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PREFACE

Industry and control agencies have long expressed a need for
consistency in the application of air quality models for
requlatory purposes. In the 1977 Clean Air Act, Congress
mandatad such consistency and encouraged tha standardization of
model applications. The Guideline on Air Quality Modals was
first published in April 1978 to satisfy these requirements by
specifying models and providing quidance for their use. This
guideline provides a common basis for estimating the air quality
concentrations used in assassing control strategies and
developing emission limits.

The continuing development of new air quality models in
rasponse to regulatory requirements and the expanded requirements
for models to cover even more complex proklems have emphasized
the need for periocdic review and update of guidance on thesa
techniques. Four primary on-going activities provide direct
input to revisions of this modeling quideline. The first is a
series of annual EPA workshops conducted for the purpcse of
ensuring consistaency and providing clarifjcation in the
application of models. The sacond activity, directed toward the
improvement of modaling procedures, is the cooperative agreement
that EPA has with the scientific community represented by the
American Metecrological Society. This agreement provides
scientific assessmant of procedures and proposed techniques and
sponsors workshops on kay technical issues. The third activity
is the solicitation and review of new models from the technical
and user community. In the March 27, 1980 Federal Reaister, a
procedure was outlined for the submittal to EPA of privately
devalcped models. After extansive evaluation and scientific
review, these modals, as waell as those made availabie by EPA, are
censidered for recognition in this guidelira. The fourth
activity is the extensive on-going research efforts by EPA and
others in air quality and meteorological mecdeling.

Based primarily on thasae four activities, this document
ambodies revisions to the "Guideline on Air Quality Models."
Although the text has been revised from the 1978 guide, the
prasent content and topics are similar. As necessary, new
sactions and topics are included. EPA does not make changes to
the guidance on a predetarmined schedule, but rather on an as
needed basis. EPA believes that revisions to this quideline
should be timely and responsive to user needs and should involve
public participation to the greatest possible extent. All future
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changes to the guidance will bhe proposed and finalized in the
Federal Reqjster. Information on the current status of modeling
guidance can always be obtained from EPA’s Regional Offices.

iv
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TABLE 4-1

Preferrad Models for Sslected Applicaticns in simple Terrain

short Yerm (i.e., 1-24 hours) land Use Medel!

Single Source Rural CRSTER
Urban RAM

Multiple Sourca Rural MPTER
Orban RAM

Complicated Sourcas? Rural/Urban ISCST2
Buoyant Industrial Line Sources Rural BLP

Long Term (i.e., monthly, seasonal or annual)

Single Source Rural CRSTER
Urban RAM
Multiple Socurce Rural MPTER
Urban CDM 2.0 or
RAM®
Complicated Sources? Fural/Urban ISCLT2
Bucyant Industrial Line Sources Rural BLP

'Saveral of thesa models contain options which allow them to
be interchangad. For Example, ISCST2 can be substituted for
CRSTER and equivalent, if not identjcal, concantration estimates
obtained. Similarly, for a point source application, MPTER with
urkan option can be substituted for RAM. Where a substitution is
convenient to the user and egquivalent estimates ara assured, it
may be made. The modals aa listed here reflect the applications
for which they were originally intaended.

Complicated sources are those with special problems such as
aerodynamic downwash, particle deposition, volume and area,
sourcas, atc.

e only a few sources in an urban area ar= to be modelead,
RAM should be used.
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5.0 MODEL USE IN COMPLEX TERRAIN
5.1 Discussiim

For the purpese of this guidelina, complex tarrain is
defined as terrain exceeding the height of the stack being mod-
eled. Complex terrain dispersion mocdels ara normally applied to
stationary sources of pollutants such as 50, and particulates.

A major outcome from the EPA Complex Terrain Model
Development project has been the publication of a refined disper-
sion model (CTDM) suitable for requlatory application to plume
impaction assessments in complex terrain.? Although CTDM as
originally produced was only applicable to thosa hours character-
ized as neutral or stable, a computer code for all stability
conditions, CTOMPLUS," together with a user’s guide,Z and on—
site meteorological and terrain data processors,B?* ig now
available. Moreover, CTSCREEN,"”® a version of CTDMPLUS that
does not require on-site meteorological data inputs, is alse
availakle as a © reening technique.

The methods discussed in this section should be consid-
ered in two categories: (1) screening techniques, and (2) the

refined dispersion model, CTDMPLUS, discussed below and lifted in

Appendix A,

5-1 Revised 2/93

Continued improvements in ability to accurately model
plume dispersion in complex terrain situations can be expected,
a.9., from research on lee side effacts due te terrain obstacles.
New approaches to lmprove the ability of models to realistically
simulate atmospheric physics, e.g., hybrid models which

incorporate an accurate wind field analysis, will ultimately

L

provide more appropriate toocls for analyses. Such hybrid model-
ing techniques are also acceptable for regulatory applications

after the appropriata demonstration and evaluation.'
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6.2 Recommendations
6.2.1 Models for Ozone

The Urban Airshed Model (UAM)™'® is racommended
for photochemical or reactive pollutant modeling applicaticns
involving entire urban areas. To ensure proper execution of this
numerical model, users must satisfy the extensive input data
requirements for the model as listed in Appendix A and the usars
guide. Users are alsc referred to the "Guideline for Regulatory
Application of the Urban Airshed Model"® for additional data
raquirements and procadures for operating this model.

The empirical model, City-specific ERMA,'-30-B pag
limited applicability for urban ozone analyses. Model users
should consult the appropriate Regicnal Office on a case-by-case
basis concerning acceptability of this modeling technique.

Appendix B contains some additional modals that
may be applied on a case-by-case basis for photochemical or
reactive pollutant modeling. Othar photochemical models, includ-
ing multi-layered trajectory models, that are available may be
used if shown to be appropriate. Most photochemical dispersion
models require emission data on individual hydrocarben species
and may require three dimensional meteorclogical information on
an hourly basis. Reasonably sophisticated computer facilitias
are also often required. Because the input data ara not univer-
sally available and studies to collect such data are very re-
source intensive, thers are only limited avaluacions of thosa
models.

For those cases which involve estimating thae
impact on ozone concentrations dus to stationary sourcas of VOC
and KQ,, whether for permitting or othar regulatory casas, the
model uaser should consult the appropriate Regional Offica on the
acceptability of the modeling technigue.

Proporticnal (rollback/forward) modeling is not an
acceptable procedure for evaluating ozone control strategies.

6=3 Revised 2/93

6.2.2 Models for Carboen Monoxide

For analyzing CO impacts at roadway intersections,
usars should follow the procedures in the "Guideline for Modeling
Carbon Monoxide from Roadway Intersections®.® The recommended
modal for such ana’yses is CAL3QHC.” This model combines
CALINE3 (already in Appendix A) with a traffic model to caleculate
dalays and queues that occur at signalized intersections. In
areas where the use of either TEXIN2Z or CALINE4 has previously
been established, its use may continue. Tha capability exists
for these intersection models to be used in either a screening or
refined mocde. The screening approach is described in refarence
34; a refined approach may be considered on a case-by-case basis.
The latest version of the MOBILE (mobile source aemission tactor)
model should be used for emissions input to intersection modals.

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

The recommended model for urban areawide CO
analyses is RAM or Urban Airshed Modal (UAM); see Appendix A.
Information on SIP development and redquirements for using thesa
models can be found in references 34, 96, 97 and 98.

Whara point sources of CO are of concern, they

should be treated using the screening and refined tachniques
described in Section 4 or 5 of the Guideline.
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7.2.2 Particulate Matter

The new particulate matter NAAQS, promulgated on
July I, 1987 (52 FR 24634), includes only particles with an
aerodynamic diameter less than or equal to a nominal 10
micrometers (PM-10). EPA has also proposed regqulations far PSD
increments measured as PM-10 in a notice published on Qctober 5,
1989 (54 FR 41218).

Screening techniques like those identified in
Section 4 are also applicabla to PM~10 and to large particles.
It is recommended that subjactively determined values for "half-
life" or pcllutant decay not be used as a surrogate for particle
removal. Conservative assumptions which do not allow removal or
transformation ire suggested for screening. Proportional models
(rollback/forward) may not be applied for screening analysis,
unless such techniques are used in conjunction with receptor
modeling.

Refined models such as those in Section 4 are
racommended for PM~10 and large particles. However, where
possible, particle siza, gas-to-particle formation, and their
effect on ambient concentrations may be considered. For urban-—
wide refined analyses CDM 2.0 or RAM should be used. CRSTER and
MPTER are recommended for point sources of small particles. For
source-specific analyses of complicated sources, the ISC2 model
is preferred. No model recommended for general use at this time
accounts for sacondary particulate formation or other transforma-—
tions in a manner suitable for
SIP control strategy demonstrations. Where possible, the use of
receptor models®- 315,106,107 ;4 ~opiunction with disparsion models
is encouraged to more precisely characterize the emissions
inventory and to validate source specific impacts calculated by
the dispersion model. A SIP development guideline,'™ mocel
reconciliation guidance,'™ and an example model application'® are
available to assist in PM-10 analyses and control strategy
davelopment.

Under certain conditiens, recommended dispersion
models are not available or applicable. In such circumstances,
the modeling approach should be approved by the appropriate
Regional Office on a case-by-case basis. For example, where there
is no recommended air quality model and area sources are a
predominant component of PM-10, an attainment demonstration may
be based on rollback of the apportionment derived from two

T=4 Rev.sed 2/93

7.2.4 visibility

The visibility regulations as promulgated in
Dacembear 1980 require considaeration of tha effect of new sources
on the visibility values of Federal Class I arnas. The state of
gcientific knowledge concarning identifying, mcnitoring,.
modeling, and controlling visibility impairment is contained in
an EPA report "Protscting Visibility: An EPA Report to .
Congressan.*? In 1985, EPA promulgated Federal Implementation
Plans (FIPs) for states without approved visibility provisions in
their $IPs. A monitoring plan was established as part of the

FIPs.t

Guidance and a screening model, VISCREEN, is
contained in the EPA document "Workbook for Plume Visual Impact
Screening and Analysis .
(Ravisad)."u VISCREEN can be used to calculate tpelpotentlal
impact of a plume of specified emissions for specific transpoFt
and dispersion conditions. If a more comprehensive analy51§ is
required, any refined modal should be selected in consultation
with the EPA Regional Office and the appreopriate Federal Pand
Manager who is responsible for determining whether there is an
adverse effect by a plume on a Class I area.

PLUVUE II, listed in Appendix B, may be applied on
a case-by-case basis when rafined plume visibility evaluatiogs
ars needed. Plume visibility models have been evaluated against
several data sgets. '

b40 CFR 51.300-307
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A.5 INDUSTRIAL SOURCE COMPLEX MODEL (ISC2)

Reference:

Environmental Protection Agency, 1992. User’s
Guide for the Industrial Scurce Complex (ISC2)
Dispersion Models, Volumes 1, 2, and 3. EPA
Publication Nos. EPA-450/4-92~008a-c. Envi-
ronmantal Protection Agency, Research Triangle

Park, NC. (NTIS Nos. PB 92-232461, PB 92-232453,

and PB 92-232479, respectivaely)

The model code is available on the Support

Canter for Regulatory Air Models Bullatin
Board System and also from the Naticnal

Technical Infeormation Service (see page A-1).

The ISC2 nmodel is a steady-state Gaussian
plume model which can be used to assess

pollutant concantrations from a wida variety

of sources associated with an industrial

source complax. This modsl ¢an account for
the fellowing: settling and dry deposition of
particles; downwash; area, line and volume
gources; plume rise as a function of downwind
distance; saparation of point sources; and

limited terrain adjustment. It operatas
both long-term and short-term modas.

2. Recommendations for Regqulatory Use

ISC2 is appropriate for the following applications:

industrial source ccmplexes:

rural or urban areas;

flat or rolling terrain;

transport distances less than 50 kilometars: -

l-hour toc annual averaging times; and

A-21 Revised
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°  continuous toxic air emissions.

The following options should be salaected for requlatory
applications:

Por short term or long term modeling, set the requlatory
"default option”; i.e., use the kayword DFADLT, which
autcmatically selects stack tip downwash, final plume
risa, bucyancy induced dispersion (BID), the vertical
potential temperature gradient, a treatment for calms,
the appropriate wind profile axponents, the appropriate
value for pollutant half-life, and a revised building
wake effects algorithm; set the "rural option" {usa the
keyword EURAL) or "urban option" (use the keyword URBAN) :
and sat the "concentration option” (usa the keyword
CONC) -
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Input Requirements 4.

Source data: Jlocation, emission rate, physical stack height,

stack gas exit velocity, stack inside diameter, and stack gas .
temperature. Optional inputs include source elevation, .,
building dimer.gions, particle size distribution with

corresponding settling velocities, and surface reflaction

coafficients.

Meteorological data: ISCST2 requires hourly surface weather
data from the preprocessor program RAMMET, which provides
hourly stability class,wind direction, wind speed,
temperature, and mixing height. For ISCLT2, input includes
stability wind rose (STAR deck), average afternocon mixing
height, average morning mixing height, and average air
temperature.

Receptor data:
each receptor.

coordinates and optional ground alevation for

Qutput
Printed ocutput options include:
o

program control parametars, sources data, and receptor
data;

tables of hourly meteorolegical data for each specified
day:

"N"-day averagae concentration or total daposition
calculated at each receptor for any desired source
combinations;

concent "ation or deposition values calculated for any
desired source combinations at all receptors for any
specified day or time period within the day;

tables of highest and second highest concentration or
deposition values calculated at each receptor for each
specified time period during a(n) "N"-day periocd for any
desired source combinations, and tables of the maximum S0
concentration or deposition valuas calculated for any
desired source combinations for each specified time
perioed.

Revised 2/93

Iype of Model

ISC2 is a Gaussian plume model.

Eollutant Tvpes

ISC2 may bae used to model primary pellutants and continuous
raleasas of toxic and hazardous waste pollutants. Settling
and deposition are treated.

&,
IR )
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Source-Receptor Relationghipg

ISC2 applies user-specified locations for point, line, area
and volume sou-ces, and user-specified receptor locations or
receptor rings.

User input topographic evaluation for each raceptor is used.
Elevations above stack top are reduced to the stack top
elevation, i.a., "terrain chopping".

User input height above ground level may be used when
necessary to simulate impact at elevated or "flag pcle”
receptors, e.q., on buildings.

Actual separation between each source-receptor pair is used.
Blume Behavigor

ISC2 uses Briggs (196%, 1971, 1975) plume rise equations for
final rise.

Stack tip doewnwash ecquation from Briggs (1974) is used.

Revised building wake effacts algorithm is used. For stacks
higher than building height plus one-half the lesser of the
building height or building width, the building wake
algorithm of Huber and Snyder (1976) is used. For lower
stacks, the building wake algorithm of Schulman and Scire
(Schulman and Hanna, 1986) is used, but stack tip downwash
and BID are not used.

For rolling tarrain (tarrain not above stack height), plume
centerline is horizeontal at height of final rise above
source.

Fumigation is not treated.
. Wi

Constant, uniform (steady-state) wind is assumed for each
hour.

straight line plume transport is assumed to all downwind
distances.

A-25 Revisad 2/93

Separate wind speed profile axponants (EPA, 1980) for both

rural and urban cases are usad.

An coptional treatment for calm winds is included for short

term modeling.

Yertical wind Speed

Vertical wind speed is assumed aqual to zero.

e

A~26
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A.8

URBAN AIRSHED MODEL (UaM)

References: Environmental Protection Agency, 1990. User’s

Guide for the Urban Airshed Model, Volume I-
VIII. EPA Publication Nos. EPA-450/4-950-007a-
¢, d(R), e-g, and EPA-454/B-93-004,
respectively. U.S. Environmenta) Protection
Agency, Research Triangle Park, NC (NTIS Nos.
PB 91-131227, PB 91~131235,

PB 91-131243, PB 93-122380, PB 91-131268, PB 92~

145382, and

PB 92-224849, respectively, for Vols. I-VII).

Availability: The model code is available on the Support
Center for Regqulatory Air Models Bulletin
Board System and also from the National
Technical Information Service (see page A~1l).

Abstract: UAM is an urban scale, three dimensiecnal, grid

type numerical simulation model. The modal
incorporates a condensed photochemical
kinetics mechanism for urban atmosphares. The
UAM is designed for computing ozone (04}
concentrations under short-term, episodic
conditions lasting one or two days resulting
from emissions of oxides of nitrogen (NO,),
volatile organic compounds (VOC), and carbon
monoxide {€O). The model treats urban VOC
emissions as their carbon-bond surrogates.

Recommendations for Regulatorv Uge

UAM is appropriate for the follewing applications: urban
areas having significant czone attainment problems and cne
hour averaging times.

UAM has many options but no specific recommendations can be
made at this time on all options. The reviewing agency

A=-33 Ravised 2/93

should be consulted on salection of options to be used in
ragulatory applications.

Input Requirements

Sourca data: gridded, hourly emissions of PAR, OLE, ETH,
XYL, TOL, ALD2, FORM, ISOR, ETOTH, MEOH, CO, NO, and NO, for
low-level sources. For major alevated point sources, hourly
emigsions, stack height, stack diameter, exit velocity, and
exit temperaturs.

Meteorclogical data: hourly, gridded, divergence free, u and
v wind components for each vartical level; hourly gridded
mixing heights and surface temperatures; hourly exposure
class; hourly vartical potential temperature gradient above
and below the mixing height; hourly surface atmospheric
presaure; hourly water mixing ratio; and gridded surface
roughness lengths.
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d.

Air quality data: concentration of all carbon bhond 4 specias
at the beginning of the simulation for each grid cell; and
hourly concentrations of each pell tant at each level aleng
the inflow boundaries and top boundary of the mcdeling
region.

Other data requirements are: hourly mixed layer averaga, No,
photolysis rates; and ozone surface uptake resistance along
with associated gridded vegetation (scaling) factors.

Qutput

Printed output includes:
° gridded instantaneous concentration fields at user-
specified time intervals for user-specified pollutants

and grid levels;

gridded time-average concentration fields for user-
specified time intervals, pollutants, and grid levals.

Type of Model

UAM is a three dimensional, numerical, photochemical grid

model.

Pollutant Tvpes

UAM may be used to model ozone (Oy) formation from oxides of
nitregen (NO,) and volatile organic compound (VOC) emissions.

ce-~
Low-level area and point source emissions are specified
within each surface grid cell. Emissions from major point
sources are placed within cells aloft in accordanca with

calculated effective plume heights.

Hourly average concantrations of each pollutant are
calculated for all grid cells at each vertical lavel.

Plume Behavior

A=35 Revised 2/93

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

Lorizontal Winds
Sae Input Requirements.

Yertical Wind Speed

Calculated at each vertical grid call interface from the mass
continuity ralaticnship using the input gridded horizontal
wind field. e
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3. , ] pi ;

Horizontal eddy diffusivity is set to a user specified
constant salue (nominally S50 m%/s).

k. Vertical Dispersion

Vartical eddy diffusivities for unstable and neutral
conditions calculated using relationships of Lamb et al.
(1977); for stable conditions, the relationship of Businger
and Arya (1974} is employed. Stability class, friction
velocity, and Monin-Obukhov length determined using procedure
of Liu et al. (1976).

1. chemical Trapsformwation

UAM employs a simplified version of the Carbon-Bond IV
Mechanism (CEM-IV) developed by Gery et al. (1988} employing
various steady state approximations.

m. Phygical Remgval

Dry deposition of czone and other pollutant speciaes are
calculated. Vegetation (scaling) factors are applied to the

reference surface uptake resistance of each species depending
on land use type.

n.  Evaluyation Studies

Builtjes, P. J. H., XK. D. van der Hurt, and S. D. Reynolds,
1%82.
Evaluation of the Performance of a Photochemical
Dispersion Model in Practical Applications, 13th
Intarnational Technical Meaeting on Air Pollution Modeling
and Its Application, Ile des Embiez, France.

Cale, H. §., D. E. Layland, G. K. Moss, and C. F. Newberry,
1983, The

St. Louis Ozone Modeling Project. EPA Publication No. EPA-
450/4-83-019. U.S. Environmental Protection Agency,
Rasearch Triangle Park, NC.

Dennis, R. L., M. W. Downton, and R. S. Keil, 1983.
Evaluation of
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B.0 INTRODUCTION AND AVAILABILITY

This appendix summarizas key features of refined air quality
models that may be considersd on a case-by-case basis for
individual regulatory applications. For each model, information
is provided on availability, approximate cost in 1990, regulatory
use, data input, output format and options, simulation of
atmospheric physics and accuracy. The modals are listed by name
in alphabetical ordaer.

There are three saparate conditions under which these models
will normally be approved for use: first, if a demonstration can
be made that the model produces concentration estimates equivalent
to the estimates obtained using a preferred model {e.g., the
maximum or high, second-high concentration is within 2% of the
aestimata using the comparable prefaerred model); second, if a
statistical performance evaluation has been conducted using
neasured air quality data and the results of that evaluation
indicate the model in Appendix B performs better for the
application than a comparable model in Appendix A: and third, if
there is no prefarred model for the specific application but a
refined model is needed to satisfy regqulatory requirements. Any
one of thesa three separate conditions may warrant use of thesa
models. Sea Saction 3.2, Use of Alternative Models, for
additional details.

Many of thase rodels hava been subject to a performance
evaluation by compariscn with observed air quality data. A
summary of such comparisons for modals contained in this appandix
is included in "A Survey of Statistical Measures of Model
Performance and Accuracy for Several Air Quality Models”, EPA-
450/4-83—-001. Where possible, several of the models contained
haerein have baen subjected to rigorous evaluation aexercisas,
including (1) statistical performanca measures racommendaed by the
Amarican Meteorclogical Society and (2) peer scientific reviews.

Any availability statement for models in this appendix that
rafars to the User‘’s Natwork for Applied Medeling of Air Pollution
(UNAMAP) should be ignored since the UNAMAP is no longer
operational. Howevar, a source for some of these models and
user’s documentation is:

Computer Products

National Technical Information Service (NTIS)
U.5. Department of Commerce

B-1 Revised 2/93



Springfield, VA 22161
Phone: (703) 487-4650

A number of the model codes and selected, abridged user’s
guides are also available from the Support C:nter for Regqulatory
Air Models Bulletin Board System'" (SCRAM BBS), Telephone (919)
541-5742. The SCRAM BBS is an elactronic bulletin board systam
designed to be user friendly and accesaibla from anywherae in the
country. Model users with personal computars are ancouraged to
use the SCRAM BEHS to download current model codes and text files.
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