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l .0 INTRODUCTION 

The requirements placed on air quality control agencies by the 

Clean A1r Act have dramatically increased the need for improved air 

quality modeling. The resulting increase in the use of models has also 

led to a substantial increase in the number and complexity of situations 

in which models are employed. The modeling guideline (Guideline on Air 

Quality Models, EPA-450/2-78-027, April 1978) addresses many of the 

problems in this relatively new and growing field, but much is left to 

the discretion of the reviewing agency since many complex problems are 

best solved on a case-by-case basis. However, because of the variety of 

technically correct solutions to any complex problem, different approaches 

with differing results have led to inconsistency in model applications 

from Region to Region. In an effort to improve consistency in the use 

of modeling techniques, three in-house workshops have been held since 

1978. These workshops provide a forum for the Regional Office and Head­
' 

quarters groups to discuss common problem areas and arrive at generally 

acceptable solutions. 

Many recorrmendations were made in the course of the workshops. 

These have been reviewed by OAQPS and some have necessarily been modi­

fied and supplemented to ensure consistency with other modeling policies. 

This report clarifies preferred data bases and procedures for the appli­

cation of specific models and modeling techniques in situations where 

the guideline permits a case-by-case analysis. 



Recommendations contained in this report should be followed by 

the EPA Regional Offices until such time as the 1978 guideline is 

formally revised. Issues concerning the use of models not specified 

in this summary report or in the 1978 guideline, should be directed 

to the OAQPS Model Clearinghouse for review. The current procedures 

for submitting issues are provided in the Clearinghouse Operating Plan. 
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2.0 DATA BASES 

2. l Discussion 

Estimated concentrations can vary widely depending on the 

source, meteorological, and air quality data used in preparing the 

estimates. Thus the need for consistency in the use of data and in the 

selection of data bases is apparent. Also, an accurate and reliable air 

quality data base is needed to evaluate the performance of a model. 

Inconsistencies occur because adequate data frequently are not 

available for model input. Requirements for pre-application monitoring 

under PSD have alleviated some of the inconsistencies in data collection 

and use. However, additional guidance is still needed in the collection 

and interpretation of meteorological data. 

Also, appropriate source data to reflect short-term variations 

in emissions are often unavailable. The relationship of source emission 

data to worst-case conditions can be another area of inconsistency. 

This section identifies a few of the more frequent problem 

areas and provides recommendations to ensure consistency in the select­

ion and use of data. 

2.2 Recommendations 

2.2. 1 Acquisition of Data Bases 

Guidance provided in the 11 Arnbient Monitoring Guidelines 
for Prevention of Significant Deterioration (PSD)," EPA-450/4-80-012,
November 1980 should be used for the establishment of a special monitor­
ing network for air quality analyses, including both air quality and 
meteorological monitoring techniques. Additional information is avail ­
able in 40CFR Part 58 and in the quality assurance and site selection 
EPA guidance documents P.ublished on a pollutant-by-pollutant basis. The 
EPA Regional Office should review the network design prior to operation. 
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2.2.2 Background Concentrations 

Techniques discussed in the Guideline on Air Quality 
Models should be used in establishing background concentrations. 

2.2.3 Source Data 

The load or operating condition of a plant that causes 
the highest ground-level concentrations should be determined through a 
screening analysis and this load should be used to establish emission 
limitations. As a-minimum all sources should be modeled using 100 
percent design capacity; however, when modeling large sources, e.g., 500 
MW power plants or equivalent, 50 and 75 percent capacity should also be 
modeled. 

Hourly sequential emissions determined for existing 
sources from continuous in-stack monitoring should be used in model 
evaluation where possible. Hourly emissions are critical where short­
tenn concentrations are of concern in such evaluations. 

2.2.4 Meteorological Data 

Five years of representative meteorological data should 
be used when estimating concentrations with an air quality model. 
Consecutive years from the most recently available five-year period are 
preferred. The meteorological data may be data collected either on-site 
or at the nearest National Weather Service (NWS) station. If the source 
is large, e.g., emissions equivalent to a 500 MW power plant, the use of 
five years of NWS meteorological data or at least one year of on-site 
data is required. 

Five years of on-site data are often not available. 
When considering shorter periods of meteorolog1cal data, care must be 
taken to ensure that the data used contain the appropriate worst-case 
conditions. On-site data should also be subjected to quality assurance 
procedures that will ensure that the data is at least as accurate and in 
as much de ta i 1 as NWS data. 

Hourly average wind directions reported to the nearest 
degree should be used where on-site data are used. The CRSTER randomi­
zation sequence (i.e., the established sequential random number set 
designated for use with the meteorological preprocessor to CRSTER}
should be used with NWS wind data. 

The surface wind reference height used in the model 
should be defined to agree with the actual height of the surface wind 
sensor. When wind is monitored at heights closer to plume height, the 
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wind direction should be used to define the plume transport and the 
speed should be utilized to develop the appropriate vertical wind speed 
profile. 

Guidance provided in Appendix A should be followed in 
the design of site-specific, on-site meteorological data collection 
programs. 
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3.0 FLAT TERRAIN MODELS 

3.1 Discussion 

Flat terrain, as used here, is considered to be an area where 

terrain features are all lower in elevation than the top of the stack of 

the source in question. Most Gaussian models perform adequately in such 

situations. 

A number of models have been made available by EPA and others 

for those applications where receptors are located at elevations less 

than the top of the stack. However, inconsistencies have resulted from 

the use of these models. Such inconsistencies occur in part because 

models may be developed at different times for specific applications and 

the various algorithms are improved, changed or added to accommodate a 

specific problem or to reflect recent research. This section provides 

recommendations to resolve these inconsistencies without limiting the 

range of applicability of flat terrain models. 

3.2 Recommendations 

3.2.1 Screening Techniques 

Screening techniques and options as provided in 11 Guide­
l ines for Air Quality Maintenance Planning and Analysis Volume 10 (R): 
Procedures for Evaluating Air Quality Impact of New Stationary Sources" 
should be used~ 

Where possible, screening procedures should be site and 
problem specific. Consideration should be given to: (1) terrain; (2) 
urban or rural dispersion coefficients; and (3) worst-case conditions 
when representative meteorological data or applicable detailed modeling 
techniques are not available. If screening is the sole basis for the 
analysis, adequate justification and documentation should be required 
for the use of averaging time factors. 

3.2.2 Refined Analytical Techniques 

The following table lists the preferred models for the 
indicated applications. These models should be used in Regional Office 
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applications of models. For use of models and in applications that do 
not appear in this table or in the 1978 guideline, Regional Offices 
should follow Section 7 of this report . 

. 
Table 1. Preferred Model Use 

SHORT TERM 	 MODEL 

Single Source 	 Rural CRSTER 
Urban RAM 

Multiple Source 	 Rural MPTER 
Urban RAM 

Industrial Complexes 	 Rural /Urban ISC 

LONG TERM 

Single Source 	 Rural CRSTER 
Urban CDMOC or RAM* 

Multiple Source 	 Rural MPTER 
Urban CDMQC or RAM* 

Industrial Complexes 	 Rural /Urban ISC 

For all model applications in a rural area, the CRSTER 
techniques for wind speed profile, plume rise and terrain adjustment 
should be used unless other techniques can be shown on a case-by-case 
basis to provide more appropriate and accurate estimates. 

Dispersion coefficients appropriate to either urban or 
rural settings should be used in accordance with Section 6.2.5. Sector 
averaging should be accepted only for seasonal or annual estimates where 
estimates are based on statistically summarized meteorological data. 

*The choice of RAM or CDMQC in urban applications is a function of the 
number of sources and the size of the area to be modeled, e.g., if only 
three or four sources in an urban area are to be modeled, RAM should be 
used. 
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3.2.3 Model Options 

The options that are found in the ISC, CRSTER, MPTER, 
and PTPLU models have greatly increased the technical options available. 
To ensure consistency in the use of these options, Regional Office users 
should follow the guidance below: 

a. Stack Tip Downwash (CRSTER, MPTER, ISC, PTPLU*) 

This option should not be 'used unless demonstrated 
to be applicable on a case-by-case basis. Although there is evidence 
that this phenomenon can occur, there are no data to support wide use of 
the option. 

b. Plume Rise (CRSTER, MPTER, ISC, PTPLU) 

In all cases, except for close-in receptors during 
stable conditions in complex terrain or when the downwash (building 
wake) algorithm of ISC is employed, the final plume rise option should 
be used. The restriction on the use of gradual plume rise is based upon
the lack of specific data needed to quantify the dispersion during plume 
rise. In complex terrain where plume impaction is the identified problem, 
the use of transitional plume rise, during stable conditions~ may be 
required to ensure that impaction on close-in terrain is considered. 
When building downwash is considered a problem, transitional plume rise 
calculations are used only to determine whether the plume will be affected 
by building wake. If so, dispersion is handled by appropriate modified 
dispersion parameters. 

c. Rura 1 /Urban Options (ISC) 

The selection of the rural or urban option should 
be based upon the detenninations as outlined in Section 6.2.5 for deter­
mining whether an area is urban or rural. 

d. Momentum Plume Rise (ISC, CRSTER, MPTER, PTPLU) 

This is optional in the CRSTER and MPTER models and 
an integral part of the ISC and PTPLU models. It should be used in the 
CRSTER and MPTER models. 

e. Deposition (ISC) 

The deposition algorithm in ISC may be used whenever 
deposition is considered to be a factor in the analysis. 

*PTPLU is found in UNAMAP (Version 4a) and is a replacement for PTMAX. 
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4.0 COMPLEX TERRAIN MODELING 

4.1 Discussion 

Although the need for a refined complex terrain dispersion model 

has been acknowledged for several years, such a model has not yet been 

developed. The lack of extensive data bases and basic knowledge concerning 

the behavior of atmospheric variables in the vicinity of complex terrain 

presents a considerable obstacle to the solution of the problem and the 

development of a refined model. 

A first step toward the solution of this problem has been taken. 

The Environmental Sciences Research Laboratory initiated the multi-year 

Complex Terrain Model Development project in 1979. The first field study 

was conducted at Cinder Cone Butte and the first milestone report describing 

this effort was issued in April 1982 (EPA-600/3-82-036). This report 

includes an initial evaluation of three screening techniques. This 

portion of the study represents the initial acquisition of basic data 

needed to define the meteorological variables and plume behavior in 

complex terrai~. Until the behavior of plumes in various complex terrain 

situations can be documented and new mathematical constructs developed, 

the existi.ng dispersion algorithms adapted to complex terrain must be 

used. 

For the purpose of this report, complex terrain is defined as 

any terrain exceeding the height of the stack being modeled. 

4.2 Recommendations 

4.2. 1 	 Screening Techniques 

Two screening techniques are currently preferred: 
Valley and Complex I. It is suggested that a two-tiered screening 
approach be followed for complex terrain analyses. 
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4.2.1. l Initial Screening Technique 

The initial screen is the use of the Valley 
Model. For buoyant sources, the BID option in Va11ey may be used. The 
following worst-case assumptions should be used in Valley to determine 
24-hour averages: (1) P-G stability "F"; (2) wind speed of 2.5 m/s; (3) 
6 hours of occurrence. 

Multiple sources should be treated individually 
in the Valley Model and the concentrations for ipecific wind directions 
summed. Only one ~"ind direction should be used for 24-hour averages 
(see User's Manual, pages 2-15) even if individual runs are made for 
each source. 

The receptor grid found in the Valley Model 
User's Guide may not be sufficient for all analyses if only one geograph­
ical scale factor is used. The Valley Model is very sensitive to ground­
level elevation at the receptor, and the use of the standard polar grid 
could miss the worst-case receptor. If this situation occurs, the user 
should choose an additional set of receptors at appropriate downwind 
distances whose elevations are equal to plume height minus 10 meters. 

4.2.l.2 Second-~evel Screening Technique 

If a violation of any NAAQS or the controlling 
increment is indicated, a second-level screening technique may be used. 
An on-site data base of at least 1 full year of meteorological data, 
collected in accordance with the recommendations in Appendix A, is 
preferred for use with the second-level screening technique. All meteor­
ological data used in the analysis must be reviewed for both spatial and 
temporal representativeness. 

At this time Complex I~ available in UNAMAP 
Version 4a, is the preferred second-level screening technique. Coill;)lex 
I is the result of modifying the MPTER Model to incorporate the Valley 
Model algorithm. As such it-is a multi-source screening technique that 
accepts hourly meteorological input. It differs from the Valley Model 
only in its use of hourly data and a plume height correction. In Complex 
I hourly wind direction input is specified to the nearest whole degree 
(and the plume vectored accordingly), but the 22-1/2° Valley crosswind 
sector averaging has been retained. During nonstable conditions Complex 
I permits the plume to be transported horizontally relative to sea 
level. As terrain elevation increases with distance, the plume height 
above ground is allowed to decrease to no less than half its height 
above plant grade. Beyond the point at which the height is halved, the 
plume centerline parallels the terrain. 

4.2.l.3 Restrictions 

For screening analyses, the use of a sector 
greater than 22-1/2° should not be allowed a11d full ground reflection 
should always be used. 
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4.2. 1.4 Options 

For buoyant sources the option for buoyancy­
i nduced dispersion should be exercised. 

Complex I requires the specification of an 
approach distance and a 10-meter approach distance should be selected. 

The Complex I program has five separate 
complex terrain plume specification procedures in the designated IOPT 
ootion 25. Only the standard procedure labeled 11 1" should be selected,
(i . e . , IOPT ( 2 5) = l) . 

The option in the Valley model to use the 2.6 
stable plume rise factor should be selected. 

4.2.2 Refined Analytical Techniques 

v!hen the results of the screening analysis demonstrate 
a possible violation of NAAQS or the controlling PSD increments, a more 
refined analysis should be conducted. Since there are no refined techniques 
currently recomnended for complex terrain applications, a nonguideline 
model may be applied in accordance with Section 7. In the absence of an 
appropriate refined model, screening results may be acceptable. 
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5.0 MOBILE SOURCE MODELS 

Regional meteorologists have not been involved in significant 

consistency problems with carbon monoxide or ozone models. Some guid­

ance is found in the 1978 Guideline on Air Quality Models, and additional 

guidance with respect to the use of models and data bases for SIP 

revisions is contained in the Federal Register Volume 46, No. 14, p. 

7182, entitled, 11 State Implementation Plans: Approval of 1982 Ozone and 

Carbon Monoxide Plan Revisions for Areas Needing an Attainment Date 

Extension." 

11 




6.0 GENERAL MODELING ISSUES 

6. l Discuss ion 

This section contains recommendations concerning a number of 

different issues. The problem areas addressed are not specific to any 

one program or modeling area but need resolution in nearly all modeling 

situations. 

6.2 Recommendations 

6.2.1 Design Concentrations 

If 5 years of NWS data are used in an analysis or if l 
year of on-site meteorol~gical data are used, then the highest, second­
highest short-term concentration estimate should be used to determine 
the impact of the source. If 1 ess than 5 years of NWS data or less than 
l year of on-site data are used, then the highest concentration estimate 
should be used as an approximation to the second-highest short-term 
concentration. 

Block averaging times should continue to be used for 
modeling purposes. 

6.2.2 Critical Receptor Sites 

Receptor sites should be utilized in sufficient detail 
to allow estimates of the highest concentrations and the probability of 
a violation of a NAAQS or a PSD increment.· The procedures listed below 
should be followed to locate receptor sites when a large source, such as 
a 500 MW power plant, is being modeled. 

a. Apply PTPLU to identify the distance to the highest 
estimated concentration for each combination of atmospheric stability 
class and wind speed. PTPLU should be run using 0.10, 0.15, 0.20, 0.25, 
0.30, and 0.30 as wind profile exponents for the six stability Classes A 
through F respectively. The receptor elevation in PTPLU should be set 
to the highest terrain elevation above stack base and below stack top 
found within a 1-kilometer radius of the stack. Identify the distance 
to the highest concentration listed in the PTPLU output for each stability
class. Select the smallest of these distances obtained from PTPLU as 
the first receptor distance. 

b. Select eight rm re distances by multiplying the 
first receptor distance by each of the following constants: 1.3, 1.7, 
2.3_, 3.0, 3.9, 5.2, 6.8, and 9.0. This geometric progression allows the 
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user to most closely approximate the location of maximum concentration. 
There is no need for a receptor spacing closer than 0. 1 kilometer. A 
tenth receptor distance may be used to locate receptors in a potentially 
high concentration area beyond the ninth receptor distance. 

c. Check the PTPLU output to be sure that high con­
centrations with P-G D stability are not expected beyond the last 
receptor distance. If high concentrations are expected beyond the last 
receptor distance, then add additional rings to include those cases. 

d. If the elevation of individual receptors is signi­
ficant, those elevations should be specified as the greatest terrain 
elevation along the appropriate 10 degree arc for the receptor distance 
of concern; the height should not be limited to the center of the 10 
degree sector. In some instances it may be desirable to locate re­
ceptors at the plant boundary. Additional rings may be needed for this. 

For models capable of using a rectangular grid, includ­
ing mult;-source models, a one-kilometer square receptor grid extended 
outward in all directions from the source to a distance of 10 kilometers, 
or about 400 receptor sites, should be used. The grid should be ex­
tended farther if maximum 1-hour concentrations are estimated to occur 
beyond 10 kilometers. For urban models, this grid should cover the 
entire area being modeled. In addition, to identify concentrations that 
might be missed by the spacing of the rectangular grid, individual 
isolated receptor sites should be located downwind from the major source(s) 
for prevailing wind directions during conditions of maximum concentration. 
For each direction, four downwind distances associated with maximum one­
hour concentrations for Pasqui11-Gifford stability Classes A, B, C, and 
O as determined by PTPLU should be selected. Receptor sites should also 
be located at sites where monitored air quality data are available and 
sites where plume interactions from multiple sources are likely to be 
greatest. If the height of individual receptors is significant, those 
should be specified as the actual terrain height at the receptor loca­
tion. 

For sources smaller than those equivalent to a 500 MW 
power plant, receptors should be located following the above procedures, 
but in the actual model runs it may not be necessary to include all 
receptors for all directions and all distances. The selection of recep­
tor sites is left to the discretion of the Regional Office, but should 
be based on wind roses for the area and the results of calculations 
using PTPLU or other comparable screening procedures. 

6.2.3 Long-Range Transport 

Long-range transport should be considered where impact 
on Federal Class 1 areas is possible. The application of simple Gaussian 
models for downwind transport distances greater than 50 km should be 
evaluated on a case-by-case basis. Models that are ~ore appropriate 
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at these transport distances should be evaluated as alternatives to the 
simple Gaussian models. Models for long-range transport included in the 
references to the 1978 Guideline on Air Quality Models can be used as 
screening techniques. More complex and thoroughly documented models 
such as MESOPUFF, MESOPLUME or MESOGRID may be considered on a case-by­
case basis for use as refined models within their established limitations. 

6.2.4 Pollutant Half-life 

Pollutant half-life should not be used in screening 
analyses. 

For a refined analysis, if the need for half-life for 
SO~ can be demonstrated, site-specific data should be used to define a 
rate of conversion of SO . Otherwise only those refined models with 
built-in conversion provtsions should be used where conversion appears 
to be an obvious problem. 

For nitrogen oxides, complete conversion from NO to 
nitrogen dioxide (NO?) should be used in screening analyses. In refined 
analyses, case-by-ca~e half-life conversion rates should be determined 
on the basis of scientific technical studies appropriate to the site in 
question. The methods suggested by Cole and Summerhays* should be 
considered. 

An infinite half-life should be used for estimates of 
total suspended particulate concentrations when simple Gaussian models 
with exponential decay terms are employed. Deposition and removal 
should be directly considered in the model if it is a significant 
factor. 

6.2.5 Urban/Rural Classification 

The selection of either rural or urban dispersion 
coefficients in a specific application should follow the procedure below 
using land use or population density. 

Land Use Procedure: (1) Classify the land use within 
the total area, Ao, circumscribed by a 3 km radius circle about the 
source using the meteorological land use typing scheme proposed by 
Auer**; (2) If land use types Il, I2, Cl, R2, and R3 account for 50 
percent or more of A , use urban dispersion coefficients; otherwise, use0 

appropriate rural dispersion coefficients. 

* 	Cole, H. S., and J. E. Summerhays, A Review of Techniques for 
Estimating Short Term N02 Concentrations, JAPCA, Vol. 29, No. 8, 
pp. 812-817, 1979. 

**Auer, A. H., Correlation of Land Use and Cover with Meteorological 
Anomalies, JAM, Vol. 17, pp 636-643, 1978. 
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Population Density Procedures: (1) Compute the 
average populatj_on density, p, per square ki1om~ter with Ao as defined 
above; (2) If p, is greater than 750 people/km , use urban dispersion 
coefficients; otherwise, use appropriate rural dispersion coefficients. 

The land use procedure is considered the most defin­
itive. Population density should be used with caution, especially in a 
highly industrialized area where the population density may be low but 
the area is sufficiently built up so that the land use criteria would be 
satisfied. Impacts from sources beyond the three (3) kilometers should 
be included in the background. 

For analyses of urban complexes, the entire area should 
be modeled as an urban region if most of the sources are located in 
areas classified as urban. 

6.2.6 General Model Evaluation 

A model evaluation study should assess how closely the 
mathematical assumptions inherent to the model describe the physics 
and/or chemistry of the atmosphere. The process of model evaluation 
should consider all of the following: (1) assumptions inherent to 
design/algorithms of model; (2) purpose/objective of model; (3) purpose/
objectives of monitors(s); (4) applicability of monitored data for 
comparison; (5) comparison of model estimates with monitor observations 
for upper end of frequency distribution, statistical analyses, and 
analyses of weakness in individual algorithms; and (6) analyses of 
critical meteorological and source conditions and their effect on indi­
vidual algorithms. An analysis should also be made of the sensitivity 
of the algorithms to the meteorological input data. 

For short-term model evaluation, all input data should 
be based on measured hourly averages. This includes mass emission 
rates, stack dynamic operating parameters and meteorological input. The 
spatial applicability of measured air quality data and tracer studies 
should be consistent with the scale of the model comparisons. 

Calibration for short-term air quality concentrations 
is not recommended. Determination of the need for calibration and 
calibration procedures are contained in the 1978 guideline. 
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7 .0 t:ONGUIDELIME MODELS 

7.l- Discussion 

Only a limited number of models or modeling techniques have 

undergone a sufficient evaluation to be considered 11 guideline 11 models, 

or to be reconmended procedures for modeling certain aspects of plume 

behavior. There remain a large number of circumstances when no recom­

mended technique is available and no guideline model is totally appli­

cable. There are also circumstances when a model other than a reconmended 

model may appear suitable. In those cases the Regional Office must 

decide on the acceptable procedures and approve or disapprove specific 

nonguideline modeling approaches for use in each specific situation. 

7.2 Definition of Guideline vs. Nonguideline Models 

Guideline models are those models specifically recommended 

for (general) use in the 1978 Guideline on Air Quality Models. All 

other models require review and evaluation on a case-by-case basis. 

Changes made to a guideline model that do not affect the 

concentration estimates do not change the guideline status of that 

model. Examples of such changes are those required to run the program 

on a different computer or those that affect only the format of the 

model resu1ts. When such changes are made, the Regional Offices may 

require a test case example to demonstrate that the concentrations 

are not affected. 

Use of a guideline model with other than recommended options 

changes the status of the model to nonguideline. Similarly, if a guide­

line model has been revised or changed such that it produces concentra­

tions different from the original ~odel for the same input data, the 

status of the model 1s changed to nonguideline. 
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7.3 Model Clearinghouse 

A Model Clearinghouse has been established within OAQPS for 

the purpose of assisting Regional Offices in the technical and con­

sistency reviews of nonguideline techniques or models. Regional Offices 

may directly request assistance from the Clearinghouse once they have 

completed an initial evaluation and prepared recommendations. The 

Clearinghouse will also review all formal Federal Register proposals and 

final rule-making packages to ensure modeling and data base consistency 

and to evaluate the adequacy of nonguideline procedures. The Clearing­

house will also maintain a log of precedent-setting policy and technical 

decisions and determine the transferability of models and data bases to 

other situations. Details concerning the Clearinghouse and its operation 

are found in the OAQPS document, "Model Clearinghouse: Operational 

Plan," February 1981. Analyses using guideline techniques will not be 

reviewed by the Clearinghouse. 

7.4 Recommendations 

The determination of the acceptability of a nonguideline model 
is a Regional Office responsibility. Proposed models should be evaluated 
from both a theoretical and a performance perspective. Proper support 
and documentation for the use of a nonguideline model will normally 
include air quality and meteorological data that have been collected 
using appropriate techniques and procedures as outlined in the "Ambient 
Monitoring Guideline for Prevention of Significant Deterioration (PSD)" 
EPA 450/4-80-012, November 1980. Data bases for other than the specific 
site in question may be acceptable if it can be shown that the data 
available represent similar topography, climatology, and source configu­
rations. Any data base used must include appropriate periods of worst­
case conditions. 

Procedures and techniques for determining the acceptability of a 
nonguideline model on a case-by-case basis are contained in a document 
entitled, "Interim Procedures for Evaluating Air Quality Models," August 1981. 
In June 1982 an example application of these procedures, prepared by TRC 
Environmental Consultants, Inc., was distributed to the Regional Offices. 
Procedures outlined in these documents should be followed, as appropriate, 
when evaluating nonguideline techniques. 
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8.0 USE OF MEASURED AIR QUALITY DATA IN LIEU OF MODEL ESTIMATES 

8. 1 Discussion 

Dispersion model estimates, especially with air monitoring 

support, are the preferred basis for air quality demonstration deci­

sions. Nevertheless, there may arise instances where the performance 

of recorrmended dispersion modeling techniques may be demonstrated by 

observed air quality data to be less than acceptable. Occasionally 

there may be no recormnended modeling procedure. In these instances, 

air pollutant emission limitations may be established on the basis of 

observed air quality data. 

8.2 Recommendations: 

Modeling is the preferred method for determining emission 
limitations for both new and existing sources. Where a well-accepted, 
well-verified model is available, model results alone are sufficient. 
Monitoring will normally not be accepted as the sole basis for emis­
sion li~itation determination in flat terrain areas. In some instan­
ces where the modeling technique available is only a screening tech­
nique, the addition of air quality data to the analysis may lend 
credence to model results. 

In some instances a model that is applicable to the situa­
tion may not be available. Measured data may have to be used. Examples 
of such situations are: (1} complex terrain locations, (2) aerodynamic 
downwash situations, (3} land/water interface areas, and (4) urban 
locations with a large fraction of particulate emissions from non­
traditional sources. However, only in the case of an existing source 
would monitoring data alone be an acceptable basis for emission limits. 
In addition, there are other requirements for the acceptance of an 
analysis based only on monitoring: 

a. Amonitoring network exists for the pollutants and 
averaging times of concern; 

b. It can be demonstrated that the monitors in the network 
are located as close as possible to all points of maximum concentra­
tion; 

c. The monitoring network and the data reduction and stor­
age procedures meet all EPA monitoring and quality assurance require­
ments; 
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d. The data set and the analysis identify conclusively each 
individual source impact if nore than one source or emission point is 
involved; 

e. At least one full year of valid ambient data is avail ­
able and a demonstration that the year was not sufficiently atypical 
to influence the resulting emission limits; 

f. A demonstration that EPA recormiended models are not 
applicable through the comparison of the monitored data with model 
results. 

Sources should obtain approval from the Regional Office for 
the monitoring network prior to the start of monitoring to ensure that 
the situation requires the use of monitoring and to obtain approval of 
the monitoring network design and procedures. 

The followir.g are examples for some conmon situations where 
monitored data might be considered. It should be noted, however, that 
since the adequacy of a ·network is a function of the source configura­
tion as well as the topography and the meteorology of the site, a large 
number of designs may need to be considered and no set pattern is appli ­
cable to any one of the problem areas. 

a. For aerodynamic downwash, consider one or two background
monitors plus two to four downwind monitors. The number of downwind 
monitors should be determined by a consideration of the frequency of 
the downwash events, the expected magnitude of the impact, and the 
areal extent of the impact. 

b. For shoreline conditions consider one to two background
monitors and three to eight downwind monitors. The number of downwind 
monitors should be determined by considering site characteristics, the 
magnitude and the areal extent of the predicted impact. It may be 
necessary to complement the stationary ~nitoring network with l':X)bile 
sampling and plume tracking techniques. 

c. For complex terrain, the air quality monitors should 
assess the maximum impacts for each averaging period for which an air 
quality violation is expected to occur. Approximately three to eight 
monitors should be considered necessary to monitor for each such 
averag1ng time. The exact number depends on the magnitude and extent 
of expected violations. At least two monitors for each contiguous 
area where violations are expected to occur is necessary except where 
these areas are large. In this case, more than two monitors could be 
required. As a guide, a 22-1/2° sector should define the maximum size 
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of a large contiguous area. Based upon meteoroiogical judgment, 
additional monitors may be required to evaluate the source impact 
depending on the complexity of the terrain. 

d. For urban situations where the concern is particulates 
and the sources of violat1ons appear to be fugitive and/or reentrained 
dust, extensive monitoring and receptor models may be needed to accurately 
assess the problem. 
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9.0 REVIE\~ OF PSD PERMIT APPLICATIONS 

9.1 Discussion 

Certain procedures with respect to the review and analysis of 

PSD permits also should be standardized to ensure consistency. A few 

of these are discussed below. 

9.2 Recommendations 

In those Regions where the Regional Office has the responsibility
for permitting new sources, the Regional Office should provide permit 
applicants with a uniform PSD/NSR guidance package, including screening 
and modeling requirements. The attached Air Quality Analyses Checklist 
(Appendix B) is recommended as a standardized set of data and a standard 
basic degree of analysis to be required of PSD and SIP revision applicants. 
This checklist suggests a level of detail, including the necessary grid 
resolution, required to assess both PSD increments and the NAAQS. 
Special cases may require additional guidance. 

A pre-application meeting between source owner and Regional
Office staff should be the norm and the Regional Meteorologist should be 
represented. 

PSD air quality analyses should be based on information 
considered valid for the start-up date for the new or modified source. 

The Regional Office should allow permit applicants to use 
11 Procedures for Evaluating Air Quality ·Impact of New Stationary Sources" 
(EPA-450/4-77-001) for screening purposes. Air quality concentration 
estimates obtained using procedures in that Guideline on screening
techniques or using the refined analytical techniques incorporating 
Pasquill-Gifford or McElroy-Pooler sigmas, are equivalent to one-hour 
values. Time-scaling of such estimates from any period shorter than one 
hour is generally not acceptable. Time-scaling of one hour estimates to 
longer period averages is not acceptable when the purpose is to obtain 
the highest or highest. second-highest concentration estimates and a 
refined analytical technique is appropriate for making one-hour estimates. 

Regional Offices should require permit applicants to incorporate
the pollutant contributions of a11 sources into their analysis. This 
should include emissions associated with area growth within the area of 
the new or modified source's impact. PSD air quality assessments should 
consider the amount of the allowable air quality increment that has 
already been granted to any other new sources. The most recent source 
applicant should be allowed the prerogative to re-model the existing or 
permitted sources in addition to the one currently under consideration. 
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This would permit the use of newly acquired data or improved modeling 
techniques if such have become available since the last source was 
permitted. When remodeling, the worst case conditions used in the 
previous modeling analysis must be one set of conditions modeled in the 
new analysis. All sources must be modeled for each set of meteorological 
conditions selected and for all receptor sites used in the previous 
applications as well as new sites specific to the new source. 
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APPENDIX A 

ACQUISITION OF SITE SPECIFIC METEOROLOGICAL DATA 

Models recommended in the 1978 Guideline on Air Quality Models 

require as input the following parameters: 

0 transport wind speed and direction; 


0 ambient air temperature; 


0 Pasquill-Gifford stability category. 


Wind Measurements 

In addition to 10 m surface wind measurements, the transport wind 

speed and direction should be measured at an elevation as close as 

possible to the effective stack height. To approximate this, if a 

source has a stack (or stacks) below 100 m, select the stack top height 

as a wind measurement height. For sources with stacks extending above 

100 m, a 100 m tower is suggested unless the stack top is significantly 

above 100 rn (200 m or more). For cases with stacks 200 m or above, the 

Regional Meteorologist should determine the appropriate measurement 

height on a case-by-case basis. Remote sensing may be a feasible 

alternative. 

For routine tower measurements and surface measurement the wind 

speed should be measured using an anemometer and the wind direction 

measured using a horizontal vane. The specifications for wind measuring 

instruments contained in the "Ambient Monitoring Guidelines for Pre­

vention of Significant Deterioration (PSD)," EPA 450/4-80-012, November 

1980 should be followed. Wind direction should be reported to the 

nearest degree. 
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Temperature 

The temperature should be measured at or near standard instrument 

shelter height. Ambient temperature can be reliably measured using good 

quality linear thermistors or platinum resistance devices. 

Stability Category 

The Pasquill-Gifford (P-G) stability categories, as originally 

defined, incorporate subjectively determined insolation assassments 

based on hourly cloud cover observations. In lieu of such observations 

it is recommended that the P-G stability category be estimated using 

Table 'A-I. Use of this table requires the direct measurement of the 

elevation angle of the vertical wind direction. Measurements of ele­

vation angle are difficult to make without a substantial commitment in 

maintenance, hence it is recommended that a be determined using the 
qi 

tra'nsform: 

0¢ = a /u
(!) 

l>Jhere: 0¢ = the standard deviation of the vertical wind direction 

fluctuations averaged for a one-hour period; 

a 
w = the standard devi.ation of the vertical wind speed flue­

tuations observed for a one-hour period; 

u = the average horizontal wind speed for a one-hour period. 

It is reconvnended that a vertically mounted anemometer be used to 

measure the vertical wind speed fluctuations. The instrument should 

meet the specifications given in the Ambient Monitoring Guidelines 

referenced above. The instrument should compute a directly, one value 
w 

each hour using 3600 to 360 values, based on a recommended readout 

interval of l to 10 seconds. 
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If o~ is computed using the output of the anemometer by other than 

direct app1ication of the formula for a variance, the method should be 

demonstrated to be equivalent to direct computation. 

Both the vertical wind speed fluctuations and the horizontal wind 

speed should be measured at the same leve1. Moreover, these measure­

ments should be made at a height of 10 m for valid use in estimating the 

~G stability category. Trees or land use might preclude measurements as 

low as 10 m and in such cases the measurements will have to be made at 

heights above 10 m 

If on-site measurements of either o~ or aw are not available, 

stability categories may be determined using the horizontal wind direc­

tion fluctuation, 0 
6 

, as outlined by Mitchell and Timbre* . This method 

uses the NRC Safety Guide 1.23 categories of cr~ listed in Table A 
'j 

. as an initial 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 A-III should be applied. As with a~, 0 should be adjusted for 
6 

surface roughness by multiplying the measured 0 
6 

, by the average surface 

roughness length within 1 to 3 km of the source. 

If, due to maintenance or instrument failure, crw and 0 values are
6 


missing, the P-G stability categories can be estimated from the lower 


level wind speed (if tower measurements are used) with estimates of sky 

*Mitchell, A. Edger Jr., and K. O~ Timbre, Atmospheric Stability Class 
from Horizontal Wind Fluctuation, 72nd Annual Meeting APCA, Cincinnati, 
Ohio, June 24, 1979. 
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cover and cloud heights from some suitable NWS site (or obtained on­

site) using the CRSTER preprocessor. However, the a~ categories and the 

modified a categories are anticipated to be better correlated to the 
6 

actual dispersion, especially in complex terrain, than employing either 

estimates or measurements of insolation to estimate the P-G stability 

category. 

\ 

A-4 




Table A-I 

P-G Stability Category Versus 
Vertical Wind Direction Fluctuation, a. 

0 

P-'1 Stability *Standard Deviation of 
Category Vertical Wind Direction, c. 

A > 12° 

100B - 12° 

c 7.8° - 10° 

50D - 7.8° 


E 2.4° - 50 


F < 2.4° 


From: 	 Smith, T. B. and S. M. Howard, 11 Methodolociy for Treating 
Diffusivity," in r~RI 72 FR-1030 6 Septe111ber 1972. 

* Where it is anticipated that there may be ~n2reased dispersion because 
of surface roughness, a factor of (z /15 cm) · , where z is the average 
surface roughness in centimeters witHin a radius of 1-3 ~m of the source, 
may be applied to the table values. It should be noted that this factor, 
while theoretically sound, has not been subjected to rigorous testing 
and may not improve the estimates in all circumstances. A table of z

0values that may be used as a guide to estiw.atino surface roughness is 
given in: A. Smedman-Hogstrom and U. l..fogstrom (1978). "A Practical 
Method for Determining Wind Frequency Distributions for the Lowest 200 n 
from Routine Meteorological Data" JAM, Vol. 17, p. 942. 
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Table A-II 

PG Stability Categories Versus 
Horizontal Wind Direction Fluctuations, a 0 

PG Stability Range of Standard 

Category Deviation, Oe~rees* 


A > 22. 5ae -
B 22.5 > ae > 17. 5 

c 17.5 > CJ > 12. 5 
9 

D 12.5 > CJ > 7.5e ­
'-
t:" 7.5 > (J > 3.8

P.J 

F 3.8 > CJ~ > 
<; -

Adapted from Nuclear Regulatory Commission (NRC) Regulatory Guide 1.23, 1972. 

Where it. is anticipated that there may ee2increased dispersion because of 
surface rouqhness, a factor of ( z /15 cm) · , where z is the average surface 
roughness in centimeters within a0 radius of 1-3 km of0 the source, may be 
applied to the table values. It should be noted that this factor, while 
theoretically sound, has not been subjected to rigorous testing and may 
not improve the estimates in all circumstances. A table of z values 
that may be used as a guide to estimating surface roughness i~ qiven in: 
A. Smedman-Hogstrom and U. Hagstrom (1978), "A. Practical ~ethod for Deter­
mining Wind Frequency Distributions for the Lowest 200 m from Routine 
Meteorological Data" JAM, Vol. 17, p. 942. 

A-6 


(Revised August 1982) 




Table A-III 

Night Time P-G Stability Categories Based on oe 

If the cr Then the 
s ta bi 1 it~ And if the 10m wind SQeed 2 u, is stability class 
class is m/s mi/hr is 

A u<2.9 u<6.4 F 
2.9<U<3.6 6.4<u<7.9 E 
3.6<u 7.9<u D-

B U<2.4 u<5.3 F 
2.4<u<3.0 5.3<u<6.6 E 
3.0<u 6.6<u D-c U<2.4 U<5.3 E 
2.4<u 5.3<u D-

D wind speed not considered D 

E wind speed not considered E 

F wind speed not considered F 

Adapted from Mitchell and Timbre (1979) 
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APPENDIX B 

AIR QUALITY ANALYSIS CHECKLIST* 

1. Source location map(s) showing location with respect to: 

o 	 Urban areas** 

o 	 PSD Class I areas within 100 km 

o 	 Nonattainment areas** 

o 	 Topographic features (terrain, lakes, river valleys, etc.)** 

o 	 Other major existing sources** 

o 	 Other major sources subject to PSD requirements 

o 	 NWS meteorological observations (surface and upper air) 

o 	 On-site/local meteorological observations (surface and upper
air) 

o 	 State/local/on-site air quality monitoring locations** 

o 	 Plant layout on a topographic map covering a 1-km radius of 
the source with information sufficient to determine GEP 
stack heights 

2. Information on urban/rural characteristics: 

o 	 Land use within 3 km of ~ource classified according to 
Auer, A. H. (1978): Correlation of land use and cover with 
meteorological anomalies, J. of Applied Meteorology, Vol. 17 
p. 	 636-643. 

o 	 Population 

- total 

- density 


o 	 Based on current guidance determination of whether the area 
should be addressed using urban or rural modeling methodology 

*The "Guidelines for Air Quality Maintenance and Analyses," Volume 10 
(Revised), EPA-450/4-77-001, October 1977 (OAQPS No. l.2-029R) should 
be used a screening tool to determine whether modeling analyses are 
required. Screening procedures should be refined by the user to be 
site/problem specific. 

**Within 50 km or distance to which source has a significant impact, 
whichever is less. 
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3. Emission inventory and operating/design parameters for major 
sources within region of significant impact of proposed site (same as 
required for applicant: 

o 	 Actual and allowable annual emission rates (g/s) and opera­
ting rates* 

o 	 Maximum design load short-term emission rate (g/s)* 

o 	 Associated emissions/stack characteristics as a function of 
load for maximum, average, and nominal operating conditions 
if stack height is less than GEP or located in compiex
terrain. Screening analyses as footnoted on Bl or detailed 
analyses, if necessary, must be employed to determine the 
constraining load condition (e. g., 50%, 75%, 100% load) 
to be relied upon in the short-term modeling analysis. 

- location (UTM 1 s) 
- height of stack (m) and grade level above MSL 
- stack exit diameter (m) 
- exit velocity (m/s} 
- exit temperature (°K) 

o 	 Area source emissions (rates, size of area, height of area 
source}* 

o 	 Location and dimensions of buildings (plant layout drawing) 

- to determine GEP stack height 
- to determine potential building downwash considerations 

for stack heights less than GEP 

o 	 Associated parameters 

- boiler size (megawatts, pounds/hr. steam, fuel consump­
tion, etc.) 

- boiler parameters (% excess air, boiler type, type of 
firing, etc.} 

- operating conditions (pollutant content in fuel, hours of 
operation, capacity factor, %load for winter, summer, 
etc.) 

- pollutant control .equipment parameters (design efficiency, 
operation record, e.g., can it be bypassed?, etc.) 

o 	 Anticipated growth changes 

*Particulate emissions should be specified as a function of particulate
diameter and density ranges. 
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4. Air quality monitoring data: 

o 	 Summary of existing observations for latest five years 
(including any additional quality assured measured data 
which can be obtained from any state or local agency or 
company)* 

o 	 Comparison with standards 

o 	 Discussion of background due to uninventoried sources and 
contributions from outside the inventoried area and descrip­
tion of the method used for determination of background
(should be consistent with the Guideline on Air Quality 
Models) 

5. Meteorological data: 

o 	 Five consecutive years of the most recent representative 
sequential hourly National Weather Service (NWS) data. or 
one or more years of hourly sequential on-site data 

o 	 Discussion of meteorological conditions observed (as applied 
or modified for the site-specific area, i.e., identify 
possible variations due to difference between the monitoring 
site and the specific site of the source} 

o 	 Discussion of topographic/land use influences 

6. Air quality modeling analyses: 

o 	 Model each individual year for which data are available with 
a recommended model or model demonstrated to be acceptable 
on a case-by-case basis 

- urban dispersion coefficients for urban areas 
- rural dispersion coefficients for rural areas 

o 	 Evaluate.downwash if stack height is less than GEP 

o 	 Define worst case meteorology 

o 	 Determine background and document method 

- long-term 

- short-term 


o 	 Provide topographic map(s) of receptor network with respect 
to location of all sources 

*See** on page Bl of checklist. 
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o 	 Follow current guidance on selection of receptor sites for 
refined analyses 

o 	 Include receptor terrain heights (if applicable) used in 
analyses 

o 	 Compare model estimates with measurements considering the 
upper ends of the frequency distribution 

o 	 Determine extent of significant impact--provide maps 

o 	 Define areas of maximum and highest, second-highest impacts 
due to applicant source (refer to format suggested in Air 
Quality Summary Tables) 

- long-term 

- short-term 


7. Comparison with acceptable air quality levels: 

a 	 NAAQS 

o 	 PSD increments 

o 	 Emission offset impacts if nonattainment 

8. Documentation and guidelines for modeling methodology: 

o 	 Follow guidance documents 

- Guideline on Air Quality Models, EPA-450/2-78-027,
April 1978 

- Workbook for Comparison of Air Quality Models, EPA-450/2­
78-028a,b, May 1978 

- Guidelines for AQMA, Vol. lO(R), EPA-450/4-77-001, October 
l977 

- Technical Support Document for Determination of Good 
Engineering Practice Stack Height (Draft), EPA, July 1978 

· - Ambient Air Monitoring Guidelines for PSD, EPA-450/2-78­
019, May 1978 

- Requirements for the Preparation, Adoption and Submittal of 
Implementation Plans; Approval and Promulgation of Implemen­
tation Plans, Federal Register, Volume 43, No. 118, pp 52676­
52748, August 1980. 
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---
---------

AIR QUALITY SUMMARY 


For New Source Alone 


** ** 
Pollutant * ---- ­ Highest Highest 

2nd High 
Highest Highest 

2nd High 
Annual 

Concentration Due to 
Modeled Source (µg/m3) 

Background Concentration 
(µg/m3) 

Total Concentration (µg/m3) 

Receptor Distance {Km) 
(or UTI·1 Easting) 

Receptor Direction (0 
} 

(or UTI~ Northing) 

Receptor Elevation (m) 

Wind Speed (m/s) 

Wind Direction (0
) 

Mixing Depth (m) 

Temperature (°K) 

Stability 

Day/Month/Year 
of Occurrence 

*Use. separate sheet for each pollutant (S02 , TSP, CO, NO , HC, Pb, 
Hg, Asbestos, etc.) x 

**List all appropriate averaging period (1-hr; 3-hr, 8-hr, 24-hr, 
30-day, 90-day, etc.) for which an air quality standard exists 

Surface Air Data From Surface Station Elevation (m) 

Anemometer Height Above Local Ground Level (m) 

Upper Air Data From ---------- ­

Period of Record Analyzed 
-~---~~~-

Model Used 
---------~------

Recommended Model 
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----------------

AIR QUALITY SUMMARY 


For All New Sources 


** ** 
Pollutant * ---- ­ Highest Highest

2nd High 
Highest Highest

2nd High 
Annual 

Concentration Due to 
Modeled Source (µg/m3). 

Background Concentration 
(µ g/m3) 

Total Concentration (µg/m3 ) 

Receptor Distance (Km)
(or UTM Easting) 

Receptor Direction (0 
) 

(or UTM Northing) 

Receptor Elevation (m) 

Wind Speed {m/s) 

Wind Direction ( 0
) 

Mixing Depth (m) 

Temperature (°K) 

Stability 

.Day/Month/Year
of Occurrence 

*Use separate sheet for each pollutant (so2, TSP, CO, NOx, HC, Pb, 
Hg, Asbestos, etc.)

**List all appropriate averagfog period (1-hr, 3-hr, 8-hr, 24-hr, 
30-day, 90-day, etc.) for which an air quality standard exists 

Surface Air Data From Surface Station Elevation (m) 
--~----

Anemometer Height Above Local Ground Level (m) 
~----------

Upper Air Data From ---------- ­

Period of Record Analyzed·---------- ­

Mode1 Used 

Reconmended Model 
-~-----~-~~ 
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AIR QUALITY SUMMARY 

For All Sources 

Pollutant *---- ­
** , ** 

Highest Highest 
2nd High 

Highest Highest
2nd High 

Annual 

Concentration Due to 
Modeled Source (µg/m3) 

Background Concentration 
(µg/m3) 

Total Concentration {µg/m3 ) 

Receptor Distance (Km) 

(or UTM Easting) 


Receptor Direction (0 
) 


(or UTM Northing) 


Receptor Elevation (m) 


Wind Speed (m/s) 


Wind Direction (0 
) 


Mixing Depth (m) 

Temperature (°K) 

Stability 

Day/Month/Year
of Occurrence 

*Use separate sheet for each pollutant {S02, TSP, CO, NOx, HC, Pb, 
Hg, Asbestos, etc.)

**List all appropriate averaging period (l-hr, 3-hr, 8-hr, 24-hr, 
30-day, 90-day, etc.) for which an air quality standard exists 

Surface Air Data From Surface Station Elevation (m)
~~~ ~~-

Anemometer Height Above Local Ground Level (m) 
-------~-

Upper Air Data From---------- ­

Period of Record Analyzed 
--~-~--~ 

Recorrmended Model 
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STACK PARAMETERS FOR ANNUAL MODELING 


Stack Serving Emission Rate Stack Exit Stack Exit Stack Exit Physical Stack GEP Stack Base 
No. for each Diameter Velocity Temperature Height (m) Stack Elevation 

Pollutant (g/s) (m) (1111~) {°K) Height {m} (m) 

.. ~, -- - ''1 

co 
I 

(.'"") 
~ <:P 

I 

<f:l 



t..:•_ I' 

.... c. 

STACK PARAMETERS FOR SHORT TERM MODELING* 


Stack Se'rving Emission Rate Stack Exit Stack Exit Stack Exit Physical Stack GEP Stack Base 
No. for each Diameter Velocity Temperature Height (m) Stack Elevation 

Pollutant (g/s) (m) {m/s) (°K) Height (m) (m) 

LO 
q 

\Q 

~ 
·.I 

'-~ 

*Separate tables for 50%, 75%, 100% of full load operating condition (and any other operating conditions as 
determined by screening or detailed modeling analyses to represent constraining operating conditions) should 
be provided. 
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ADDENDUM 

to 


REGIONAL WORKSHOPS ON AIR QUALITY MODELING: A SUMMAA.Y REPORT, 


EPA-450/4-82-015, (PB 83-150573}, Apr·il 1981 


Replace the cover and pages 4, 5, 6, 8, 10, lOa, 15, A-1, A-2, A-3, A-4, 


A-5, A-6, A-7, with the attached 1·evised pages. Add new pages Sa, l5a, 


A-8, A-9, C-1, C-2, C-3, C-4, C-5 and C-6. 


October· 1983 

!_ 



EPA-450/4-82-015 


REGIONAL WORKSHOPS ON 

AIR QUALITY MODELING: 


A S UMMAA Y REPORT 

APR IL 1981 

Source Receptor Analysis Branch 

Monitoring and Data Analysis Division 


Office of Air Quality Planning and Standards 

U. S. Environmental Protection Agency 

Research Triangle Park, North Carolina 


6-\\ 




2.2.2 Background Concentrations 

Techniques discussed in the Guideline on Air Quality 
Models should be used to establishing background concentrations. 

2.2.3 Source Data_ 

The load or operating condition of a plant that 
causes the highest ground-level concentrations should be determined 
through a screening analysis and this load should be used to establish 
emission limitations. As a minimum all sources should be modeled using 
100 percent design capacity; however, when modeling large sources, 
e.g., 500 ~W power plants or equivalent, 50 and 75 percent capacity 
should also be modeled. 

Hourly sequential emissions determined for existing 
sources from continuous in-stack monitoring should be used in model 
evaluation where possible. Hourly emissions are critical where short­
term concentrations are of concern in such evaluations. 

2.2.4 Meteorological Data 

2.2.4.l Period of Record 

Five years of representative meteorological 
data should be used when estimating concentrations with an air quality 
model. Consecutive years from the most recently available five-year 
period are preferred. The meteorological data may be data collected 
either on-site or at the nearest National t/eather Service (NWSl station. 
If the source is large, e.g., a 500 MW power plant, the use of five 
years of NWS meteorological data or at least one year of on-site data 
is required. As many years of on-site data as are available should be 
used. 

Five years of on-site data are often not 
available. When considering shorter periods of meteorological data, 
care must be taken to ensure that the data used contain the appropriate 
Mlrs t-ca se conditions. On-site data should al so be subjected to qua1 i ty 
assurance procedures that will ensure that the data are at least as 
accurate and in as much detail as NWS data. 

2.2.4.2 Wind Direction 

Hourly average wind directions reported to 
the nearest degree should be used where on-site data are used. The 
CRSTER randomizaton sequence (i.e., the established sequential random 
number set designated for use with the meteorological preprocessor to 
CRSTER) should be used with NWS wind data. 
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2.2.4.3 Reference Height 

The surface wind reference height used in 
the model should be defined to agree with the actual height of the 
surface wind sensor. When wind is monitored at heights closer to 
plume height, the wind direction should be used to define the plume 
transport and the speed should be utilized to develop the appropriate 
vertical wind speed profile. 

2.2.4.4 Collection of Field Data 

Guidance provided in Appendix A should be 
followed in the design of site-specific, on-site meteorological data 
collection programs. 

2.2.4.5 Use of National Weather Service (NWS) Calms 

where: (l} 
This section should be applied to situations 

the available data are hourly NWS records or comparable 
military or FAA data, (2) the model of choice is Gaussian. 

Wind speeds less than 2 knots are herein 
defined as calm. Although the estimated concentrations based on using 
the "calm" data as model input may be significant, Gaussian models 
cannot realistically handle these near zero wind conditions. There­
fore, the hourly concentrations calculated using the calm data should 
not be considered valid concentrations; the wind and concentration data 
for these hours should be considered missing. 

The model output containing concentrations 
calculated using the existing CllSTER procedure for handling calms should 
be examined for critical concentrations. If a critical concentration has 
been calculated using a calm, then recalculate the concentration consider­
ing the hours using the calms as missing. The new 3, 8 and 24-hour 
average critical concentrations should be calculated by dividing the 
total concentration for the period by the number of valid or non-missing 
hours. If the total number of valid hours is less than 18 for 24-hour 
averages, less than 6 for 8-hour averages or less than 3 for 3-hour 
averages, the total concentration should be divided by 18 for the 
24-hour average, 6 for the 8-hour average and 3 for the 3-hour average. 
For annual averages, the sum of all valid hourly concentrations is divided 
by the number of non-calm hours during the year. 

Computer software ( 11 CALMPR O") has been dev­
eloped by Region I and may be used to process either the meteorological 
input data or the output from CRSTER, MPTER, ISC, RAM or Complex I according 
to the procedures in this section. 
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These procedures do not apply to annual average 
concentrations determined with a model using "STAR" data input. The treat­
ment of calms in such joint frequency distributions should not be changed. 

2.2.4.6 Use of On-Site "Calm" or Light Wind Data 

~easured on-site wind speeds of less than 
l m/s should be set equal to 1 m/s when used as input to Gaussian models. 
Wind direction for these low wind speed hours may be determined on a 
case-by-case basis from the available on-site records. If the wind 
is indeterminate with respect to speed or direction, it should be treated 
as missing data and short term averages may then be calculated as in 
2.2.4.5 above. 

2.2.4.7 Extended Periods of Calms 

Stagnant conditions that include extended 
periods of calms often produce high concentrations over wide areas for 
relatively long averaging periods. The standard Gaussian models are 
often not applicable to such situations. When stagnation conditions 
are of concern, other modeling techniques may be considered on a 
case-by-case basis. 

Sa 

(Revised October 1983) 




3.0 FLAT TERRAIN POINT SOl.RCE MODELS 

3 • I 0i SC USS i On 

Flat terrain, as used here, is considered to be an area where 

terrain features are all lower in elevation than the top of the stack of 

the source in question. 

A number of models have been made available by EPA and others 

for those applications ...mere receptors are located at elevations less than 

the top of the stack. However, inconsistencies have resulted from the 

use of these models. Such inconsistencies occur in part because models 

may be developed at different times for specific applications and 

the various algorithms are improved, changed or added to accommodate a 

specific problem or to reflect recent research. This section provides 

recommendations to resolve these inconsistencies without 1 imiting the 

range of applicability of flat terrain models. 

3.2 Recommendations 

3.2.l Screening Techniques 

Screening techniques and options as provided in "Guide­
1 ines for Air Quality Maintenance Planning and Analysis Volume 10 (R): 
Procedures for Evaluating Air Quality Impact of t4ew Stationary Sources" 
should be used. 

Where possible screening procedures should be site and 
problem specific. Consideration should be given to: (1) terrain; (2) 
urban or rural dispersion coefficients; (3) building downwash potential 
(see Sections 3.2.3f, 6.2.7 and Appendix C); and (4) worst-case conditions 
when representative meteorological data or applicable detailed modeling 
techniques are not available. If screening is the sole basis for the 
analysis, adequate justification and documentation should be required 
for the use of averaging time factors. 

3.2.2 Refined Analytical Techniques 

The following table lists the preferred models for the 
indicated applications. These models should be used in Regional Office 
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3.2.3 Model Options 

The options that are found in ISC, ffiSTER, MPTER, 
and PTPLU* have greatly increased the technical options available. To 
ensure consistency in the use of these options, Regional Office users 
should follow the guidance below: 

a. Stack Tip Oownwash (ffiSiER, MPTER, ISC, PTPLU) 

This option should not be used unless demonstrated 
to be applicable on a case-by-case basis. Although there is evidence 
that this phenomenon can occur, there are no data to support wide use of 
the option. 

b. Plume Rise (ffiSTER, MPTER, ISC, PTPLU) 

In all cases, except when the downwash (building 
wake) algorithm of ISC is employed, the final plume rise option should be 
used. The restriction on the use of gradual plume rise is based upon 
the lack of specific data needed to quantify the dispersion during plume 
rise. When building downwash is considered a problem, transitional 
plume rise calculations are used only to determine whether the plume 
will be affected by building wake. If so, dispersion is then handled by 
appropriate modified dispersion parameters. 

c. Rural/Urban Options (!SC) 

The selection of the rural or urban option should 
be based upon the detenninations as outlined in Section 6.2.5 for deter­
mining whether an area is urban or rural. 

d. Momentum Plume Rise (ISC, ffiSTER, MPTER, PTPLU) 

This is optional in the ffiSTER and MPTER models 
and an integral part of the ISC and PTPLU models. It should be used in the 
~STER and MPTER models. 

e. Deposition ( ISC) 

The deposition algorithm in ISC should be used 
whenever deposition is considered to be a factor in the analysis. 

f. Building Wake Effects (!SC) 

The building wake effects option in !SC should be used 
whenever the height of the stack to be modeled is less than Good Engineering ' 
Practice (GEP) stack height. (See also Section 6.2.7) 

*PTPLU is found in UNAMAP (Version 5)(PB 83-244 368) and is a replacement for 
PTMAX. 
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4.2.1. l Initial Screening Technique 

The initial screen is the use of the Valley 
Model Screening Technique. The following 1t.Orst-case assumptions should 
be used in the Valley Screening Technique to determine 24-hour averages: 
(1) P-G stability "F"; (2) wind speed of 2.5 m/s; (3) 6 hours of occurrence. 

Multiple sources should be treated individually 
in the Valley Model Screening Technique and the concentrations for 
specific wind directions summed. Only one wind direction should be used 
for 24-hour averages (see User's Manual, pages 2-15) even if individual 
runs are made for each source. 

The receptor grid found in the Va 11 ey Model 
User's Guide may not be sufficient for all analyses if only one geographical 
scale factor is used. The Valley Model is very sensitive to ground-level 
elevation at the receptor, and the use of the standard polar grid could 
miss the-·'M'.>rst-case receptor. If this situation occurs, the user should 
choose an additional set of receptors at appropriate downwind distances 
whose elevations are equal to plume height minus 10 meters. 

4.2.1 .2 Second Level Screening Technique 

If a violation of any NAAQS or the controlling 
increment is indicated, a second-level screening technique may be used. 
An on-site data base of at least 1 full year of meteorological data, 
collected in accordance with the recommendations in Appendix A, is 
preferred for use with the second-1 evel screening technique. All meteor­
ological data used in the analysis must be reviewed for both spatial and 
temporal representativeness. 

At this time, Complex I, available in UNAMAP 
Version 5, is the preferred second-level screening technique. Complex I 
is the result of modifying the MPTER Model to incorporate the Valley 
Model algorithm. As such it is a multi-source screening technique that 
accepts hourly meteorological input. It differs from the Valley Model in 
that it uses hourly sequential meteorological data. In Complex I, hourly 
wind direction input is specified to the nearest whole degree (and the 
plume vectored accordingly), but the 22 1 /2° Va 11 ey Model crosswind sector 
averaging has been retained. 

4. 2. l • 3 Re str i c ti on s 

For screening analyses, the use of a sector 
greater than 22-1/2° should not be allowed and full ground reflection 
should always be used. 
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4.2.1.4 Options 

Complex I should be used with the following input: 

Card 5: 

( 1} select terrain adj ustrnent IOPT (1) = 1 

(2) select buoyancy induced dispersion IOPT(4) = 

(3 ) set IOPT( 2 5 ) = 1 

Card 6: 

(4) use the following terrain adjustment values: 
0.5, 0.5, 0.5, 0.5, 0.0, o.c. 

(5) set ZMIN = 10. 

If gradual plume rise is used to estimate concen­
trations at nearby elevated receptors, each of the concentrations listed in 
the model output table of high values should be carefully examined prior 
to regulatory application. The gradual plume rise option in COMPLEX I is 
not specific to stable conditions and the high concentrations could be 
the result of the larger dispersion coefficients assigned to unstable or 
neutral conditions and plume touchdown on other than elevated terrain. 
Only those concentrations specifically recorded at receptors above plume 
height should be used. 

The option in the Valley Model to use the 2.6 
stable plume rise factor should be selected and for buoyant sources the option 
for buoyancy-induced dispersion should be exercised. 

4.2.2 Refined Analytical Techniques 

When the results of the screening analysis demonstrate 
a possible violation of NAAQS or the controlling PSD increments, a more 
refined analysis should be conducted. Since there are no refined techniques 
currently recommended for complex terrain applications, a nonguideline 
model may be applied in accordance with Section 7. In the absence of an 
appropriate refined model, screening results may be acceptable. 
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Population Density Procedures: (1) Compute the 
average population density, .E.• per square kilometer with A0 as defined 
above; (2) If p, is greater than 750 peop1e/km2, use urban dispersion 
coefficients; otherwise, use appropriate rural dispersion coefficients. 

The land use procedure is considered the most defin­
itive. Population density should be used with caution, especially in a 
highly industrialized area where the population density may be low but 
the area is sufficiently built up so that the land use criteria would be 
satisfied. Impacts from sources beyond the three (3) kilometers should 
be included in the background. 

For analyses of urban complexes, the entire area should 
be modeled as an urban region if most of the sources are located in 
areas classified as urban. 

6.2.6 General Model Evaluation 

A model evaluation study should assess how closely the 
mathematical assumptions inherent to the model describe the physics 
and/or chemistry of the atmosphere. The process of model evaluation 
should consider all of the following: (1) assumptions inherent to 
design/algorithms of model; (2) purpose/objective of model; (3) purpose/ 
objectives of monitor{s); (4) applicability of monitored data for 
comparison; (5) comparison of model estimates with monitor observations 
for upper end of frequency distribution, statistical analyses, and 
analyses of weakness in individual algorithms; and (6) analyses of 
critical meteorological and source conditions and their effect on indi­
vidual algorithms. An analysis should also be made of the sensitivity 
of the algorithms to the meteorological input data. 

For short-term model evaluation, all input data should 
be based on measured hourly averages. This includes mass emission 
rates, stack dynamic operating parameters and meteorological input. The 
spatial applicability of measured air quality data and tracer studies 
should be consistent with the scale of the model comparisons. 

Calibration for short-term air quality concentrations 
is not recommended. Determination of the need for calibration and 
calibration procedures are contained in the 1978 guideline. 

6.2.7 GEP and Downwash Analysis 

All SIP revisions and PSJ permits for major sources 
(potential to emit greater than 100 tons per year) should include a GEP 
analysis for each stack. For area-wide SIPs, 'Nhere a GEP analysis for 
each source may prove impractical, those major sources with known or 
suspected downwash problems, and all large sources (e.g. emissions equivalent 
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to a 500 MW power plant}, should have GEP analyses. All GEP analyses 
should be performed in accordance with the "Guideline for Determination 
of Good Engineering Practice Stack Height (Technical Support for the Stack 
Height Regulations)," EPA-450/4-80-023, July 198i. If the analysis 
indicates that the stack is below the GEP height, a downwash analysis 
should be performed. Detailed downwash screening procedures are provided 
in Appendix C. 
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APPENDIX A 

ACQUISITION OF SITE SPECIFIC METECROLOGICAL DATA 

Models r·ecommended in the 1978 Guideline on Air· Quality Models requhe as 

input the following par·ametet·s: 

0 tt·anspo1·t wind speed and dit'ection; 


0 ambient a fr temper·a tut·e; 


0 Pasquil 1-Giffot·d stability categor·y. 


Tt·anspor·t Wind Speed and Dfrection 

Fot· stacks below 100 m, select the stack top height as the transport 

wind speed and direction measur·ement height. For· sour·ces with stacks 

extending above 100 m, a 100 m tower is suggested unless the stack top is 

significantly above 100 m (200 m or mor·e}. For- cases with stacks 200 m or· 

above, the Regional Meteot'ologist should determine the appt·opr·iate measut'e­

ment height on a case-by-case basis. Remote sensing may be a feasible 

al ter·native. 

The wind speed should be measur·ed using an anemometer and the wind 

direction measur·ed using a vane with a ver·tical tail. The specifications 

fo1· wind measur-ing instr·uments contained in the "Ambient Monitor·ing Guidelines 

for· Pr·evention of Significant Detet'ior-ation (PSD), 11 EPA 450/4-80-012, 

November· 1980 should be followed. Wind dfrection should be r·epot·ted to the 

nearest degr·ee. 

Ambient Afr Temper·atut·e 

Ambient temperatut'e should be measw·ed at ot· neat· standard instrument 

shelter height. Temper·atur·e can be reliably measur·ed using good quality 

1 inear· thermiston or· platinum resistance devices. 
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Pasqui11-Giffor·d Stability Categor·y 

The Pasquill-Giffor·d (P-G) stability categot'ies, as or·iginally 

defined, couple neat·-sur·face measut·ements of wind speed with subjectively 

determined insolation assessments based on hour·ly cloud cover· and ceiling 

obser·vations. The wind speed measur·ements at·e made at or· near· 10 m. The 

insolation r·ate is typically assessed using the cloud cover· and ceiling height 

ct'iter·ia outlined by Turner· (1964)*. Often the cloud cover· data ar·e not 

available in site-specific data sets. In the absence of such obsenations, 

it is r·ecommended that the P-G stability category be estimated using 

Table A-I. This table r·equires o[, the standar·d deviation of the vertical 

wind dfrec ti on fl uc tua tions. If the surface r·oughness of the area sun·ound i ng 

the sou1·ce is differ·ent from the 15 cm roughness 1 ength upon which the table 

is based, an adjustment may be made as indicated in footnote 2 of Table A-I. 

oE is computed fr·om di r·ec t mea sut'ements of the el eva tion angle of the 

ver·tical wind dfrections. 

If measur·ements of elevation angle ar·e not available, oE may be 

de te1·mi ned using the tr·an sfo r·m: 

oE ( rad i an s ) = ow/u 

where: oE =the standat'd deviation of the vertical wind 

dfrection fluctuations over· a one-hour· per·iod; 

*Tur·ner, D. B., 1964. A Diffusion Model for· an Ut·ban At·ea. Journal of 
Applied Meteorology, 3(1) :83-91. 
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crw = the standard deviation of the ver·tical wind speed 

fluctuations over· a one-hour pel'iod; 

u =the aver·age horizontal wind speed fo1· a one-how· pet'iod. 

Since both ow and u are in meter·s per· second, ~ is in r·adians. To 

use 't in Table A-I, ct must be converted to degr·ees. It is recommended 

that a ver·tically mounted pr·opeller· anemometer be used to measur·e the 

vertica 1 wind speed f1 uctua tions. The i nstr·ument should meet the spec i fie a­

tions given in the Ambient Monito1·ing Guidelines 1·efe1·enced above. 

Compute aw directly each hour· using at least 3600 values based on a 

1·ecommended readout interval of 1 second. If ~ is computed using the 

output of the anemometey· by other than dit'ect appl ica ti on of the for·mul a 

foy· a vaf'iance, the method should be demonstr·ated to be equivalent to 

dfrec t computation. Both the vertica 1 wind speed fl uc tua ti on s and the 

hot'izontal wind speed should be measured at the same level. Mor·eover·, these 

measur·ements should be made at a height of 10 m for· use in estimating the 

P-G stability category. Wher·e tr·ees 01· land use pr·eclude measur·ements as 

low as 10 m, measur·ements should be made at a height above the obstt·uctions. 

If on-site measur·ement of eithet· 0£ ot· ow are not available, 

stability categol'ies may be determined using the hol'izontal wind direction 

fluctuation, "A' as outlined by John It·win in Dispersion Estimate 

Suggestion No. 8. He includes the Mitchell and Timbr·e* method that uses 

*Mitchell, A. Edgar·, Jr·., and K. O. Timbr·e, Atmosphel'ic Stability Class 
from Hor·izontal '.iJind Fluctuation, 72nd Annual Meeting APCA, Cincinnati, 
Ohio, June 24, 1979 
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the NRC Safety Guide l.23 categol"ies of oA listed in Table A-II as an 

initial estimate of the P-G stability catego1·y. This 1·elationship is 

considered adequate for daytime use. During the nighttime {one hour· 

pl"ior· to sunset to one hour after· sunf'ise} the adjustments given in Table 

A-III should be applied to these categol"ies. As with cE in Table A-1, 

an hour·1y aver·age aA may be adjusted for surface t'Oughness by multiplying 

the table values of oA by a factor· based on the aver·age sut'face r·oughness 

length determined within 1 to 3 km of the source. The need for· such 

adjustments should be determined on a case-by-case basis. 

1,./ind dir·ection meander may, at times, lead to an erToneous determination 

of P-G stability categor·y based on aA· To minimize wind dfrection meander 

contl·ibutions, crA may be determined fo1· each of four· 15-minute pel'iods in 

an hour·. To obtain the OA for stability detern1inations in these situations, 

take the squar·e root of one-quarter· of the sum of the squares of the four· 

15-minute aA's. While this appr-oach is acceptable fot· dete1mining stability 

category, oA's calculated in this manner a1·e not likely to be suitable 

fo1· input to models under development that ar·e designed to accept on-site 

hour·ly cr's based on 60-minute pet'iods. 

There has not been widespr·ead use of OE and oA to determine P-G 

categol'ies. As mentioned in the footnotes to Tables A-I and A-II, the 

techniques outlined have not been extensively tested. The ct'iter·ia listed 

in Tables A-I, A-II, and A-III are fat· OE and oA values at lOm. Fat' best 

t·esul ts, the Of. and OA values should be for· heights near the surface as 
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close to 10 m as pr·acticab1 e. Obst.a.cl es and large roughness el ernents may 

pr·eclude measun.irnents as low as 10 m. If circumstances pr·eclude measur·anents 

below 30 m, the Regional Meteor·ologist should be consulted to determine 

the appr·opt'iate measur·ernents to be taken on a case-by-case basis. The 

ct'iter·ia listed in Tables A-I, A-II, and A-III r·esult fr·om studies conducted 

in relatively flat ten·ain in r·ather ideal cil'cumstances. For· r·outine 

applications wher·econditions ar·eoften less than ideal, it is recommended 

that a ternpor·ar·y pr·ogt"am be initiated at each site to spot-check the stability 

class estimates. It·win's method using "E or· "A should be compar·ed with 

P-G stability class estimates using on-site wind speed and subjective 

assessments of the insolation based on ceiling height and cloud cover· 

observations. The Regional Meteot-ologist should be consulted when using 

the spot-check t'esults to r·efine and adjust the pt·eliminary cr·iter-ia 

outlined in Tables A-1, A-II, and A-III. 

In summary, when on-site data sets ar·e being used, Pasquill-Giffor·d 

stability categories should be determined fr·om one of the following 

schanes listed in the ot·det· of pl'efet·ence: 

(1) Tur·ner's 1964 method using on-site data which include cloud 

covet·, ceiling height and surface (- 10m) winds. 

(2) oe: fr·om on-site measm·anents and Table A-I. 

(OE may be determined fr·om el eva ti on angle measur·ernents or· may be 

estimated from measu1·ements of ow accot·ding to the tt·ansform: OE= ow/u 

(see page A-2).) 
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(3) aA from on-site measut·ements and Table A-II and A-III. 

(4) Turner·'s 1964 method using on-site wind speed with cloud 

cover and ceiling height from a nearby NWS site. 
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Table A-1 

P-G Stability Catego1-y Ver·sus Standar·d Deviation of 
Ver·tical Wind Direction Fluctuation, ct 

P-G Stability Standar·d Deviation of Vertical Wind 
Categot·y Dfrection F1 uctua tions (in deg1·ees} 1 ,2 

A > 11 . 5° 3 
B 10°toll.5° 
c 7 .8° to 10° 
D 5° to 7 .8° 
E 2. 4° to 5 .0° 
F < 2 .4° 

Adapted fr·om: 	 In~i n, John, 1980. Estimation of Pasqui11 Stability 
Categor·ies, Dispe1·sion Estimate Suggestion No. 8, Environ­
mental Applications Br·anch, Envfronrnental Pr·otection Agency, 
Research Tr·iangle Park, NC. 

1care should be taken that the wind sensor· is 1·esponsive enough for· use in 
measur·ing vertical wind dfrection fluctuations. 

2A sut"face r-oughness factor· of (z
0

/15 cm)0.2, wher·e z is the aver·age su1·face 
roughness in centimeter·s within a radius of 1-3 km o~ the source, may be applie 
to the table values. It should be noted that this factor·, while theor·etically 
sound, has not been subjected to r·igor·ous testing and may not impr-ove the 
estimates in all cfrcumstances. A table of values that may be used as az0 
guide to estimating sudace i·oughness is given in: A. Smedman-Hogstt·om and 
u. Hogstr·om (1978). 11 A Pr·actical Method for Determining Wind Ft·equency 

Distt·ibutions for· the Lowest 200 m ft·om Routine Meteorological Data." Journal 

of Applied Meteor·ology, 17(7) :942-953. 


3These cr·iteria wer·e adapted fr-om those pr·esented by Smith and Howard (1972).* 
It ~uld seen reasonable to restr·ict the possible categot'ies to A through D 
dur-ing daytime hour·s and to categor·ies D thr·ough F dur-ing the nighttime how·s. 
Dur·ing daytime hour·s for· wind speeds above 6 m/s, conditions a1·e neutr·al. 
Dur·ing the night, conditions ar·e neutr·al for· wind speeds equal to or· gr·eater· 
than 5 m/s. 

*Smith, T. B. and S. M. Howa1·d, 1972. Methodology for· Tr·eating Diffusivity. 
MU 72FR-1030. Meteor·ology Resear·ch, Inc, 464 w. Woodbur·y Road, Altadena, CA. 
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Table A-1 I 

P-G Stability Categor·ies Ver·sus Standar·d Deviation of 
Horizontal Wind Dh'ection Fluctuations, crA 

P·G Stability Standar·d Deviation of the Hor·izontal 
Cate9ot·y Wind Direction Fl unctua tions (in degr-ees) l ,2 

A > 22 .53 

B 17.5 to 22.5 

c 12.5 to 17. 5 

D 7.5 to 12.5 

E 3.8 to 7.5 

F < 3.8 

Adapted from: lt·wi n, John, 1980. Estimation of Pasquill Stability 
Categories, Di sper·s ion Estimate Suggestion No. 8, Enviro nmenta l 
Applications Br·anch, Envit'onmental Pr·otection Agency, Research 
Triangle Pal·k, NC. 

lcar·e should be taken that the wind sensor· is r·esponsive enough fo,. use in 
measur·ing wind direction fluctuations. 

2A sur·face r·ough ness factor· of (z
0 

/15 cm) 0 · 2, wher-e z
0 

is the a vet·age sur·face 
r·oughness in centimeter·s within a r·adius of 1·3 km ot the sour·ce, may be 
applied to the table values. It should be noted that this factor·, while 
theor·etically sound, has not been subjected to rigor·ous testing and may not 
impr·oved the estimates in all circumstances. A table of values that mayz0 
be used as a guide to estimating sut'face r·oughness is given in: A Smedman­
Hogstr·om and U. Hogstr·om (1978). 11 A Pr·actical Method for· Determining Wind 
Fr·equency Distributions for· the Lowest 200 m fr·om Routine Meteor·ological 
Oata. 11 Jour·nal of Applied Meteor-ology, 17(7):942-953. 

3These ct'itet'ia ar·e fr·om NRC Safety Guide 1.23. lt 'ttOuld seem r·easonabl e 
to restt"ict the possible categot"ies to A thr·ough D dut·ing daytime hour·s 
with a restt"iction that fot· wind speeds above 6 m/s, conditions at"e 
neutr·al. Likewise, during the nighttime hour·s. some r·estl"ictions, as in 
Table A-III, ar-e needed to pr·eclude occurTences of categoT'ies A thr·ough C. 
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Table A-III 

Nighttime1 P-G Stability Categot'ies Based on cA fr·om Table A-II 

If the oA 	 Then the 
s ta.bil i ty And if the 10 m wind speed, u, is s ta. b i1 i ty c 1 a s s 
class is m/s 	 mi/hr· is 

A u<2.9 u<6 .4 F 

2.9<u<3.6 6.4<u<7.9 E 

3.6<u 7.9<u 0 


B u<2.4 u<S.3 F 

2.4<u<3.0 5. 3<u<6. 6 E 

3.0<u 6 .6<u 0 


c u<2.4 u<5 .3 E 

2.4<u 5.3<u D 


D wind speed not considet·ed 	 D 

E wind speed not consider·ect2 	 E 

F wind speed not consider·ed3 	 F 

Adapted from: 	 Ir-win, John 1980. Estimation of Pasquill Stability 
Categot'ies Dispel'sion Estimate Suggestion No. 8, Envir·on­
mental Applications Br·anch, Envhonmental Protection Agency, 
Resear·ch Tt'iangle Par·k, NC. 

l Nighttime is l hour· befor·e sunset to 1 hour after· sum·i se. 

2The Ot'iginal Mitchell and Tirnbr·e {1979)* table had no wind speed r·estrictions; 
however·, the or·igi nal Pa squil l cf"i ter·i a suggest that for· wind speeds above 
5 m/sec, neutr·al conditions ~uld be appt·op1·iate. 

3The or·iginal Mitchell and Timbr·e (1979)* table had no wind speed restrictions; 
however· the ot·iginal Pasquill crite1·ia suggest that for· wind speeds gr·eater 
than 01· equal to 5 m/sec, the D categor·y ~uld be appropr·iate, and for· wind 
speeds between 3 m/sec and 5 m/sec, the E category ·...oul d be app1·opl·ia te. 

*Mitchell, Jr., A. E. and K. o. Timb1·e, 1979. Atmospher·ic Stability Class 
from Ho1·izontal Wind Fluctuation. P1·esented at 72nd Annual Pollution Cont1·ol 
Association, Cincinnati, Ohio, June 24-29, 1979. 
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APPENDIX C 


BUILDING OOWNWASH SCREENING PROCEDURES 


When a GEP analysis indicates that a stack is less than the GEP height, 

the following screening procedures should be applied to assess the potential 

for air quality problems. The building downwash screening procedure is 

divided into two major areas of concern. Within the cavity region (up to 

3L downwind, where L =the lesser of the building height or projected width), 

a series of simple hand calculations can be used. Within the v.eke region 

(3L to lOL downwind), the ISC model can be used in a screening mode. 

Details on both procedures are provided below. 

Cavity Region 

The cavity effects screening procedure consists of four sequential 

steps. 

Step 1. Compare the stack height to the cavity height. Calculate 

the cavity height he: 

he = H + 0 • 5 ( L ) , 

where: H = height of structure (m) and 

L = lesser dimension (height or projected width) of structure (m). 

If the stack height is greater than or equal to the cavity height, 

then it may be assumed that maximum impacts will be dominated by the wake 

effects, and no further cavity analysis is required. Proceed to perform 

the wake effects analysis. If the stack height is less than the cavity 

height, proceed to Step 2. 
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Step 2. Estimate the momentum plume rise for neutral annospheric con­

ditions. First compute the momentum f1ux, Fm: 

where 	 Ta= ambient air temperature (°K) (assume 293°K), 

Ts= stack exit temperature (°K), 

v = stack exit velocity (m/s) and 

d = stack inner diameter (m). 

Next, compute the momentum plume rise hm: 

1/3 

hm = 

where 	 b = ( 1 /3 + u/v s) , 

u = critical wind speed (m/s) (assume 7.5 m/s), 

x =downwind distance (m} (assume 2 building heights downwind). 

The plume height can be calculated by adding the momentum plume rise 

to the stack height. If the plume height is greater than or equal to the 

cavity height calculated in Step l, then it may be assumed that maximum 

impacts will be dcxninated by the wake effects and no further cavity 

analysis is required. Proceed to the wake effects analysis. If the plume 

height is 1ess than the cavity height, proceed to Step 3. 
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Step 3. Estimate the downwind extent of the cavity. Compute the cavity 

length (xr)• measured from the lee side of the building: 

for short buildings (Y/H<2): 

(A)(W) 
1.0 + B(W/H) 

for long 	buildings (Y/H > 2): 

Xr = 1.75( W) 
l.0 + 0 • 2 5 ( W/ H ) 

where: 	 H = building height (m) 

y = alongwind building dimension ( m) , 

w= crosswind building dimension (m)' 

A = -2.0 + 3.7(Y/H)-1/3 and 

B = -0.15 + 0.305(Y/H)-l/3. 

Next, canpare the cavity length to the closest distance to the plant 

property line. Consider only plant property to which public access is 

precluded. If the cavity does not exceed this distance, then it may be 

assumed that cavity effects will not impact ambient air, and no further 

cavity analysis is required. Proceed to the wake effects analysis. If 

the cavity extends beyond plant property, proceed to Step 4. 

Step 4. Estimate impacts within the cavity. "Worst case" concentration 

impacts (X) can be estimated by the following approximation: 

x = Q
-,............5.....(.....A....)(.-u.....)-	 , 


where: 	 Q =emission rate (g/s}, 

A= crass-sectional area of building nonnal to wind (m2) and 

u = wind speed ( m/s). 
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For u, one should choose the lowest wind speed likely to result in entrain­

ment of most or all of the pollutant into the cavity. If no data are 

available from which the minimum speed can be estimated, assume a worst 

case wind speed of 3 m/s. 

This concludes the cavity effects screening procedure. It is con­

sidered to be conservative. If this conservative estimate proves un­

acceptable, one may wish to consider a field study or fluid modeling 

demonstration to show maintenance of the NAAQS or PSO increments within 

the cavity. If such options are pursued, prior agreement on the study 

plan and methodology should be reached with the Regional Office. 

Wake Region 

Wake effects screening can be perfonned with ISC using a set of 

representative "worst case" meteorological conditions. The procedure 

consists of three steps. 

Step 1. Detenni ne the "worst case" building dimensions for input to 

the model. To model "worst case" conditions, care should be taken to use 

the same critical building dimens.ions (maximum projected width and/or 

height) that gave the greatest stack height in the GEP analysis. The way 

ISC is constructed, the user inputs a building length and width, instead 

of the projected width used in the GEP analysis. The model calculates an 

area based on this length and width and then detennines the diameter of a 

circle with equal area. This so called "effective diameter" (D) is used 

in all other model calculations as the projected width of the building. 
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Thus ISC assumes: 

(L)(W) = (;r/4) o2. 

To model the projected width determined in the GEP analysis, set D equal 

to the projected width and solve the above equation assuming L = W. The 

calculated value should then be used as inputs to ISC for Land w. For 

example, if a building is 60 m tall, 40 m long and 30 rn wide, the greatest 

GEP height is found by maximi~ing the projected width (using the 50 m 

diagonal). In this case, set D = 50 and solve the above equation to find 

L = W= 44 m. This dimension is then used as the input for L and W in ISC. 

Step 2. Calculate maximum hourly concentrations using ISC. The 

following procedures should be followed: 

A. Use the wake effects option with building dimensions determined 

in Step 1, transitional plume rise (ISW(24)=2), and no stack tip downwash 

( ISW(25 )=1). 

B. With the source at the center of the grid, place receptors down­

wind along a single radial. Receptors should be spaced no more than 100 m 

apart within 2000 m of the source. Additional receptors may be needed 

on a case specific basis to ensure prediction of the maximum concentration. 

C. A set of representative 11 \'tOrst case" meteorological conditions 

should be used in conjunction with the model option that reads hourly 

data in card image fonnat (ISW(l9)=2). The following combinations of 

stability class and wind speed should be used in the model to insure use 

of the 11 \'.Qrst case" meteorological conditions: 
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stability Class Wind Speed (m/s} 

A l ' 3 

B 1 ' 3, 5 

c 1 ' 3, 5, 10 

D 1 ' 3, 5' 10, 20 

E l ' 3, 5 

F {rural only) 1 • 3, 5. 

A temperature of 293°K, a mixing height of 5000 m, and a wind direction 

along the line of receptors should be used for each hour. If other 

combinations of parameters (stability, wind speed, temperature, etc) are 

known or suspected to cause problems, they should also be modeled. 

Step 3. Obtain concentration estimates for the averaging times of 

concern. The maximum 1-hour concentration is the highest of the concen­

trations estimated in Step 2. Maximum concentrations for longer averaging 

times should be estimated using the procedures described in EPA's "Guide­

lines for Air Quality Maintenance Planning and Analysis, Volume 10 (Revised): 

Procedures for Evaluating Air Quality Impact of New Stationary Sources." 

EPA-450/4-77-001, October 1977 (pp 4-20 thru 4-22). 
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TECHNICAL REPORT DATA 
(P/case read Jiu.uut:tions 011 the re1·crse before completing} 

1: =.c;oc?.T NO. 12. 3. RECIPIENT'S ACCESSIO~,..,O. 

'EPA-450/4-82-015 I 11 ~{~5~ra~ ~ 
..:_ -;-;-;-:...:: .:.'\:C S~STIT:..E 5. REPOR7 OATE 

Regional Workshops on Air Quality Modeling April 1981 
6. PEAFORMJM:; OAGAN'ZA710N CODEA Summary Report 

7 . .:.uTl"iOi'l(Sl 8. PEi'IFOAMING OR:::iANIZA7:0N REPORT NO. 

. Monitoring and Data Analysis Jivision 
Office of Air Quality Planning and Standards I 

9: PERFORMING ORGANIZATION II.AME AND ADDRESS 10. PROGRAM E!..EMENT \IC, 

u. s. Environmental Protection Agency 11. CONTRACTfGAAN7 NO. 

·Research Triangle Park, K. c. 27711 . 

12. SPC1'$0i'llNG AGENCY NAME ANO AOOFIESS 13. TYPE OF REPORT ANO PERIOD COVEi'IEO 

1979 - 1982 
14. SPONSORING A.GENCY CODE 

Sar:ie as box 9. 

l3. SUPP.!..E:MENTAAY NOTES 
~-

. i:._ ,....._ c.-"Cl~ "-JOJ• ect Officer: J. Hopper 
16. -'-s5·TRACT 

Tte require:nents placed on air quality cont;:-ol agencies by the Clean Air Act have 
cra.!:'..a tic.ally increased the need for improved air quality modeling. The resulting
increase in the use of models has also led to a substantial increase in the number 
a:Jd CO:::t>leti ty of situations in which I!lodels are employed. The modeling guideline
(Guideline on Air Quality Models, EPA-450/2-78-027, April 1978) addresses many of th( 
problems in this relatively new and growing field, but much is left to the discretior 
of .the revie~ing agency since many complex problems are best solved on a case-by-case
bas i's. However, because of the variety of technically correct solutions to any 
complex problem, different approaches with differing results have led to inconsist­
ency in model applications from Region to Region. In an effort to improve consist­
ency several workshops were held to provide·a forum for the Regional Of £ice and 
Headquarters groups to discuss common problem areas and arrive at generally accept­
able sol\ltions. Many recommendateions were made in the course of the workshops. 
These were reviewed by OAQPS and some have necessarily been modified and supple-
meneed to ensure consistency with other modeling policies. This report clarifies 
preferred data bases and procedures f o:r the application of specific models and model­
iog techniques in situations where the guideline permits a case-by-case analysis. /' 

17. KEY WO ROS ANO DOCUMENT ANALYSIS 

;!.. OESCFUPTORS r..IOENTIFIEFISfOPEN ENDED TERMS c. COSATI Ficlc/Groi;p 

Air Pollution Implementation Air l3B 
Atmospheric Models Pollution Planning 
Atmospheric Diffusion Diffusion Modeling 
Meteorology Gaussian Plume ~lodels 
Ai~ Pollution Abatement Clean Air Act 

'2. :;..;;:".::Ov71011; STATEME~T ! 19. SECURITY C:..ASS (Tim Report} \:21. NO. OF PAGES 
I none ! 4tf 

unlimited release 1:20 SECURITY CLASS (Tl11spage) :;?2. PRICE 

none I 
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