P-7304B. Environmental
Research and Technol ogy, Inc., Concord, MA. (NTIS PB 81-164642)
Avail ability

This nodel is available as part of UNAMAP (Version 6). The conputer code
is available on magnetic tape from Conmputer Products, National Technica
Information Service, U S. Departnent of Commrerce, Springfield, Virginia 22161
phone (703) 487-4650.

Abst ract
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BLP is a Gaussian plune di spersion nodel designed to handl e unique
nodel i ng probl ens associated with alum numreduction plants, and other
i ndustrial sources where plune rise and downwash effects fromstationary |ine
sources are inportant.

a. Recommendations for Regul atory Use
The BLP nodel is appropriate for the followi ng applications:
Al umi num reduction plants which contain buoyant, elevated |ine sources;
Rural areas;
Transport distances |ess than 50 kil oneters;
Sinple terrain; and
One hour to one year averaging tines.
The foll owi ng options should be selected for regulatory applications:
Rural (IRU = 1) mxi ng height option;

Default (no selection) for plume rise wind shear (LSHEAR), transitiona
poi nt source plume rise (LTRANS), vertical potential tenperature gradient
(DTHTA), vertical w nd speed power |aw profile exponents (PEXP), naxinmm
variation in number of stability classes per hour (IDELS), pollutant decay
(DECFAC), the constant in Briggs' stable plune rise equation (CONST2),
constant in Briggs' neutral plume rise equation (CONST3), con-vergence
criterion for the line source calculations (CRIT), and maxi numiterations
allowed for |line source calculations (MAXIT); and
Terrain option (TERAN) set equal to 0., 0., 0., 0., 0., O.

For other applications, BLP can be used if it can be denonstrated to
give the sane estimates as a recomended nodel for the same application, and
wi || subsequently be executed in that node.

BLP can be used on a case-by-case basis with specific options not
available in a recormended nodel if it can be denobnstrated, using the criteria
in section 3.2, that the nodel is nore appropriate for a specific application

b. I nput Requirenents

Source data: Point sources require stack location, elevation of stack
base, physical stack height, stack inside diameter, stack gas exit velocity,
stack gas exit tenperature, and pollutant enission rate. Line sources require
coordi nates of the end points of the line, release height, em ssion rate,
average line source wi dth, average building wi dth, average spaci ng between
bui | di ngs, and average |ine source buoyancy paraneter.

Met eor ol ogi cal data: Hourly surface weat her data from punched cards or
fromthe preprocessor program RAMMET whi ch provides hourly stability class,
wi nd direction, wi nd speed, tenperature, and nixing height.

Receptor data: Locations and el evations of receptors, or |ocation and
size of receptor grid or request automatically generated receptor grid.

c. Qutput

Printed output (from a separate post-processor programn includes:
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Total concentration or, optionally, source contribution analysis;
nont hly and annual frequency distributions for 1-, 3-, and 24-hour average
concentrations; tables of 1-, 3-, and 24-hour average concentrations at each
receptor; table of the annual (or length of run) average concentrations at
each receptor;

Five highest 1-, 3-, and 24-hour average concentrations at each
receptor; and

Fifty highest 1-, 3-, and 24-hour concentrations over the receptor
field.

d. Type of Mbde
BLP is a Gaussi an plune nodel .
e. Pollutant Types

BLP may be used to nodel primary pollutants. This nodel does not treat
settling and deposition.

f. Source-Receptor Relationship

BLP treats up to 50 point sources, 10 parallel line sources, and 100
receptors arbitrarily | ocated.

User-input typographic elevation is applied for each stack and each
receptor.

g. Plume Behavi or

BLP uses plume rise fornulas of Schul man and Scire (1980).

Vertical potential tenperature gradients of .02 Kelvin per nmeter for E
stability and .035 Kelvin per neter are used for stable plune rise
cal cul ations. An option for user input values is included.

Transitional rise is used for |ine sources.

Option to suppress the use of transitional plune rise for point sources
i s included.

The buil di ng downwash al gorithm of Schul man and Scire (1980) is used.
h. Horizontal Wnds

Constant, uniform (steady-state) wind is assunmed for an hour

Straight line plune transport is assunmed to all downw nd di stances.

W nd speeds profil e exponents of .10, .15, .20, .25, .30, and .30 are
used for stability classes A through F, respectively. An option for user-
defined val ues and an option to suppress the use of the wi nd speed profile
feature are included.

i. Vertical Wnd Speed

Vertical wind speed is assunmed equal to zero.

J. Horizontal Dispersion
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Rural dispersion coefficients are from Turner (1969), with no adjustnent
made for variations in surface roughness or averaging time.

Six stability classes are used.
k. Vertical Dispersion

Rural di spersion coefficients are from Turner (1969), with no adjustnent
made for variations in surface roughness.

Six stability classes are used.

M xi ng height is accounted for with nultiple reflections until the
vertical plume standard deviation equals 16 tinmes the m xing height; uniform
m xi ng i s assumed beyond that point.

Perfect reflection at the ground is assuned.
1. Chenical Transformation

Chemnical transformations are treated using |linear decay. Decay rate is
i nput by the user.

m Physi cal Renoval
Physical removal is not explicitly treated.
n. Evaluation Studies

Schul man, L. L., and J. S. Scire, 1980. Buoyant Line and Point Source
(BLP) Dispersion Mdel User's Cuide, P-7304B. Environnmental Research and
Technol ogy, Inc., Concord, MA.

Scire, J. S., and L. L. Schulman, 1981. Eval uation of the BLP and |SC
Model s with SF, Tracer Data and SO, Measurenents at Al umi num Reduction Pl ants.
APCA Speci alty Conference on Di spersion Mdeling for Conplex Sources, St
Loui s, MO

A.2 Caline3
Ref er ence

Benson, Paul E. 1979. CALINE3-A Versatile Dispersion Mdel for
Predicting Air Pollutant Levels Near Hi ghways and Arterial Streets. Interim
Report, Report Number FHWA/ CA/ TL-79/23. Federal H ghway Adm nistration,
Washi ngton, DC (NTI'S PB80-220841).

Avail ability

The CALI NE3 nodel computer tape is available from NTIS as PB80-220833.
The nodel is also available fromthe California Department of Transportation
(manual free of charge and approxi mately $50 for the conputer tape). Requests
should be directed to: M. Mrlin Beckwith, Chief, Ofice of Conputer Systens,
California Departnent of Transportation, 1120 N. Street, Sacranento,
Cal i fornia 95814.

Abstract
CALI NE3 can be used to estimate the concentrations of nonreactive

pol lutants from highway traffic. This steady-state Gaussi an nodel can be
applied to determine air pollution concentrations at receptor |ocations



downwi nd of "at-grade,"” "fill," "bridge," and "cut section" highways | ocated
in relatively unconplicated terrain. The nodel is applicable for any w nd
direction, highway orientation, and receptor |ocation. The nodel has
adjustments for averaging tine and surface roughness, and can handle up to 20
links and 20 receptors. It also contains an algorithmfor deposition and
settling velocity so that particul ate concentrations can be predicted.
a. Reconmmendations for Regul atory Use

CALINE-3 is appropriate for the follow ng applications:

H ghway (1ine) sources;

Urban or rural areas;

Sinple terrain;

Transport distances |ess than 50 kiloneters; and

One hour to 24 hours averaging tines.
b. Input Requirenents

Source data: Up to 20 highway |inks classed as "at-grade," "fill"
“bridge," or "depressed"; coordinates of |link end points; traffic vol une;
em ssion factor; source height; and m xi ng zone wi dth.

Met eor ol ogi cal data: Wnd speed, wind angle (nmeasured in degrees
cl ockwi se fromthe Y axis), stability class, mxing height, anbient
(background to the highway) concentration of pollutant.

Receptor data: coordi nates and hei ght above ground for each receptor
c. Qut put

Printed output includes:

Concentration at each receptor for the specified neteorol ogica
condi ti on.

d. Type of Mbde
CALI NE-3 is a Gaussi an plunme nodel .
e. Pollutant Types
CALI NE-3 may be used to nodel prinmary pollutants.
f. Source-Receptor Relationship
Up to 20 highway links are treated.
CALI NE- 3 applies user input location and enission rate for each |ink.
User-input receptor |ocations are applied.
g. Plume Behavi or

Plume rise is not treated.
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h. Horizontal W nds




User-input hourly wi nd speed and direction are applied.
Constant, uniform (steady-state) wind is assunmed for an hour
i. Vertical Wnd Speed
Vertical wind speed is assunmed equal to zero.
j. Horizontal Dispersion
Six stability classes are used.

Rural di spersion coefficients from Turner (1969) are used, with
adj ustment for roughness |length and averaging time.

Initial traffic-induced dispersion is handled inplicitly by plune size
par anmet ers.

k. Vertical Dispersion
Six stability classes are used.

Enpirical dispersion coefficients from Benson (1979) are used incl uding
an adjustnent for roughness | ength.

Initial traffic-induced dispersion is handled inplicitly by plune size
par anmet ers.

Adj ust ment for averaging tine is included.
1. Chenical Transformation
Not treated.
m Physi cal Renoval
Optional deposition cal culations are included.
n. Evaluation Studies
Bemis, G R, et. al, 1977. Air Pollution and Roadway Location, Design,
and Operation-Project Overview. FHWA-CA-TL-7080-77-25, Federal H ghway
Admi ni stration, Washi ngton, DC
Cadle, S. H, et. al, 1976. Results of the General Mtors Sulfate
Di spersi on Experinment, GVR-2107. Ceneral Mbtors Research Laboratories, Warren
M.

Dabberdt, W F., 1975. Studies of Air Quality on and Near H ghways, Project
2761. Stanford Research Institute, Menlo Park, CA

A.3 dimatol ogi cal Operation Mdel (CDM 2.0)
Ref er ences
lrwin, J.S., T. Chico, and J. Catal ano 1985. CDM 2.0-Cl i mat ol ogi ca

Di spersion Mdel -User's Guide. U S. Environnental Protection Agency, Research
Triangle Park, N.C. (NTIS PB86-136546)
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Avail ability
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This nodel is available as part of UNAMAP (Version 6). The conputer code
is available on magnetic tape from Conmputer Products, National Technica
Information Service, U S. Departnent of Commrerce, Springfield, Virginia 22161
phone (703) 487-4650.

Abst ract

CDM is a climatol ogi cal steady-state Gaussi an plune nodel for
determ ning | ong-term (seasonal or annual) arithmetic average poll utant
concentrations at any ground-level receptor in an urban area.

a. Recommendations for Regul atory Use

CDM is appropriate for the follow ng applications:

Poi nt and area sources;

Urban areas;

Flat terrain;

Transport distancesless than 50 kil oneters;

Long term averages over one nonth to one year or |onger

The foll owi ng option should be selected for regul atory applications:

Set the regulatory "default option" (NDEF = 1) which automatically
sel ects stack tip downwash, final plume rise, buoyancy-induced dispersion
(BID), and the appropriate wind profile exponents.

Enter "0" for pollutant half-life for all pollutants except for SO in
an urban setting. This entry results in no decay (infinite half-life) being
cal cul ated. For SO, in an urban setting, the pollutant half-life (in hours)
shoul d be set to 4.0.

b. I nput Requirenents

Source data: Location, average em ssions rates and hei ghts of em ssions
for point and area sources. Point source data requirenents also include stack
gas tenperature, stack gas exit velocity, and stack inside dianeter for plune
rise cal culations for point sources.

Met eorol ogi cal data: Stability wind rose (STAR deck day/ ni ght version),
average mi xi ng height and wi nd speed in each stability category, and average
air tenperature.

Receptor data: cartesian coordi nates of each receptor
c. Qut put

Printed output includes:

Average concentrations for the period of the stability wind rose data
(arithmetic nean only) at each receptor, and

Optional point and area concentration rose for each receptor
d. Type of Mbde

CDM is a climatol ogi cal Gaussi an plume nodel
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e. Pollutant Types

CDM may be used to nodel prinmary pollutants. Settling and deposition are
not treated.

f. Source-Receptor Relationship

CDM appl i es user-specified locations for all point sources and
receptors.

Area sources are input as nmultiples of a user-defined unit area source
grid size.

User specified release heights are applied for individual point sources
and the area source grid.

Actual separation between each source-receptor pair is used.

The user nmay sel ect a single height at or above ground |evel that
applies to all receptors.

No terrain differences between source and receptor are treated.
g. Plume Behavi or

CDM uses Briggs (1969, 1971, 1975) plune rise equations. Optionally a
plume rise-wi nd speed product may be input for each point source.

Stack tip downwash equation fromBriggs (1974) is preferred for
regul atory use. The Bjorklund and Bowers (1982) equation is also included.

No plume rise is calculated for area sources.
Does not treat fum gation or building downwash.
h. Horizontal Wnds

Wnd data are input as a stability wind rose (joint frequency
di stribution of 16 wind directions, 6 wind classes, and 5 stability cl asses).

W nd speed profile exponents for the urban case (EPA, 1980) are used,
assum ng the anenoneter height is at 10.0 neters.

i. Vertical Wnd Speed
Vertical wind speed is assunmed equal to zero.
j. Horizontal Dispersion

Pol l utants are assunmed evenly distributed across a 22.5 or 10.0 degree
sector.

k. Vertical Dispersion

There are seven vertical dispersion paraneter schemes, but the follow ng
is recomended for regul atory applications: Briggs-urban (G fford, 1976).

M xi ng hei ght has no effect until dispersion coefficient equals 0.8
times the mixing height; uniformvertical mxing is assuned beyond that point.

Buoyancy-i nduced disperion (Pasquill, 1976) is included as an option.
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Perfect reflection is assuned at the ground.
1. Chenical Transformation

Chemnical transformations are treated using exponential decay. Half-life
is input by the user.

m Physi cal Renoval
Physical removal is not explicitly treated.
n. Evaluation Studies

lrwin, J. S., and T. M Brown, 1985. A Sensitivity Analysis of the
Treat ment of Area Sources by the Cimatol ogi cal Dispersion Mdel, Journal of
Air Pollution Control Association, 35:359-364.

Londergan, R, D. Mnott, D. Wachter and R Fizz, 1983. Eval uation of
Urban Air Quality Simulation Mddels, EPA Publication No. EPA 450/ 4-83-020,
U.S. Environmental Protection Agency, Research Triangle Park, NC

Busse, A. D. and J. R Zi mrerman, 1973. User's Cuide for the
Cli mat ol ogi cal Di spersion Mdel - Appendi x E. EPA Publication No. EPA R4-73-024.
O fice of Research and Devel opnent Research Triangle Park, NC.

Zimrerman, J. R, 1971. Some Prelimnary Results of Mdeling fromthe
Air Pollution Study of Ankara, Turkey, Proceedings of the Second Meeting of
the Expert Panel on Air Pollution Mdeling, NATO Conmittee on the Chall enges
of Modern Society, Paris, France.

Zimrerman, J. R, 1972. The NATO CCMs Air Pollution Study of St. Louis,
M ssouri. Presented at the Third Meeting of the Expert Panel on Air Pollution
Model i ng, NATO Committee on the Chall enges of Mddern Society, Paris, France.

A. 4 Gaussian-Plune Multiple Source Air Quality Algorithm (RAM
Ref er ences:

Turner, D. B., and J. H Novak, 1978. User's Cuide for RAM Publication
No. EPA-600/8-78-016 Vols a, and b. U S. Environnmental Protection Agency,
Research Triangle Park, NC. (NTIS PB 294791 and PB 294792).

Ref er ence:

Catal ano, J. A, D. B. Turner, and H Novak, 1987. User's Cuide for RAM
Second Edition. U.S. Environnental Protection Agency, Research Triangle Park,
NC. (Distributed as part of UNAMAP, Version 6, Documnentation)

Avai l ability:

This nodel is available as part of UNAMAP (Version 6). The conputer code
is available on magnetic tape from Conmputer Products National Techni cal
Information Service : U S. Departnent of Commerce, Springfield, Virginia
22161 Phone (703) 487-4650

Abstract:

RAM is a steady-state Gaussi an plune nodel for estimating concentrations
of relatively stable pollutants, for averaging tinmes froman hour to a day,
from point and area sources in a rural or urban setting. Level terrain is
assuned. Cal cul ations are performed for each hour.
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a. Recommendations for Regul atory Use

RAM i s appropriate for the follow ng applications:

Poi nt and area sources;

Urban areas;

Flat terrain;

Transport distances | ess than 50 kiloneters; and

One hour to one year averaging tines.

The foll owi ng options should be selected for regulatory applications:

Set the regulatory "default option" to automatically select stack tip
downwash, final plume rise, buoyancy-induced dispersion (BID), a treatnent for
cal ns, the appropriate wind profile exponents, and the appropriate value for
pol lutant half-life.

b. I nput Requirenents

Source data: Point sources require |location, em ssion rate, physica
stack height, stack gas exit velocity, stack inside dianmeter and stack gas
tenmperature. Area sources require location, size, enission rate, and hei ght of
eni ssi ons.

Met eor ol ogi cal data: Hourly surface weather data fromthe preprocessor
program RAMMET whi ch provides hourly stability class, wind direction, w nd
speed, tenperature, and m xing height. Actual anenmoneter height (a single
val ue) is also required.

Receptor data: Coordi nates of each receptor. Options for automatic
pl acenent of receptors near expected concentration maxima, and a gridded
receptor array are included.

c. Qut put
Printed output optionally includes:
One to 24-hour and annual average concentrations at each receptor

Limted individual source contribution list, and

Hi ghest through fifth highest concentrations at each receptor for
period, with the highest and high, second-high values flagged.

d. Type of Mbde
RAM is a Gaussi an plune nodel .
e. Pollutant Types

RAM may be used to nodel primary pollutants. Settling and deposition are
not treated.

f. Source-Receptor Relationship

RAM appl i es user-specified |ocations for all point sources and
receptors.
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Area sources are input as nmultiples of a user-defined unit area source
grid size.

User specified stack heights are applied for individual point sources.

Up to 3 effective rel ease heights may be specified for the area sources.
Area source rel ease heights are assunmed to be appropriate for a 5 neter per
second wi nd and to be inversely proportional to wi nd speed.

Actual separation between each source-receptor pair is used.

Al'l receptors are assunmed to be at the same height at or above ground
| evel .

No terrain differences between source and receptor are accounted for
g. Plume behavi or

RAM uses Briggs (1969, 1971, 1975) plune rise equations for final rise.

Stack tip downwash equation from Briggs (1974) is used.

A user supplied fraction of the area source height is treated as the
physi cal height. The remainder is assumed to be plume rise for a 5 neter per
second wi nd speed, and to be inversely proportional to w nd speed.

Fum gation and buil di ng downwash are not treated.

h. Horizontal Wnds
Constant, uniform (steady state) wind is assunmed for an hour

Straight line plune transport is assunmed to all downw nd di stances.

Separate wi nd speed profile exponents (EPA, 1980) for urban cases are
used.

i. Vertical Wnd Speed
Vertical wind speed is assunmed equal to zero.
j. Horizontal Dispersion
Urban di spersion coefficients fromBriggs (Gfford, 1976) are used.
Buoyancy-i nduced di spersion (Pasquill, 1976) is included.
Six stability classes are used.
k. Vertical Dispersion
Urban di spersion coefficients fromBriggs (Gfford, 1976) are used.
Buoyancy-i nduced di spersion (Pasquill, 1976) is included.
Six stability classes are used.
M xi ng height is accounted for with nultiple reflections until the

vertical plume standard deviation equals 1.6 tines the m xing height; uniform
vertical sizing is assumed beyond that point.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Perfect reflection is assuned at the ground.
| . Chemical Transformation

Chemnical transformations are treated using exponential decay. Half-life
is input by the user.

m Physi cal Renoval
Physical removal is not explicitly treated.
n. Evaluation Studies

Ellis, H, P. Lou, and G Dal zell, 1980. Conparison Study of Measured
and Predicted Concentrations with the RAM Model at Two Power Plants Al ong Lake
Erie, Second Joint Conference on Applications of Air Pollution Meteorol ogy,
New Orl eans, LA.

Envi ronment al Research and Technol ogy, 1980. SO, Monitoring
and RAM (Urban) Moddel Conparison Study in Summit County, OChio. Docunent P-
3618- 152, Envirommental Research & Technol ogy. Inc.. Concord, MA, 1980.

Gul dberg, P. H., and C. W Kern, 1978. A Conparison Validation of the
RAM and PTMIP Mbdel s for Short-Term Concentrations in Two Urban Areas, Journal
of Air Pollution Control Association, 28:907-910.

Hodanbosi, R R, and L. K Peters, 1981. Evaluation of RAM Mbdel for
Cl evel and, ©Chio," Journal of Air Pollution Control Association, 31:253-255,

Kennedy, K. H, R D. Siegel, and M P. Steinberg, 1981. Case-Specific
Eval uati on of the RAM At nospheric Dispersion Mdel in an Urban Area, 74th
Annual Meeting of the American Institute of Chem cal Engineers, New Ol eans,
LA.

Kummier, R H.. B. Cho, G Roginski, R Sinha and A. Greenburg. 1979. A
Conparative Validation of the RAM and Mdified SAl Mdes for Short-Term 502
Concentrations in Detroit," Journal of Air Pollution Control Association,

29: 720- 723.

Londergan, R J., N. E Bowne, D. R Mirray, H Borenstein, and J.
Mangano, 1980. An Eval uation of Short-Term Air Quality Mddels Using Tracer
Study Data, Report No. 4333, Anerican PetroleumInstitute, Washi ngton, DC.

Morgenstern, P., M J. Geraghty, and A MKnight, 1979. A Conparative
Study of the RAM (Urban) and RAMR (Rural) Models for Short-term SO
Concentrations in Metropolitan Indianapolis. 72nd Annual Meeting of the Air
Pol | ution Control Association, Ci ncinnati, OH.

Ruff, R E, 1980. Evaluation of the RAM Using the RAPS Data Base,
Contract 68-02-2770, SRl International, Menlo Park, CA

Londergan, R, D. Mnott, D. Wackter, and R Fizz, 1983. Eval uation of
Urban Air Quality Sinmulation Mddels. EPA Publication No. EPA 450/ 4-83-020,
U. S. Environmental Protection Agency, Research Triangle Park, NC
A.5 Industrial Source Conplex Mdel (ISC

Ref er ence

Envi ronnmental Protection Agency, 1986. Industrial Source Conplex (ISC)
Di spersi on Mddel User's Guide, Second Edition, Volumes 1 and 2. Publication



Nos. EPA-450/ 4-86-005a, and -005b. U.S. Environnmental Protection Agency,
Research Triangle Park, NC. (NTIS PB86 234259 and PB86 234267).

Envi ronnmental Protection Agency, 1987. Industrial Source Conplex (ISC)
Di spersi on Mddel. Addendumto the User's CGuide. U.S. Environnental Protection
Agency, Research Triangle Park, NC.

Avail ability

This nodel is available as part of UNAMAP (Version 6). The conputer code
is available on magnetic tape from Conmputer Products, National Technica
Information Service, U S. Departnent of Commrerce, Springfield, Virginia 22161
Phone (703) 487-4650.

Abstract

The 1SC nodel is a steady-state Gaussian plume nodel which can be used
to assess pollutant concentrations froma wi de variety of sources associated
with an industrial source conplex. This nodel can account for the foll ow ng:
settling and dry deposition of particul ates; downwash; area, |ine and vol une
sources; plume rise as a function of downw nd di stance; separation of point
sources; and limted terrain adjustnent. It operates in both [ong-term and
short-term nodes.

a. Recommendations for Regul atory Use
I SC is appropriate for the foll owi ng applications:
I ndustrial source conpl exes;
Rural or urban areas;
Flat or rolling terrain;
Transport distances | ess than 50 kiloneters; and
One hour to annual averaging times.
The foll owi ng options should be selected for regulatory applications:

For short term nodeling, set the regulatory "default option" (ISW28) =
1), which automatically selects stack tip downwash, final plunme rise, buoyancy
i nduced di spersion (BID), the vertical potential tenperature gradient, a
treatment for calns, the appropriate wind profile exponents, the appropriate
value for pollutant half-life, and a revised building wake effects al gorithm
set rural option (1SW20) = 0) or urban option (I1SW20) = 3); and set the
concentration option (ISW1) = 1).

For long term nodeling, set the regulatory "default option" (ISWZ22) =
0), which automatically selects stack tip downwash, final plunme rise,
buoyancy-i nduced dispersion (BID), the vertical potential tenperature
gradient, the appropriate wind profile exponents, and the appropriate val ue
for pollutant half-life, and a revised building wake effects algorithm set
rural option (I1SW9) = 3) or urban option (ISW9) = 4); and set the
concentration option (ISW1) = 1).

b. I nput Requirenents
Source data: Location, emission rate, physical stack height, stack gas

exit velocity, stack inside diameter, and stack gas tenperature. Optiona
i nputs include source elevation, building dinensions, particle size
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distribution with corresponding settling velocities, and surface reflection
coefficients.

Met eor ol ogi cal data: |SCST requires hourly surface weather data fromthe
preprocessor program RAMMET, which provides hourly stability class, w nd
direction, w nd speed, tenperature, and m xing height. For |SCLT, input
i ncludes stability wind rose (STAR deck), average afternoon nixing height,
average norning m xi ng height, and average air tenperature.

Receptor data: coordi nates and optional ground el evation for each
receptor.

c. Qut put
Printed output options include:
Program control paranmeters, source data and receptor data;
Tabl es of hourly neteorol ogical data for each specified day;

"N'-day average concentration or total deposition calculated at each
receptor for any desired conbinati ons of sources;

Concentration or deposition values cal culated for any desired
conbi nati ons of sources at all receptors for any specified day or time period
wi thin the day;

Tabl es of hi ghest and second- hi ghest concentration or deposition val ues
cal cul ated at each receptor for each specified tine period during an "N'-day
peri od for any desired conmbi nations of sources; and tables of the maxi num 50
concentration or deposition val ues;

Cal cul ated for any desired conbi nati ons of sources for each specified
time period.

d. Type of Mbde
| SC is a Gaussian plune nodel .
e. Pollutant Types

| SC may be used to nodel primary pollutants. Settling and deposition are
treated.

f. Source-Receptor Rel ationships

| SC applies user-specified | ocations for point, line, area and vol une
sources, and user-specified receptor |ocations or receptor rings.

User input topographic elevation for each receptor is used. Elevations
above stack top are reduced to the stack top elevation, i.e., "terrain
choppi ng".

User input height above ground | evel may be used when necessary to
simul ate i nmpact at el evated or "flag pole" receptors, e.g., on buildings.

Actual separation between each source-receptor pair is used.
g. Plume Behavi or

| SC uses Briggs (1969, 1971, 1975) plune rise equations for final rise.
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Stack tip downwash equation from Briggs (1974) is used.

Revi sed buil di ng wake effects algorithmis used. For stacks higher than
bui | di ng hei ght plus one-half the | esser of the building height or building
wi dt h, the buil ding wake al gorithm of Huber and Snyder (1976) is used. For
| ower stacks, the building wake al gorithm of Schul man and Scire (Schul man and
Hanna, 1986) is used, but stack tip downwash and BID are not used.

For rolling terrain (terrain not above stack height), plune centerline
is horizontal at height of final rise above source.

Fum gation is not treated.

h. Horizontal Wnds
Constant, uniform (steady-state) wind is assumed for each hour
Straight line plune transport is assunmed to all downw nd di stances.

Separate wi nd speed profile exponents (EPA, 1980) for both rural and
urban cases are used.

An optional treatment for calmw nds is included for short term
nodel i ng.

i. Vertical Wnd Speed
Vertical wind speed is assunmed equal to zero.
j. Horizontal Dispersion

Rur al di spersion coefficients from Turner (1969) are used, with no
adjustments for surface roughness or averaging tine.

Urban di spersion coefficients fromBriggs (Gfford, 1976) are used.
Buoyancy-i nduced di spersion (Pasquill, 1976) is included.
Six stability classes are used.

k. Vertical Dispersion

Rur al di spersion coefficients from Turner (1969) are used, with no
adjustments for surface roughness.

Urban di spersion coefficients fromBriggs (Gfford, 1976) are used.

Buoyancy-i nduced di spersion (Pasquill, 1976) is included.

Six stability classes are used.

M xi ng height is accounted for with nultiple reflections until the
vertical plume standard deviation equals 1.6 tines the m xing height; uniform
vertical mxing is assumed beyond that point.

Perfect reflection is assuned at the ground.

| . Chem cal Transformation

Chenical transformations are treated using exponential decay. Tine
constant is input by the user
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m Physi cal Renoval
Settling and dry deposition of particul ates are treated.
n. Evaluation Studies

Bowers, J. F., and A. J. Anderson, 1981. An Evaluation Study for the
I ndustrial Source Conplex (I1SC) Dispersion Mdel, EPA Publication No. EPA-
450/ 4-81-002. U.S. Environmental Protection Agency, Research Triangle Park,
NC.

Bowers, J. F., A J. Anderson, and W R Hargraves, 1982. Tests of the
I ndustrial Source Conplex (I1SC) Dispersion Mdel at the Arnco M ddl etown, OChio
Steel MIIl, EPA Publication No. EPA-450/4-82-006. U.S. Environmental
Protecti on Agency, Research Triangle Park, NC

Scire, J. S., and L. L. Schulman, 1981. Eval uation of the BLP and |SC
Model s with SF6 Tracer Data and SO, Measurenents at Al umi num Reduction Pl ants.
Air Pollution Control Association Specialty Conference on Dispersion Mdeling
for Conplex Sources, St. Louis, MO

Schul man, L. L., and S. R Hanna, 1986. Eval uati on of Downwash
Modi fications to the Industrial Source Conplex Mdel. Journal of the Air
Pol | uti on Control Association, 36:258-264.

A.6 Miultiple Point Gaussian Dispersion Algorithmwi th Terrain Adjustnent
( MPTER)

Ref er ence

Pi erce, Thomas D. and D. Bruce Turner, 1980. User's Guide for MPTER. EPA
Publ i cati on No. EPA-600/8-80-016. U.S. Environmental Protection Agency,
Research Triangle Park, NC. (NTIS No. PB-80-197361).

Chico, T. and J. A Catal ano, 1986. Addendumto the User's Cuide for
MPTER. U.S. Environmental Protection Agency, Research Triangle Park, NC 27711
(Distributed as part of UNAMAP, Version 6, Documentation)

Availability

This nodel is available as part of UNAMAP (Version 6). The conputer code
is available on magnetic tape from Conmputer Products, National Technica
Information Service, U S. Departnent of Commrerce, Springfield, Virginia 22161
Phone (703) 487-4650.

Abst r act

MPTER is a Multiple Point Source Algorithm This algorithmis useful for
estimating air quality concentrations of relatively non-reactive pollutants.
Hourly estimates are nade using the Gaussi an steady state nodel.

a. Recommendations for Regul atory Use
MPTER i s appropriate for the follow ng applications:
Poi nt sour ces;

Rural or urban areas;

Flat or rolling terrain (no terrain above stack height);
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Transport distances | ess than 50 kiloneters; and

One hour to one year averaging tines.

The foll owi ng options should be selected for regulatory applications:

Set the regulatory "default option" (1OPT(25) = 1) to automatically
sel ect stack tip downwash, final plume rise, buoyancy-induced di spersion
(BID), a treatment for calnms, the appropriate wind profile exponents, and the
appropriate value for pollutant half-life.

b. I nput Requirenents

Source data: |ocation, enmission rate, physical stack height, stack gas
exit velocity, stack inside diameter, stack gas tenperature, and optiona
ground | evel el evation.

Met eor ol ogi cal data: hourly surface weather data fromthe preprocessor
program RAMMET whi ch provides hourly stability class, wind direction, w nd
speed, tenperature, and m xing height. Actual anenmoneter height (a single
value) is also required.

Receptor data: coordi nates and optional ground el evation for each
receptor.

c. Qut put
Printed output includes:
One to 24-hour and annual average concentrations at each receptor

Hi ghest through fifth highest concentrations at each receptor for
period, with the highest and high, second-high values flagged; and

Limted source contribution table.
d. Type of Mbde

MPTER i s a Gaussi an pl une nodel .
e. Pollutant Types

MPTER may be used to nodel primary pollutants. Settling and deposition
are not treated.

f. Source-Receptor Relationship
MPTER appl i es user-specified | ocations of point sources and receptors.

User input stack hei ght and source characteristics for each source are
used.

User input topographic elevation for each receptor is used.
g. Plume Behavi or

MPTER uses Briggs (1969, 1971, 1975) plunme rise equations for fina
rise.

Stack tip downwash equation from Briggs (1974) is used.
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For rolling terrain (terrain not above stack height), plune centerline
is horizontal at height of final rise above the source.

Fum gation and buil di ng downwash are not treated.

h. Horizontal Wnds
Constant, uniform (steady-state) wind is assunmed for an hour
Straight line plune transport is assumed to all downw nd di stances.

Separate wi nd speed profile exponents (EPA, 1980) for both rural and
urban cases are used.

i. Vertical Wnd Speed
Vertical speed is assumed equal to zero.
j. Horizontal Dispersion

Rural di spersion coefficients from Turner (1969) are used with no
adjustments nmade for variations in surface roughness or averaging times.

Urban di spersion coefficients fromBriggs (Gfford, 1976) are used.
Buoyancy-i nduced di spersion (Pasquill, 1976), is included.
Six stability classes are used.

k. Vertical Dispersion

Rur al di spersion coefficients from Turner (1969) are used, with no
adj ustments nmade for variations in surface roughness.

Urban di spersion coefficients fromBriggs (Gfford, 1976) are used.

Buoyancy-i nduced di spersion (Pasquill, 1976), is included.

Six stability classes are used.

M xi ng height is accounted for with nultiple reflections until the
vertical plume standard deviation equals 1.6 tines the m xing height; uniform
vertical mxing is assumed beyond that point.

Perfect reflection is assuned at the ground.

| . Chem cal Transformation

Chenical transformations are treated using exponential decay. Half-life
is input by the user.

m Physi cal Renoval
Physical removal is not explicitly treated.
n. Evaluation Studies
No specific studies for MPTER because regul atory editions of CRSTER and

MPTER are equival ent. Studies for CRSTER are relevant to MPTER as wel|l (See
page A-32).
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A. 7 Single Source (CRSTER) Mode
Ref er ence

Envi ronmental Protection Agency, 1977. User's Manual for Single Source
(CRSTER) Mbdel . EPA Publication No. EPA-450/2-77-013. U.S. Environmental
Protecti on Agency, Research Triangle Park, NC. (NTIS No. PB 271360).

Cat al ano, J.A., 1986. Single Source (CRSTER) Mdel. Addendumto the
User's Manual . U.S. Environmental Protection Agency, Research Triangle Park,
NC 27711. (Distributed as part of UNAMAP, Version 6, Docunentation)
Availability

This nodel is available as part of UNAMAP (Version 6). The conputer code
is available on magnetic tape from Conmputer Products, National Technica
Information Service, U S. Departnent of Commrerce, Springfield, Virginia 22161
phone (703) 487-4650.

Abst r act

CRSTER is a steady state, Gaussian dispersion nodel designed to
cal cul ate concentrations from point sources at a single location in either a
rural or urban setting. Hi ghest and hi gh-second high concentrations are
cal cul ated at each receptor for 1-hour, 3-hour, 24-hour, and annual averagi ng
tinme.

a. Reconmmendations for Regul atory Use

CRSTER i s appropriate for the followi ng applications:

Si ngl e poi nt sources;

Rural or urban areas;

Transport distances | ess than 50 kiloneters; and

Flat or rolling terrain (no terrain above stack height).

The foll owi ng options should be selected for regulatory applications:

Set the regulatory "default option" which automatically selects stack
ti p downwash, final plume rise, buoyancy-induced dispersion (BID), a treatnent
for calms, the appropriate wind profile exponents, and the appropriate val ue
for pollutant half-life.

b. I nput Requirenents

Source data: Emi ssion rate, physical stack height, stack gas exit
vel ocity, stack inside dianeter, and stack gas tenperature.

Met eor ol ogi cal data: Hourly surface weather data fromthe preprocessor
program RAMMET. Preprocessor output includes hourly stability class w nd
direction, w nd speed, tenperature, and m xi ng height. Actual anenoneter
hei ght (a single value) is also required.

Receptor data: require di stance of each of the five receptor rings.

c. Qut put

Printed output includes:
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Hi ghest and second hi ghest concentrations for the year at each receptor
for averaging times of 1, 3, and 24-hours, plus a user-selected averaging tine
which may be 2, 4, 6, 8, or 12 hours;

Annual arithmetic average at each receptor

For each day, the highest 1-hour and 24-hour concentrations over the
receptor field; and

Option for source contributions to concentrations at sel ected receptors.
d. Type of Mbde

CRSTER i s a Gaussi an pl ume nodel .
e. Pollutant Types

CRSTER nmay be used to nodel primary pollutants. Settling and deposition
are not treated.

f. Source-Receptor Relationship
CRSTER treats up to 19 point sources, no area sources.
Al'l point sources are assuned col |l ocat ed.
User input stack height is used for each source.

User input topographic elevation is used for each receptor, but nust be
bel ow top of stack or programwi |l term nate execution.

Receptors are assuned at ground | evel.
g. Plume Behavi or

CRSTER uses Briggs (1969, 1971, 1975) plune rise equations for fina
rise.

Stack tip downwash equation from Briggs (1974) is used.

For rolling terrain (terrain not above stack height), plune centerline
is horizontal at height of final rise above the source.

Fum gation and buil di ng downwash are not treated.

h. Horizontal Wnds
Constant, uniform (steady-state) wind is assunmed for an hour
Straight line plune transport is assumed to all downw nd di stances.

Separate set of w nd speed profile exponents (EPA, 1980) for both rura
and urban cases are used.

i. Vertical Wnd Speed
Vertical wind speed is assunmed equal to zero.

j. Horizontal Dispersion
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Rural di spersion coefficients from Turner (1969) are used in CRSTER with
no adjustnments nmade for variations in surface roughness or averaging times.

Urban di spersion coefficients fromBriggs (Gfford, 1976) are used.
Buoyancy-i nduced di spersion (Pasquill, 1976) is included.
Six stability classes are used.

k. Vertical Dispersion

Rural di spersion coefficients from Turner (1969) are used with no
adj ustments nmade for surface roughness.

Urban di spersion coefficients fromBriggs (G fford, 1975) are used.

Buoyancy-i nduced di spersion (Pasquill, 1976) is included.

Six stability classes are used.

M xi ng height is accounted for with nultiple reflections until the
vertical plume standard deviation equals 1.6 tines the m xing height; uniform
m xi ng i s assumed beyond that point.

Perfect reflection is assuned at the ground.

| . Chem cal Transformation

Chemnical transformations are treated using exponential decay. Half-life
is input by the user.

m Physi cal Renoval
Physical removal is not explicitly treated.
n. Evaluation Studies

Klug, W, 1974. Dispersion from Tall Stacks. Fifth NATO CCMS
I nternational Technical Meeting on Air Pollution Mdeling, Denmark.

Londergan, R J., N.E. Bowne, D.R Mirray, H Borenstein, and J. Mangano,
1980. An Eval uation of Short-Term Air Quality Mdels Using Tracer Study Data,
Report No. 3. Anerican Petroleum Institute, Washington, DC

MIls, MT., R Caiazza, D.D. Hergert, and D. A Lynn, 1981. Eval uation
of Point Source Dispersion Mdels. EPA Publication No. EPA-450/4-81-032. U.S.
Envi ronnmental Protection Agency, Research Triangle Park, NC.

MIls, MT., and F. AL Record, 1975. Conprehensive Analysis of Time-
Concentration Rel ationships and the Validation of a Single Source Dispersion
Model . EPA Publication No. EPA-450/3-75-083. U.S. Environmental Protection
Agency, Research Triangle Park, NC.

MIls, MT., and RW Stern, 1975. Mdel Validation and Ti nme-
Concentration Anal ysis of Three Power Plants. EPA Publication No. EPA-450/3-
76-002. U.S. Environnental Protection Agency, Research Triangle Park, NC.

Londergan, R, D. Mnott, D. Wackter, T. Kincaid, and B. Bonitata, 1983.
Eval uation of Rural Air Quality Sinulation Mdels. EPA Publication No. EPA-
450/ 4-83-033. U.S. Environmental Protection Agency, Research Triangle Park,
NC.
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TRC- Envi ronmental Consultants, Inc., 1983. Overview, Results, and
Concl usions for the EPRI Plune Mdel Validation and Devel opnent Project:
Pl ains Site, EPRI EA-3074. Electric Power Research Institute, Palo Alto, CA

A. 8 Urban Airshed Mdel (UAM
Ref er ences

Ares, J., T. C. Wers, L. EE Reid, D. C. Witney, S. H &olding, S. R
Hayes, and S. D. Reynolds, 1985. SAl Airshed Mddel Operations Mnual s-Vol unme
| -User's Manual . EPA Publication No. EPA-600/8-85-007a. U. S. Environnental
Protecti on Agency, Research Triangle Park, NC. (NTIS No. PB 85-191567).

Ares, J. S., R Hayes, T. C. Myers, and D. C. Witney, 1985. SAl Airshed
Model Operations Manual s-Volunme |1-Systens Manual. EPA Publication No. EPA-
600/ 8-85-007b. U. S. Environnental Protection Agency, Research Triangle Park,
NC. (NTIS No. PB 85-191575).

Envi ronment al Protection Agency, 1980. Cuideline for Applying the
Ai rshed Mbdel to Urban Areas. Publication No. EPA 450/ 4-80-020. U. S.
Envi ronmental Protection Agency, Research Triangle Park, NC. (NTIS No. PB 8l -
200529) .

Avail ability

The conputer code is avail able on magnetic tape from Conputer Products,
Nati onal Technical Information Service, U S. Department of Commerce,
Springfield, Virginia 22161, phone (703) 487-4650.

Abst ract

UAM is an urban scale, three dinensional, grid type, nunerica
simul ati on nodel. The nopdel incorporates a condensed photocheni cal kinetics
mechani sm for urban at nospheres. The UAMis designed for computing ozone (Q)
concentrations under short-term episodic conditions |asting one or two days
resulting fromem ssions of oxides of nitrogen (NQ) and volatile organic
conpounds (VOC). The nodel treats urban VOC em ssions as their carbon-bond
surrogates.

a. Recommendations for Regul atory Use

UAM is appropriate for the follow ng applications: Single urban areas
havi ng significant ozone attai nnent problens in the absence of interurban
em ssion transport; and one hour averaging times.

UAM has many options but no specific recomendati ons can be nade at this
time on all options. The revi ewi ng agency shoul d be consulted on sel ecti on of
options to be used in regulatory applications. At the present tine, the
foll owi ng options should be selected for regul atory applications:

Orit SO, and AEROSOLS from the SPECI ES packet for the CHEMPARAM fil e;

Set ROADWAY flag to FALSE in the SI MJLATI ON packet for the SI M CONTROL
file; and

Set surface |ayer height to zero in the REG ON packet for the
Al RQUALI TY, BOUNDARY, DI FFBREAK, METSCALARS, PTSOURCE
REG ONTOP, TEMPERATUR, TERRAIN, TOPCONC, and WND files.

b. Input Requirenents
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Source data: Gridded, hourly em ssions of PAR, OLE, ETH, ARO, CARB, NO
and NO, for | owlevel sources. COis optional. For nmjor elevated point
sources, hourly enissions, stack height, stack dianeter, exit velocity, and
exit tenperature.

Met eor ol ogi cal data: Hourly, gridded, divergence free, u and v w nd
conponents for each vertical level; hourly gridded m xi ng heights; hourly
gri dded surface tenperatures; hourly exposure class; hourly vertical potentia
tenmperature gradi ent above and bel ow the m xi ng hei ght; hourly surface
at nospheric pressure; hourly water mxing ratio; and gridded surface roughness
| engt hs.

Air quality data: Concentration of O, NO NO, PAR, OLE, ETH, ARO
CARB, PAN, and CO at the beginning of the simulation for each grid cell; and
hourly concentrations of each pollutant at each |level along the inflow
boundari es and top boundary of the nodeling region

O her data requirements are: Hourly nixed |ayer average, NO, photol ysis
rates; and ozone surface uptake resistance along with associ ated gri dded
vegetation (scaling) factors.
c. Qut put

Printed output includes: Gidded instantaneous concentration fields at
user-specified time intervals for user-specified pollutants and grid |evels;
Gridded time average concentration fields for user-specified tinme intervals,
pol lutants, and grid |evels.
d. Type of Mbde

UAM is a-three dinmensional, nunerical, photochenical grid nodel.
e. Pollutant Types

UAM may be used to nodel ozone (O) formation from oxi des of nitrogen
(NOx) and vol atile organic conmpound (VOC) em ssions.

f. Source-Receptor Relationship

Low-1 evel area and point source em ssions are specified within each
surface grid cell.

Up to 500 mmj or point sources are all owed.

Hourly average concentrations of each pollutant are cal culated for al
grid cells at each vertical |evel.

g. Plume Behavi or

Plume rise is calculated for major point sources using rel ationships
recommended by Briggs (1971).

h. Horizontal W nds
See I nput Requirenents.
i. Vertical Wnd Speed

Cal cul ated at each vertical grid cell interface fromthe nass continuity
rel ati onship using the input gridded horizontal w nd field.
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j. Horizontal Dispersion

Hori zontal eddy diffusivity is set to a user specified constant val ue
(nominally 50 nt/s).

k. Vertical Dispersion

Vertical eddy diffusivities for unstable and neutral conditions
cal cul ated using rel ationships of Lanb et al. (1977); for stable conditions,
the rel ati onship of Businger and Arya (1974) is enployed. Stability class,
friction velocity, and Monin-Cbukhov | ength deterni ned using procedure of Liu
et al. (1976).

1. Chem cal Transformation

UAM enpl oys a sinplified version of the Carbon-Bond Il Mechani sm (CBM
1) devel oped by Whitten, Killus, and Hogo (1980) enploying various steady-
state approximations. CBM Il is further sinplified during nighttime hours to
i mprove conputational efficiency. CBMII utilizes five carbon-bond species
(PAR-si ngl e bonded carbon atons; OLE-term nal doubl e bonded carbon atons; ETH
et hyl ene; ARO- al kyl ated aromatic rings; and CARB-al dehydes, ketones, and
surrogate carbonyls) which serve as surrogates for the large variety of
em tted organi ¢ conpounds in the urban atnopsphere.

m Physi cal Renoval

Dry deposition of ozone and other pollutant species are cal cul at ed.
Vegetation (scaling) factors are applied to the reference surface uptake
resi stance of each species depending on | and use type.

n. Eval uation Studies

Builtjes, P.J.H, K D. van der Hurt, and S.D. Reynolds, 1982. Evaluation
of the Performance of a Photochem cal Dispersion Mddel in Practica
Applications, 13th International Technical Meeting on Air Pollution Mdeling
and Its Application, |Ile des Enbiez, France.

Cole, H S., D.E. Layland, G K Mdss, and C F. Newberry, 1983. The St.
Loui s Ozone Modeling Project. EPA Publication No. EPA 450/4-83-019. U. S.
Envi ronnmental Protection Agency, Research Triangle Park, NC.

Dennis, RL., MW Downton, and R S. Keil, 1983. Eval uati on of
Per f ormance Measures for an U ban Photochem cal Mdel. EPA Publication No. EPA
450/ 4-83-021. U.S. Environmental Protection Agency, Research Triangle Park,
NC.

Haney, J.L. and T.N. Braverman, 1985. Eval uation and Application of the
Urban Airshed Mddel in the Philadel phia Air Quality Control Region. EPA
Publication No. EPA 450/ 4-85-003. U.S. Environmental Protection Agency,
Research Triangle Park, NC

Layl and, D.E. and H. S. Cole, 1983. A Review of Recent Applications of
the SAl Urban Airshed Mdel. EPA Publication No. EPA 450/ 4-84-004. U.S.
Envi ronnmental Protection Agency, Research Triangle Park, NC.

Layl and, D.E., S.D. Reynolds, H Hogo and WR Odiver, 1983.
Denonstration of Photochemical Gid Mddel Usage for Ozone Control Assessnent.
76t h Annual Meeting of the Air Pollution Control Association, Atlanta, GA

Reynolds, S.D., H Hogo, WR Qdiver, L.E. Reid, 1982. Application of
the SAI Airshed Mbdel to the Tulsa Metropolitan Area, SAl No. 82004. Systens
Applications, Inc., San Rafael, CA
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Schere, K L. and J.H Shreffler, 1982. Final Evaluation of Urban-Scale
Phot ochenical Air Quality Simulation Mddels. EPA Publication No. EPA 600/ 3-82-
094. U.S. Environnental Protection Agency, Research Triangle Park, NC.

Seigneur, C., T.W Tesche, CE Reid, PPM Roth, WR diver, and J.C
Cassmassi, 1981. The Sensitivity of Conpl ex Photochemn cal Mdel Estimates to
Detail In Input Information, Appendix A-A Conpilation of Simulation Results.
EPA Publication No. EPA 450/4-8l-03lb. U S. Environmental Protection Agency,
Research Triangle Park, NC

Stern, R and B.Scherer, 1982. Sinulation of a Photochemn cal Snhog
Epi sode in the Rhine-Ruhr Area with a Three Di nensional Gid Mdel. 13th
I nternational Technical Meeting on Air Pollution Mdeling and Its Application
Il e des Enbi ez, France.

Tesche, T.W, C Seigneur, L.E. Reid, PPM Roth, WR diver, and J.C
Cassmassi, 1981. The Sensitivity of Conpl ex Photochemni cal Mdel Estimates to
Detail In Input Information. EPA Publication No. EPA 450/ 4-81-031a. U.S.

Envi ronnmental Protection Agency, Research Triangle Park, NC.

Tesche, T.W, WR diver, H Hogo, P. Saxeena and J.L. Haney, 1983
Vol ume | V- Assessnent of NQ, Eni ssion Control Requirenents in the South Coast
Air Basin-Appendi x A. Performance Evaluation of the Systens Applications
Ai rshed Mbdel for the 26-27 June 1974 O3 Episode in the South Coast Air Basin,
SYSAPP 83/037. Systens Applications, Inc., San Rafael, CA

Tesche, T.W, WR diver, H Hogo, P. Saxeena and J.L. Haney, 1983
Vol ume | V- Assessnent of NQ, Eni ssion Control Requirenents in the South Coast
Air Basin-Appendi x B. Performance Eval uation of the Systens Applications
Airshed Mbdel for the 7-8 Novenber 1978 NO, Epi sode in the South Coast Air
Basi n, SYSAPP 83/038. Systens Applications, Inc., San Rafael, CA

A.9 O fshore and Coastal Dispersion Mdel (OCD)
Ref er ence

Hanna, S.R, L.L. Schulman, R J. Paine and J.E. Pleim 1984. The
O fshore and Coastal Dispersion (OCD) Mdel User's CGuide, Revised. OCS Study,
MMS 84-0069. Environmental Research and Technol ogy, Inc., Concord, MA. (NTIS
PB 86- 159803)

Avail ability

The above user's guide is available for $40.95 from NTIS. The conputer
tape is available from NTIS as nunber PB85-246106 at a cost of $800.

Techni cal Cont act

M neral s Managenent Service, 12203 Sunrise Valley Drive, Miil Stop 644,
Reston, VA 22091, ATTN: Mtchell Baer

Abstract

OCD is a straight-line Gaussian nodel devel oped to determ ne the inpact
of of fshore em ssions from point sources on the air quality of coasta
regi ons. OCD incorporates overwater plune transport and dispersion as well as
changes that occur as the plume crosses the shoreline. Hourly neteorol ogica
data are needed from both of fshore and onshore |ocations. These include water
surface tenperature and overwater air tenperature and relative humidity.
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Sone of the key features include platformbuilding downwash, partia
pl ume penetration into el evated inversions, direct use of turbul ence
intensities for plume dispersion, interaction with the overland interna
boundary | ayer, and continuous shoreline fumgation

a. Recommendations for Regul atory Use

OCD has been recomrended for use by the M nerals Managenment Service for
em ssions | ocated on the Quter Continental Shelf (Federal Register 50, |2248,
28 March 1985). OCD is applicable for overwater sources where onshore
receptors are bel ow the | owest source height. \Were onshore receptors are
above the | owest source height, offshore plume transport and dispersion may be
nodel ed on a case-by-case basis in consultation with the EPA Regional Ofice.

b. I nput Requirenents

Source data: Point source |ocation, pollutant em ssion rate, building
hei ght, stack height, stack gas tenperature, stack inside dianeter, stack gas
exit velocity, stack angle fromvertical, elevation of stack base above water
surface and gridded specification of the |and/water surfaces. As an option
em ssion rate, stack gas exit velocity and tenperature can be varied hourly.

Met eor ol ogi cal data (overwater): Wnd direction, wind speed, mixing
hei ght, relative hum dity, air tenperature, water surface tenperature,
vertical wind direction shear (optional), vertical tenperature gradient
(optional), turbulence intensities (optional). For all neteorol ogical input
variables, hourly data are preferred to climatol ogical val ues.

Met eor ol ogi cal data (overland): Wnd direction, w nd speed, tenperature,
stability class, nixing height.

Receptor data: Location, height above |ocal ground-Ilevel, ground-I|eve
el evati on above the water surface.

c. Qut put

Al'l input options, specification of sources, receptors and | and/ water
map i ncluding | ocations of sources and receptors.

Sunmary tables of five highest concentrations at each receptor for each
averagi ng peri od, and average concentration for entire run period at each
receptor.

Optional case study printout with hourly plunme and receptor
characteristics.

Concentration files witten to disk or tape can be used by ANALYSI S
post processor to produce the highest concentrations for each receptor, the
cunul ative frequency distributions for each receptor, the tabulation of al
concentrations exceeding a given threshold, and the mani pul ati on of hourly
concentration files.

d. Type of Model

OCD is a Gaussi an plume nodel constructed on the framework of the MPTER
nodel .

e. Pollutant Types

OCD may be used to nodel primary pollutants. Settling and deposition are
not treated.



f. Source-Receptor Relationship

Up to 250 point sources and 180 receptors may be used.

Receptors and sources are allowed at any | ocation.

The coastal configuration is determined by a grid of up to 3600
rectangl es. Each elenment of the grid is designated as either land or water to
identify the coastline.

g. Plume Behavi or

As in MPTER, the basic plune rise algorithns are based on Briggs
recomrendati ons.

Monmentum ri se i ncludes consideration of the stack angle fromthe

verti cal

The effect of drilling platforns, ships, or any overwater obstructions
near the source are used to decrease plunme rise follow ng the approach of the
BLP nodel .

Partial plume penetration of elevated inversions is included using the
suggestions of Briggs (1975) and Wil and Brower (1984).

If overwater conditions are stable and overland conditions unstable, the
Deardorff-Wllis (1982) funmigation nodel is used to sinmulate the entrai nment
of the plume in the rising thermal internal boundary |layer. The fum gation
calcul ations are used only if the concentrations are | ower than those
resulting fromthe change to overl and dispersion coefficients at the
wat er/ | and interface.

h. Horizontal W nds
Constant, uniformwi nd is assuned for each hour

Overwater wi nd speed can be estimated from overl and wi nd speed using
rel ati onship of Hsu (1981).

W nd speed profiles are estimated using simlarity theory (Businger
1973). Surface layer fluxes for these fornulas are cal culated from bul k
aer odynani ¢ net hods.

i. Vertical Wnd Speed
Vertical wind speed is assunmed equal to zero.
j. Horizontal Dispersion
Lateral turbulence intensity is recomended as a direct estimte of
hori zontal dispersion. If lateral turbulence intensity is not available, it is
estimted from boundary |ayer theory. For w nd speeds |ess than 10 nis,
| ateral turbulence intensity is assuned inversely proportional to wi nd speed.
Hori zontal di spersion may be enhanced because of obstructions near the
source. A virtual source technique, as in the BLP nodel, is used to simulate
the initial plume dilution due to downwash.

Formul as reconmended by Pasquill (1976) are used to cal cul ate buoyant
pl ume enhancenent and wi nd direction shear enhancenent.
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At the water/land interface, the change to overland dispersion rates is
nodel ed using a virtual source. The overland di spersion rates can be
calcul ated fromeither lateral turbulence intensity or the Turner (1969)
coefficients. The change is inplenented where the plume intercepts the rising
i nternal boundary | ayer.

k. Vertical Dispersion

Vertical turbulence intensity is reconmended as a direct estimte of
vertical dispersion. If not available, turbulence intensity is estimated from
boundary | ayer theory. For very stable conditions, vertical dispersion is also
a function of |apse rate.

Vertical dispersion may be enhanced because of obstructions near the
source. A virtual source technique, as in the BLP nodel, is used to simulate
the initial plume dilution due to downwash.

Formul as reconmended by Pasquill (1976) are used to cal cul ate buoyant
pl ume enhancenent.

At the water/land interface, the change to overland dispersion rates is
nodel ed using a virtual source. The overland di spersion rates can be
calcul ated fromeither vertical turbulence intensity or the Turner (1969)
coefficients. The change is inplenented where the plunme intercepts the rising
i nternal boundary | ayer.

| . Chem cal Transformation

Chenical transformations are treated using exponential decay. Different
rates can be specified by nonth and by day or night.

m Physi cal Renoval
Physical removal is also treated using exponential decay.
n. Evaluation Studies

Hanna, S.R, L.L. Schulman, R J. Paine and J.E. Pleim 1984. The
O fshore and Coastal Dispersion (OCD) Mdel User's CGuide, Revised. OCS Study,
MVS 84-0069. Environmental Research & Technol ogy, Inc., Concord, MA. (NTIS No.
PB 86- 159803)

Hanna, S.R, L.L. Schulman, R J. Paine, J.E. Pleimand M Baer, 1985.
Devel opment and Eval uation of the O fshore and Coastal Dispersion (OCD) Model.
Journal of the Air Pollution Control Association, 35:1039-1047

A. REF Ref erences

Benson, P.E., 1979. CALINE3-A Versatile Dispersion Mdel for Predicting
Air Pollution Levels Near Hi ghways and Arterial Streets. Interim Report,
Report Number FHKA/ CA/ TL-79/23. Federal H ghway Admi nistration, WAshington,
DC

Briggs, G A, 1969. Plune Rise. U S. Atonmic Energy Comm ssion Critica
Revi ew Series, Oak Ri dge National Laboratory, Oak Ridge, TN. NTIS TID 25075

Briggs, G A, 1971. Sonme Recent Anal yses of Plune Ri se Observations.
Proceedi ngs of the Second International Clean Air Congress, edited by H M
Engl und and WT. Berry. Academ c Press, New York, NY.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Briggs, G A, 1974. Diffusion Estimation for Small Em ssions. USAEC
Report ATDL-106. U.S. Atom c Energy Commi ssion, Oak Ridge, TN

Briggs, G A, 1975. Plune Rise Predictions. Lectures on Air Pollution
and Envi ronmental |nmpact Anal yses. Anmerican Meteorol ogical Society, Boston,
MA, pp. 59-111.

Bj orklund, J.R, and J.F. Bowers, 1982. User's Instructions for the
SHORTZ and LONGZ Computer Progranms. EPA Publication No. EPA 903/9-82-004a, b.
U. S. Environmental Protection Agency, Region |I1, Philadel phia, PA

Busi nger, J.A., and S.P. Arya, 1974. Height of the M xed Layer in the
Stably Stratified Planetary Boundary Layer. Advances in Geophysics, Vol. 18A,
F.N. Frankiel and R E. Munn (Eds.), Academ c Press, New York, NY.

Envi ronnmental Protection Agency, 1980. Recomendati ons on Model i ng
(COct ober 1980 Meetings). Appendix G to: Sunmary of Comrents and Responses on
the October 1980 Proposed Revisions to the Guideline on Air Quality Mdels.
Met eor ol ogy and Assessnent Division, Ofice of Research and Devel opnent,
Research Triangle Park, NC

Gfford, F. A, Jr. 1976. Turbulent Diffusion Typing Schenes-A Revi ew.
Nucl ear Safety, 17:68-86.

Huber, A.H. and WH. Snyder, 1976. Building Wake Effects on Short Stack
Ef fl uents. Third Synposium on At nmospheric Turbul ence, Diffusion and Air
Quality, American Meteorol ogical Society, Boston, MA

lrwin, J.S., 1979. A Theoretical Variation of the Wnd Profile Power-Law
Exponent as a Function of Surface Roughness and Stability. Atnospheric
Envi ronment, 13:191-194.

Lanb, R G, et al., 1977. Continued Research in Mesoscale Air Pollution
Si mul ati on Modeling-Vol. VI: Further Studies in the Mdeling of Mcroscale
Phenonena, Report Number EF77-143. Systenms Applications, Inc., San Rafael, CA

Larsen, R 1., 1971. A Mathematical Mdel for Relating Air Qality
Measurenments to Air Quality Standards. O fice of Air Progranms Publication No.
AP-89. U.S. Environnental Protection Agency, Research Triangle Park, NC

Liu, MK, et al., 1976. The Chem stry, Dispersion, and Transport of Air
Pollutants Emitted from Fossil Fuel Power Plants in California: Data Analysis
and Em ssion | npact Mdel. Systenms Applications, Inc., San Rafael, CA.

McElroy, J.L. and F. Pooler, Jr., 1968. St. Louis Dispersion Study
Vol ume |1 -Anal ysis. NAPCA Publication No. AP-53. U. S. Environmental Protection
Agency, Research Triangle Park, NC.

Mbore, GE., T.E Stoeckenius and D. A Stewart, 1982. A Survey of
Statistical Measures of Mddel Performance and Accuracy for Several Air Quality
Model . EPA Publication No. EPA 450/4-83-001. U.S. Environmental Protection
Agency, Research Triangle Park, NC.

Pasquill, F., 1976. Atnospheric D spersion Paraneters in Gaussian Pl une
Model i ng Part |1. Possible Requirenents for Change in the Turner Wbrkbook
Val ues. EPA Publication No. EPA 600/4-76-030b. U.S. Environmental Protection
Agency, Research Triangle Park, NC.

Turner, D.B., 1969. Wrkbook of Atnmospheric Dispersion Estimates. PHS
Publication No. 999-26. U.S. Environnental Protection Agency, Research
Triangl e Park, NC



-
<
L
=
-
O
o
(@
L
>
—
- -
O
o
<
<
o
Ll
2
=

Whitten, G Z., J.P. Killus, and H Hogo, 1980. Mbddeling of Sinulated
Phot ocheni cal Snpbg with Kinetic Mechani snms. Volunme 1. Final Report. EPA
Publicati on No. EPA 600/3-80-028a. U.S. Environnmental Protection Agency,
Research Triangl e Park, NC

Briggs, G A, 1975. Plune Rise Predictions. Lectures on Air Pollution
and Environnmental |nmpact Anal yses. Anmerican Meteorol ogical Society, Boston,
MA, pp. 59-111.

Busi nger, J.A., 1973. Turbul ence Transfer in the Atnospheric Surface
Layer. Workshop in Mcroneteorol ogy. American Meteorol ogi cal Society, Boston,
MA, pp. 67-100.

Deardorff, J.W and GE. WIllis, 1982. G ound Level Concentrations Due
to Fumigation into an Entraining M xing Layer. Atnospheric Environnent,
16: 1159- 1170.

Hsu, S. A, 1981. Models for Estimating O fshore Wnds from Onshore
Met eor ol ogi cal Measurenents. Boundary Layer Meteorol ogy,
20: 341- 352.

Schul man, L.L., S.R Hanna, and D.W Heinold, 1985. Eval uation of
Proposed Downwash Mdifications to the Industrial Source Conplex Mdel. ERT
Document P-B810-012. Prepared for American Petroleumlnstitute.

Weil, J.C., and R P. Brower, 1984. An Updated Gaussi an Plune Mddel for
Tall Stacks. Journal of the Air Pollution Control Association, 34:818-827.

>>>> End of File FRO4D. This article is continued in File FR94E. <<<<



