
431

Environmental Protection Agency Pt. 51, App. W

Receptor locations are restricted to 36 azi-
muths (every 10 degrees) and five user-speci-
fied radial distances.

g. Plume Behavior

Briggs (1975) final rise formulas for buoy-
ant plumes are used. Momentum rise is not
considered.

Transitional or distance-dependent plume
rise is not modeled.

Penetration (complete, partial, or zero) of
elevated inversions is treated with Briggs
(1984) model; ground-level concentrations are
dependent on degree of plume penetration.

h. Horizontal Winds

Wind speeds are corrected for release
height based on power law variation, with
different exponents for different stability
classes and variable reference height (7 me-
ters is default). Wind speed power law expo-
nents are 0.10, 0.15, 0.20, 0.25, 0.30, and 0.30 for
stability classes A through F, respectively.

Constant, uniform (steady-state) wind as-
sumed within each hour.

i. Vertical Wind Speed

Vertical wind speed is assumed equal to
zero.

j. Horizontal Dispersion

Rural dispersion parameters are Briggs
(Gifford, 1975), with stability class defined by
u/w* during daytime, and by the method of
Turner (1964) at night.

Urban dispersion is treated by changing all
stable cases to stability class D.

Buoyancy-induced dispersion (Pasquill,
1976) is included (using ∆Η/3.5).

k. Vertical Dispersion

Rural dispersion parameters are Briggs
(Gifford, 1975), with stability class defined by
u/w* during daytime, and by the method of
Turner (1964).

Urban dispersion is treated by changing all
stable cases to stability class D.

Buoyancy-induced dispersion (Pasquill,
1976) is included (using ∆Η/3.5).

l. Chemical Transformation

Not treated.

m. Physical Removal

Not treated.

n. Evaluation Studies

Londergan, R., D. Minott, D. Wackter, T.
Kincaid and D. Bonitata, 1983. Evaluation of
Rural Air Quality Simulation Models, Ap-
pendix G: Statistical Tables for PPSP. EPA
Publication No. EPA–450/4–83–003. Environ-
mental Protection Agency, Research Tri-
angle Park, NC.

Weil, J.C. and R.P. Brower, 1982. The Mary-
land PPSP dispersion model for tall stacks.
Ref. No. PPSP MP–36. Prepared for Maryland
Department of Natural Resources. Prepared
by Environmental Center, Martin Marietta
Corporation, Baltimore, Maryland. (NTIS
No. PB 82–219155)

B.8 Mesoscale Puff Model (MESOPUFF II)

Reference

Scire, J.S., F.W. Lurmann, A. Bass and
S.R. Hanna, 1984. User’s Guide to the
Mesopuff II Model and Related Processor
Programs. EPA Publication No. EPA–600/8–
84–013. U.S. Environmental Protection Agen-
cy, Research Triangle Park, NC. (NTIS No.
PB 84–181775)

A Modeling Protocol for Applying
MESOPUFF II to Long Range Transport
Problems, 1992. EPA Publication No. EPA–
454/R–92–021. U.S. Environmental Protection
Agency, Research Triangle Park, NC.

Availability

This model code is available on the Sup-
port Center for Regulatory Air Models Bul-
letin Board System and also on diskette (as
PB 93–500247) from the National Technical
Information Service (see section B.0).

Abstract

MESOPUFF II is a short term, regional
scale puff model designed to calculate con-
centrations of up to 5 pollutant species (SO2,

SO4, NOX, HNO3, NO3). Transport, puff growth,
chemical transformation, and wet and dry
deposition are accounted for in the model.

a. Recommendations for Regulatory Use

There is no specific recommendation at the
present time. The model may be used on a
case-by-case basis.

b. Input Requirements

Required input data include four types: (1)
input control parameters and selected tech-
nical options, (2) hourly surface meteorologi-
cal data and twice daily upper air measure-
ments, hourly precipitation data are op-
tional, (3) surface land use classification in-
formation, (4) source and emissions data.

Data from up to 25 surface National Weath-
er Service stations and up to 10 upper air
stations may be considered. Spatially vari-
able fields at hour intervals of winds, mixing
height, stability class, and relevant turbu-
lence parameters are derived by MESOPAC
II, the meteorological preprocessor program
described in the User Guide.

Source and emission data for up to 25 point
sources and/or up to 5 area sources can be in-
cluded. Required information are: location in
grid coordinates, stack height, exit velocity
and temperature, and emission rates for the
pollutant to be modeled.
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Receptor data requirements: up to a 40×40
grid may be used and non-gridded receptor
locations may be considered.

c. Output

Line printer output includes: all input pa-
rameters, optionally selected arrays of
ground-level concentrations of pollutant spe-
cies at specified time intervals.

Line printer contour plots output from
MESOFILE II post-processor program. Com-
puter readable output of concentration array
to disk/tape for each hour.

d. Type of Model

MESOPUFF II is a Gaussian puff super-
position model.

e. Pollutant Types

Up to five pollutant species may be mod-
eled simultaneously and include: SO2, SO4,

NOX, HNO3, NO3.

f. Source-Receptor Relationship

Up to 25 point sources and/or up to 5 area
sources are permitted.

g. Plume Behavior

Briggs (1975) plume rise equations are used,
including plume penetration with buoyancy
flux computed in the model.

Fumigation of puffs is considered and may
produce immediate mixing or multiple re-
flection calculations at user option.

h. Horizontal Winds

Gridded wind fields are computed for 2 lay-
ers; boundary layer and above the mixed
layer. Upper air rawinsonde data and hourly
surface winds are used to obtain spatially
variable u,v component fields at hourly in-
tervals. The gridded fields are computed by
interpolation between stations in the
MESOPAC II preprocessor.

i. Vertical Wind Speed

Vertical winds are assumed to be zero.

j. Horizontal Dispersion

Incremental puff growth is computed over
discrete time steps with horizontal growth
parameters determined from power law equa-
tions fit to sigma y curves of Turner out to
100km. At distances greater than 100km, puff
growth is determined by the rate given by
Heffter (1965).

Puff growth is a function of stability class
and changes in stability are treated. Option-
ally, user input plume growth coefficients
may be considered.

k. Vertical Dispersion

For puffs emitted at an effective stack
height which is less than the mixing height,
uniform mixing of the pollutant within the

mixed layer is performed. For puffs centered
above the mixing height, no effect at the
ground occurs.

l. Chemical Transformation

Hourly chemical rate constants are com-
puted from empirical expressions derived
from photochemical model simulations.

m. Physical Removal

Dry deposition is treated with a resistance
method.

Wet removal may be considered if hourly
precipitation data are input.

n. Evaluation Studies

Results of tests for some model parameters
are discussed in:

Scire, J.S., F.W. Lurmann, A. Bass and
S.R. Hanna, 1984. Development of the
MESOPUFF II Dispersion Model. EPA Publi-
cation No. EPA–600/3–84–057. U.S. Environ-
mental Protection Agency, Research Tri-
angle Park, NC.

B.9 Mesoscale Transport Diffusion and Deposi-
tion Model for Industrial Sources (MTDDIS)

Reference

Wang, I.T. and T.L. Waldron, 1980. User’s
Guide for MTDDIS Mesoscale Transport, Dif-
fusion, and Deposition Model for Industrial
Sources. EMSC6062.1UR(R2). Combustion En-
gineering, Newbury Park, CA.

Availability

A diskette copy of the FORTRAN coding
and the user’s guide are available for a cost
of $100 from: Dr. I. T. Wang, Environmental
Modeling & Analysis, 2219 E. Thousand Oaks
Blvd., Suite 435, Thousand Oaks, CA 91362.

Abstract

MTDDIS is a variable-trajectory Gaussian
puff model applicable to long-range trans-
port of point source emissions over level or
rolling terrain. The model can be used to de-
termine 3-hour maximum and 24-hour aver-
age concentrations of relatively nonreactive
pollutants from up to 10 separate stacks.

a. Recommendations for Regulatory Use

There is no specific recommendation at the
present time. The MTDDIS Model may be
used on a case-by-case basis.

b. Input Requirements

Source data requirements are: emission
rate, physical stack height, stack gas exit
velocity, stack inside diameter, stack gas
temperature, and location.

Meteorological data requirements are:
hourly surface weather data, from up to 10
stations, including cloud ceiling, wind direc-
tion, wind speed, temperature, opaque cloud
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cover and precipitation. For long-range ap-
plications, user-analyzed daily mixing
heights are recommended. If these are not
available, the NWS daily mixing heights will
be used by the program. A single upper air
sounding station for the region is assumed.
For each model run, air trajectories are gen-
erated for a 48-hour period, and therefore,
the afternoon mixing height of the day be-
fore and the mixing heights of the day after
are also required by the model as input, in
order to generate hourly mixing heights for
the modeled period.

Receptor data requirements are: up to
three user-specified rectangular grids.

c. Output

Printed output includes:
Tabulations of hourly meteorological pa-

rameters include both input surface observa-
tions and calculated hourly stability classes
and mixing heights for each station;

Printed air trajectories for the two con-
secutive 24-hour periods for air parcels gen-
erated 4 hours apart starting at 0000 LST;
and

3-hour maximum and 24-hour average grid
concentrations over user-specified rectangu-
lar grids are output for the second 24-hour
period.

d. Type of Model

MTDDIS is a Gaussian puff model.

e. Pollutant Types

MTDDIS can be used to model primary pol-
lutants. Dry deposition is treated. Expo-
nential decay can account for some reac-
tions.

f. Source-Receptor Relationship

MTDDIS treats up to 10 point sources.
Up to three rectangular receptor grids may

be specified by the user.

g. Plume Behavior

Briggs (1971, 1972) plume rise formulas are
used.

If plume height exceeds mixing height,
ground level concentration is assumed zero.

Fumigation and downwash are not treated.

h. Horizontal Winds

Wind speeds and wind directions at each
station are first corrected for release height.
Speed conversions are based on power law
variation and direction conversions are
based on linear height dependence as rec-
ommended by Irwin (1979b).

Converted wind speeds and wind directions
are then weighted according to the algo-
rithms of Heffter (1980) to calculate the ef-
fective transport wind speed and direction.

i. Vertical Wind Field

Vertical wind speed is assumed equal to
zero.

j. Horizontal Dispersion

Transport-time-dependent dispersion coef-
ficients from Heffter (1980) are used.

k. Vertical Dispersion

Transport-time-dependent dispersion coef-
ficients from Heffter (1980) are used.

l. Chemical Transformation

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

m. Physical Removal

Dry deposition is treated. User input depo-
sition velocity is required.

Wet deposition is treated. User input hour-
ly precipitation rate and precipitation layer
depth or cloud ceiling height are required.

n. Evaluation Studies

Carhart, R.A., A.J. Policastro, M. Wastag
and L. Coke, 1989. Evaluation of Eight Short-
Term Long-Range Transport Models Using
Field Data. Atmospheric Environment, 23:
85–105.

B.10 Multi-Source (SCSTER) Model

Reference

Malik, M.H. and B. Baldwin, 1980. Program
Documentation for Multi-Source (SCSTER)
Model. Program Documentation EN7408SS.
Southern Company Services, Inc., Technical
Engineering Systems, 64 Perimeter Center
East, Atlanta, GA.

Availability

The SCSTER model and user’s manual are
available at no charge on a limited basis
through Southern Company Services. The
computer code may be provided on a disk-
ette. Requests should be directed to: Mr.
Stanley S. Vasa, Senior Environmental Spe-
cialist, Southern Company Services, P.O.
Box 2625, Birmingham, AL 35202.

Abstract

SCSTER is a modified version of the EPA
CRSTER model. The primary distinctions of
SCSTER are its capability to consider mul-
tiple sources that are not necessarily collo-
cated, its enhanced receptor specifications,
its variable plume height terrain adjustment
procedures and plume distortion from direc-
tional wind shear.
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a. Recommendations for Regulatory Use

SCSTER can be used if it can be dem-
onstrated to estimate concentrations equiva-
lent to those provided by the preferred model
for a given application. SCSTER must be ex-
ecuted in the equivalent mode.

SCSTER can be used on a case-by-case
basis in lieu of a preferred model if it can be
demonstrated, using the criteria in section
3.2 of appendix W, that SCSTER is more ap-
propriate for the specific application. In this
case the model options/modes which are
most appropriate for the application should
be used.

b. Input Requirements

Source data requirements are: emission
rate, stack gas exit velocity, stack gas tem-
perature, stack exit diameter, physical stack
height, elevation of stack base, and coordi-
nates of stack location. The variable emis-
sion data can be monthly or annual aver-
ages.

Meteorological data requirements are:
hourly surface weather data from the EPA
meteorological preprocessor program.
Preprocessor output includes hourly stabil-
ity class wind direction, wind speed, tem-
perature, and mixing height. Actual ane-
mometer height (a single value) is optional.
Wind speed profile exponents (one for each
stability class) are optional.

Receptor data requirements are: cartesian
coordinates and elevations of individual re-
ceptors; distances of receptor rings, with ele-
vation of each receptor; receptor grid net-
works, with elevation of each receptor.

Any combination of the three receptor
input types may be used to consider up to 600
receptor locations.

c. Output

Printed output includes:
Highest and second highest concentrations

for the year at each receptor for averaging
times of 1-, 3-, and 24-hours, a user-selected
averaging time which may be 2–12 hours, and
a 50 high table for 1-, 3-, and 24-hours;

Annual arithmetic average at each recep-
tor; and the highest 1-hour and 24-hour con-
centrations over the receptor field for each
day considered.

Optional tables of source contributions of
individual point sources at up to 20 receptor
locations for each averaging period;

Optional magnetic tape output in either bi-
nary or fixed block format includes:

All 1-hour concentrations.
Optional card/disk output includes for each

receptor:
Receptor coordinates; receptor elevation;

highest and highest, second-highest, 1-, 3-,
and 24-hour concentrations; and annual aver-
age concentration.

d. Type of Model

SCSTER is a Gaussian plume model.

e. Pollutant Types

SCSTER may be used to model primary
pollutants. Settling and deposition are not
treated.

f. Source-Receptor Relationship

SCSTER can handle up to 60 separate
stacks at varying locations and up to 600 re-
ceptors, including up to 15 receptor rings.

User input topographic elevation for each
receptor is used.

g. Plume Behavior

SCSTER uses Briggs (1969, 1971, 1972) final
plume rise formulas.

Transitional plume rise is optional.
SCSTER contains options to incorporate

wind directional shear with a plume distor-
tion method described in appendix A of the
User’s Guide.

SCSTER provides four terrain adjustments
including the CRSTER full terrain height ad-
justment and a user-input, stability-depend-
ent plume path coefficient adjustment for re-
ceptors above stack height.

h. Horizontal Winds

Wind speeds are corrected for release
height based on power law exponents from
DeMarrais (1959), different exponents for dif-
ferent stability classes; default reference
height of 7m. Default exponents are 0.10, 0.15,
0.20, 0.25, 0.30, and 0.30 for stability classes A
through F, respectively.

Steady-state wind is assumed within a
given hour.

Optional consideration of plume distortion
due to user-input, stability-dependent wind-
direction shear gradients.

i. Vertical Wind Speed

Vertical wind speed is assumed equal to
zero.

j. Horizontal Dispersion

Rural dispersion coefficients from Turner
(1969) are used.

Six stability classes are used.

k. Vertical Dispersion

Rural dispersion coefficients from Turner
(1969) are used.

Six stability classes are used.
An optional test for plume height above

mixing height before terrain adjustment is
included.

l. Chemical Transformation

Chemical transformations are treated
using exponential decay. Half-life is input by
the user.
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m. Physical Removal

Physical removal is treated using expo-
nential decay. Half-life is input by the user.

n. Evaluation Studies

Londergan, R., D. Minott, D. Wackter, T.
Kincaid and D. Bonitata, 1983. Evaluation of
Rural Air Quality Simulation Models. EPA
Publication No. EPA–450/4–83–003. U.S. Envi-
ronmental Protection Agency, Research Tri-
angle Park, NC.

B.11 PANACHE

Reference

Transoft Group, 1994. User’s Guide of
Fluidyn-PANACHE, a Three-Dimensional
Deterministic Simulation of Pollutants Dis-
persion Model for Complex Terrain; Cary,
North Carolina.

Availability

For a cost to be negotiated with the model
developer, the computer code is available
from: Transoft US, Inc., 818 Reedy Creek
Road, Cary, NC 27513–3307; Phone: (919) 380–
7500, Fax: (919) 380–7592.

Abstract

PANACHE is an Eulerian (and Lagrangian
for particulate matter), 3-dimensional finite
volume fluid mechanics code designed to
simulate continuous and short-term pollu-
tion dispersion in the atmosphere, in simple
or complex terrain. For single or multiple
sources, pollutant emissions from stack,
point, area, volume, general sources and dis-
tant sources are treated. The model auto-
matically treats obstacles, effects of vegeta-
tion and water bodies, the effects of vertical
temperature stratification on the wind and
diffusion fields, and turbulent shear flows
caused by atmospheric boundary layer or
terrain effects. The code solves Navier
Stokes equations in a curvilinear mesh es-
pousing the terrain and obstacles. A 2nd
order resolution helps keep the number of
cells limited in case of shearing flow. An ini-
tial wind field is computed by using a
Lagrangian multiplier to interpolate wind
data collected on site. The mesh generator,
the solver and the numerical schemes have
been adopted for atmospheric flows with or
without chemical reactions. The model code
operates on any workstation or IBM—com-
patible PC (486 or higher). Gaussian and puff
modes are available in PANACHE for fast,
preliminary simulation.

a. Recommendations for Regulatory Use

On a case-by-case basis, PANACHE may be
appropriate for the following types of situa-
tions: industrial or urban zone on a flat or
complex terrain, transport distance from a
few meters to 50km, continuous releases

with hourly, monthly or annual averaging
times, chemically reactive or non-reactive
gases or particulate emissions for stationary
or roadway sources.

b. Input Requirements

Data may be input directly from an exter-
nal source (e.g., GIS file) or interactively.
The model provides the option to use default
values when input parameters are unavail-
able.

PANACHE user environment integrates
the pre- and post-processor with the solver.
The calculations can be done interactively
or in batch mode. An inverse scheme is pro-
vided to estimate missing data from a few
measured values of the wind.

Terrain data requirements:
• Location, surface roughness estimates,

and altitude contours.
• Location and dimensions of obstacles,

forests, fields, and water bodies.
Source data requirements:
For all types of sources, the exit tempera-

ture and plume mass flow rates and con-
centration of each of the pollutants are re-
quired. External sources require mass flow
rate. For roadways, estimated traffic volume
and vehicular emissions are required.

Meteorological data requirements:
Hourly stability class, wind direction, wind

speed, temperature, cloud cover, humidity,
and mixing height data with lapse rate below
and above it.

Primary meteorological variables avail-
able from the National Weather Service can
be processed using PCRAMMET (see section
9.3.3.2 of appendix W) to an input file.

Data required at the domain boundary:
Wind profile (uniform, log or power law),

depending on the terrain conditions (e.g.,
residential area, forest, sea, etc.).

Chemical source data requirements:
A database of selected species with specific

heats and molecular weights can be extended
by the user. For heavy gases the database in-
cludes a compressibility coefficients table.

Solar reflection:
For natural convection simulation with

low wind on a sunny day, approximate values
of temperature for fields, forests, water bod-
ies, shadows and their variations with the
time of the day are determined automati-
cally.

c. Output

Printed output option: pollutant con-
centration at receptor points, and listing of
input data (terrain, chemical, weather, and
source data) with turbulence and precision
control data.

Graphical output includes: In 3-dimen-
sional perspective or in any crosswind, down-
wind or horizontal plane: wind velocity, pol-
lutant concentration, 3-dimensional
isosurface. The profile of concentration can
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be obtained along any line on the terrain.
The concentration contours can be either in-
stantaneous or time integrated for the emis-
sion from a source or a source combination.
A special utility is included to help prepare
a report or a video animation. The user can
select images, put in annotations, or do ani-
mation.

d. Type of Model

The model uses an Eulerian (and
Lagrangian for particulate matter) 3-dimen-
sional finite volume model solving full
Navier-Stokes equations. The numerical dif-
fusion is low with appropriate turbulence
models for building wakes. A second order
resolution may be sought to limit the diffu-
sion. Gaussian and puff modes are available.
The numerical scheme is self adaptive for
the following situations:

• A curvilinear mesh or a chopped Carte-
sian mesh is generated automatically or
manually;

• Thermal and gravity effects are simu-
lated by full gravity (heavy gases), no grav-
ity (well mixed light gases at ambient tem-
perature), and Boussinesq approximation
methods;

• K-diff, K-e or a boundary layer turbu-
lence models are used for turbulence calcula-
tions. The flow behind obstacles such as
buildings, is calculated by using a modified
K-e.

• For heavy gases, a 3-dimensional heat
conduction from the ground and a stratifica-
tion model for heat exchange from the at-
mosphere are used (with anisotropic turbu-
lence).

• If local wind data are available, an ini-
tial wind field with terrain effects can be
computed using a Lagrangian multiplier,
which substantially reduces computation
time.

e. Pollutant Types

• Scavenging, Acid Rain: A module for
water droplets traveling through a plume
considers the absorption and de-absorption
effects of the pollutants by the droplet.
Evaporation and chemical reactions with
gases are also taken into account.

• Visibility: Predicts plume visibility and
surface deposition of aerosol.

• Particulate matter: Calculates settling
and dry deposition of particles based on a
Probability Density Function (PDF) of their
diameters. The exchange of mass, momen-
tum and heat between particles and gas is
treated with implicit coupling procedures.

• Ozone formation and dispersion: The pho-
tochemical model computes ozone formation
and dispersion at street level in the presence
of sunlight.

• Roadway Pollutants: Accounts for heat
and turbulence due to vehicular movement.

Emissions are based on traffic volume and
emission factors.

• Odor Dispersion: Identifies odor sources
for waste water plants.

• Radon Dispersion: Simulates natural
radon accumulation in valleys and mine en-
vironments.

PANACHE may also be used in emergency
planning and management for episodic emis-
sions, and fire and soot spread in forested
and urban areas or from combustible pools.

f. Source-Receptor Relationship

Simultaneous use of multiple kinds of
sources at user defined locations. Any num-
ber of user defined receptors can identify
pollutants from each source individually.

g. Plume Behavior

The options influencing the behavior are
full gravity, Boussinesq approximation or no
gravity.

h. Horizontal Winds

Horizontal wind speed approximations are
made only at the boundaries based on Na-
tional Weather Service data. Inside the do-
main of interest, full Navier-Stokes resolu-
tion with natural viscosity is used for 3-di-
mensional terrain and temperature depend-
ent wind field calculation.

i. Vertical Wind Speed

Vertical wind speed approximations are
made only at the boundaries based on Na-
tional Weather Service data. The domain of
interest is treated as for horizontal winds.

j. Horizontal Dispersion

Diffusion is calculated using appropriate
turbulence models. A 2nd order solution for
shearing flow can be sought when the num-
ber of meshes is limited between obstacles.

k. Vertical Dispersion

Dispersion by full gravity unless
Boussinesq approximation or no gravity re-
quested. Vertical dispersion is treated as
above for horizontal dispersion.

l. Chemical Transformation

PANCHEM, an atmospheric chemistry
module for chemical reactions, is available.
Photochemical reactions are used for tropo-
spheric ozone calculations.

m. Physical Removal

Physical removal is treated using dry dep-
osition coefficients

n. Evaluation Studies

Goldwire, H.C. Jr, T.G. McRae, G.W. John-
son, D.L. Hipple, R.P. Koopman, J.W.
McClure, L.K. Morris and R.T. Cederhall,
1985. Desert Tortoise Series Data Report: 1983
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Pressurized Ammonia Spills. UCID 20562,
Lawrence Livermore National Laboratory;
Livermore, California.

Green, S.R., 1992. Modeling Turbulent Air
Flow in a Stand of Widely Spaced Trees, The
PHOENICS Journal of Computational Fluid
Dynamics and Its Applications, 5: 294–312.

Gryning, S.E. and E. Lyck, 1984. Atmos-
pheric Dispersion from Elevated Sources in
an Urban Area: Comparison Between Tracer
Experiments and Model Calculations. Jour-
nal of Climate and Applied Meteorology, 23:
651–660.

Havens, J., T. Spicer, H. Walker and T.
Williams, 1995. Validation of Mathematical
Models Using Wind-Tunnel Data Sets for
Dense Gas Dispersion in the Presence of Ob-
stacles. University of Arkansas, 8th Inter-
national Symposium-Loss Prevention and
Safety Promotion in the Process Industries;
Antwerp, Belgium.

McQuaid, J. (ed), 1985. Heavy Gas Disper-
sion Trials at Thorney Island. Proc. of a
Symposium held at the University of Shef-
field, Great Britain.

Pavitskiy, N.Y., A.A. Yakuskin and S.V.
Zhubrin, 1993. Vehicular Exhaust Dispersion
Around Group of Buildings. The PHOENICS
Journal of Computational Fluid Dynamics
and Its Applications, 6: 270–285.

Tripathi, S., 1994. Evaluation of Fluidyn-
PANACHE on Heavy Gas Dispersion Test
Case. Seminar on Evaluation of Models of
Heavy Gas Dispersion Organized by Euro-
pean Commission; Mol, Belgium.

B.12 Plume Visibility Model (PLUVUE II)

Reference

Environmental Protection Agency, 1992.
User’s Manual for the Plume Visibility
Model, PLUVUE II (Revised). EPA Publica-
tion No. EPA–454/B–92–008, (NTIS PB93–
188233). U.S. Environmental Protection
Agency, Research Triangle Park, NC.

Availability

This model code is available on the Sup-
port Center for Regulatory Air Models Bul-
letin Board System and also on diskette (as
PB 90–500778) from the National Technical
Information Service (see section B.0).

Abstract

The Plume Visibility Model (PLUVUE II)
is used for estimating visual range reduction
and atmospheric discoloration caused by
plumes consisting of primary particles, ni-
trogen oxides and sulfur oxides emitted from
a single emission source. PLUVUE II uses
Gaussian formulations to predict transport
and dispersion. The model includes chemical
reactions, optical effects and surface deposi-
tion. Four types of optics calculations are
made: horizontal and non-horizontal views
through the plume with a sky viewing back-

ground; horizontal views through the plume
with white, gray and black viewing back-
grounds; and horizontal views along the axis
of the plume with a sky viewing background.

a. Recommendations for Regulatory Use

The Plume Visibility Model (PLUVUE II)
may be used on a case-by-case basis as a
third level screening model. When applying
PLUVUE II, the following precautions
should be taken:

1. Treat the optical effects of NO2 and par-
ticles separately as well as together to avoid
cancellation of NO2 absorption with particle
scattering.

2. Examine the visual impact of the plume
in 0.1 (or 0), 0.5, and 1.0 times the expected
level of particulate matter in the back-
ground air.

3. Examine the visual impact of the plume
over the full range of observer-plume sun an-
gles.

4. The user should consult the appropriate
Federal Land Manager when using PLUVUE
II to assess visibility impacts in a Class I
area.

b. Input Requirements

Source data requirements are: location and
elevation; emission rates of SO2, NOX, and
particulates; flue gas flow rate, exit velocity,
and exit temperature; flue gas oxygen con-
tent; properties (including density, mass me-
dian and standard geometric deviation of ra-
dius) of the emitted aerosols in the accumu-
lation (0.1–1.0µm) and coarse (1.0–10.µm) size
modes; and deposition velocities for SO2,

NOX, coarse mode aerosol, and accumulations
mode aerosol.

Meteorological data requirements are: sta-
bility class, wind direction (for an observer-
based run), wind speed, lapse rate, air tem-
perature, relative humidity, and mixing
height.

Other data requirements are: ambient
background concentrations of NOX, NO2, O3,

and SO2, and background visual range of sul-
fate and nitrate concentrations.

Receptor (observer) data requirements are:
location, terrain elevation at points along
plume trajectory, white, gray, and black
viewing backgrounds, the distance from the
observer to the terrain observed behind the
plume.

c. Output

Printed output includes plume concentra-
tions and visual effects at specified down-
wind distances for calculated or specified
lines of sight.

d. Type of Model

PLUVUE II is a Gaussian plume model.
Visibility impairment is quantified once the
spectral light intensity has been calculated
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for the specific lines of sight. Visibility im-
pairment includes visual range reduction,
plume contrast, relative coloration of a
plume to its viewing background, and plume
perceptibility due to its contrast and color
with respect to a viewing background.

e. Pollutant Types

PLUVUE II treats NO, NO2, SO2, H2SO4,

HNO3, O3, primary and secondary particles to
calculate effects on visibility.

f. Source Receptor Relationship

For performing the optics calculations at
selected points along the plume trajectory,
PLUVUE II has two modes: plume based and
observer based calculations. The major dif-
ference is the orientation of the viewer to
the source and the plume.

g. Plume Behavior

Briggs (1969, 1971, 1972) final plume rise
equations are used.

h. Horizontal Winds

User-specified wind speed (and direction
for an observer-based run) are assumed con-
stant for the calculation.

i. Vertical Wind Speed

Vertical wind speed is assumed equal to
zero.

j. Horizontal Dispersion

Constant, uniform (steady-state) wind is
assumed for each hour. Straight line plume
transport is assumed to all downwind dis-
tances.

k. Vertical Dispersion

Rural dispersion coefficients from Turner
(1969) are used, with no adjustment for sur-
face roughness. Six stability classes are
used.

l. Chemical Transformation

The chemistry of NO, NO2, O3, OH, O(1D),
SO2, HNO3, and H2SO4 is treated by means of
nine reactions. Steady state approximations
are used for radicals and for the NO/NO2/O3

reactions.

m. Physical Removal

Dry deposition of gaseous and particulate
pollutants is treated using deposition veloci-
ties.

n. Evaluation Studies

Bergstrom, R.W., C. Seigneur, B.L. Babson,
H.Y. Holman and M.A. Wojcik, 1981. Com-
parison of the Observed and Predicted Visual
Effects Caused by Power Plant Plumes. At-
mospheric Environment, 15: 2135–2150.

Bergstrom, R.W., Seigneur, C.D. Johnson
and L.W. Richards, 1984. Measurements and
Simulations of the Visual Effects of Particu-
late Plumes. Atmospheric Environment,
18(10): 2231–2244.

Seigneur, C., R.W. Bergstrom and A.B.
Hudischewskyj, 1982. Evaluation of the EPA
PLUVUE Model and the ERT Visibility
Model Based on the 1979 VISTTA Data Base.
EPA Publication No. EPA–450/4–82–008. U.S.
Environmental Protection Agency, Research
Triangle Park, NC.

White, W.H., C. Seigneur, D.W. Heinold,
M.W. Eltgroth, L.W. Richards, P.T. Roberts,
P.S. Bhardwaja, W.D. Conner and W.E. Wil-
son, Jr, 1985. Predicting the Visibility of
Chimney Plumes: An Inter-comparison of
Four Models with Observations at a Well-
Controlled Power Plant. Atmospheric Envi-
ronment, 19: 515–528.

B.13 Point, Area, Line Source Algorithm (PAL–
DS)

Reference

Petersen, W.B, 1978. User’s Guide for PAL—
A Gaussian-Plume Algorithm for Point,
Area, and Line Sources. EPA Publication No.
EPA–600/4–78–013. Office of Research and De-
velopment, Research Triangle Park, NC.
(NTIS No. PB 281306)

Rao, K.S. and H.F. Snodgrass, 1982. PAL–
DS Model: The PAL Model Including Deposi-
tion and Sedimentation. EPA Publication
No. EPA–600/8–82–023. Office of Research and
Development, Research Triangle Park, NC.
(NTIS No. PB 83–117739)

Availability

The computer code is available on diskette
(as PB 90–500802) from the National Tech-
nical Information Service (see section B.0).

Abstract

PAL–DS is an acronym for this point, area,
and line source algorithm and is a method of
estimating short-term dispersion using
Gaussian-plume steady-state assumptions.
The algorithm can be used for estimating
concentrations of non-reactive pollutants at
99 receptors for averaging times of 1 to 24
hours, and for a limited number of point,
area, and line sources (99 of each type). This
algorithm is not intended for application to
entire urban areas but is intended, rather, to
assess the impact on air quality, on scales of
tens to hundreds of meters, of portions of
urban areas such as shopping centers, large
parking areas, and airports. Level terrain is
assumed. The Gaussian point source equa-
tion estimates concentrations from point
sources after determining the effective
height of emission and the upwind and cross-
wind distance of the source from the recep-
tor. Numerical integration of the Gaussian
point source equation is used to determine
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concentrations from the four types of line
sources. Subroutines are included that esti-
mate concentrations for multiple lane line
and curved path sources, special line sources
(line sources with endpoints at different
heights above ground), and special curved
path sources. Integration over the area
source, which includes edge effects from the
source region, is done by considering finite
line sources perpendicular to the wind at in-
tervals upwind from the receptor. The cross-
wind integration is done analytically; inte-
gration upwind is done numerically by suc-
cessive approximations.

The PAL–DS model utilizes Gaussian
plume-type diffusion-deposition algorithms
based on analytical solutions of a gradient-
transfer model. The PAL–DS model can treat
deposition of both gaseous and suspended
particulate pollutants in the plume since
gravitational settling and dry deposition of
the particles are explicitly accounted for.
The analytical diffusion-deposition expres-
sions listed in this report in the limit when
pollutant settling and deposition velocities
are zero, they reduce to the usual Gaussian
plume diffusion algorithms in the PAL
model.

a. Recommendations for Regulatory Use

PAL–DS can be used if it can be dem-
onstrated to estimate concentrations equiva-
lent to those provided by the preferred model
for a given application. PAL–DS must be ex-
ecuted in the equivalent mode.

PAL–DS can be used on a case-by-case
basis in lieu of a preferred model if it can be
demonstrated, using the criteria in section
3.2, that PAL–DS is more appropriate for the
specific application. In this case the model
options/modes which are most appropriate
for the application should be used.

b. Input Requirements

Source data: point-sources—emission rate,
physical stack height, stack gas tempera-
ture, stack gas velocity, stack diameter,
stack gas volume flow, coordinates of stack,
initial σy and σz; area sources—source
strength, size of area source, coordinates of
S.W. corner, and height of area source; and
line sources—source strength, number of
lanes, height of source, coordinates of end
points, initial σy and σz, width of line source,
and width of median. Diurnal variations in
emissions are permitted. When applicable,
the settling velocity and deposition velocity
are also permitted.

Meteorological data: wind profile expo-
nents, anemometer height, wind direction
and speed, stability class, mixing height, air
temperature, and hourly variations in emis-
sion rate.

Receptor data: receptor coordinates.

c. Output

Printed output includes:
Hourly concentration and deposition flux

for each source type at each receptor; and
Average concentration for up to 24 hours

for each source type at each receptor.

d. Type of Model

PAL–DS is a Gaussian plume model.

e. Pollutant Types

PAL–DS may be used to model non-reac-
tive pollutants.

f. Source-Receptor Relationships

Up to 99 sources of each of 6 source types:
point, area, and 4 types of line sources.

Source and receptor coordinates are
uniquely defined.

Unique stack height for each source.
Coordinates of receptor locations are user

defined.

g. Plume Behavior

Briggs final plume rise equations are used.
Fumigation and downwash are not treated.
If plume height exceeds mixing height,

concentrations are assumed equal to zero.
Surface concentrations are set to zero

when the plume centerline exceeds mixing
height.

h. Horizontal Winds

User-supplied hourly wind data are used.
Constant, uniform (steady-state) wind is

assumed within each hour. Wind is assumed
to increase with height.

i. Vertical Wind Speeds

Assumed equal to zero.

j. Horizontal Dispersion

Rural dispersion coefficients from Turner
(1969) are used with no adjustments made for
surface roughness.

Six stability classes are used.
Dispersion coefficients (Pasquill-Gifford)

are assumed based on a 3cm roughness
height.

k. Vertical Dispersion

Six stability classes are used.
Rural dispersion coefficients from Turner

(1969) are used; no further adjustments are
made for variation in surface roughness,
transport or averaging time.

Multiple reflection is handled by summa-
tion of series until the vertical standard de-
viation equals 1.6 times mixing height. Uni-
form vertical mixing is assumed thereafter.

l. Chemical Transformation

Not treated.
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m. Physical Removal

PAL–DS can treat deposition of both gase-
ous and suspended particulates in the plume
since gravitational settling and dry deposi-
tion of the particles are explicitly accounted
for.

n. Evaluation Studies

None Cited.

B.14 Reactive Plume Model (RPM–IV)

Reference

Environmental Protection Agency, 1993.
Reactive Plume Model IV (RPM–IV) User’s
Guide. EPA Publication No. EPA–454/B–93–
012. U.S. Environmental Protection Agency
(ESRL), Research Triangle Park, NC. (NTIS
No. PB 93–217412)

Availability

The above report and model computer code
are available on the Support Center for Reg-
ulatory Air Models Bulletin Board System.
The model code is also available on diskette
(as PB 96–502026) from the National Tech-
nical Information Service (see section B.0).

Abstract

The Reactive Plume Model, RPM–IV, is a
computerized model used for estimating
short-term concentrations of primary and
secondary reactive pollutants resulting from
single or, in some special cases, multiple
sources if they are aligned with the mean
wind direction. The model is capable of sim-
ulating the complex interaction of plume
dispersion and non-linear photochemistry. If
Carbon Mechanism IV (CBM–IV) is used,
emissions must be disaggregated into carbon
bond classes prior to model application. The
model can be run on a mainframe computer,
workstation, or IBM-compatible PC with at
least 2 megabytes of memory. A major fea-
ture of RPM–IV is its ability to interface
with input and output files from EPA’s Re-
gional Oxidant Model (ROM) and Urban
Airshed Model (UAM) to provide an inter-
nally consistent set of modeled ambient con-
centrations for various pollutant species.

a. Recommendations for Regulatory Use

There is no specific recommendation at the
present time. RPM–IV may be used on a
case-by-case basis.

b. Input Requirements

Source data requirements are: emission
rates, name, and molecular weight of each
species of pollutant emitted; ambient pres-
sure, ambient temperature, stack height,
stack diameter, stack exit velocity, stack
gas temperature, and location.

Meteorological data requirements are:
wind speeds, plume widths or stability class-

es, photolytic rate constants, and plume
depths or stability classes.

Receptor data requirements are: downwind
distances or travel times at which calcula-
tions are to be made.

Initial concentration of all species is re-
quired, and the specification of downwind
ambient concentrations to be entrained by
the plume is optional.

c. Output

Short-term concentrations of primary and
secondary pollutants at either user specified
time increments, or user specified downwind
distances.

d. Type of Model

Reactive Gaussian plume model.

e. Pollutant Types

Currently, using the Carbon Bond Mecha-
nism (CBM–IV), 34 species are simulated (82
reactions), including NO, NO2, O3, SO2, SO4,

five categories of reactive hydrocarbons, sec-
ondary nitrogen compounds, organic
aerosols, and radical species.

f. Source-Receptor Relationships

Single point source.
Single area or volume source.
Multiple sources can be simulated if they

are lined up along the wind trajectory.
Predicted concentrations are obtained at a

user specified time increment, or at user
specified downwind distances.

g. Plume Behavior

Briggs (1971) plume rise equations are used.

h. Horizontal Winds

User specifies wind speeds as a function of
time.

i. Vertical Wind Speed

Not treated.

j. Horizontal Dispersion

User specified plume widths, or user may
specify stability and widths will be computed
using Turner (1969).

k. Vertical Dispersion

User specified plume depths, or user may
specify stability in which case depths will be
calculated using Turner (1969). Note that ver-
tical uniformity in plume concentration is
assumed.

l. Chemical Transformation

RPM–IV has the flexibility of using any
user input chemical kinetic mechanism. Cur-
rently it is run using the chemistry of the
Carbon Bond Mechanism, CBM–IV (Gery et
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al., 1988). The CBM–IV mechanism, as incor-
porated in RPM–IV, utilizes an updated sim-
ulation of PAN chemistry that includes a
peroxy-peroxy radical termination reaction,
significant when the atmosphere is NOX-lim-
ited (Gery et al., 1989). As stated above, the
current CBM–IV mechanism accommodates
34 species and 82 reactions focusing primarily
on hydrocarbon/nitrogen oxides and ozone
photochemistry.

m. Physical Removal

Not treated.

n. Evaluation Studies

Stewart, D.A. and M–K Liu, 1981. Develop-
ment and Application of a Reactive Plume
Model. Atmospheric Environment, 15: 2377–
2393.

B.15 Shoreline Dispersion Model (SDM)

Reference

PEI Associates, 1988. User’s Guide to SDM–
A Shoreline Dispersion Model. EPA Publica-
tion No. EPA–450/4–88–017. U.S. Environ-
mental Protection Agency, Research Tri-
angle Park, NC. (NTIS No. PB 89–164305)

Availability

The model code is available on the Support
Center for Regulatory Air Models Bulletin
Board System (see section B.0).

Abstract

SDM is a hybrid multi-point Gaussian dis-
persion model that calculates source impact
for those hours during the year when fumiga-
tion events are expected using a special fu-
migation algorithm and the MPTER regu-
latory model for the remaining hours (see
appendix A).

a. Recommendations for Regulatory Use

SDM may be used on a case-by-case basis
for the following applications:

• Tall stationary point sources located at a
shoreline of any large body of water;

• Rural or urban areas;
• Flat terrain;
• Transport distances less than 50 km;
• 1-hour to 1-year averaging times.

b. Input Requirements

Source data: location, emission rate, phys-
ical stack height, stack gas exit velocity,
stack inside diameter, stack gas tempera-
ture and shoreline coordinates.

Meteorological data: hourly values of
mean wind speed within the Thermal Inter-
nal Boundary Layer (TIBL) and at stack
height; mean potential temperature over
land and over water; over water lapse rate;
and surface sensible heat flux. In addition to
these meteorological data, SDM access

standard NWS surface and upper air mete-
orological data through the RAMMET
preprocessor.

Receptor data: coordinates for each recep-
tor.

c. Output

Printed output includes the MPTER model
output as well as: special shoreline fumiga-
tion applicability report for each day and
source; high-five tables on the standard out-
put with ‘‘F’’ designation next to the con-
centration if that averaging period includes
a fumigation event.

d. Type of Model

SDM is hybrid Gaussian model.

e. Pollutant Types

SDM may be used to model primary pollut-
ants. Settling and deposition are not treated.

f. Source-Receptor Relationships

SDM applies user-specified locations of
stationary point sources and receptors. User
input stack height, shoreline orientation and
source characteristics for each source. No
topographic elevation is input; flat terrain is
assumed.

g. Plume Behavior

SDM uses Briggs (1975) plume rise for final
rise. SDM does not treat stack tip or build-
ing downwash.

h. Horizontal Winds

Constant, uniform (steady-state) wind is
assumed for an hour. Straight line plume
transport is assumed to all downwind dis-
tances. Separate wind speed profile expo-
nents (EPA, 1980) for both rural and urban
cases are assumed.

i. Vertical Wind Speed

Vertical wind speed is assumed equal to
zero.

j. Horizontal Dispersion

For the fumigation algorithm coefficients
based on Misra (1980) and Misra and McMil-
lan (1980) are used for plume transport in sta-
ble air above TIBL and based on Lamb (1978)
for transport in the unstable air below the
TIBL. An effective horizontal dispersion co-
efficient based on Misra and Onlock (1982) is
used. For nonfumigation periods, algorithms
contained in the MPTER model are used (see
appendix A).

k. Vertical Dispersion

For the fumigation algorithm, coefficients
based on Misra (1980) and Misra and McMil-
lan (1980) are used.
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l. Chemical Transformation

Chemical transformation is not included in
the fumigation algorithm.

m. Physical Removal

Physical removal is not explicitly treated.

n. Evaluation Studies

Environmental Protection Agency, 1987.
Analysis and Evaluation of Statistical
Coastal Fumigation Models. EPA Publica-
tion No. EPA–450/4–87–002. U.S. Environ-
mental Protection Agency, Research Tri-
angle Park, NC. (NTIS PB 87–175519)

B.16 SHORTZ

Reference

Bjorklund, J.R. and J.F. Bowers, 1982.
User’s Instructions for the SHORTZ and
LONGZ Computer Programs, Volumes I and
II. EPA Publication No. EPA–903/9–82–004a
and b. U.S. Environmental Protection Agen-
cy, Region III, Philadelphia, PA.

Availability

The computer code is available on the Sup-
port Center for Regulatory Air Models Bul-
letin Board System and on diskette (as PB
96–501986) from the National Technical Infor-
mation Service (see section B.0).

Abstract

SHORTZ utilizes the steady state bivariate
Gaussian plume formulation for both urban
and rural areas in flat or complex terrain to
calculate ground-level ambient air con-
centrations. The model can calculate 1-hour,
2-hour, 3-hour etc. average concentrations
due to emissions from stacks, buildings and
area sources for up to 300 arbitrarily placed
sources. The output consists of total con-
centration at each receptor due to emissions
from each user-specified source or group of
sources, including all sources. If the option
for gravitational settling is invoked, analy-
sis cannot be accomplished in complex ter-
rain without violating mass continuity.

a. Recommendations for Regulatory Use

SHORTZ can be used if it can be dem-
onstrated to estimate concentrations equiva-
lent to those provided by the preferred model
for a given application. SHORTZ must be ex-
ecuted in the equivalent mode.

SHORTZ can be used on a case-by-case
basis in lieu of a preferred model if it can be
demonstrated, using the criteria in section
3.2, that SHORTZ is more appropriate for the
specific application. In this case the model
options/modes which are most appropriate
for the application should be used.

b. Input Requirements

Source data requirements are: for point,
building or area sources, location, elevation,
total emission rate (optionally classified by
gravitational settling velocity) and decay
coefficient; for stack sources, stack height,
effluent temperature, effluent exit velocity,
stack radius (inner), actual volumetric flow
rate, and ground elevation (optional); for
building sources, height, length and width,
and orientation; for area sources, char-
acteristic vertical dimension, and length,
width and orientation.

Meteorological data requirements are:
wind speed and measurement height, wind
profile exponents, wind direction, standard
deviations of vertical and horizontal wind di-
rections, (i.e., vertical and lateral turbulent
intensities), mixing height, air temperature,
and vertical potential temperature gradient.

Receptor data requirements are: coordi-
nates, ground elevation.

c. Output

Printed output includes total concentra-
tion due to emissions from user-specified
source groups, including the combined emis-
sions from all sources (with optional allow-
ance for depletion by deposition).

d. Type of Model

SHORTZ is a Gaussian plume model.

e. Pollutant Types

SHORTZ may be used to model primary
pollutants. Settling and deposition of partic-
ulates are treated.

f. Source-Receptor Relationships

User specified locations for sources and re-
ceptors are used.

Receptors are assumed to be at ground
level.

g. Plume Behavior

Plume rise equations of Bjorklund and
Bowers (1982) are used.

Stack tip downwash (Bjorklund and Bow-
ers, 1982) is included.

All plumes move horizontally and will
fully intercept elevated terrain.

Plumes above mixing height are ignored.
Perfect reflection at mixing height is as-

sumed for plumes below the mixing height.
Plume rise is limited when the mean wind

at stack height approaches or exceeds stack
exit velocity.

Perfect reflection at ground is assumed for
pollutants with no settling velocity.

Zero reflection at ground is assumed for
pollutants with finite settling velocity.

Tilted plume is used for pollutants with
settling velocity specified. Buoyancy-in-
duced dispersion (Briggs, 1972) is included.
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h. Horizontal Winds

Winds are assumed homogeneous and
steady-state.

Wind speed profile exponents are functions
of both stability class and wind speed. De-
fault values are specified in Bjorklund and
Bowers (1982).

i. Vertical Wind Speed

Vertical winds are assumed equal to zero.

j. Horizontal Dispersion

Horizontal plume size is derived from input
lateral turbulent intensities using adjust-
ments to plume height, and rate of plume
growth with downwind distance specified in
Bjorklund and Bowers (1982).

k. Vertical Dispersion

Vertical plume size is derived from input
vertical turbulent intensities using adjust-
ments to plume height and rate of plume
growth with downwind distance specified in
Bjorklund and Bowers (1982).

l. Chemical Transformation

Chemical transformations are treated
using exponential decay. Time constant is
input by the user.

m. Physical Removal

Settling and deposition of particulates are
treated.

n. Evaluation Studies

Bjorklund, J.R. and J.F. Bowers, 1982.
User’s Instructions for the SHORTZ and
LONGZ Computer Programs. EPA Publica-
tion No. EPA–903/9–82–004. EPA Environ-
mental Protection Agency, Region III, Phila-
delphia, PA.

Wackter, D. and R. Londergan, 1984. Eval-
uation of Complex Terrain Air Quality Sim-
ulation Models. EPA Publication No. EPA–
450/4–84–017. U.S. Environmental Protection
Agency, Research Triangle Park, NC.

B.17 Simple Line-Source Model

Reference

Chock, D.P., 1980. User’s Guide for the Sim-
ple Line-Source Model for Vehicle Exhaust
Dispersion Near a Road. Ford Research Lab-
oratory, Dearborn, MI.

Availability

Copies of the above reference are available
without charge from: Dr. D.P. Chock, Ford
Research Laboratory, P.O. Box 2053; MD–
3083, Dearborn, MI 48121–2053. The short
model algorithm is contained in the User’s
Guide.

Abstract

The Simple Line-Source Model is a simple
steady-state Gaussian plume model which
can be used to determine hourly (or half-
hourly) averages of exhaust concentrations
within 100m from a roadway on a relatively
flat terrain. The model allows for plume rise
due to the heated exhaust, which can be im-
portant when the crossroad wind is very low.
The model also utilizes a new set of vertical
dispersion parameters which reflects the in-
fluence of traffic-induced turbulence.

a. Recommendations for Regulatory Use

The Simple Line-Source Model can be used
if it can be demonstrated to estimate con-
centrations equivalent to those provided by
the preferred model for a given application.
The model must be executed in the equiva-
lent mode.

The Simple Line-Source Model can be used
on a case-by-case basis in lieu of a preferred
model if it can be demonstrated, using cri-
teria in section 3.2, that it is more appro-
priate for the specific application. In this
case the model options/modes which are
most appropriate for the application should
be used.

b. Input Requirements

Source data requirements are: emission
rate per unit length per lane, the number of
lanes on each road, distances from lane cen-
ters to the receptor, source and receptor
heights.

Meteorological data requirements are:
buoyancy flux, ambient stability condition,
ambient wind and its direction relative to
the road.

Receptor data requirements are: distance
and height above ground.

c. Output

Printed output includes hourly or (half-
hourly) concentrations at the receptor due
to exhaust emission from a road (or a system
of roads by summing the results from re-
peated model applications).

d. Type of Model

The Simple Line-Source Model is a
Gaussian plume model.

e. Pollutant Types

The Simple Line-Source Model can be used
to model primary pollutants. Settling and
deposition are not treated.

f. Source-Receptor Relationship

The Simple Line-Source Model treats arbi-
trary location of line sources and receptors.

g. Plume Behavior

Plume-rise formula adequate for a heated
line source is used.
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h. Horizontal Winds

The Simple Line-Source Model uses user-
supplied hourly (or half-hourly) ambient
wind speed and direction. The wind measure-
ments are from a height of 5 to 10m.

i. Vertical Wind Speed

Vertical wind speed is assumed equal to
zero.

j. Dispersion Parameters

Horizontal dispersion parameter is not
used.

k. Vertical Dispersion

A vertical dispersion parameter is used
which is a function of stability and wind-
road angle. Three stability classes are used:
unstable, neutral and stable. The parameters
take into account the effect of traffic-gen-
erated turbulence (Chock, 1980).

l. Chemical Transformation

Not treated.

m. Physical Removal

Not treated.

n. Evaluation Studies

Chock, D.P., 1978. A Simple Line-Source
Model for Dispersion Near Roadways. Atmos-
pheric Environment, 12: 823–829.

Sistla, G., P. Samson, M. Keenan and S.T.
Rao, 1979. A Study of Pollutant Dispersion
Near Highways. Atmospheric Environment,
13: 669–685.

B.18 SLAB

Reference:

Ermak, D.L., 1990. User’s Manual for
SLAB: An Atmospheric Dispersion Model for
Denser-than-Air Releases (UCRL–MA–105607),
Lawrence Livermore National Laboratory.

Availability

The computer code can be obtained from:
Energy Science and Technology Center, P.O.
Box 1020, Oak Ridge, TN 37830, Phone (615)
576–2606.

The User’s Manual (as DE 91–008443) can be
obtained from the National Technical Infor-
mation Service. The computer code is also
available on the Support Center for Regu-
latory Air Models Bulletin Board System
(Public Upload/ Download Area; see section
B.0.)

Abstract

The SLAB model is a computer model, PC-
based, that simulates the atmospheric dis-
persion of denser-than-air releases. The
types of releases treated by the model in-
clude a ground-level evaporating pool, an

elevated horizontal jet, a stack or elevated
vertical jet and an instantaneous volume
source. All sources except the evaporating
pool may be characterized as aerosols. Only
one type of release can be processed in any
individual simulation. Also, the model simu-
lates only one set of meteorological condi-
tions; therefore direct application of the
model over time periods longer than one or
two hours is not recommended.

a. Recommendations for use

The SLAB model should be used as a re-
fined model to estimate spatial and temporal
distribution of short-term ambient con-
centration (e.g., 1-hour or less averaging
times) and the expected area of exposure to
concentrations above specified threshold val-
ues for toxic chemical releases where the re-
lease is suspected to be denser than the am-
bient air.

b. Input Requirements

The SLAB model is executed in the batch
mode. Data are input directly from an exter-
nal input file. There are 29 input parameters
required to run each simulation. These pa-
rameters are divided into 5 categories by the
user’s guide: source type, source properties,
spill properties, field properties, and mete-
orological parameters. The model is not de-
signed to accept real-time meteorological
data or convert units of input values. Chemi-
cal property data are not available within
the model and must be input by the user.
Some chemical and physical property data
are available in the user’s guide.

Source type is chosen as one of the follow-
ing: evaporating pool release, horizontal jet
release, vertical jet or stack release, or in-
stantaneous or short duration evaporating
pool release.

Source property data requirements are
physical and chemical properties (molecular
weight, vapor heat capacity at constant
pressure; boiling point; latent heat of vapor-
ization; liquid heat capacity; liquid density;
saturation pressure constants), and initial
liquid mass fraction in the release.

Spill properties include: source tempera-
ture, emission rate, source dimensions, in-
stantaneous source mass, release duration,
and elevation above ground level.

Required field properties are: desired con-
centration averaging time, maximum down-
wind distance (to stop the calculation), and
four separate heights at which the con-
centration calculations are to be made.

Meteorological parameter requirements
are: ambient measurement height, ambient
wind speed at designated ambient measure-
ment height, ambient temperature, surface
roughness, relative humidity, atmospheric
stability class, and inverse Monin-Obukhov
length (optional, only used as an input pa-
rameter when stability class is unknown).
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c. Output

No graphical output is generated by the
current version of this program. The output
print file is automatically saved and must be
sent to the appropriate printer by the user
after program execution. Printed output in-
cludes in tabular form:

Listing of model input data;
Instantaneous spatially-averaged cloud pa-

rameters—time, downwind distance, mag-
nitude of peak concentration, cloud dimen-
sions (including length for puff-type simula-
tions), volume (or mole) and mass fractions,
downwind velocity, vapor mass fraction, den-
sity, temperature, cloud velocity, vapor frac-
tion, water content, gravity flow velocities,
and entrainment velocities;

Time-averaged cloud parameters—param-
eters which may be used externally to cal-
culate time-averaged concentrations at any
location within the simulation domain (tab-
ulated as functions of downwind distance);

Time-averaged concentration values at
plume centerline and at five off-centerline
distances (off-centerline distances are mul-
tiples of the effective cloud half-width,
which varies as a function of downwind dis-
tance) at four user-specified heights and at
the height of the plume centerline.

d. Type of Model

As described by Ermak (1989), transport
and dispersion are calculated by solving the
conservation equations for mass, species, en-
ergy, and momentum, with the cloud being
modeled as either a steady-state plume, a
transient puff, or a combination of both, de-
pending on the duration of the release. In the
steady-state plume mode, the crosswind-
averaged conservation equations are solved
and all variables depend only on the down-
wind distance. In the transient puff mode,
the volume-averaged conservation equations
are solved, and all variables depend only on
the downwind travel time of the puff center
of mass. Time is related to downwind dis-
tance by the height-averaged ambient wind
speed. The basic conservation equations are
solved via a numerical integration scheme in
space and time.

e. Pollutant Types

Pollutants are assumed to be non-reactive
and non-depositing dense gases or liquid-
vapor mixtures (aerosols). Surface heat
transfer and water vapor flux are also in-
cluded in the model.

f. Source-Receptor Relationships

Only one source can be modeled at a time.
There is no limitation to the number of re-

ceptors; the downwind receptor distances are
internally-calculated by the model. The
SLAB calculation is carried out up to the
user-specified maximum downwind distance.

The model contains submodels for the
source characterization of evaporating pools,
elevated vertical or horizontal jets, and in-
stantaneous volume sources.

g. Plume Behavior

Plume trajectory and dispersion is based
on crosswind-averaged mass, species, energy,
and momentum balance equations. Sur-
rounding terrain is assumed to be flat and of
uniform surface roughness. No obstacle or
building effects are taken into account.

h. Horizontal Winds

A power law approximation of the loga-
rithmic velocity profile which accounts for
stability and surface roughness is used.

i. Vertical Wind Speed

Not treated.

j. Vertical Dispersion

The crosswind dispersion parameters are
calculated from formulas reported by Mor-
gan et al. (1983), which are based on experi-
mental data from several sources. The for-
mulas account for entrainment due to at-
mospheric turbulence, surface friction, ther-
mal convection due to ground heating, dif-
ferential motion between the air and the
cloud, and damping due to stable density
stratification within the cloud.

k. Horizontal Dispersion

The horizontal dispersion parameters are
calculated from formulas similar to those
described for vertical dispersion, also from
the work of Morgan et al. (1983).

l. Chemical Transformation

The thermodynamics of the mixing of the
dense gas or aerosol with ambient air (in-
cluding water vapor) are treated. The rela-
tionship between the vapor and liquid frac-
tions within the cloud is treated using the
local thermodynamic equilibrium approxi-
mation. Reactions of released chemicals
with water or ambient air are not treated.

m. Physical Removal

Not treated.

n. Evaluation Studies

Blewitt, D.N., J.F. Yohn and D.L. Ermak,
1987. An Evaluation of SLAB and DEGADIS
Heavy Gas Dispersion Models Using the HF
Spill Test Data. Proceedings, AIChE Inter-
national Conference on Vapor Cloud Model-
ing, Boston, MA, November, pp. 56–80.

Ermak, D.L., S.T. Chan, D.L. Morgan and
L.K. Morris, 1982. A Comparison of Dense Gas
Dispersion Model Simulations with Burro
Series LNG Spill Test Results. J. Haz.
Matls., 6: 129–160.
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Zapert, J.G., R.J. Londergan and H. This-
tle, 1991. Evaluation of Dense Gas Simula-
tion Models. EPA Publication No. EPA–450/4–
90–018. U.S. Environmental Protection Agen-
cy, Research Triangle Park, NC.

B.19 WYNDvalley Model

Reference

Harrison, Halstead, 1992. ‘‘A User’s Guide
to WYNDvalley 3.11, an Eulerian-Grid Air-
Quality Dispersion Model with Versatile
Boundaries, Sources, and Winds,’’ WYNDsoft
Inc., Mercer Island, WA.

Availability

Copies of the user’s guide and the execut-
able model computer codes are available at a
cost of $295.00 from: WYNDsoft, Incor-
porated, 6333 77th Avenue, Mercer Island, WA
98040, Phone: (206) 232–1819.

Abstract

WYNDvalley 3.11 is a multi-layer (up to
five vertical layers) Eulerian grid dispersion
model that permits users flexibility in defin-
ing borders around the areas to be modeled,
the boundary conditions at these borders,
the intensities and locations of emissions
sources, and the winds and diffusivities that
affect the dispersion of atmospheric pollut-
ants. The model’s output includes gridded
contour plots of pollutant concentrations for
the highest brief episodes (during any single
time step), the highest and second-highest
24-hour averages, averaged dry and wet depo-
sition fluxes, and a colored ‘‘movie’’ showing
evolving dispersal of pollutant concentra-
tions, together with temporal plots of the
concentrations at specified receptor sites
and statistical inference of the probabilities
that standards will be exceeded at those
sites. WYNDvalley is implemented on IBM
compatible microcomputers, with inter-
active data input and color graphics display.

a. Recommendations for Regulatory Use

WYNDvalley may be used on a case-by-case
basis to estimate concentrations during val-
ley stagnation periods of 24 hours or longer.
Recommended inputs are listed below.

Variable Recommended value

Horizontal cell dimension ....... 250 to 500 meters.
Vertical layers ........................ 3 to 5.
Layer depth ............................ 50 to 100 meters.
Background (internal to

model).
Zero (background should be

added externally to model
estimates).

Lateral meander velocity ....... Default.
Diffusivities ............................. Default.
Ventilation parameter (upper

boundary condition).
Default.

Dry deposition velocity ........... Zero (site-specific).
Washout ratio ......................... Zero (site-specific).

b. Input Requirements

Input data, including model options, mod-
eling domain boundaries, boundary condi-
tions, receptor locations, source locations,
and emission rates, may be entered inter-
actively, or through existing template files
from a previous run. Meteorological data, in-
cluding wind speeds, wind directions, rain
rates (optionally, for wet deposition calcula-
tions), and time of day and year, may be of
arbitrary time increment (usually an hour)
and are entered into the model through an
external meteorological data file. Option-
ally, users may specify diffusivities and
upper boundary conditions for each time in-
crement. Source emission rates may be con-
stant or modulated on a daily, weekly, and/
or seasonal basis.

c. Output

Output from WYNDvalley includes gridded
contour maps of the highest pollutant con-
centrations at each time step and the high-
est and second-highest 24-hour average con-
centrations. Output also includes the deposi-
tion patterns for wet, dry, and total fluxes of
the pollutants to the surface, integrated over
the simulation period. A running ‘‘movie’’ of
the concentration patterns is displayed on
the screen (with optional printout) as they
evolve during the simulation. Output files
include tables of daily-averaged pollutant
concentrations at every modeled grid cell,
and of hourly concentrations at up to eight
specified receptors. Statistical analyses are
performed on the hourly and daily data to
estimate the probabilities that specified lev-
els will be exceeded more than once during
an arbitrary number of days with similar
weather.

d. Type of Model

WYNDvalley is a three dimensional
Eulerian grid model.

e. Pollutant Types

WYNDvalley may be used to model any
inert pollutant.

f. Source-Receptor Relationships

Source and receptors may be located any-
where within the user-defined modeling do-
main. All point and area sources, or portions
of an area source, within a given grid cell are
summed to define a representative emission
rate for that cell. Concentrations are cal-
culated for each and every grid cell in the
modeling domain. Up to eight grid cells may
be selected as receptors, for which time his-
tories of concentration and deposition fluxes
are determined, and probabilities of exceed-
ance are calculated.
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g. Plume Behavior

Emissions for buoyant point sources are
placed by the user in a grid cell which best
reflects the expected effective plume height
during stagnation conditions. Five vertical
layers are available to the user.

h. Horizontal Winds

During each time step in the model, the
winds are assumed to be uniform throughout
the modeling domain. Numerical diffusion is
minimized in the advection algorithm. To
account for terrain effects on winds and dis-
persion, an ad hoc algorithm is employed in
the model to distribute concentrations near
boundaries.

i. Vertical Wind Speed

Winds are assumed to be constant with
height.

j. Horizontal Dispersion

Horizontal eddy diffusion coefficients may
be entered explicitly by the user at every
time step. Alternatively, a default algorithm
may be invoked to estimate these coeffi-
cients from the wind velocities and their
variances.

k. Vertical Dispersion

Vertical eddy diffusion coefficients and a
top-of-model boundary condition may be en-
tered explicitly by the user at every time
step. Alternatively, a default algorithm may
be invoked to estimate these coefficients
from the horizontal wind velocities and their
variances, and from an empirical time-of-day
correction derived from temperature gra-
dient measurements and Monin-Obukhov
similarities.

l. Chemical Transformation

Chemical transformation is not explicitly
treated by WYNDvalley.

m. Physical Removal

WYNDvalley optionally simulates both wet
and dry deposition. Dry deposition is propor-
tional to concentration in the lowest layer,
while wet deposition is proportional to rain
rate and concentration in each layer. Appro-
priate coefficients (deposition velocities and
washout ratios) are input by the user.

n. Evaluation Studies

Harrison, H., G. Pade, C. Bowman and R.
Wilson, 1990. Air Quality During Stagna-
tions: A Comparison of RAM and
WYNDvalley with PM–10 Measurements at
Five Sites. Journal of the Air & Waste Man-
agement Association, 40: 47–52.

Maykut, N. et al., 1990. Evaluation of the
Atmospheric Deposition of Toxic Contami-
nants to Puget Sound. State of Washington,

Puget Sound Water Quality Authority, Se-
attle, WA.

Yoshida, C., 1990. A Comparison of
WYNDvalley Versions 2.12 and 3.0 with PM–
10 Measurements in Six Cities in the Pacific
Northwest. Lane Regional Air Pollution Au-
thority, Springfield, OR.
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APPENDIX C TO APPENDIX W OF PART
51—EXAMPLE AIR QUALITY ANALY-
SIS CHECKLIST

C.0 Introduction

This checklist recommends a standardized
set of data and a standard basic level of anal-
ysis needed for PSD applications and SIP re-
visions. The checklist implies a level of de-
tail required to assess both PSD increments
and the NAAQS. Individual cases may re-
quire more or less information and the Re-
gional Meteorologist should be consulted at
an early stage in the development of a data
base for a modeling analysis.

At pre-application meetings between
source owner and reviewing authority, this
checklist should prove useful in developing a
consensus on the data base, modeling tech-
niques and overall technical approach prior
to the actual analyses. Such agreement will
help avoid misunderstandings concerning the
final results and may reduce the later need
for additional analyses.

EXAMPLE AIR QUALITY ANALYSIS
CHECKLIST 1

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

• Urban areas 2

• PSD Class I areas
• Nonattainment areas 2

• Topographic features (terrain, lakes,
river valleys, etc.) 2

• Other major existing sources 2

• Other major sources subject to PSD re-
quirements

• NWS meteorological observations (sur-
face and upper air)
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3 Particulate emissions should be specified
as a function of particulate diameter and
density ranges. 4 See footnote 2 of this appendix C.

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

• State/local/on-site air quality monitoring
locations 2

• Plant layout on a topographic map cov-
ering a 1km radius of the source with infor-
mation sufficient to determine GEP stack
heights

2. Information on urban/rural characteris-
tics:

• Land use within 3km of source classified
according to Auer (1978): Correlation of land
use and cover with meteorological anoma-
lies. Journal of Applied Meteorology, 17: 636–
643.

• Population
¥> total
¥> density
• Based on current guidance determination

of whether the area should be addressed
using urban or rural modeling methodology

3. Emission inventory and operating/design
parameters for major sources within region
of significant impact of proposed site (same
as required for applicant)

• Actual and allowable annual emission
rates (g/s) and operating rates 3

• Maximum design load short-term emis-
sion rate (g/s) 3

• Associated emissions/stack characteris-
tics as a function of load for maximum, aver-
age, and nominal operating conditions if
stack height is less than GEP or located in
complex terrain. Screening analyses as
footnoted above or detailed analyses, if nec-
essary, must be employed to determine the
constraining load condition (e.g., 50%, 75%,
or 100% load) to be relied upon in the short-
term modeling analysis.

—location (UTM’s)
—height of stack (m) and grade level above

MSL
—stack exit diameter (m)
—exit velocity (m/s)
—exit temperature (°K)
• Area source emissions (rates, size of area,

height of area source)3

• 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

• Associated parameters
—boiler size (megawatts, pounds/hr. steam,

fuel consumption, 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.)

• Anticipated growth changes
4. Air quality monitoring data:
• 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) 4

• Comparison with standards
• Discussion of background due to

uninventoried sources and contributions
from outside the inventoried area and de-
scription of the method used for determina-
tion of background (should be consistent
with the Guideline)

5. Meteorological data:
• Five consecutive years of the most re-

cent representative sequential hourly Na-
tional Weather Service (NWS) data, or one or
more years of hourly sequential on-site data

• Discussion of meteorological conditions
observed (as applied or modified for the site-
specific area, i.e., identify possible vari-
ations due to difference between the mon-
itoring site and the specific site of the
source)

• Discussion of topographic/land use influ-
ences

6. Air quality modeling analyses:
• Model each individual year for which

data are available with a recommended
model or model demonstrated to be accept-
able on a case-by-case basis

—urban dispersion coefficients for urban
areas

—rural dispersion coefficients for rural
areas

• Evaluate downwash if stack height is less
than GEP

• Define worst case meteorology
• Determine background and document

method
—long-term
—short-term
• Provide topographic map(s) of receptor

network with respect to location of all
sources

• Follow current guidance on selection of
receptor sites for refined analyses

• Include receptor terrain heights (if appli-
cable) used in analyses

• Compare model estimates with measure-
ments considering the upper ends of the fre-
quency distribution

• Determine extent of significant impact;
provide maps

• 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
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7. Comparison with acceptable air quality
levels:

• NAAQS
• PSD increments
• Emission offset impacts if nonattain-

ment
8. Documentation and guidelines for mod-

eling methodology:
• Follow guidance documents
¥> appendix W to 40 CFR part 51

¥> ‘‘Screening Procedures for Estimating
the Air Quality Impact of Stationary
Sources, Revised’’ (EPA–450/R–92–019), 1992

¥> ‘‘Guideline for Determination of Good
Engineering Practice Stack Height (Tech-
nical Support Document for the Stack
Height Regulations)’’ (EPA–450/4–80–023R),
1985

¥> ‘‘Ambient Monitoring Guidelines for
PSD’’ (EPA–450/4–87–007), 1987

¥> Applicable sections of 40 CFR parts 51
and 52.

AIR QUALITY SUMMARY—FOR NEW SOURCE ALONE
Pollutant: lllllllll1 lllllllll2 lllllllll2

Highest Highest
2d high Highest Highest

2d 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 (°) (or UTM northing) ..................
Receptor Elevation (m) .............................................
Wind Speed (m/s) .....................................................
Wind Direction (°) ......................................................
Mixing Depth (m) .......................................................
Temperature (°K) .......................................................
Stability ......................................................................
Day/Month/Year of Occurrence .................................

Surface Air Data From llllllllll Surface Station Elevation (m) llllllllll
Anemometer Height Above Local Ground Level (m) llllllllll
Upper Air Data From llllllllllllllllllllllll
Period of Record Analyzed lllllllllllllllllllll
Model Used llllllllllllllllllllllllllll
Recommended Model lllllllllllllllllllllll

1 Use separate sheet for each pollutant (SO2, PM–10, CO, NOX, HC, Pb, Hg, Asbestos, etc.).
2 List all appropriate averaging periods (1-hr, 3-hr, 8-hr, 24-hr, 30-day, 90-day, etc.) for which an air quality standard exists.

AIR QUALITY SUMMARY—FOR ALL NEW SOURCES
Pollutant: lllllllll1 lllllllll2 lllllllll2

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 (°) (or UTM northing) ..................
Receptor Elevation (m) .............................................
Wind Speed (m/s) .....................................................
Wind Direction (°) ......................................................
Mixing Depth (m) .......................................................
Temperature (°K) .......................................................
Stability ......................................................................
Day/Month/Year of Occurrence .................................

Surface Air Data From llllllllll Surface Station Elevation (m) llllllllll
Anemometer Height Above Local Ground Level (m) llllllllll
Upper Air Data From llllllllllllllllllllllll
Period of Record Analyzed lllllllllllllllllllll
Model Used llllllllllllllllllllllllllll
Recommended Model lllllllllllllllllllllll

1 Use separate sheet for each pollutant (SO2, PM–10, CO, NOX, HC, Pb, Hg, Asbestos, etc.).
2 List all appropriate averaging periods (l-hr, 3-hr, 8-hr, 24-hr, 30-day, 90-day, etc.) for which an air quality standard exists.
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AIR QUALITY SUMMARY—FOR ALL SOURCES
Pollutant: lllllllll1 lllllllll2 lllllllll2

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 (°) (or UTM northing) ..................
Receptor Elevation (m) .............................................
Wind Speed (m/s) .....................................................
Wind Direction (°) ......................................................
Mixing Depth (m) .......................................................
Temperature (°K) .......................................................
Stability ......................................................................
Day/Month/Year of Occurrence .................................

Surface Air Data From llllllllll Surface Station Elevation (m) llllllllll
Anemometer Height Above Local Ground Level (m) llllllllll
Upper Air Data From llllllllllllllllllllllll
Period of Record Analyzed lllllllllllllllllllll
Model Used llllllllllllllllllllllllllll
Recommended Model lllllllllllllllllllllll

1 Use separate sheet for each pollutant (SO2, PM–10, CO, NOX, HC, Pb, Hg, Asbestos, etc.)
2 List all appropriate averaging periods (1-hr, 3-hr, 8-hr, 24-hr, 30-day, 90-day, etc.) for which an air quality standard exists.

STACK PARAMETERS FOR ANNUAL MODELING

Stack
No. Serving

Emis-
sion

rate for
each
pollut-

ant
(g/s)

Stack
exit di-
ameter

(m)

Stack
exit ve-
locity
(m/s)

Stack
exit
tem-
pera-
ture
(°K)

Phys-
ical

height

Stack
(m)

GEP
stack

ht. (m)

Stack
base
ele-

vation
(m)

Building dimensions (m)

Height Width Length

STACK PARAMETERS FOR SHORT-TERM MODELING 1

Stack
No. Serving

Emis-
sion

rate for
each
pollut-

ant
(g/s)

Stack
exit di-
ameter

(m)

Stack
exit ve-
locity
(m/s)

Stack
exit
tem-
pera-
ture
(°K)

Phys-
ical

height

Stack
(m)

GEP
stack

ht. (m)

Stack
base
ele-

vation
(m)

Building dimensions (m)

Height Width Length

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

[61 FR 41840, Aug. 12, 1996]

APPENDIX X TO PART 51—EXAMPLES OF

ECONOMIC INCENTIVE PROGRAMS

I. INTRODUCTION AND PURPOSE

This appendix contains examples of EIP’s
which are covered by the EIP rules. Program
descriptions identify key provisions which
distinguish the different model program
types. The examples provide additional in-
formation and guidance on various types of
regulatory programs collectively referred to
as EIP’s. The examples include programs in-
volving stationary, area, and mobile sources.
The definition section at 40 CFR 51.491 de-

fines an EIP as a program which may include
State established emission fees or a system
of marketable permits, or a system of State
fees on sale or manufacture of products the
use of which contributes to O3 formation, or
any combination of the foregoing or other
similar measures, as well as incentives and
requirements to reduce vehicle emissions
and vehicle miles traveled in the area, in-
cluding any of the transportation control
measures identified in section 108(f). Such
programs span a wide spectrum of program
designs.

The EIP’s are comprised of several ele-
ments that, in combination with each other,
must insure that the fundamental principles
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of any regulatory program (including ac-
countability, enforceability and noninter-
ference with other requirements of the Act)
are met. There are many possible combina-
tions of program elements that would be ac-
ceptable. Also, it is important to emphasize
that the effectiveness of an EIP is dependent
upon the particular area in which it is imple-
mented. No two areas face the same air qual-
ity circumstances and, therefore, effective
strategies and programs will differ among
areas.

Because of these considerations, the EPA
is not specifying one particular design or
type of strategy as acceptable for any given
EIP. Such specific guidance would poten-
tially discourage States (or other entities
with delegated authority to administer parts
of an implementation plan) from utilizing
other equally viable program designs that
may be more appropriate for their situation.
Thus, the examples given in this Appendix
are general in nature so as to avoid limiting
innovation on the part of the States in devel-
oping programs tailored to individual State
needs.

Another important consideration in de-
signing effective EIP’s is the extent to which
different strategies, or programs targeted at
different types of sources, can complement
one another when implemented together as
an EIP ‘‘package.’’ The EPA encourages
States to consider packaging different meas-
ures together when such a strategy is likely
to increase the overall benefits from the pro-
gram as a whole. Furthermore, some activi-
ties, such as information distribution or pub-
lic awareness programs, while not EIP’s in
and of themselves, are often critical to the
success of other measures and, therefore,
would be appropriate complementary compo-
nents of a program package. All SIP emis-
sions reductions credits should reflect a con-
sideration of the effectiveness of the entire
package.

II. EXAMPLES OF STATIONARY AND MOBILE

SOURCE ECONOMIC INCENTIVE STRATEGIES

There is a wide variety of programs that
fall under the general heading of EIP’s. Fur-
ther, within each general type of program
are several different basic program designs.
This section describes common types of
EIP’s that have been implemented, designed,
or discussed in the literature for stationary
and mobile sources. The program types dis-
cussed below do not include all of the pos-
sible types of EIP’s. Innovative approaches
incorporating new ideas in existing pro-
grams, different combinations of existing
program elements, or wholly new incentive
systems provide additional opportunities for
States to find ways to meet environmental
goals at lower total cost.

A. Emissions Trading Markets

One prominent class of EIP’s is based upon
the creation of a market in which trading of
source-specific emissions requirements may
occur. Such programs may include tradi-
tional rate-based emissions limits (generally
referred to as emissions averaging) or overall
limits on a source’s total mass emissions per
unit of time (generally referred to as an
emissions cap). The emissions limits, which
may be placed on individual emitting units
or on facilities as a whole, may decline over
time. The common feature of such programs
is that sources have an ongoing incentive to
reduce pollution and increased flexibility in
meeting their regulatory requirements. A
source may meet its own requirements ei-
ther by directly preventing or controlling
emissions or by trading or averaging with
another source. Trading or averaging may
occur within the same facility, within the
same firm, or between different firms.
Sources with lower cost abatement alter-
natives may provide the necessary emissions
reductions to sources facing more expensive
alternatives. These programs can lower the
overall cost of meeting a given total level of
abatement. All sources eligible to trade in an
emissions market are faced with continuing
incentives to find better ways of reducing
emissions at the lowest possible cost, even if
they are already meeting their own emis-
sions requirements.

Stationary, area, and mobile sources could
be allowed to participate in a common emis-
sions trading market. Programs involving
emissions trading markets are particularly
effective at reducing overall costs when indi-
vidual affected sources face significantly dif-
ferent emissions control costs. A wider range
in control costs among affected sources cre-
ates greater opportunities for cost-reducing
trades. Thus, for example, areas which face
relatively high stationary source control
costs relative to mobile source control costs
benefit most by including both stationary
and mobile sources in a single emissions
trading market.

Programs involving emissions trading mar-
kets have generally been designated as ei-
ther emission allowance or emission reduc-
tion credit (ERC) trading programs. The Fed-
eral Acid Rain Program is an example of an
emission allowance trading program, while
‘‘bubbles’’ and ‘‘generic bubbles’’ created
under the EPA’s 1986 Emission Trading Pol-
icy Statement are examples of ERC trading.
Allowance trading programs can establish
emission allocations to be effective at the
start of a program, at some specific time in
the future, or at varying levels over time. An
ERC trading program requires ERC’s to be
measured against a pre-established emission
baseline. Allowance allocations or emission
baselines can be established either directly
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by the EIP rules or by reference to tradi-
tional regulations (e.g., RACT require-
ments). In either type of program, sources
can either meet their EIP requirements by
maintaining their own emissions within the
limits established by the program, or by buy-
ing surplus allowances or ERC’s from other
sources. In any case, the State will need to
establish adequate enforceable procedures
for certifying and tracking trades, and for
monitoring and enforcing compliance with
the EIP.

The definition of the commodity to be
traded and the design of the administrative
procedures the buyer and seller must follow
to complete a trade are obvious elements
that must be carefully selected to help en-
sure a successful trading market that
achieves the desired environmental goal at
the lowest cost. An emissions market is de-
fined as efficient if it achieves the environ-
mental goal at the lowest possible total cost.
Any feature of a program that unnecessarily
increases the total cost without helping
achieve the environmental goals causes mar-
ket inefficiency. Thus, the design of an emis-
sion trading program should be evaluated
not only in terms of the likelihood that the
program design will ensure that the environ-
mental goals of the program will be met, but
also in terms of the costs that the design im-
poses upon market transactions and the im-
pact of those costs on market efficiency.

Transaction costs are the investment in
time and resources to acquire information
about the price and availability of allow-
ances or ERC’s, to negotiate a trade, and to
assure the trade is properly recorded and le-
gally enforceable. All trading markets im-
pose some level of transaction costs. The
level of transaction costs in an emissions
trading market are affected by various as-
pects of the design of the market, such as
the nature of the procedures for reviewing,
approving, and recording trades, the timing
of such procedures (i.e., before or after the
trade is made), uncertainties in the value of
the allowance or credit being traded, the le-
gitimacy of the allowance or credit being of-
fered for sale, and the long-term integrity of
the market itself. Emissions trading pro-
grams in which every transaction is dif-
ferent, such as programs requiring signifi-
cant consideration of the differences in the
chemical properties or geographic location
of the emissions, can result in higher trans-
action costs than programs with a standard-
ized trading commodity and well-defined
rules for acceptable trades. Transaction
costs are also affected by the relative ease
with which information can be obtained
about the availability and price of allow-
ances or credits.

While the market considerations discussed
above are clearly important in designing an
efficient market to minimize the transaction
costs of such a program, other consider-

ations, such as regulatory certainty, enforce-
ment issues, and public acceptance, also
clearly need to be factored into the design of
any emissions trading program.

B. Fee Programs

A fee on each unit of emissions is a strat-
egy that can provide a direct incentive for
sources to reduce emissions. Ideally, fees
should be set so as to result in emissions
being reduced to the socially optimal level
considering the costs of control and the ben-
efits of the emissions reductions. In order to
motivate a change in emissions, the fees
must be high enough that sources will ac-
tively seek to reduce emissions. It is impor-
tant to note that not all emission fee pro-
grams are designed to motivate sources to
lower emissions. Fee programs using small
fees are designed primarily to generate reve-
nue, often to cover some of the administra-
tive costs of a regulatory program.

There can be significant variations in
emission fee programs. For example, poten-
tial emissions could be targeted by placing a
fee on an input (e.g., a fee on the quantity
and BTU content of fuel used in an industrial
boiler) rather than on actual emissions.
Sources paying a fee on potential emissions
could be eligible for a fee waiver or rebate by
demonstrating that potential emissions are
not actually emitted, such as through a car-
bon absorber system on a coating operation.

Some fee program variations are designed
to mitigate the potentially large amount of
revenue that a fee program could generate.
Although more complex than a simple fee
program, programs that reduce or eliminate
the total revenues may be more readily
adopted in a SIP than a simple emission fee.
Some programs lower the amount of total
revenues generated by waiving the fee on
some emissions. These programs reduce the
total amount of revenue generated, while
providing an incentive to decrease emissions.
Alternatively, a program may impose higher
per-unit fees on a portion of the emissions
stream, providing a more powerful but tar-
geted incentive at the same revenue levels.
For example, fees could be collected on all
emissions in excess of some fixed level. The
level could be set as a percentage of a base-
line (e.g., fees on emissions above some per-
centage of historical emissions), or as the
lowest emissions possible (e.g., fees on emis-
sions in excess of the lowest demonstrated
emissions from the source category).

Other fee programs are ‘‘revenue neutral,’’
meaning that the pollution control agency
does not receive any net revenues. One way
to design a revenue-neutral program is to
have both a fee provision and a rebate provi-
sion. Rebates must be carefully designed to
avoid lessening the incentive provided by the
emission fee. For example, a rebate based on
comparing a source’s actual emissions and
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the average emissions for the source cat-
egory can be designed to be revenue neutral
and not diminish the incentive.

Other types of fee programs collect a fee in
relation to particular activities or types of
products to encourage the use of alter-
natives. While these fees are not necessarily
directly linked to the total amount of emis-
sions from the activity or product, the rel-
ative simplicity of a usage fee may make
such programs an effective way to lower
emissions. An area source example is a con-
struction permit fee for wood stoves. Such a
permit fee is directly related to the potential
to emit inherent in a wood stove, and not to
the actual emissions from each wood stove in
use. Fees on raw materials to a manufactur-
ing process can encourage product reformu-
lation (e.g., fees on solvent sold to makers of
architectural coatings) or changes in work
practices (e.g., fees on specialty solvents and
degreasing compounds used in manufactur-
ing).

Road pricing mechanisms are fee programs
that are available to curtail low occupancy
vehicle use, fund transportation system im-
provements and control measures, spatially
and temporally shift driving patterns, and
attempt to effect land usage changes. Pri-
mary examples include increased peak period
roadway, bridge, or tunnel tolls (this could
also be accomplished with automated vehicle
identification systems as well), and toll dis-
counts for pooling arrangements and zero-
emitting/low-emitting vehicles.

C. Tax Code and Zoning Provisions

Modifications to existing State or local tax
codes, zoning provisions, and land use plan-
ning can provide effective economic incen-
tives. Possible modifications to encourage
emissions reductions cover a broad span of
programs, such as accelerated depreciation
of capital equipment used for emissions re-
ductions, corporate income tax deductions or
credits for emission abatement costs, prop-
erty tax waivers based on decreasing emis-
sions, exempting low-emitting products from
sales tax, and limitations on parking spaces
for office facilities. Mobile source strategies
include waiving or lowering any of the fol-
lowing for zero- or low-emitting vehicles: ve-
hicle registration fees, vehicle property tax,
sales tax, taxicab license fees, and parking
taxes.

D. Subsidies

A State may create incentives for reducing
emissions by offering direct subsidies, grants
or low-interest loans to encourage the pur-
chase of lower-emitting capital equipment,
or a switch to less polluting operating prac-
tices. Examples of such programs include
clean vehicle conversions, starting shuttle
bus or van pool programs, and mass transit
fare subsidies. Subsidy programs often suffer

from a variety of ‘‘free rider’’ problems. For
instance, subsidies for people or firms who
were going to switch to the cleaner alter-
native anyway lower the effectiveness of the
subsidy program, or drive up the cost of
achieving a targeted level of emissions re-
ductions.

E. Transportation Control Measures

The following measures are the TCM’s list-
ed in section 108(f):

(i) Programs for improved public transit;
(ii) Restriction of certain roads or lanes to,

or construction of such roads or lanes for use
by, passenger buses or high occupancy vehi-
cles;

(iii) Employer-based transportation man-
agement plans, including incentives;

(iv) Trip-reduction ordinances;
(v) Traffic flow improvement programs

that achieve emission reductions;
(vi) Fringe and transportation corridor

parking facilities serving multiple-occu-
pancy vehicle programs or transit service;

(vii) Programs to limit or restrict vehicle
use in downtown areas or other areas of
emission concentration particularly during
periods of peak use;

(viii) Programs for the provision of all
forms of high-occupancy, shared-ride serv-
ices;

(ix) Programs to limit portions of road sur-
faces or certain sections of the metropolitan
area to the use of non-motorized vehicles or
pedestrian use, both as to time and place;

(x) Programs for secure bicycle storage fa-
cilities and other facilities, including bicycle
lanes, for the convenience and protection of
bicyclists, in both public and private areas;

(xi) Programs to control extended idling of
vehicles;

(xii) Programs to reduce motor vehicle
emissions, consistent with title II, which are
caused by extreme cold start conditions;

(xiii) Employer-sponsored programs to per-
mit flexible work schedules;

(xiv) Programs and ordinances to facilitate
non-automobile travel, provision and utiliza-
tion of mass transit, and to generally reduce
the need for single-occupant vehicle travel,
as part of transportation planning and devel-
opment efforts of a locality, including pro-
grams and ordinances applicable to new
shopping centers, special events, and other
centers of vehicle activity;

(xv) Programs for new construction and
major reconstruction of paths, tracks or
areas solely for the use by pedestrian or
other non-motorized means of transportation
when economically feasible and in the public
interest. For purposes of this clause, the Ad-
ministrator shall also consult with the Sec-
retary of the Interior; and

(xvi) Programs to encourage the voluntary
removal from use and the marketplace of
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pre-1980 model year light-duty vehicles and
pre-1980 model light-duty trucks.

[59 FR 16715, Apr. 7, 1994]
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