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SECTION I
AIR MODELS

1. TYPES OF AIR MODELS

This class of model covers the full range of complexity from
simple analytical to numerical. Several categories and subgroups were
established to permit discussion of capabilities within each category.
In this way the range of models can be discussed in a logical fashion.

Air Model Category I contains models applicable to
primary pollutants (i.e., pollutants emitted directly from the source)
on a localized scale, typlcally less than 50 kilometers. The
models are ordered into five groups under this category: Group 1 is
models applied to open level terrain; Group 2 is models applied to
urban level terrain; Group 3 models apply to hilly or mountainous
terrain; Group U4 is transportation models (this includes highway and
airport models); and Group 5 1is comprehensives multioption models.
The Group 5 models include options for calculation of gravitational
settling, deposition long-term and short-term pollutant concentrations
and various source types.

Category II models can be applied on a regional scale (i.e.,
distances greater than 50 kilometers from the source).

Category III includes models which can simulate the effects of
reactive pollutants emitted from sources. Results can be calculated
on various temporal and spatial scales (up to regional for some
models). This category of model is typically data-intensive and
complex in modeling the chemical interactions.

Category IV is the Assessment Models. These models are used to
assess air quality impacts and alternative pollution control
strategies.

Category V is the special purpose models. The models can be
applied to aerial spraying, problems where plume rise and downwash are
important,and visibility problems due to particulates.

Category VI contains Rocket Firing Models.

Category VII Spills and Heavy Gas Models. These models simulate
accidental releases of gas to the atmosphere and are applied to
¢ static and operational rocket firing to determine air quality concentra-
tion levels,

This classificaetion of air models is summarized in Table H-1.
Air quality models may be classified according to their methodology
such as statistical, single box, Gaussian dispersion, multibox , and
trajectory; or the models can be classified by their utility and areas
of application. The following summary discusses the types shown in
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TABLE H-1, TYPES CF AIR MODELS

Category Group

1. Open Level Terrain

2. Urban Level Terrain
I. Primary Local 3. Hilly Terrain

4. Traffic

5. Comprehensive

II1. Regional
III. Reactive
IV, Assessment
V. Special Purpose
VI. Rocket Firing
VII. Spills/Heavy Gas
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Table H-1 in order to describe general areas of application such as
spatial scale or pollutant type. Additional groupings are listed
within a general category to clearly distinguish,on a functional basis,
the utility of each model. Complete model features,as well as basic
assumptions, methodologies, and references for each air model are then
listed.

It should be noted that many of the models could be listed in
more than one category or group. The groupings in Category I closely
follow those found in Atmospheric Dispersion Modeling; a Critical

Design Review by D, Bruce Turner, APCA .Tournale Vol 29, No. 5, May 1979,

a. Primary Local

Several groups of air models are in the general category of
modeling primary pollutants on a localized scale.

(1) Open-Level Terrain; The first group of models (PTMAX,
PTDIS, PTMTP, PTPLU, RAMR [the rural version of RAM], Turner's
Workbook, and P23A-B) is applicable for continuous elevated releases
over relatively open-level or country terrain. The four PT models are
short-term point source models, whereas RAMR is applicable to point
and area sources. PTPLU is an enhanced adaption of PTMAX which
estimates maximum surface concentration at specified distances from a
single source and PTMTP can handle multiple point sources. These five
models are part of the UNAMAP (User's Network for Applied Modeling of
Air Pollution) series. With the advent of PTPLU, PTMAX takes on a
less recommended status. Turner's Workbook presents methods of
practical application of the binormal continuous plume dispersion.
Several special topics and example problems are given in the workbook.
P23A-B 18 a model implemented on a programmable calculator that, not
unlike PTDIS, estimates ground level concentration from a single point
source at a given distance; but P23A-B has an urban/rural dispersion
option and an option for time averages up to 24 hours.

(2) Urban-Level Terrain. The next group under the first
category is appropriate for modeling urban areas with relatively level
terrain, Models included in this group are: simple ATDL, CDM, CDMQC,
AQDM, RAM, TCM2 and TEMB8. The simple ATDL one-box model may be used
as a screening model for entire urban areas. It is most suitable for
averaging times of at least a few days. CDM and CDMQC are long-term
models, monthly, seasonal, annual, applicable to point and area
sources in urban areas. The CDMQC is CDM -altered to provide
implementation of calibration, individual point and area source
contributions, lists and averaging time transformations. This type of
output i3 similar to that of AQDM. The AQDM has been greatly used in
the past but i3 now less recommended than CDMQC. RAM is a short-term
(hourly) algorithm used to estimate concentrations from urban point
and area sources. TCM2 and TEMB8 are relatively fast executing
computer models for long-term and short-term concentration estimates,
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respectively. These two models, as well as CDM/CDMQC and RAM, are EPA
guideline models (1978) and are part of the UNAMAP series.

(3) Hilly Terrain, A third group of models (CRSTER,
CRSTER2, MPTER, and VALLEY) is applicable to nonlevel terrain., CRSTER
estimates the impact from a single plant where terrain features are
100 feet higher than the elevation of the lowest stack top for the
plant. CRSTER2 and MPTER consider multiple sources and adjustment for
the same type of terrain features. These models are valid for
situations that would be considered rural, although the CRSTER models
can account for urban and rural environments by adjusting dispersion
coefficients and mixing height computations. CRSTER is often used to
approximate maximum 24-hour concentrations that occur within a period
of one year. VALLEY's primary use is for estimating the upper limits
of 2lU-hour average pollutant concentrations due to isolated sources in
rural, complex terrain. CRSTER and VALLEY are guideline models and
are in the UNAMAP series along with MPTER.

(4) Traffics- A fourth group of models, applicable to
transportation sources, includes HIWAY, HIWAY2, MODHIWAY, APRAC-1A,
APRAC-2, PAL, AVAP and AQAM. HIWAY computes hourly concentration
downwind of a single road segment, HIWAY2 is intended as an update to
the highway model and MODHIWAY is HIWAY modified to allow for
calculations for more than one roadway at a time. APRAC-1A computes
hourly averages of carbon monoxide for entire urban areas primarily
using an extensive traffic inventory of the area. APRAC-2 is a
revised version of the APRAC-1A diffusion model that estimates ambient
air concentrations for hydrocarbons, carbon monoxide or oxides of
nitrogen. PAL is a point, area and line source algorithm that is
applicable for road segments and may incorporate slant paths in the
vertical and variable emission rates for calculation of aircraft take-
off and approaches. AVAP evaluates air quality impact of airport and
airport vicinity activity. AQAM, developed for the Air Force,
estimates concentrations due to multipollutant emissions from point,
area or line sources categorized by aircraft, airbase or
environmental origin. AQAM has a long: and short- term model. HIWAY,
HIWAY2, APRAC-1A and PAL are included in the UNAMAP series. HIWAY and
APRAC-1A are EPA guideline models (1978).

(5) Comprehensive. ISC and ATM make up the last group of
models in this category of modeling primery pollutants on a localized
scale, They have the capability to estimate the effect of
gravitational settling and dry deposition and are quite comprehensive
with many features and options, 1ISC is used to evaluate the air
quality impact of emissions from industrial source complexes for both
short- and long-term analyses. ATM is a long-term model used for
calculating values for atmospheric concentration as well as both
wetfall and dryfall deposition rates. The 1ISC short-term and long-
term models are included in the UNAMAP series.

ISP PPN Y W S NNy ST WY WA WA T WAL WL YR WA DA WA WE AT Wil SRy Sy S R 2 W
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(6) Spills/Heavy Gas The Ocean Breeze-Dry Gulch= and
Mountain Iron-Diffusion equations are used to predict downwind
concentrations of toxic materials. Various evaporation rates are used
in the basic equations in the event of hypergolic rocket propellant
spills. These models are operationally simple statistical diffusion
prediction equations based on experimental field tests conducted in
the 1960s.

Over the past decade or so numerous complex models applicable for
negatively buoyant heavy gas clouds formed by accidental spills of
volatile liquids have been proposed. These models exhibit a range of
complexity due to their physical completeness and methodologies and
many remain under development. Review papers, Shinn et al, (1981),
Woodward et al, (1981) and Havens (1980) suggest the necessity of
continued evaluation of these models with existing and new field data.

CHRIS, the Chemical Hazards Response Information System, has been
developed for the U.S. Coast Guard to provide information during
emergencies involving the accidental release to air or water of
hazardous chemicals. The system consists of four manuals, a regional
contingency plan, a hazard assessment computer system (HACS) and an
organizational entity located at Coast Guard headquarters. The four
manuals include: 1) A Condensed Guide to Chemical Hazards, 2)
Hazardous Chemical Data, 3) Hazard Assessment Handbook and 4) Response
Methods Handbook.

A brief description of each component of CHRIS is provided below.

The Condensed Guide to Chemical Hazards manual contains
information to facilitate "early response decisions™ during emergency
situatons, It is a compact, convenient source of commercially transportec
hazardous materials. The guide contains precautionary and biologiecal
hazards so that field personnel can assess the threat as a
prerequisite to determining subsequent large-scale action.

The Hazardous Chemical Data manual contains detailed,largely
quantitative, chemical, physical, and biological data necessary for
formulating, evaluating,and carrying out response plans. It also
contains the hazard assessment code, which is essential to selecting
the appropriate calculation procedures for the hazard assessment, and
lists the needed physical and chemical property data which are
required to perform the hazard assessment calculations.

The Hazard Assessment Handbook contains methods of estimating the
rate and quantity of hazardous chemicals that may be released under
different situations. It also provides the means of predicting the
threat that the chemicals present after release. It includes methods
for predicting the resulting potential toxiec, fire,and explosion
effects by providing procedures for estimating the concentrations of
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hazardous chemicals (both in water and in air) as a function of time
and distance from the spill.

The Response Methods Handbook is a compendium of descriptive
information and technical data pertaining to methods of responding to
threatened or actual spills of hazardous chemicals. It has been
written specifically for Coast Guard on-scene coordinators who have
had some training or experience in pollutant and hazard response.

The Database for Regional Contingency Plans provides. detailed
information on regional or local resources that might be threatened
and the availability of response equipment. It contains information
such as an inventory of physical resources and personnel, vulnerable
or exposed resources, potential pollutant sources, geographical and
environmental features and cooperating organizations.

HACS, the Hazard Assessment Computer System is the computerized
counterpart of the Hazardous Chemical Data Manual and Hazard
Assessment Handbook. It is designed for use by trained Coast Guard
headquarters specialists to obtain very detailed hazard evaluations
quickly, when requested by on-scene coordinators.

HACS, consists of a number of models which simulate phenomena
such as liquid spread and fire, dispersion of vapor, radiation from
fires, and dissolution and dispersion in water for a variety of
chemicals. The rationale was to group the chemicals according to
certain physical and chemical characteristics. A hazard assessment
tree was formulated, the branches of which represent various physical
processes that different chemicals undergo, such as evaporation,
sinking and dissolution, etc. The branching or selection of a path is
determined by ambient conditions, and physical phenomena which may
occur are identified by one-or two-letter hazard assessment codes,
most of which also refer to an appropriate model. These models were
designed for use with any chemical within a particular group
exhibiting similar behavior. Thus, given the chemical spill, its
properties and assessment codes, potential hazards are assessed by
exercising each of the physical models along the indicated path or
paths.

SIGMET, by Science Applications, Incorporated, uses finite-
difference equations describing conservation of mass, momentum and
energy to predict the spreading, evaporation and eventual dispersion
of LNG from accidental spills, The modeling techniques are not
specific to LNG vapor dispersion of other gases added to the
atmospheric boundary layer. Havens (1980), in his assessment of
several models, believes that such techniques of SIGMET hold the most
promise for accurate prediction of catastrophic (2%,000 m” of LNG onto
water) spill behavior,

ol .




ZEPHYR of Energy Resources Co. and MARIAH of Deyon-RA are similar
to SIGMET in that the same set of equations are used but significantly
different numerical solution methods are used. These two models were
compared with three uniform concentration cloud type models (Germeles

- and Drake, Eidsuik, and HEGADAS) for much smaller spill sizes over
both land and water (Woodward et al., 1981). In general, ZEPHYR and
MARIAR matched experimental data better than the other three models
with Eidsuik, and HEGADAS better than Germeles and Drake; but
different models are applicable over different ranges of conditions.

Lawrence Livermore National Laboratory has been involved in heavy
gas dispersion research,both with field testing and model development
(Shinn et al.,, 1981). SLAB predicts cloud features as a function of
position and time of cold or heavy gas and other relevant quantities
due to gravity flow and dispersion following a spill of liquefied gas
under arbitrary atmospheric conditions. The cloud features include
concentration, height, width, temperature and motion. FEM3 is a model
under development based on the three-dimensional conservation
equations of mass, momentum, energy and species that have been used
for simulating LNG vapor dispersion in the atmosphere.

b. Regional

Included in the category of regional scale models are RCD, REGMOD
and ARL-ATAD. RCDM predicts long-term (e.g., monthly or yearly)
concentrations from single or multiple point and area sources at
distances greater than 50 km. It is designed for a coupled set of
pollutants by a mechanism which is either slow and irreversible (e.g.,
SOZ/SOu) or fast and reversible (e.g., NO/N02). REGMOD is designed to
predict short-term air quality impacts from multiple source
inventories for the same type of coupled pollutants, Both of these
models include wet and dry deposition of both species. ARL-ATAD is
intended primarily for use in calculating transport, diffusion and
deposition of effluents on regional and continental scales.

¢. Reactive Pollutants

LIRAQ, SAIASP, PBM, LPAQSM, OZIPP and RPM-II fall under the
general category of modeling reactive pollutants. The first four
models are undergoing evaluation and verification as part of the EPA
Regional Air Pollution Study (RAPS) model validation program. LIRAQ
exists in two versions,both of which are designed to predict regional
distribution (1 to 100 km) of air pollutants. LIRAQ-1 treats up to
four noninteracting or simple interacting species and LIRAQ-2
simulates evolution of the concentration of 12 chemically interacting
species., SAIASP also estimates the evolution of concentration of
urban atmospheric smog-related pollutants, including ozone. SAIASP
and LIRAQ are rather input data-intensive grid-type air quality
simulation models (AQAMS)., The PBM is a simpler stationary single-
cell photochemical AQSM, It provides hour-averaged measures of air
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quality. Spatial resolution is not possible within the dimensions of
the cell (on the order of 20-30 km). LPAQSM follows a parcel of air,
typically 5 x 5 km by 1.5 km high, to model emissions, transport and
transformation of species in the presence of ultraviolet radiation
between sunrise and sunset on a single day. The major function of
OZIPP is to generate an ozone isopleth diagram representative of a
particular city. The diagram explicitly depicts maximum, l-hour
average concentration of ozone occurring within or downwind of a city
as a function of precursor levels existing within the city in the
early morning. RPM-I1 provides a time history of pollutant
concentrations within a chemically reactive point source plume.
ROLLBACK and AVGTIME are included in an assessment category. ROLLBACK
is an AQSM that has been used for assessing the relative air quality
impacts of alternative control strategies. It can be used to estimate
changes in carbon monoxide and annual average nitrogen dioxide levels
due to assumed changes in CO and NOx emissions, respectively. AVGTIME
uses either measured or dispersion modeled air quality data for one
averaging time to calculate percentiles and expected maxima for other
averaging times for which air quality standards have been written.

d. Special Purpose

The next category contains three special-purpose models: BLP,
Aerial Spray Assessment Model (ASAM), and PLUVUE, BLP is a dispersion
model designed to handle unique modeling problems associated with
aluminum reduction plants and other industrial sources where plume
rise and downwash effects from stationary sources are important. ASAM
is a line source model that calculates centcrline concentration
perpendicular to the aerial spray line. It assists spray personnel to
determine the best spray altitude for certain wind conditions, target,
and off-target concentrations. PLUVUE calculates visual range
reduction and atmospheric discoloration caused by plumes consisting of
primary particulates, nitrogen oxides, and sulfur oxides emitted by a
single emissions source.

e. Rocket Firing

The ADOBE EQUATIONS, MODIFIED CRAMMER-GAUSSIAN EQUATIONS and the
REED models are included in a category applicable for rocket firings.
The ADOBE and MODIFIED CRAMER-GAUSSIAN equations are site=specific to
AFRPL. ADOBE is used for small (< 4000 pounds) horizontal rocket
motor firings. The model is best for quasi-instantaneous hot
horizontal releases, but may be used for longer or cooler releases
with some confidence. Modified Cramer-Gaussian is used for larger (2-
44 tons) vertically fired static rocket motor firings. The REED
Meteorological, Cloud Rise (source) and Multilayer Diffusion Models
are designed to generate a mapping for the air quality concentration
levels of the exhausted constituents from launch operations., Options




for precipitation scavenging, gravitational settling and surface
absorption of a constituent afford the potential for studying the

Earth quality.
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f. Summary of Air Models by Types

TABLE H-2, MODELS BY CATEGORY
CATEGORY 1 PRIMARY POLLUTANTS ON A LOCALIZED SCALFL

Group 1 Level Open-Country Terrain Group 3 Nonlevel Terrain

PTMAX CRSTER
PTDIS CRSTER2
PTMTP MPTER
PTPLU VALLEY
RAMR
TURNER 'S WORKBOOK Group 4 Transportation
P23A-B
HIWAY
Group 2 Urban-Level Terrain HIWAY2
MODHIWAY
SIMPLE ATDL APRAC~1A
CDM APRAC-2
CDMQC PAL
AQDM AVAP
RAM AQAM
TCM2
TEM8 Group 5 Comprehensive/Multioption
IsC
A™
CATEGORY II REGIONAL SCALE
RCDM
REGMOD
ARL-ATAD
CATEGORY III REACTIVE POLLUTANTS CATEGORY V SPECIAL PURPOSE
LIRAQ BLP
SAIASP ASAAM
PBM PLUVUE
LPQSM
0ZI1IPP CATEGORY VI ROCKET FIRINGS
RPM-11
ADOBE
CATEGORY IV ASSESSMENT MODIFIED CRAMER~GAUSSIAN
REED
ROLLBACK
AVGTIME CATEGORY VII
SIGMET
SLAB
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(a) Index of Air Models
(1)

Model acronym:
Model name:

Sponsor:

Developer:
Type of model:
Abstract:

Document citations:
Principal users:

Asgumptions:

Implementation level:

Current hardware:
Input requirements:

Output format:

User manual:

Date of latest documents:
Learning difficulty:
Geographic area:

o L =
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2. ALPHABETICAL LISTING OF AIR MODELS

ADOBE EQUATIONS

Atmospheric Diffusion of Beryllium Fquations
Air Force Rocket Propulsion Laboratory, Air
Force Systems Command, Edwards Air Force
Base, Californie

FEdwards Air Force Base, California

Alr

The ADOBE equation is used for small (less than 4000 pounds), horizontal
rocket motor firings. The model is best for quasi-instantaneous hot horizon-
tal releases but may be used for larger or cooler releases with some confid-
ence., The equations used at AFRPL yield solutions at the 952 confidence level.

AFRPL-TR-70-65. Vol. I, II, 1II
AF -~ AF Rocket Propulsion Laboratory,
Edwards AFB

The equations were developed using a regression analysis on data obtained
at AFRPL from horizontal static test firing and are site-specific. Not
applicable to buoyant vertical releases,and solutions may not be dependable
for distances less than 2000 feet or greater than 40,000 feet.

This is a set of equations that could be
implemented on anything.

IBM 1800

Mean horizontal wind speed, horizontal wind
direction variance, temperature deviation
Sfc=54 ft and any two of the following;
exposure, distance,amount released.

When two of the three variables above are
entered, the equation will solve for the
third variable.

Yes

1971

Low

Developed on data obtained at AFRPL

| Analytical Features for
j Model: Air Quality

Reactive pollutant: No

Nonreactive pollutant: Yes

Physical loss out of

element: No
Variable wind speeds: Yes
12
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Variable wind direction:
Variable 1nversion base

height.
Variable reactive pollutants:

Ygriablq incident sunlight:

Complex topography:

Simply topography:

Vertical pollutant dispersion:

Crosswind pollutant dispersion:

Multxelement interactive:

sTngle clement:

Stmultnneouq Lpllq&ﬂg&
LnLroduction.

thlunal | and subcontinental:

Locallzed:

Time scale: Hours

1Lme srnle. Days

ljmc qcale. Years

Temperature deviation and

horizontal wind direction

variance:

No

No
No
No
No
Yes
Yes
Yes
No
Yes

No
No
Yes
Yes
No
No

Yes

13
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(2)
Model name: Aerial Spray Assessment Model .
Type of model: Alr

Abstract:

The Aerial Spray Assessment Model is a line source model that calculates
centerline concentrations perpendicular to the spray line. fThe model is
run prior to aerial spray operations and assists the spray personnel to
determine the best spray altitude for certain wind conditions, target and
of f-target concentrations.

Document citations: USAF Environmental Technical Application
Center, USAFETAC Report 7920.

Principal users: Air Force, Scott AFB

Output format: Centerline concentrations

Analytical features for Model: Air Quality

Linear sources: Yes

14
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(3)
Model acronym: AIRTEST
« Model name: AIRTEST
Sponsor: Teknekron Research, Inc.
Developer: Same as above
Contact: Dr. Andrew Van Horn
3" Contact address: Teknekron Research, Inc., 2118 Milvia
E Street, Berkeley, CA 94704
ﬂ Contact telephone: (415) 548-4100
g Type of model: Cost-benefit
Abstract:
p The Air Test Model is a preprocessor to the Utility Simulation Model, which

can also be used as a stand-alone model. Using actual fuel and specified
generation for each power plant or generating unit, it calculates for 1
year the controlled and uncontrolled emission of SO,, NOx, and particulates.
In addition, the model selects the least-levelized Cost fuel and pollution
control option to meet unit specific emissions standards.

% Functional Capabilities: The options to meet the apblicable S0,, NOx, and
. particulate standards currently include: actual 1979 for fuels burned in

the generating unit, coal washing on a coal specific basis, low sulfur coal

options for each unit, coal blending to meet unit specific standards, wet

and dry FDG, ESPs, fabric filters, low excess air, staged combustion,

flue gas recirculation, limestone injection burners and oil hydrodesulfuri-
" zation. The Air Test Model passes each unit's low cost and fuel character-
istics on to the Utility Simulation Model.

PDocument Citations:

' REFERENCES: Carol Bowan, Don Clements, Michael Moffet, Andy Van Horn.
! ALRTEST User's Guide, Nov. 1980,

Teknekron Report No. (RM-060-DOE-80)

Principal users: AIRTEST is currently being used in the Acid
i Rain Mitigation Strategies research program.
) Assumptions: Assumes minimization of levelized cost of

2 fuel and pollution control vs. the decision
factor in selection of fuel and technology.

- . Current hardware: CbC 7600, IBM
. Current implementation: Mainframe computer
Software language(s): FORTRAN
Word size(s): 60-bit, 32-bit
. Input requirements: Actual fuel and specific generation for each
- power plant or generating unit to be considered.
Y Output format: Controlled and uncontrolled emissions to SOx,

NOx, and particulates, pollution control
option and cost and fuel type and cost for
edach unie.,

15
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Load module storage: Disc storage - 200 tracks

User manual: Yes -
Systems documentation: Yes
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(4)

Model acronym: APRAC~1A

Model name: Alr Pollution Research Advisory Committee-
Model 1A

Sponsor: Environmental Protection Agency and coor-
dinating Research Council

bDeveloper: Stanford Research Institute

Contact: D. Bruce Turner

Contacl address: EPA Environmental Sciences Research Lab,
Mail Drop 80, Research Triangle Park, NC
27711

Contact telephone: (919) 541-4564

Availabilivy: The source program for this dispersion model

is available as part of UNAMAP (Version 4),
Accession Number PB 81 164 600, for $840
from Computer Products, NTI§ Springfield,

VA 22161
Type of model: Alr
Summary: Computes hourly averages of carbon monoxide

for urban locations.
Abstract:

Stanford Research Institute's urban carbon monoxide model. Com:ut-s

hourly averages for any urban location. Requires an extensivs tvaffic in-
ventory for the city of interest. The APRAC-1A diffusion mede: was developed
as a versatile and practical model for computing the concentrations of
pollutants at any point within a city. The model calculates pollutant con~
tributions from diffusion on various scales, including: extraurban diffusion,
miinly from sources in upwind cities; intraurban diffusion from freeway,
arterlal, and feeder street sources; local diffusion of emissions within a
street canyon.  The model treats only carbon monoxide (c), a relatively

inert gas in the atmosphere but an lmportant pollutant in terms of health.
Motor vehicles are the major source of this gas.

bDocument citations:

User's Manual for the APRAC-1A Urban Diffusion Model Computer Program,
8 213 091, NTIS, Springfield, VA 22161.

Practical Multipurpose Urban Diffusion Model for Carbon Monoxide, PB 196 003,
NTIS.

Ficld Study for Initial Fvaluation of an Urban Diffusion Model for Carbon
Mnnuxldo, PB 203 469, NTIS.

Evaluatfon of the APRAC-IA Urban piffusion Model for Carbon Monoxide,

P 210 813, NTIS.
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Dabbert, W.F.; Ludwig, F.L.; and Johnson, W.B., .Jr. "Validation and Applica-
tions of an Urban Diffusion Model of Vehicular Pollutants' Atmospheric
Environment, 7, 603-618, 1973.

Johnson, W.B.; Ludwig, F.L; Dabbert, W.F.; and Allan, R.J. "An Urban
Diffusion Simulation Model for Carbon Monoxide, " Journal of the Air Pollution
Control Association, 23 (6), 490-498, 1973.

A source program available as part of UNAMAP, (Version 4), $840, PB 81 164
600, NTIS, Springfield, VA 22161.

Validation: Reviewed and approved by OAQPS
Assumptions:

A. Source-Receptor Relationship. The user specifies the set of traffic
links (line sources) by providing link endpoints, road type and daily
traffic volume. The traffic links may have arbitrary length and orientation.
Off~-1ink traffic is allocated to a 2 x 2 mi, grid. Link traffic emissions
are aggregated into a receptor-oriented area source array. The boundaries
of the area sources actually treated are (1) arcs at radial distances from
the receptor which increase in geometric progression; (2) the sides of a
22.52degree sector oriented upwind for distances greater than 1000 m. A
similar area source array is established for cach receptor. Sources are
assumed to be at ground level, and up to 10 receptors are allowed in the
model. Receptors are at ground level and their locations can be arbitrary.
Four internally defined receptor locations on each user-designated street
are used in a special street canyon submodel,

B. Emission Rate. Daily traffic volume for each link and off-link grid
square 1is input and modified by various factors to produce hour-by-hour
emissions from each link. Link emissions are aggregated as described above:
sector area source contributions are obtained analytically. Off-link traffic
emissions on a 2 -mile grid square are added into the sector arca sources.
In the street canyon submodel, a separate hourly emission rate is provided
by the user for the link in question.

‘C. Plume Behavior. The model does not treat plume rise, and it does not
treat fumigation or downwash except in the street canyon submodel , In the
street canycn submodel , a helical circulation pattern is assumed.

. D. Horizontal Wind Field. Ipput for the model is hourly wind speed and

direction in tens of degrees. No variation of wind speed or direction with
height is allowed. A constant, uniform (steady state) wind is assumed
within each hour.

E. Vertical Wind Speed. This is assumed to be equal to zero except in the
street canyon submodel , where a helical circulation pattern is assumed.

F. Horizontal Dispersion. Section averaging has a uniform distribution

within sectors. Each section larger than 1 km., is divided into sectors of
22.5 degrees; sections within 1 km, of size are divided into sectors of 45
degrees.

Ty ew
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;. Vertical Dispersion. The model utilizes a semiempirical/Gaussian

plume. There are six stability classes, and each stability class is deter-
mined internally from user-supplied meteorological data (modified by Turner,
1964)., Dispersion coefficients from McElroy and Pooles (1968) have been
modified using information in Leighton and Ditmar (1953). No adjustments are
made for variations in surface roughness, and the downwind distance variation

of a (z) is assumed to ax (b) for purposes of doing analytic integration.
In the street canyon submodel , an empirical function of wind speed and
street width and direction is used.

H. Chemistry/Reaction Mechanism. This is not treated.

1. Physical Removal. This is not treated.

J.  Background. The box model used to estimate contributions from upwind
sources beyond 32 km. is based on wind speed, mixing height and annual

fuel consumption. 1Tn the street canyon submodel , contributions from other
streets are included In the background,

Current implementation:
Current hardware:

wurd 5170(5)
npv ating systems:
lLines ol source code:

Numhor nf subrout (nes:
leut requirements:

Fmission and meteorological data:

Mini and mainframe computers

(1) mainframe UNIVAC 1110, (2) CDC 6400,

(3) IBM 360/50, (4) VAX 11/780

FORTRAN, FORTRAN II, FORTRAN 1II, FORTRAN 1V
(1) --, (2) 60~bit, (3) 32-bit,

VMS

2015

19

Emissions are a function of the hour of

the day and the day of the week, and meteorological parameters are functions

ot the hour of the day.

Output format:

Source program storage:
tser manual:
System d()ginglt_qtion.

Date of first verslon:
nnle of latest verslon:

Dntc of latest documentq:

Mu(hxne 1nterfare
ll'xb—r‘ vq‘@pjlgrt

(qq{jgpgﬂ enhancements:
tonfidentiality:
Statutory authority:

UPdllc trequencies:

TEST DATA available with UNAMAP, RADIOSONDE
and hourly surface data available from NCC,
Federal Building, Asheville, NC 28801

Hourly concentration values at each receptor;
frequency distribution based on hourly
values.

45,000 words of memory CDC, 32K core UNIVAC
Yes

Yes

1972

1972

1973

Batch

Medium-high

Yes

Yes

Releasable to the general public

EPA guideline model (1978)

As part of UNAMAP, when errars are found and
corrected or when changes are made, updated
versions are usually released.

19
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Analytical Features for
Model:

Reactive pollutant:

Physical loss out of element:

Variable wind speeds:

Nonreactive pollutant:

Variable wind direction:

Variable inversion base
height:

Variable reactive pollutants:

Variable incident sublight:

Point sources:

Linear sources:

Area sources:

Complex topography:
Simple topography:

Vertical pollutant dispersion:
Crosswind pollutant dispersion:

Multielement interactive:

Single element:
Simultaneous pollutant

introductions:
Regional and subcontinental:
Localized:
Time scale: Hours
Time scale: Days
Time scale: Years
Street canyon submodel:

Afir Quality
No
Yes
Yes
Yes
Yes

Yes
No
Yes
No
Yes
No
No
No
Yes
Yes
No
Yes

Yes
No
Yes
Yes
No
No
Yes
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Model acronym: APRAC-2

Model name: Air Pollution Research Advisory Committee Model2

Contact: Linda Larson

Contact address: US EPA Region 9, Air & Hazardous Materials Div.
215 Fremont Street, San Francisco, CA 94105

Contact Telephone: (415) 5%6-2004

Type of Model: Air

Summar y: Estimates ambient air concentration for hydro-

carbons, carbon monoxide, or oxides of nitrogen.
Abstract:

The APRAC-2 model is a revised version of the APRAC-1IA diffusion model. It
maintains basically the same approach to the simulation of atmospheric diffu-
sion, but it incorporates recent advances in the estimation of vehicular
emissions and in the dissemination of traffic information. One of the most
important characteristics of the APRAC-2 model is its ability to make full

use of the historic records and the projections available from the Federal
flighway Administration's (FHWA) battery of computer programs. Mixing depth
information from alternative sources can be used. The model now can provide

as outputs the amount of pollutant emitted in grid squares throughout the

arca. The APRAC-2 model uscs EPA's emissions calculation methodology from
Supplement No. 5 to AP-42.

The model has two major components, a diffusion module (called
DIEMOD) and an emission module (called EMOD),. The emissions module
can operate without the diffusion module, but the diffusion model requires the .,
outputs of the emissions module as inputs., Each of the two modules has

neveral major components. The emissions module has components to calculate
tables of emissions, a component to determine emissions on each roadway link
and a component that estimates the emissions within each grid square.

The three major functions of the diffusion model are to: (1) calculate
diffusion, (2) derive, from conventional meteorological information, the
stability, mixing depth and wind parameters used by the model, and (3)
simulate small scale effects near the receptor. Diffusion calculations can

be made for as many as 625 locations for a single hour, as many as 10 locations
for a single dav or for a year at a single station. There are two subrou-
tinecs in the smallescale effects cateqory; one treats canyon conditions and

the other simulates traffic and dispersion in the vicinity of an intersection.

APRAC-2 can treat hydrocarbons, carbon monoxide, or oxides of nitrogen.
piffusion calrnlations make use of areceptor-oriented Gaussian plume model.
lLocal winds at the receptor can be uged, and they are interpolated from
miltiple wind inputs. Mixing heights may be calculated from sounding data

ot input directly, A small program is included for decoding Federal Highway
Aministration data tapes,

Document citations:

Helffter, J.L., and Taylor, A,D., A Reqional Continental Scale Transport
piffusion and Deposition Model, Part I: Trajectory.Model National Oceanic
and Atmospheric Administration Technical Memoranda. FRIL ARL-50 pp. 1-16,
1975,
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s Johnson, W.B., Dabberdt, W.F., Ludwig, F.L., and Allen, R.J., Field Study
o for Initial Evaluation of an Urban Diffusion Model for Carbon Monoxide,
i:ﬁ Comprehensive Report CRC and Environmental Protection Agency, Contract
e CAPA-3-68 (1-69), 1971.

N0

Kircher, D.S.; and Williams, M.E., Supplement No. 5 for Compilation of Air
Pollutant Emission Factors (AP-42), Chapter 3 second edition, U.S.

L Environmental Protection Agency, Office of Air Quality Planning and

N Standards (OAQPS), 197S.

o Kunselman, R., McAdams, H.T, Domke, C.J., and Williams, M., Automobile
v Exhaust Emission Model Analysis Model. EPA Contract 68-01-0433, Calspan
Corporation, Buffalo, New York, 1974.

i

:i; Ludwig, F.L.."Urban Air Temperatures and Their Relation to Extra-lUrban
é:i Meteorological Measurements,"” Proceedings of the Semiannual Meeting of
ﬁﬁ: the American Society of Heating, Refrigeration, and Air Conditioning

~ Engineers, Survival Shelte: Problems, Part 11, San Francisco, pp. 40-45,

January, 1970.
ﬁ} Ludwig, F.L., and Dabberdt, W.F., Evaluation of the APRAC's Urban Diffusion

A Model for Carbon Dioxide, Final Report, CRC and EPA Contract C APA-3-68
Qﬁ (1-69), 1972.

Ludwig, F.L., and Dabberdt, W.F., "Comparison of Two Atmospheric Stability

" Classification Schemes in an Urban Application,” Journal of Applied
;3 Meteorology, 15, 1172-1176, 1976.

5? Ludwig, F.L., Johnson, W.B., Moon, A.E., and Mancuso, R.L., A Practical,
- Multipurpose Urban Diffusion Model for Carbon Monoxide, Final Report,
Coordinating Administration Contract CPA 22-69-64, 1970.

N
3 Ludwig, F.L., and Kealoha, J.H.S., Selecting Sites for Carbon Monoxide
= Monitoring, Final Report, EPA Contract 68-02-1471, Stanford Research
,}Z Institute, Menlo Park, California, 197S.

Mancuso, R.L., and Ludwig, F.L., User's Manual for the APRAC=-1A Diffusion
e Model Computer Program, CRC and EPA, Contract CAPA-3-68 (1-69), 1972.

'5: Sagi, G., and Campbell, L., "Vehicle Delay at Signalized Intersections,"
. Traffic Engineering, 1969.

- Sancys, R.C., Bader, P.A., and Dabberdt, W.F., ISMAP: A Traffic Emissions
A Dispersion Model for Mobile Pollution Sources, Prepared for the California
:5 Business Properties Association, Hawthorne, California, by the Stanford
R Research Institution, Menlo Park, California, 1975.

"ﬂ U.S. Department of Transportation, Urban Transportation Planning General
iy Information, Federal Highway Administration, 1972,

.- Level of Validation: Medium

o
.

) 22

N

'A
»

e e . "

. PR P . [N . - [ . .

PRI TP e L R T T S RN .. -
PRIS YN O PU N VR DA W IR W U WA WL UK IR W W WY U S WA WP P




Lid
L.

T v s s VTR
AR RS A S R .

Asisumpt fons:

The method utiltzed bv APRAC-2 for computing emission factors has been
described in detail by Kircher and Williams (1975). Percentages of
vehicles operating in cold, hot transient and hot stabilized models are
assumed to vary with vrime of day and from one part of a city to another.
15 land use categories are not specified, the model assumes that all
central business district area types correspond to the same locale type.
“ore city areas are assumed to be commercial if their average weekday
traffic exceeds 10,000; otherwise the locale is taken to be residential.
The locale for areas that do not fit specified categories is taken to be
rural or unclassified.

A Guassian-plume diffusion formulation is used for diffusion calculations.
The model uses an atmospheric stability algorithm derived by Ludwig and
Dabbert (1976). Daytime stability categories are based on wind speed and
the strenqgth of the incoming solar radiation.

Current implementation:

Mainframe computer
Current. hardware: Mainframe CDC 6400
software language(s): FORTRAN
Word size(s): 60-bit

Input. requirements:

1f FHWA traffic data are to be used, they must first be converted to a
tormat compatible with the rest of the program. For IBM machines this is
done with the program COMSIS, which will read and unpack the data and then
vreate a file for subsequent wuse by the APRAC-2 program.

The input required to operate the EMOD module are as follows: the first 17
cards are all required to identify which options are to be used during the
run and the other parameters that define the nature of the run. The next
72 cards define the diurnal traffic cycles appropriate to different kinds
of roadway, areas of the city and days of the week.

At least 22 cards are required to operate the DIFMOD wmndule. The first six
cards are required to define the region, the types of caicilations to be
made and the coordinates of the receptors in kilometers with the origin at
the same place as the emissions qrid. Cards D-6 through D-9 define the
length of the run, street canyon features, intersection link features and
voordinates, holidays and pollutants to be treated. Cards D-10 through
b-15b define upwind background concentrations; mixing depth input type;
station, date, maximum and minimum temperatures, and daylight savings time;
radiosonde data, weather data, wind data for up to 100 sites; intersection
traffic parameters, and intersection signalization parameters.

Analytical Features for Model: Air Quality
Reactive pol]utant- No
Ny_n r f.“f.'.‘l’,e po—fl.utant Yes
'”Uﬂ_ﬂlll loss 0ut4;? element : No
Variable wind §peedu- Yes
Variable wind direction: Yes
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Variable inversion base height: Yes
Variable reactive pollutants: No
Variable incident suhlight: Yoo
Point sources: No -
Linear sources: Yes
Area sources: No
Complex topography: No
Simple topography: No ‘
Vertical pollutant dispersion: Yes
Crosswind pollutant dispersion: Yes
Multielement interactive: No
Single elegent: Yes
Simultanéous pollutant

introductions: Yes
Regional and subcontinental: No
Localized: Yes
Time scale: Hours Yes
Time scale: Days No
Time scale: Years No
]
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Model acronym: AQAM
Model name: Air Quality Assessment Model
Sponsor: Air Force Weapons Laboratory
Deve loper: Argonne National Laboratory & later AFESC
Availability: Public
Type of model: Air
> Summary: A generalized air quality assessment model

LA

for Air Force operations,
Abstract:

An cxtensive set of emissions models for all air pollutant-generating activi-
ties, both stationary and mobile, on and around the airbase, including air-
borne {light operations, has been tested. This model is capable of handling
miltipollutant emissions from point, area or line sources categorized by
afrcraft, alr base or environ origin at any air base with a time resolution
of up to one hour. The emissions models calculate annual average emissions
which are allocated in time according to various temporal distribution
techniques.

A long-term model based on the well known "Air Quality Display Model" (AQDM)
is used to estimate pollutant concentrations over a grid of receptors on a
long-term basis in a manner quite analogous to the annual averages produced
by AQDM, with the additional capability of monthly and limited diurnal time
resolution. Meteorological input (wind speed and direction, and stability)
to the long-term model is based on multiyear historical records of weather
data. The necedsary meteorological input data for each air base are contained
on a magnetic tape prepared by the U.S. Air Force Environmental Technical
Application Center.

Real-time, hourly average pollutant concentrations are calculated over a
receptor grid by a short-term model using the conventional Gaussian plume
technique which accounts for hoth lateral and vertical plume diffusion.

The short-term model uses hourly average wind speed and direction, stability
and mixing depth that are assumed constant over the hour for which a cal-
culation is being performed.

Document citations:

A Generalized Air Quality Assessment Model for Air Force Operations, AFWL-TR-

Mr Quality Assessment Model (AQAM) Field Data Collection Guide, AFWL-TR-
75-220.

Air Quality Assessment Model (AQAM) Data Reduction and Operation Guide,
AFWL-TR=-75-307.

A _Computerized Edit Program for the Air Quality Assessment Model (AQAM).,
AFWL=TR-76~68.
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Principal users: Air Force
Assumptions:

Transport and dispersion of pollutant emissions are modeled using the steady
state Gaussian plume formulation (based on a 1- hour averaging time) for
point, area and line sources. Sources of finite initial volume are treated
by a virtual source technique. Line sources are treated by an analytical
integration over the length of the line, whereas square area sources are
treated as pseudopoint gources located some distance upwind of the actual
area source. Travel time and/or travel distance dependent dispersion co-
efficlents are used to estimate lateral and vertical diffusion of the plume
according to stability as determined by Turner's criteria. The effective
emission height is estimated using the downwash rules of Briggs and plume
rise equations due to Holland or Carson-Moses. Depth of the mixing layer
is calculated using a model recently developed by the USAF which depends on
surface weather observations and includes both mechanical and thermal con-
tributions.

Current implementation: Mainframe computer
Current hardware: CDC 7600

Software language(s): FORTRAN

Word size(s): 60-bit

Input requirements:

Meteorological: 1 annual and 12 monthly for 7 daily time frames for mean;

.Lemperature, temperature range, heating degree hours, station

pressure, pressure altitude, wind speed; percent time prime runaway is
potentially active, wind stability cases and mixing depth. Point, area
and line source parameters for aircraft, air base and environ sources.

Input databases: Meteorological data tapes are developed and
run by USAF Environmental Technical
Applications Center in Wash., D.C.

Output format:

Results are written in time blocks. Each time block is equivalent to the
time period for which pollutant concentrations have been calculated. Within
each time block a header record is written describing concentration data,
time period, structure of receptor grid for each source categyory and total.

Load module storage: Ip to 140K octal words of core

Data storage: Source inventory less than 150K octal words
of core

User manual: Yes

System documentation: Yes

Date of first version: 1973

Date of latest documents: 1976

Machine interface: Batch

Learning difficulty: High

Continued enhancement: It was planned in AFWL=~-TR~74-304 document.

Confidentiality: Approved for public relecase; distribution
unlimited.
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Analytical features for

Model: Alr Quality
(\ Reactive pollutant: No
o Nonreactive pollutant: Yes
2 Physical loss out of element: No
; . Variable wind speeds: Yes
’ﬁ Variable wind direction: Yes

Variable inversion base height: Yes
Variable reactive pollutants: No

SO Variable incident sublight: No
. Point sources: Yes
L l.inear sources: Yes
e Area sources: Yes
g% Complex topography: No
i Simple topography: Yes
- Vertical pollutant digpersion: Yes
i Crosswind pollutant dispersion: Yes
- Multielement interactive: No (2)
b, Single element: Yes
o Simultaneous pollutant
A introduction: Yes
.- Regional and subcontinental: No
- Localized: Yes
o Time scalc: Hours Yes
- Time scale: Days Yes
.2 Time scale: Years Yes
Variable space and time
’ emission factors: Yes
- It 18 multielement but not
. interactive: ) Yes
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Model acronym: AQDM

Model name: Air Quality Display Model

Sponsor: National Air Pollution Control Administration,
DHHS, U.S. Public Health Service

Developer: TRW Systems Group

Contact: Joe Tikvart

Contact address: USEPA Office of Air, Noise & Radiation
Mutual Building
411 West Chapel Hill Street
Durham, NC 28801

Contact telephone: (919) 541-5262

Availability: Public

Type of model: Air

Summary description: Estimates annual arithmetic average of SOx
and particulate concentrations,

Abstract:

The Air Quality Display Model (AQAM) is a three-dimensional, stcady state
air model used in the evaluation of area sources in "rough" urban areas.
The AQDM treats the physical processes of both transport and diffusion,
The model is appropriate for examining areas ranging in size from small
localized vicinities to whole urban areas, and it has a long-term appli-
cation for the evaluation of seasonal or annual air quality variations.

Document citations:

Croke, E.J., et al.,Regional Implementation Plan Evaluation Process,
ANC/ES-DA-001, Argonne National Laboratory, Argonne, Illinois, July 1970.

National Air Pollution Control Administration, Air Quality Display Model,
PB 189 194, Washington, DC, November 1969,

Level of validation: Medium-high
Assumptions:

The AQDM is a deterministic model that uses an analytically integrated
gsolution technique. 1t assumes a steady state for air quality constituents
and assumes Gaussian diffusion and homogeneous discrete atmospheric con-
ditions.

The AQDM model does not simulate chemical processes, but it does treat

the physical processes of transport and diffusion in "rough" urban areas.

It uses a one layer discretization and a user-specific 14 x 14 grid. A

225 grid receptor with 12 additional receptor points is also user-specified.
The fixed-point meteorological data do not describe micrometeorological
variations within the city, nor do they describe "urban heat island" air
circulations. The model has a sensitivity to effective stack height, wind
speed and wind stability, It is limited to SOx and suspended particulates,
and is designed for annuval average and seasonal applications.
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tCurrent implementation: Mainframe computer

Current hardware: Mainframe IBM 360/40 or equivalent
Soltware ]angpagegsz FORTRAN
Word size(s): 32-bit

I[nput requirements:

Inputsto the model for Initial setup and calibration include: Point and
area residual discharges and stack parameters which consist of height,
diameter, temperature and exit velocity; meteorological data contaiaing
wind gpeed and direction, stability and mixing height; and several ambient
air concentration measurements. Model data requirements for verification
incorporate the above mcteorological data and ambient air concentration
measurements.

Output format:

Out puts for the model include ambient concentration values given at grid
locations, ground level or other user-selected points. These values are
given in the form of tabular printouts or card decks for use with CALCOMP
or SYMAP plot programs. Some of the special features of the AQDM output
are its statistical output routines, receptor contribution analysis and
calibration subroutine.

lLoad module storage: 300 Kbytes core storage

User manual: Yes
Date of first versionm: 1969
LonLLnued enhancement: No
Analytical features for
Model : Air Quality
Reactive pollutant: No
Nonreactive pollutant: Yes
Physlcal loss out of elements: No Time scale: Years: Yes
Variable wind speeds: Yes 1l or 2 pollutants released
Variable wind direction: Yes simultaneously no reaction: Yes

Varlable inversion base height: Yes
Variable rcactive pollutants: No

Varinblg_incident sunlight: No
Point sources: Yes
Lincar sources: No
Artd sources: Yes
Complex __R_g;aghz No
Simple topography: Yes

Vertical pollutant dispersion: Yes
Crosswind pollutant dispersion: Yes

Multielement 1interactive: No
ingle element: Yes
blmulLaneouq pollutant
introductions: Yes
Regional and subcontinental: No
lLocalized: Yes
Time scale: Hours: No
Time scale: Days: Yes
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Model acronym:
Model name:

Sponsor:
Developer:

Contact:
Contact address:

S it A A AL N AR NG gt ed Wik A i

ATDL and (Simple ATDL)

Atmospheric Turbulence and Diffusion Lab-
oratory Computer Model for Dispersion from
Multiple Sources

NOAA and AEC

Air Resources Atmospheric Turbulence and
Diffusion Laboratory, NOAA,Oak Ridge
Steven R. Hanna

Alr Resources ATDL, NOAA, Oak Ridge,

TN 37830

G L T R SR S S M SR it it e

Availability: Public

Type of model: Alr

Summary: Straightforward model for estimating surf.ce
concentrations due to point and area
sources.

Abstract:

The model estimates surface concentrations of pollutants in regions contain-
ing multiple point and area sources. The simple ATDL box model reduces to
concentration proportional to source strength and inversely proportional to
wind speed. A dimensionless parameter for a given stability also enters
into the model.

Document citations:

Hanna, S.R., Description of ATDL Computer Model for Dispersion from Multiple

Sources, paper presented during the Proceedings of the 2nd Annual Industrial
Air Pollution Control Conference, Knoxville, TN, 20-21 April 1972,

Hanna, S.R., Dry Desposition and Precipitation Scavenging in the ATDL
Computer Model for Dispersion from Multiple Point and Area Sources, ATDL
Contribution File No. 71, Oak Ridge National Lab., TN, 1973.

1)

Gifford, F., The Simple ATDL Urban Air Pollution Model, paper presented
during the Proceedings of the 4th Meeting of NATO/CCMS Panel on Modeling,
30 May 1973.
Validations:

Assumptions:

Medium-high

Gaussian dispersion kernel is used where the dependence on y is removed for
area sources because plumes are generally quite narrow. Assumes that G
obeys a power law and that the area source strength in any grid square is
uniform across that square. Steady state is assumed for a reasonable
period of averaging the meteorological and source conditions.

Current implementation: Mainframe computer

Current hardware: 1BM 360/65
Software language(s): FORTRAN 1V
Word size(s): 32-bit
Lines of source code: 350

30
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Ef Lnput requirements: Grid dimensions, wind speed, wind direction,
' 4 frequency, source strengths and heights
Qutput format:
Wind direction freq. distribution, 9 x 9 matrix of direction frequency
distribution divided by wind speed, other inputs, concentrations.due to
area sources, point sources, and all sources, ratio of concentration due
to area sources to concentrations due to all sources.
hate of Tirst version: 1970
bate of latest versfon: o7
Machine intcrface: Batch
Learning difficulty: Low
User support: Yes
Analytical Features for
Model : Alr Quality
Orig/Update Simple
Reactive pollutant: No No
Nonreactive pollutant: Yes Yes
Physical loss out of No/Yes No
element:
Variable wind speeds: Yes Yes
Variable wind direction: Yes No
Variable inversion base No No
height:
variable recactive No No
pollutants:
Variable incident No No
sunlight:
Point sources: Yes No
Linecar sources: No No
Area sources: Yes Yes
Complex topography: No No
Simple topography: Yes Yes
Vertical pollutant Yes Yes
dispersion:
Crosswind pollutant No No
dispersion:
Multielement No No
T intcractive:
Single element: Yes Yes
simultaneous pollutant Yes No
introductions:
Regional and sub- No No
continental:
localized: Yes Yes
Time scale: Hours: No No
Time scale: Days: Yos Yes
Time geale: Years: Yes Yes
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Model acronym:
Model name:

NN SRR

rvv
A

Sponsor:
Developer:

Contact:
Contact address:

I
Fe.
3

Contact telephone:

Availability:
Type of model:

Summary:

Abstract:

a watershed.

posure maxima.

later.

are calculated.

Document citations:

Ridge, TN, 1976.

Principal users:

Level of validation:

This model describes movement of trace materials through the atmosphere and
provides a means of calculating input deposition of trace contaminants to

The comprehensive version of the Atmospheric Transport Model includes the
effect of aerodynamic roughness of dispersion constants, clarifies the roles
of the terminal velocity and deposition velocity, incorporates a tilting
plume for heavy particulates, and includes an episodic calculation of ex-
This model also limits the maximum value of the dispersion
constants in order to retain the emitted material in the planetary boundary
The structure of the program has been modularized in order to
clarify the flow of calculation and allow more flexibility.
atmospheric concentration as well as both wetfall and dryfall deposition

A modified version implemented on a minicomputer calculates population
distributions about a point source as well as the concentration estimates.
Annual average exposure is estimated based on these calculations.

Culkowski, W.M., and Patterson, M.R., A Comprehensive Atmospheric Trans-
port and Diffusion Model, ORNL/NSF/EATC-17, Oak Ridge National Lab., Oak

.‘."‘-‘..'.‘_ AU IR S a
. MV, SR, S L Pl Sy

ATM

Comprehensive Atmospheric Transport and
Diffusion Model

U.S. Energy Research and Development
Administration

Oak Ridge National Laboratory

Joan Lefler

EPA Office of Toxic Substances Evaluation
Division

401 M Street

Washington, DC 20460

(202) 426-0724

Public

Alr

Estimates atmospheric concentrations and
wetfall and dryfall deposition.

Valucs for

Oak Ridge National Lab - Environmental
Sciences Division EPA - OTS
Medium
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Assumpt ions:

Steady sLate gaussian algorithm using joint frequency table of stability
class, wind direction and wind speed class. The model considers washout,

- wet fall and dryfall deposition processes but not rainfall, Deposition

: ’ velocity is assumed equal to the terminal velocity if the terminal velocity

. vxceeds .0l M/5: otherwise material is assumed to have a deposition velocity
. of .0l M/S. Bouyant plume rise based on Brigg's formulation. Single

! centroid approximation for area sources. Terminal velocity given by Stokes'
law for Particles assigned deposition .01 M/S and terminal velocity 0.0 M/S
for gases.

s — 4t

Curreat implementation: Minicomputer ; Mainframe computer
(urront hardware: IBM 370; VAX 11/780

Surtwar( ngJpgcngz FORTRAN I1; FORTRAN IV-Plus

word size(s): 32-bit

Operating system(s): VMS

Lines of source code: 1550

Number o[ suhroutines. 14

_gugg>regxqumeng§

Joint frequency table of stability, wind direction and wind speed class;
mixing height source characteristics - heights and plume rise parameters
pollutant characteristics -~ diameter + density if particulate; diffusivity
if $as.

Input databases: NCC STAR DATA

Output format:

Input data; summary tables for each source type of deposition rate and
increment to concentration; summary table cumulative over all sources types
of dry deposition, wet deposition, total deposition and concentration.

Source program storage: 133.5 Kbytes
Load module storage: 81.5 Kbytes
Data storage: Max = 73.5 bytes; min = 9 Kbytes
User manual: Yes
Systems documentation: Yes
Date of first version: 1973
Date o[ latest version: 1976
Datc oE ]ateqt document : 1976
Ma(hine interface: Batch; Prompt - VAX 11/780
1}3rn1ng difficulty: Medium
Output interpretation: Low

3 User support: Yes
Debugging maintenance: Yes
Cont inucd enhancement Yes
Analytical leatures for

Model ¢ Air Qualicy

Reactive pollutant: No
Nnnyouctivo pollutant: Yes
Physical loss out of element: Yes
Varlable wlnd speeds' Yes
Vnriable wiqg direction: Yes
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l Variable inversion base height: Yes
-‘,.: Variable reactive pollutants: No
< Variable incident sunlight: No A
s Point source: Yes
N Linear sources: Yes
W Area sources: Yes
Complex topography: No
=3 Simple topography: Yes
o Vertical pollutant dispersion: Yes
2N Crosswind pollutant dispersion: Yes
Vv Multielement interactive: No
2 ngle element: Yes
imultaneous pollutant
introductions: Yes
Regional and subcontinental: No
Localized: Yes
Time scale: Hours: No
Time scale: Days: Yes
Time scale: Years: Yes
User- sypplied half-life: Yes
34
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. Model Acronym: AVAP
o Model name: Airport Vicinity Air Pollution Model
0N :HB;Eor~ U.S. Department of Transportation
o N Developer- ‘ Argonne Nat'l Lab., Energy & Environmental
- T Systems Division
Contact address: Argonne National Laboratory
- o Energy and Environmental Systems Division
N 9700 S. Cass Avenue
Argonne, IL 60439
Contact telephone: FTS 972-3786
Availability: Unlimited
?}pq_gi Model : Air
g;ﬁé?ﬁl’ Comprehensive airport simulation model to

estimate short-term pollutant conc.
Abstract:
The model is a comprehensive airport simulation model which can serve as a
tool in evaluating the total air guality impact of all airport operations
on the airport vicinity. The mndel evaluates aircraft, airport inonaircraft
and environ sources and computes pollutant concentrations due to each.

Document citations:

Wang, L.T, Rote, D.M., and Conley, L.,Airport Vicinity Air Pollution Study -
Model Appllcatlon and Validation and \ir Quality Impact Analysis at Washing-
ggn Airport, Iederal Aviation Administration Report Number FAA-RD-74-132m,
July 1974.

Wanq, L.T., Conley, L.A., and Rote, D., Airport Vicinity Air Pollution Model
U.prs Guide, Federal Aviation Administration Report Number FAA-RD-75-230,
December 1975.

Principal users: Federal Aviation Administration
Level of validation: Medium for Washington National Airport

Assumgtionq:

Gausisian plume formulation, plume rise for point sources by the Carson-Moses
tamily, stack downwash by Briggs' formulation, area sources are treated as
cither "far" or "near," wind profile law as determined by DeMarrais. Ele-
vated inversion 1layers are assumed to act as a perfect reflector.

Current implementatigg; Mainframe computer
Qpﬁyent hardware: IBM 370/195
Soltware langqgge(s): FORTRAN IV
- wqfd 513255) 32-bit
Operating system(s): OS/MVT/LASP* * operating system in multi-~

programming with a variable number of
task/local attached support processors,

Lines of source code: 3000
ae Nnmber of subroutines: 21
%3
&
.’.i 35
.f.‘
w
I.-“'t
X e, e e e e e e e e e e e e e e e
.‘..‘.'. ,.A.‘.A\.\ .\.(. .“-‘!: "l? .‘ - p——— " ‘-‘--.. .'.A- .l- -A.' -l-h'l-' .l ’- g “-" -“;. . '4-“&4 '—;;E .J. " '-..IA._I ‘_L;—L -L.‘L I‘L .Lﬁ‘_vnﬁ .-f ‘\"' ‘J




A T A I A I R R A A T SR S T SR S

Input requirements: Tnput is required for airport configuration, air-
craft and ground vehicle operation, stationary
emission sources and meteorology.

Output format:

Computed air quality concentrations due to aircraft, airport nonaircraft, environ
sources, and total are pginted for each hour and 24=hour summary average concen-
trations are printed. Complete tabulation of input data.

Source program storage: 240000 bytes
User manual: Yes
Systems documentation: Yes
Machine interface: Batch
Learning difficulty: Medfum
Output interpretation; Med tum
Confidentiality: Unlimited availability
Analytical Features for

Model: Afir Quality
Reactive pollutant: No
Nonreactive pollutant: Yes
Physical loss out of

element: No
Variable wind speeds: Yes
Varjable wind direction: Yes
Variable inversion base

height: Yes
Variable reactive

pollutants: Yes
Variable incident

sunlight: No
Point sources: Yes
Linear sources: Yes
‘Area sources: Yes
Complex topography: No
Simple topography: Yes
Vertical pollutant

dispersion: Yes
Crosswind pollutant.

dispersion: Yes
Multiele¥§

nteractive: No
Single element: Yes
Simultaneous pollutant

introductions: Yes
Regional and sub-

continental: No
Localized: Yes
Time scale: Hours: Yes
Time scale: Days: Yes
Time scale: Years: No

Stability determination: Yes
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(11)

Model acronym: AVGTIME

Model name: Averaging Time Model

Developer: Ralph Larsen

Contact: Ralph Larsen

Contact address: US EPA Environmental Sciences Research Lab,
Mail Drop 80, Research Triangle Park, NC
27711

Contact telephone: (919) 541-4564

Availability: Public

Type of model: Air

Summary: Estimates maximum concentration and any

percentile for various averaging times.
Abstract:

AVGTIME is a mathematical model based on two characteristics that are often
demonstrated by air quality data: (1) air pollutant concentrationstend to
he lognormally distributed for all averaging times and (2) median (50 percent-
ile) concentrations tend to be proportional to averaging time raised to an
exponent and thus plot as a straight line on logarithmic graph paper. Two
percentile concentratlons (at the same or at different averaging times) are
read into the model and concentrations for the maxima or any percentiles can
then be calculated for other averaging times. Two input concentrations are
entered into the proper equation to calculate two output parameters; the
peometric mean and standard geometric deviation for one averaging time. The
other equations are then used to calculate these two output parameters, the
maxima and the concentrations for any desired percentiles for any other
averaging times.

Document citations:

Larsen, R.I.," A New Mathematical Model of Air Pollutant Concentration,
Averaging Time, and Frequency," Journal of the Air Pollutant Control Assoc.,
19 (1),2430, 1969.

Larsen, R.I1.,A Mathematical Model for Relating Air Quality Measurements to
Afr Quality Standards, Publ. AP-89, U.S. Environmental Protection Agency.
Rt-search Triangle Park, NC, 56 pp., 1971.

’

Larsen, R.1., "An Air Quality Data Analysis System for Interrelating Effects,
Standards, and Needed Source Reductions: Part 4. A Three-Parameter Aver-
aping-Time Model," Journal of the Air Pollution Control Assoc., 27 (5),
454-459, 1977.

Principal users:

The averaging time model has been used to relate air quality measurcments to
afir qualtty standards to determine overall percent emission reductions
necded to achicve air quality standards. Alr quality data for one averaging
t ime have been used to calculate percentiles and expected maxima for other
averaging times for which afr quality standards have been written,
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Validation: OAQPS has reviewed and approved.
Assumptions:

Analyses of air pollutant concentration data suggest that urban concentrations

often tend to fit a general mathematical model having the following three

characteristics:

(1) Pollutant concentrations are lognormally distributed for all averaging
times.

(2) Median concentrations are proportional to averaging time raised to an
exponent.

(3) Maximum concentrations are approximately inversely proportional to
averaging time raise to an exponent.

A two-parameter averaging time model with the above three characteristics has
been developed. Air pollutant concentrations measured near isolated poiut
sources often do not fit a two-parameter lognormal distribution very well.
Such data often do fit a three-parameter lognormal distribution fairly well.
A three-parameter averaging time model has, therefore, been developcd to mode]
such data,

Current implementation: Mainframe computer
Current hardware: Mainframe Univac or IBM
Software language(s): FORTRAN

Input requirements:

The user inputs any two air quality measurements for the two-parameter model,
These two input parameters might be the concentrations excceded 0.17Z and 30%
of the time for l-hour average concentrations,for instance. The two input
concentrations can be at the same or different averaging times. The user
inputs any three air quality measurements into the three~parametcr model, at
either the same or at different averaging times.

Output format:

The equations mentioned under "Abstract" are used to calculate expected
concentrations. Expected highest and second highest concentrations for
various averaging times(l, 3, 8 and 24 hr. and 1 yr.) can be easily deter-
mined by using Table II in Ref. 3. The three~parameter averaging time model is
more difficult to use than is the two-parameter modele. Trial and error
techniques can be used to calculate the third parameter (a constant that is
added or subtracted from each of the three input concentration measurements)
needed to fit the data to a two-parameter lognormal distribution, Alternative-
ly, a 500-card FORTRAN job deck is available that will calculate expected
maxima and percentile concentrations for several averaging times based on
three concentration measurements input to the model. The job deck is
available on request from the "Technical Contact" listed.

User manual: No

Date of latest document: 1977
Learining difficulty: Low
Analytical Features for Model: Air Quality
Nonreactive pollutant: Yes
Physical loss out of element: No
Variable wind speeds: No
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Variable wind direction:

variable inversion base height:

Variable reactive pollutants:

Variable incident sunlight:

Point sources:

L.inear sources:

Area sources:

Complex topography:

Simple topography:

Vertical pollutant dispersion:

Crosswind pollutant dispersion:

Multielement interactive:

Tingle element:

Simultaneous pollutant
introduction:

Regional and subcontinental:

Localized:

Time scale: Hours

EEEE scale: Daxs

Time scale: VYears

1]

AP RSP St it i

No

No
No
No
No
No
Yes
Yes
No
No
No
Yes

No
No
Yes
Yes
Yes
Yes

PR S R Tt IR A

Due to nature of the averaging time model the categories, except for time

scale, were difficult to apply.
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(12)
Model acronym: BLP
Model name: Buoyant Line and Point Source Dispersion Model
Sponsor : FRT and EPA
Developer : Environmental Research and Technology, Inc.
Type of model: Air
summary: Designed to handle unique modeling problems at -

sources such as aluminum reduction plants.

Abstract:
BLP (buoyant line and point source dispersion model) is a Gaussian plume dis- ]
persion model designed to handle unique modeling problems associated with alum-
inum reduction plants and other industrial sources wherc plume rise and
downwash effects from stationary line soOurces are important.
Document citations:
Schulman, L.L., and Scire, J.S., Buoyant Line and Point Source (BLP) Dis-
persion Model User's Guide, Document P-73048, Environmental Research and
Technology, Inc., Concord, MA, (NTIS Accession Number PB 8l 164 642).
Schulman, L.L., and Scire, J.S., Development of an Air Quality Dispersion
Model for Aluminum Reduction Plants, Document P-7304A, Environmental Re-
search and Technology, Inc., Concord, MA, (NTIS Accession No. PR 81 164 634).
Assumptions: Gaussian plume
Current implementations: Mainframe computer
Current hardware: UNIVAC 1100

- Software language(s): FORTRAN

:@ Word size(s): 36-bit

o Line of source code: 2062

_3 Number of subroutines: 21

- Module storage: 20K core
User manual: Yes
Analytical Feature for

Model: Air

Point sources: Yes
Linear sources: Yes
Area sources: No
[}

"
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(13)

Model acronym: CDM

Model name: Climatological Dispersion Model

Eﬁgigbr: EPA

Developer: EPA

Contact: D. Bruce Turner

Contact address: EPA Environmental Sciences Research Lab.,
Mail Drop 80, Research Triangle Park, NC
27711

Contact telephone: (919) 541-4564

Avnxlabmllty See APRAC-1A

Type of Model : Air

Summary : Estimates long-term concentrations of non-
reactive pollutants from area and point
sources.

Abstract:

The Climatological Dispersion Model determines long-term (seasonal or annual)
quasi-stable pollutant concentrations at any ground level receptor using
average emission rates {from point and area sources and a joint frequency
distribution of wind direction, wind speed, and stability for the same period.

Document citations:

Rusge, A.D., nndlzimmerman, J.R., User's Guide for the Climatological Dis-
pers sion Model, EPA-R4-73-024, 6 NTIS PB 227-346/AS.

Brubaker, K.L.,6 Brown, P., and Cirillo, R.R., Addendum to User's Guide for
Climatological Dispersion Model, EPA-450/3-77-015, NTIS PB 274-040.

Source programs available as part of UNAMAP (Version 3), $420, pB 277-193,
NTTS, Springfield, VA 22161.

Principal users: Widely used in the development of Air

i Pollution control programs.

vdlxggs}on' OAQPS has reviewed and approved this model.
Assumptions:

The model assumes that there are no terrain differences between the source
and receptors. A single emission rate is allowed for each point and area
source, For area sources, area integrations are done numerically, one 22.5-
degree sector at a time; sampling at discrete points is defined by specific
radial and anqular intervals on a polar grid centered on the receptor.
Plnme Behavxor- Only Briggs (1971) neutral/unstable formula is used by the
model. 1f the stack height plus the plume rise is greater than the mixing
height, then the ground level concentrations are assumed to be equal to zero.
Ass an alternate to the Briggs formula, the input value of the plume rise
times the wind speed for each point source can be used. No plume rise is
calculated (or area sources. CDMQC and CDM do not treat fumigation or
downwash, Horizontal.Wind Field: The models use a climatological approach
and utilize 16 wind directions and six wind speed classasa.The wind speed

if: corrected for the release heignt based on the power law variation
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exponents from DeMarrais (1959). A constant, uniform (steady state) wind

= is assumed. Vertical Wind Speed: This is assumed to be equal to zero.
ﬂi Horizontal Dispersion: The model uses a climatological approach and assumes
fiﬂ a uniform distribution within each of 16 sectors (narr-plume approximation). -
?ﬁ Averaging time for the models is 1 month to 1 year. Vertical Dispersion:
. The models use a semiempirical/Gaussian plume with five stability classes
- as defined by Turner (1964). Neutral stability is split into day/night
ﬁq cases on input, and dispersion coefficients are taken from Turner (1970). -
-ij The stability classes fcr area sources are decreased by one cateqory from the
5 input values to account for urban effects. Neutral dispersion coefficients
i% are used for all neutral and stable classes. No provision is made for
e variations in surface roughness. Chemistry, Reaction Mechanism: The model
; uses‘exponential decay and a user-input half-life, The same rate constant is
:, always applied. Background: A single constant background value is input
}f for each pollutant.
¥ Current implementation: Minicomputer, mainframe computer
;: Current hardware: Mainframe UNIVAC 1110, IBM 360/370,
ﬁ VAX 11/780
Sl Software language(s): FORTRAN V, FORTRAN IV (Level G), FORTRAN
rgf IV Plus
L~ Word size(s): 32-bit
X Operating systems: VMS
7! Lines of source code: 1313
Number of subroutines: 5
! Input requirements:
o
'53 Meteorological data; point and area source data in rectangular grid array
- joint firequency function, mixing height
X Available databases: DAY-NIGHT, Version of STAR DATA from NCC
Output fornat: Input data; 1 month to 1 year averag-
o ing simulated point and area concentration
v rose for each receptor.
o Source program storage: 20K core
0y User manual: Yes
" System documentation: Yes
Date of first version: 1968 by Martin and Tikuart
Date of latest documents: _ 1973
- Machine interface: Batch ,
e Learning difficulty: Low-medium
< User support: Yes |
T Continued enhancement: Yes, CDMQC -
oy Confidentiality: Release unlimited
T Statutory authority: EPA guideline model (1978)
T Analytical Features for Model: Air Quality
o Reactive pollutant: No
- Nonreactive pollutant: Yes
Physical loss out of element: No
i Variable wind speed: Yes
! Variable wind direction: Yes
A Variable inversion base height: Yes
o Variable reactive pollutants: No

-+
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variable incident sunlight: No
roint sources: Yes
-l.—i;\edr—:zour ces: No
Area sources: Yes
C«_v;n‘pl x topograph No
Simple topogra_g__hy_ Yes
Vert.Lcal pollutant dispersion: Yes
(rosswind pollutant dispersion: Yes
Mmlelement ) interactive: No
K Single element: Yes
O Simul taneous pollutant
o “{ntroductions: Yes
) Regional and Subcontinental: No
25y Local _Lg'ed : Yes
Time scale: Hours No
Time scale: Days Yes
Time sca__l_e_: Years Yes
Two pollutants may be considered
’ simultaneously: Yes
User-supplied decay half-life: Yes
]
e
]
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Model acronym: CDMQC

Model name: Climatological Dispersion Model q

Sponsor: EPA

Developer: Argonne National Laboratory

Contact: D. Burce Turner

Contact address: EPA Env. Sciences Research Lab., Mail {
Drop 80, Research Triangle Park, NC 27711

Contact telephone: (919) 541-4564

Availability: Public

Type of model: Air

Summary: CDM with calibration, contribution lists
and averaging time transformations.

Abstract:

This algorithm is the Climatological Dispersion Model (CDM) altered to provide
implementati~.n: of calibration, of individual point and area source contri-
bution lists, and of averaging time transformations. The basic algorithms

to calculate pollutant concentrations used in the CDM have not been modified,
and results obtained using CDM may be reproduced using the CDMQC.

Document citations:

Busse, A.D., and Zimmerman, J.R,, User's Guide for the Climatological Dis-
persion Model, EPA-R4-73-024, NTIS PB 227-346/AS.

Brubaker, K.L., Brown, P., and Cirillo, R.R., Addendum to User's Guide for
Climatological Dispersion Model, EPA-450/3-77-015, NTIS PB 274-040.

Source programs available as part of UNAMAP (Version 13), $20, PB 277-193,
NTIS, Springfield, VA 22161.

Validation: OAQPS has reviewed and approved this
model .

Assumptions:

Same as CDM with additional assumptjons: 1) that the actual frequency
distribution of pollutant concentration values is approximately lognormal,
2) the observed concentration value at each receptor is taken to be the
measured value at the receptor minus the background value and 3) that area

source emissions are relatively uniform. -
Current impleme ~tion: Minicomputer and mainframe computer
Current hardware: Mainframe UNIVAC 1110 VAX 11/780
Software language(s): FORTRAN V and FORTRAN IV Plus *
Word size(s): 32~-bit
Operating system(s): s
Lines of source code: 1988
Number of subroutines: 11
44
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gggg&_reguirements:

Moteorological data; point and area source data in rectanqular and array
arithmetic mean background concentration; joint frequency function, ‘rrixing
height,

Input databases: Day-night version of STAR data from NCC

Output format:

Tmput data; 1  month to 1 year averaging simulated (arithmetic mean only);
arbitrary averaqing time by the Larsen (1969) procedure (typically 1-24
hours); an arbitrary number and location of receptors; an individual point

and capability list for each receptor; point and area concentration rose for
~ach receptor.

source proyram storaqge: 48K core
Uzer mandal : Yos
systems documentation: Yes
hate of first version: 1977

bate of latest documents: 1977
Type of machine interfacc: Batch

Learning difficulty: medium
User support: Yes

Confidentiality:

Statutory authority:

Analytical Features for
Model:

Release unlimited
EPA Guideline Model (1978)

Air Quality

Reactive pollutant: No
Noureactive pollutant: Yes
Physical loss out of

cloment (see No, 1

below for additional

information) No
Variable wind speeds: Yes
Variable wind direction: Yes
Variable inversion base

height: Yes
Variable reactive

pollutants: No
Variable incident

sunlipghe: No
Point sources: Yes
Linear sources: No
Atea sOUrces: Yes
Complex topoqraphy: No
Simple topoqraphy: Yes
Vertical pollutant

dispersion: Yes
Lrosswind pollutant

dinpersion: Yes
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Multielement interactive: No

Single element: (see No. 2 below)

Simultaneous pollutant

introductions: Yes R

Regional and subcontinental: No

Localized: Yes

Time scale: Hours Yes

Time scale: Days Yes

Time scale: VYears Yes

1. User-supplied decay half-life: Yes
2. Two pollutants may be
considered simultaneously: Yes
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Model acronym:
Model name:
Sponsor:

Con l.‘l_(‘;(‘::_ )
Contact address:

Contact telephone:
Availal-tlity:
Type of model:

Summary description:

T
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CRSTER

Single Source Model

USEPA

Office of Alr and Waste Management

Office of Air Quality Planning and Standards
same as above

D. Bruce Turner

EPA Envirommental Science's Research Lab
Mail Drop 80

Research Triangle Park, NC 27711
(919)541-4564

(see APRAC - 1A)

Alr

Steady state, Gaussian plume dispersion model

designed for point source applications,
Abstract:

This algorithm estimates ground-level concentrations resulting from up to 19
co-located clevated stack emissions for an entire year and prints out the highest
and second highest l-hour, 3-hour and 24-~hour concentrations as well as the
annual mean concentrations at a set of 180 receptors (5 distances by 36 azimuths).
“The algorithm is based on a modified form of the steady state Gaussian plume
cquation which uses empirical dispersion coefficients and includes adjustments
for plume rise and limited mixing. Terrain adjustments are made as long as the
surrounding terrain is physically lower than the lowest stack height input.
Pollutant concentrations for each averaging time are computed for discrete,
nonoverlapping time periods (no running averages are computed) using measured
hourly vatues of wind speed and direction, and estimated hourly values of
atmospheric stability and mixing height.

Document citations:
User's Manual_for Single Source (CRSTER) Model, EPA-450/2-013, NTIS, PB 271 360.

Source program available as part of UNAMAP, (Version 3), $420, NTIS, PB 277 193,
Springfield, VA 22161].

llsed extensively by FPA to estimate the air quality
impact of fossil fueled steam-electric power plants
and sclected industrial emission sources.

Level of validat fon: Medium

Principal users:

Assumpt lons:

Source Receptor Relationship. Up to 19 point sources, but no area sources,
can be run. All point sources are assumed to be at the same location, and
a unique stack height is assumed to each source. Receptor locations are
instricted to 36 azimuths (every 10 degrees) and five user=-specified radial
distances. 'Theve is a unique topographic elevation for each receptor which
must be below the top of the stack,
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Emission Rate. The model assumes a unique average emission rate for each
source, and monthly variations in the emission rate were allowed.
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Chemical Composition.This is treated as a single inert pollutunt.
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)
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Plume Behavior. The model uses Briggs (8), (9), (10) final plume rise

formulas, and does not treat fumigation or downwash. If the plume hcight
exceeds the mixing height, concentrations further downwind are assumed to
be equal to zero. b
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Horizontal Wind Field. The model uses user-supplied hourly wind direction
(nearest 10 degrees), internally modified by the addition of random integer
values between -4 degrees and +5 degrees. Wind speeds are corrected for
release height based on power law variations and exponents from DeMarrais
(6); different exponents are used for different stability classes, and the
reference height is equal to 10 meters. A constant, uniform (steady state)
wind is assumed within each hour.

'
.l
Seatalea

Vertical Wind Speed. This is assumed to be equal to zero.

Horizontal Dispersion. The model assumes a semiempirical/Gaussian plume.
Seven stability classes are used: Turner Class 7 is an extremely stable,
elevated plume,assumed not to touch the ground. Dispersion coeiticients
are from Turner, and no further adjustments are made for variations in sur-
face roughness, transport or averaging time.

Vertical Dispersion. A Semiempirical/Gaussian plume is used, and the model
utilizes seven stability classes. Dispersion coefficients are from Turner,
and no further adjustments are made.

Chemistry/Reaction Mechanism. This is not treated.

Physical Removal. This is not treated.

Background. This is not treated.

Current implementation: Minicomputer; Mainframe computer
Current hardware: Mainframe UNIVAC 1110, VAX 11/780
Software lanquage(s): FORTRAN V - language for execution on a

Univax 1100 series computer and is cum-
patible with most FORTRAN IV compilers
on other types of computers.

FORTRAN IV-Plus

Word sgize(s): 36-bit, 32-bit

Operating system(s): vMs

Lines of source code: 1728

Number gg subroutines: 4

Input requirements: Meteorological data - surface and upper
air source emissions data.

Input databases: NCC hourly surface observations in card
144 format; NCC twice daily mixing
heights.
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Output format:

Highest and second highest concentrations for the year at each receptor for
averaging times of 1, 33 and 24 hours, plus a user-selected averaging time
which may be 2, 4, 6, 8 or 12 hours; an annual arithmetic average at each
re eptor is given; highest l-hour and 24-hour concentrations over the re-
coptor field for each day; hourly concentrations for each receptor on

magqnetic tape.

Source program storage:

28K core

User manual: Yes
Svstems documentation: Yes
hate of first version: 1972
hate of latest version: 1977
Date of latest documents: 1977
Machine interface: Batch
Learning difficulty: Med {um
Output interpretation: Low
lUser support: Yes

Confidentiality:
Statutory authority:
Analtytical Features for
Model:

Release nnlimited
EPA Guideline Model (1978)

Air Quality

React ive pollutant: No
Nonreactive pol lutant: Yos
Physical loss out of
element: No
Variable wind speeds: Yes
Variable wind direction: Yes
variable inversion base -
height: Yes
Variable reactive
pellntants: No
Variable incident
sunlight: No
Point sources: Yes
Linear sources: No
Area sources: No
Complex topography: No
Simple topography: Yos
Vertfeal potlutant
dispersion Yes
Crosswind pollutant:
dispersion: Yes
Multielement
interactive: No
Single element: Yes )
Similtaneous pollutant Time scale: Hours Yes
introductions: Yes T?me scale: Days Yes
Reg I'n*_n-z-l_l—r .'|'nv'(|msub- Time scale: Years Yes
cont inental: No
Localized: Yes
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(16)

Model acronym:
Model name:
Contract:
Contact address:

Contact telephone:
Type of model:

Summary :

Abstract:

DAY

CRSTER2

Multisource * CRSTER

Lewis H, Nagler

EPA/NDAA - Air Facilities Branch

EPA Region 4

Atlanta, GA 20265

(404) 881-2786

Air

Multiple-emission point, steady state,
Gaussian dispersion for ground level
concentrations.

While essentially the same in function as CRSTER, CRSTER 2 will allow
separation of multiple emission points.

Document citation:

User Information for the Modified CRSTER Frogram (EPA Information Cleaning-

house files)

User's Manual for Single Source (CRSTER) model, EPA-450/2-77-013, NTIS: PB

271 360.

Validation:
Assumptions:

Current implementation:
Current hardware:
Software lanquage(s):
Word size(s):

Input requirements:

OAQPS has reviewed, not yet approved.
Same as CRSTER

Mainframe computer

Mainframe UNIVAC 1110

FORTRAN V

36~-bit

Differs from CRSTER in that distinct special coordinates can be assigned to
each point of emissions. Also, this model can handle an increased number of
sources and receptors, and stack data can be input in English or metric
units. -

Output formats:

Basically, the same as CRSTER, but stack and receptor coordinates can be
output in a format for use by the CALCOMP plotter.

Load module storage: 28K core
User manual: Yes
Machine interface: Batch
Analytical Features for Model: Air Quality
Reactive pollutant: No
Nonreactive pollutant: Yes
Physical loss out of element: No
Varjable wind speeds: Yes
vVariable wind direction: Yes
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variable inversion base height: Yes
Variable reactive pollutants: No
Variable incident sunlight: No
Point sources: Yes
Linear sources: No
Area sources No
(omplew topoqraphy' No
simple topogyraphy: Yes
Vertical pollutant dispersion: Yes
(r0§5w10d pollutant dispersion: Yes
Multlelement interactive: No
Simultaneous pollutant
introduction: Yes
Regional and subcontinental: No
Localized: Yes
Time scale: Hours Yes
Time scale: Days Yes
Time scale: Years Yes
]
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Model acronym: HIWAY

Model name: Highway Air Pollution Model

Sponsor: US EPA, National Environmental Rescarch Center, -
Office of Research and Development

Developer: Same as above

Contact: D. Bruce Turner

Contact address: EPA Environmental Sciences Research Lab, Mail Drop
80, Research Triangle Park, NC 27711

Contact telephone: (919) 541-4564

Availability: See APRAC~1A

Type of model: Air

Summary: Estimates the concentrations of nonreactive pol-
lutants from highway traffic.

Abstract:

This steady state Gaussian model can be applied to determine air pollution
concentrations at receptor locations downwind of "at-grade" and "cut-section"
highways located in relatively uncomplicated terrain. For an at-grade high-
way, each lane of traffic is modeled as though it were a finite, uniformly
emitting line source of pollution. For the cut section, the top of the cut
is considered an area source. The area source is simulated by using ten
line sources of equal source strength. The total source strength equals the
total emissions from the lanes in the cut. The air pollution concentration
representative of hourly averaging times at a downwind receptor location is
found by a numerical integration along the length of each lane and at sum-
ming of the contributions from each lane. With the exception of receptors
directly on the highway or within the cut, the model is applicable for any
wind direction, highway orientation and receptor location. The model was
developed for situations in which horizontal wind flow occurs. The model
cannot consider complex terrain or large obstructions to the flow such as
buildings or large trees.

Document citations:

User's Guide for HIWAY, EAP-650/4-74-008; NTIS PB 239-944/AS.

Source program available as part of UNAMAP (Version 3), $420, PB 277-193,
NTIS, Springfield, VA 22161.

A hA

ae

Validation: Reviewed and approved by OAQPS, .
Assumptions:
Source-Receptor Relationship: The model uses a horizontal finite line with -

multiple line sources (up to 24 lines). These are straight lines, arbitrary
in orientation and length. One road or highway segment is run at a time.
Receptors are arbitrarily located, downwind of the source, with a unique
gource-receptor distance defined. Arbitrary receptor heights and arbitrary
release heights are used. 1In the cut-section mode receptors cannot be
located in the cut, and emissions treated as coming from 10 equal uniform
line sources at the top of the cut. A flat terrain is assumed, and line
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sources are treated as a sequence of point sources; the number is such that
convergence to within 2% is achieved.

Fmission rate: This is not applicable to the model.

Chemical Composition: This is not applicable to the model.

Plume Behavior: This is not treated.

Hiorizontal Wind Field: The user specifies arbitrary wind speed and direction.
No variation of wind speed and direction with height is allowed, and a uni-
form, constant (steady state) wind is assumed.

Vertical Wind Speed: This is assumed to be equal to zero.

Horizontal Dispersion: The model uses a semiempirical/Gaussian plume, and

the user specifies which of six stability classes are to be used: Turner (1264)
dispersion coefficients used are from Turner (1969); for distances less than
100 m, dispersion coefficients from Zimmerman and Thompson (1975) are used.

1n the level qrade mode, the initial value of the dispersion coefficient is

3 meters. In the cut-section mode, the initial value of the dispersion
coefficient is approximated as a function of the wind speed. No further
adjustments to the dispersion coefficients are made.

Vertical Dispersion: The model uses a semiempirical /Gaussian plume in
which the user specifies stability class. Dispersion coefficients used are
from Turner (1969); for distances less than 100 m, dispersion coefficients
from Zimmerman and Thompson (1975) are used. In the level grade mode, the
initial Oz is equal to a function of the wind speed.

Chemistry/Reaction Mechanism. This is not treated.

Physical Removal. This is not treated.

Background. This is not treated.

Current implementation: Minicomputer, mainframe computer

Current hardware: Mainframe UNIVAC 110, vAax 11/780
Software lanquage(s): FORTRAN, FORTRAN IV-Plus

Word size(s): 32-bit

Operating system(s): VMS

l.ines of source code: 1300

ﬁﬁﬂi&k’§i_subroutines: 6

Input requirements:

Initial setup and calibration needs (1) in batch mode:; residual discharges
for vehicular line sources; in interactive mode; residual discharges (or

they may be requested from the program); (2) meteorological data; wind speed,
wind direction, stability class, mixing height; (3) ambient air concentration
measurements. Model verification = input of meteorological data and ambient
air concentrations.




Ontput format.:

Source program storage:
llser manual:

Systems documentat ion:
Latest documentaliog:
Machine interface:
Learning difficulty:
User support:
Continqgg enhancement.:
Confidentiality:
Statutory authority:

Analytical Features for
Model:

Reactive pollutant:

Nonreactive pollutant:

Physical loss out of
element:

Variable wind speeds:

Variable wind direction:

Variable inversion base

height:

Variable reactive

pollutants;

Variable incident
sunlight:
Point sources:
Linear sources:
Area sources:
Complex topography:
Simple topography:
Vertical pollutant
disggrsion:
Crosswind pollutant
dispersion:
Multielement_m
interactive:
Single element:
Simultaneous pollutant
introductions:
Regional and sub-
continental:
Localized:
Time scale: Hours:
Time scale: Days:
Time scale: Years:

tncludes o printout ol the l-hour averaqge
concentration of each receptor,

11K core

Yes

Yes

1975

Interactive batch

Low

Yes

Yes with HTWAY 2

Release unlimited

This is an EPA guideline Model (1978)

Air Quality
No
Yes

No

Yes
Yes
Yes

No
No

No
Yes
No
No
Yes
Yes

Yes
No

Yes
Yes

No

Yes
Yes
No
No
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Model acronym: HIWAY-II

Model name: Hiway-2: A Highway Air Pollution Model

Contact: William Peterson

Contact address: US EPA Environmental Sciences Research Lab,
Research Triangle Park, NC 27711

Contact telephone: (919) 541-4564

Availability: (See Aprac-1A)

Type of model: Air

Summary : Estimates hourly concentrations of nonreactive

pollutants downwind of roadways.

Abstract:

HIWAY-2 is a batch and interactive program which computes the hourly concen-
trations of nonreactive: pollutants downwind of roadways. It is applicable
for uniform wind conditions and level terrain. Although best suited for at-
grade highways, it can also be applied to depressed highways (cut sections).
The user specifies geometry and cemissions of roadway segment. Meteorological

conditions to be simulated, and receptor coordinates
above ground.

Document citations:

Petersen, W.B,, User's Cuide for HIWAY-2: A Highway Air Pollution Model, U.S.

and height of receptor

Environmental Protection Agency, EPA-600/8-80-018, Research Triangle Park, NC,

1980, p. 70.

Sugpestions for Improvement of the EPA~ HIWAY Model,

pp. 247-356,

Validation: OAQPS reviewed and approved.

Assumgtions:

Source-Receptor Relationship: The model uses a horizontal finite line with
multiple line sources (up to 24 lines). These are straight lines, arbitrary
in orientation and length., Receptors are arbitrarily located, downwind of

the sources, with a unique source-receptor distance defined. Arbitrary recep-

tor heights and arbitrary release heights are used.

receptors cannot be Jocated in the cut  and cmissions treated as coming from

10 equal wvniform line sources at the top of the cut,

and line sources are treated as a sequence of point sources; the number is

such that convergence to within 2% is achieved.
Emission Rate: A constant uniform emission rate for
Chemical Composition: This is not applicable to the
Plume Behavior: This is not treated,

Horizontal Wind Field: The user specifies arbitrary
No variation of wind speed and direction with height
constant (steady state) wind is assumed.

Vertical Wind Speed: This is assumed to be equal to

Horizontal Dispersion: The model uses a semiempirical /Gaussian plume, and the

user specifies which of six stability classes to be used. Turner (1964)., For

distances less than 300 m empirically derived dispersion parameters are used.

Rav et al. (1980). 1n the level-grade mode, the initial value of the dispersion

coefficient is twice the value for the initial vertical dispersion coefficient.

In the cut-section mode, the initial value of the dispersion coefficient is

approximated as a function of the wind speed.
55
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In the cut-section mode,

A flat terrain is assumed,
each lane is assumed.
model .

wind speed and direction.
is allowed, and a uniform,
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Vertical Dispersion: The model uses a semiempirical/Gaussian plume in which

the user specifies stability class. Dispersion coefficients used are from Tur-

ner (1969). For distances less than 300m, dispersion coefficients from Rao ot

al. (1980), are used. In the level-grade mode, the initial ¢, is a function

of the crossroad wind component with a maximum value of 3.57 m and a minimum

value of 1.5 m. In the cut-section mode the initial dispersion paramecter is -
a function of wind speed.

Chemistry Reaction Mechanism: This is not treated.

Physical Removal: This is not treated.

Background: This is not treated. -
Lines of source code: 1298
Number of subroutines: 4

Input requirements:

Initial setup and calibration needs are (1) in both batch and interactive
mode discharges for vehicular line sources are input into the program; (2)

meteorological data: wind speed, wind direction, stability class, mixing
height and, (3) ambient air concentration measurments. For verification of

the mode, meteorological data and ambient air concentrations are needed.

Output format: Output from the model includes a printout of the
1-hour average concentration at cach receptor.
Load module storage: 8K core
User manual: . yes
Systems documentation: yes
Date of first version: 1980
Date of latest documents: 1980
Machine interface: Batch, interactive
User support: yes
Analytical features for
model: air quality
Reactive pollutant: no
Nonreactive pollutant: yes
Physical loss out of
element: - no
Variable wind speeds: yes
Variable wind direction: yes
Variable inversion base
height: yes
Variable reactive
ollutants: no Multielement :
Variable incident Tinteractive: no
sunlight: no Single element: yes R
Point sources: no Simultaneous pollutant
Linear sources: yes introductions: yes
Area sources: no Regional and sub-
Complex topography: no continental: no -
Simple topography: yes Localized: yes
Vertical pollutant Time scale: lours: yes
dispersion: yes Time scale: Days: no
Crosswind pollutant Time scale: Years: no
- dispersion: yes
A
56
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Model acronym: IsC
Model name: Industrial Source Complex Model
Sponsor: (Organization or person sponsoring development):

USEPA Source Recoptor Analysis Branch, Office of
Air Quality Planning and Standards

Déveloper: (Organization or person designing code): H.E.
Cramer Company, Inc.

Contact: (Organization or person administering distribution):

T Joseph A. Tikvart

Contact address: USEPA Off. of Air Quality Pollution Standards

‘ Mail Drop 14, Research Triangle Park, NC 27711

Contact telephone: (919) 541-5261

Availability: (Public/Proprietary, Purchase/Lease, Cost):
(See Aprac - 1A)

Type of model: Air

Summary: Short-and long-term concentration estimates from

industrial source complexes.
Abstract:

The Industrial Source Complex (ISC) Dispersion Model is a

GCaussian plume model used to evaluate the air quality impact of emissions

from industrial source complexes. The TSC Model consists of two computer
programs, one for short-term analyses and one for long—term analyses. The
short—term model program, 1SCST, uses sequential hourly meteorological data

to cstimate concentration or deposition patterns from 1 hour to 1 year.

The long-term model program, [SCLT, uses statistical wind summaries to esti-
mate seasonal and annual concentration or deposition patterns. The 1SC Model
has rural and urban options, Major features of the 1SC Model program are:

(1) effects of aerodynamic building wakes and stack tip downwash; (2) effects
of variations in terrain height; (3) plume rise due to momentum and buoyancy
as a function of downwind distance; (4) dispersion of emissions from stack
area, line and volume sources where line sources are simulated by multiple-
volume sources; (5) physical separation of multiple sources; (6) time-
dependent exponential decay of pollutants; and (7) effects of gravitational
settling and dry deposition. The number of sources and receptors are interde-
pendent; however, 300 is the maximum number of sources accepted, arbitrarily
located. Receptors can be specified on a polar or rectangular grid and Briggs'
early plume rise formulations, including the momentum terms, are used. Deposi-
tion can be calculated or allowed for only over flat terrain. The short-term
program calculates values of average concentration or deposition for time periods
ol 1, 2,3, 4,6, 8, 12 and 24 hours. Additionally, the ISCST may be used to
valculate N-day concentration or deposition values where the maximum value of

N is 366 days. The units option allows the user to specify the imput emissions
imits and/or output concentration or deposition units. Applications that

do not require at least one of the 1SC Model features should utilize a less
comprehensive computer model.

Document citations:

Lndustrianl Source Complex (SC) Dispersion Model User's Guide, Volume I, NTIS
# '8 30~133-044.

Industrial Source Complex (ISC) Dispersion Model User's Guide, Volume II
(Appendices A through L), NTIS # PB-30-133-051. Magnetic Tape of programs
NTIS # PR 30-133-036.
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Validations: 0AQPS reviewed and approved.

Assumptions:

-

Meteorological homogeneity is assumed following the conversion of surface
wind speed to that at plume height. All plumes remain level, rcgardless

of terrain elevation, unless significant terminal fall velocity is specified,
Emission © rates can be varied according to specified metecorological classes
or as a function of time (hour of day, season or month or both). A simple
time-dependent exponential decay of the pollutant is optional.

Current implementation: Mainframe computer.

Feasible implementation: IBM or CDC with little or no modification.

Current hardware: Mainframe Univac 1110

Software language(s): Short-term: poRTRAN IV: Long-term: FORTRAN V &

Word size(s): ASCIT; 36-bit; minimum of 32-bit/word and minimum
- of 4 character bytes/word

Lines of source code: Short-term 2756; Long-term 3503

Number—§£ subroutines: Short-term 9; Long-term 15

Input requirements:

For ISCST, meteorological data required are mean wind speed and measurement
height; average random flow vector, wind profile exponents,. ambient air temp-
erature, height of mixing layer, Pasquill stability, and vertical potential
temperature gradient. These data may be input directly using the same prepro-
cessed mceteorological data tape as the CRSTER Model or alternatively input by
card deck. For ISCLT, joint frequencies of occurrence oif wind direction and
stability are required. Source data consist of emission rate (total emissions
for deposition); dimensions of stack, building area or volume source; effluent
characteristics; surface reflection coefficients for each settling=-velocity
category; receptor data; and receptor terrain elevation data. Default values
are available for any combination of sources at all receptors for any specified
day(s) or time period; highest and second highest such values; a maximum of

50 such values. ISCLT output provides input source-rcceptor and meteorological

.data listings; long-term mean concentration or deposition values calculated at

each receptor for each source and for combined emission sources; contributions
of individual sources to the maximum 10 such values calculated for the combined
emigssion sources or as contributed to user-specified receptors.

User Manual: yes

Systems documentation: yes

Date of latest documentation: 1979
Machine interface: batch
Learning difficulity: medium-high
User support: yes
Analytical features for

Modecl: air quality
Reactive pollutaunt: no
Nonreactive pollutant: yes
Physical loss out of

element: yes
Variable wind speeds: yes
Variable wind direction: yes
Variable inversion base

height: yes
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Variable reactive
ollutants:
Variable incident
sunlight:
Point sources:
Lt ng& sources:
K;Eﬂ sources:
Complex topography:
Simple topography:
Vertical pollutant
dispersion:
Crosswind pollutant
disgersion:

Multielement

e o e
interactive:

Single element:
Simultaneous pollutant
introductions:

Regional and sub-
continental:

Localized:

Time scale: Hours:

Time scale: Days:

Time scale: Years:

Decay term ?ﬂl be inEut by
user as well

As scttling velocities for

deposition

no

no
yes
yes
yes
no
yes

yes

yes

no
yes

yes

no
yes
yes
yes
yes

yes
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Model acronym: LIRAQ

Model name: Livermore Regional Air Quality Model

Contact: J.E. Penner, M.C. MacCracken, J.J. Walton, J.
Shreffler

Contact address: Lawrence Livermore Lab, Livermore, CA 94550;
Jack Shreffler, US EPA Environmental Sciences
Research Lab, Research Triangle Park, NC 27711

Contact telephone: (415) 422-1800/(919) 541-4524

Availability: Program presently exists only at Lawrence Berkley
and Lawrence Livermore Labs

Type of model: Air

Summary : Single level Enderian grid model estimates
regional distributions of pollutants.

Abstract:

The Livermore Regional Air Quality Model (LIRAQ) exists in twn versions,
LIRAQ-1 and LIRAQ-2. Both versions are two-dimensional (horizontal) Eulerian
grid models designed to predict regional distributions of air pollutants.
LIRAQ-1 can treat up to four noninteracting or simply interacting species

on up to a 45 x 50 yrid. 1t uses the flux-corrected algorithm to treat
transport. LIRAQ-2 simulates evolution of the concentrations of 12 chemical-
ly interacting species on a 20x 20 ygyrid. 1t uses an upstream differencing
scheme to represent horizontal transport and the Gear package to carry out
time integration. A version with chemistry update to 1980 is now being
tested.

Both versions of the model provide graphical and tabular displays of selected
species over the entire grid, and graphical displays of the temporal varia-
bility of selected species at up to 50 selected grid elements. Edit intervals
are as specified and can be varied at the user's convenience. Extensive
graphical capabilities are built into the code, and all input quantities are
echoed in tabular output. Temporal and spatial variations of emissions,
mixing depth, winds, solar flux, and spatial variations of terrain are
treated.

Document citations: '

MacCracken, M.C., et al., "The Livermore Regional Air Quality Model: Concept
and Development, " J, Appl. Meteorol., 17, 254-272, 1978,

MacCracken, M.C., et al., User's Guide to the LIRAQ Model: An Air Pollution
Model for the San Francisco Bay Area, Lawrence Livermore Laboratory, Liver-
more, CA, December 1975,

Duewer, W.H., et al.,, "The Livermore Regional Air Quality Model: 1I.
Verification and Sample Application in the San Francisco Bay Area," J. Appl.
Metcorol., 17, 273-311, 1978.
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Duower, W.il., et al., Livermore Regional Air Quality Model (LIRAQ) Transfer
ta EPA, Lawrence Livermore Laboratory Report UCRI,-52864, 1980, (Available
trom NTIS) (Also to be published by EPA).

Abag et al., Application of Photochemical Models: Volume I: The Use of
Photochemical Models in Urban Ozone Studies, EPA Report 450/4-79-021, 1979.

Principal users:

Both LIRN) models have been used by the San Francisco Bay Area Air Pollution
Control District and the Association of Bay Area Governments in the pre-
paration of the long~term Air Quality Maintenance Plan for the San Francisco
Bay area. The (,S. Environmental Protection Agency has included LIRX -2 as
part of their model validation exercise using data gathered during the RAPS
program. Processors necessary to make the EPA database LIRAQ-compatible
have been developed. C.D. Craig of Oregon State University is currently
involved in a program to use LIRAQ-1 to model the air quality impact of
agricultural burning in the Willamette Valley.

y?lidationﬁ: Medium

Assumptions:

Roth of the LIRAQ models are 2-D horizontal models bounded on the top by a
temporally and spatially varying inversion "lid." Both models assume a
logarithmic concentration profile in the vertical based on a balance of
fluxes at the boundaries which can be different for each species. This
vertical profile is assumed to interact with the power law wind profile in
determining horizontal transport. LIRAQ-2 does not compensate for the
effects of the vertical distribution of pollutants in calculating transfor-
mation by chemical reactions. LIRAQ-2 uses a chemical reaction mechanism of
some complexity but uses an approximate "lumping"” scheme in treating hydro-
carbon emissions and other reactive organic species. Although developed
with the intention of maintaining the maximum fidelity to real chemical data
compatible with the model, the chemical mechanism is, in part, a simulation
mechanism., The present version of LIRAQ-1 assumes no chemical interactions
nther than a deposition velocity and/or exponential decay.

Current implementation: Mainframe computer

Cprrent<hardware: Mainframe CDC 4600
Software language (s): FORTRAN IV
Word size(s): 60-bit

tnput requirements:

(1) A file sperifying the topographic elevation at every grid point in the
model domain, as well as any map information (rivers or shore outlines, city
or station locations) to be displayed on the output.

(2) Files specifying the emissions in each grid element at hourly intervals.
(1) Files giving data fields on mass consistent vertical (through the

inversion) and horizontal fluxes, inversion base heights (i.e., mixing
depths), atmospheric transmissivity (based on cloud extent), and horizontal
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and vertical eddy diffusivities.

These files are normally supplied by a

meteorological data processing code, MASCON, but could be provided by other
processing routines.

(4) A file
angle for a

7 SPh rIDIEIL

(5) A file
be used for

s

giving photodissociation rates as a function of solar zenith
clear sky (LIRAQ-2 only).

giving observed species concentrations at measuring stations to
initializing the problem.

e

(6) A file defining the particular problem to be run (i.e., title, start
9 . time, stop time, species and locations for graphical output, boundary
conditions, molecular weights and specific emissions factors for various
2 species).

¥ Output format:

’ (1) Voluminous printer files echoing all input and providing species con-
centrations at the surface and averages for mixed layer at all grid liocations
at every edit interval.

(2) A file containing concentrations for selecting species at selected
locations as a function of time.

{(3) A file containing information about the numerical integration scheme.

(4) Voluminous graphical output as described above.

User manual: Yes
' Systems documentation: Yes
Date of latest documents: 1980
Continued enhancement: Yes

of Analytical Features for
N Model:

Air Quality

f Reactive pollutant: Yes
Nonreactive pollutant: Yes
Physical loss out of
element: - No
y Variable wind speeds: Yes
» Variable wind direction: Yes
! Variable inversion base
o height: Yes
' Variable reactive
M pollutants: Yes
j Variable incident
sunlight: Yes
M Point sources: Yes
: Linear sources: No
5 Area sources: Yes
s Complex topography: No
i Simple topography: Yes
Vertical pollutant Sere (1)
dispersion:
62
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Crosswind pollutant dispersion:
Multielement interactive:

SlngIe element:

Simultaneous pollutant
introductions:

Regional and subcontinental:

Localized:

Time scale: Hours

Time scale: Days

1

Time scale: Years

See (1)
Yes
Yes

Yes
Yes
Yes
Yes

Yes (1 hr. concentrations primarily for

single~-day simulation)
No

(1) A logarithmic profile in vertical based on balance of fluxes.
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Model acronym: LPAQSM

Model name: Lagrangian Photochemical Air Quality Simulation
Model

Developer: Environmental Research and Technology, Inc. (ERT)

Contact: Jack Shreffler

Contact address: US EPA Environmental Research Lab, Research
Triangle Park, NC 27711

Contact telephone: (919) 541-4524

Type of model: Air

Summary : Predicts the concentration of ozone produced in
an urban area.

Abstract:

LPAQSM is designed to predict the concentrations of ozone produced in an
urban area by modeling the emissions, transport and transformations in the
presence of ultraviolet radiation.

The model is designed for simulation between sunrise and sunset on a single
day. It has five levels of vertical resolution but describes only one area
of an urban domain at a particular time. Concentrations are output for
each 30 minutes along the trajectory.

Document citations:

A_Lagrangian Photochemical Air Quality, Simulation Model Vol. I, Model
FPormulation Vol. 11, User's Manual EPA-600/8~79-0l15a.b.

Principal users: ERT and EPA
Validation: Not reviewed by OAQPS

Agsumptions:

?he model assumes a Lagrangian parcel of air of dimensions typically 5 x 5 km
by 1.5 km high. The parcel moves with wind, entraining emissions which

enter into the photochemical reactions. Initial leading of pollutants is
specified, and the parcel has a rigid upper boundary and no lateral diffusion.

Current implementation: Mainframe computer

Current hardware: Mainframe UNIVAC 1110
Software language(s): FORTRAN
Word size(s): 36-bit

Input requirements:
Emissions inventory for hydrocarbons, nitrogen oxide; surface network air

quality and meteorological measurements; upper air radiosonde data; solar
radiation data,

Input databases: Regional Air Pollution Study (RAPS-St. Louis) data-
base is being used.
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Output format:

Output is in the form of computer printout. Concentrations of ozone, carbon
monoxide, sulfur dioxide, hydrocarbons and nitrogen oxides are supplied at
3J0-minute intervals for S levels in the wvertical.

b a A

Load module storage:

60,000 words

Ulser manual: Yes
System documentation: Yes
Latest documentation: 1979

Analytical Features for
Model:

Air Quality

Reactive pollutant: Yes
Nonreactive pollutaat: No
Pihysical loss out of

element: No
Variable wind speeds: Yes
Variable wind direction: Yes
vVariable reactive

pollutants: Yes
Variable incident

sunlight: Yes
Point sources: Yes
Linear sources: No
Area sources: Yes
Complex topography: No
Simple topography: Yes
Crosswind pollutant:

dispersion: No
Multielement

interactive: Yes
Single element: No
Simultaneous pollutant

introductions: Yesg
Regional and sub-

continental: Yes
Localized: Yes
Time scale: Hours: Yes
Time scale: Days: No
Time scale: Years: No
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Model acronym: MODHIWAY
Model name: Modified HIWAY Program
Contact: Lewis H. Nagler v
Contact address: EPA/NOAA-Air Facilities Branch, EPA Region 4,
Atlanta, GA 30308
Contact telephone: (404) 881-2786 .
Type of model: Air
Summary: EPA's HIWAY model modified for more than cae road-
way.
Abstract:

EPA's HIWAY model was modified to allow for calculation to be made for more
than one roadway at a time, This allows for computation of pollutant concentra-
tions due to intersecting roads (e.g., intersections).

Document citations:

User Information for the Modified HIWAY Program, EPA Information Clearing-
house files.

User's Guide for HIWAY, EPA 650/4-74-008, NTIS PB 239-944/AS

validation: OAQPS has neither reviewed nor approved this model.
Assumptions: Same as HIWAY

Current implementation: Mainframe computer

Current hardware: Mainframe UNIVAC 1110

Software language(s): FORTRAN V

Word size(s): 36-bit

Input requirements:

Differs from HIWAY to the extent that coordinates for more than one roadway
(and associated parameters) can be used.

Output format:

Outputs concentrations in parts per million (ppm), milligrams per cubic meter
(mg/m3)  and micrograms per cubic metex Hg/m3}, as well as giving grid

4 concentrations and road segment end points in a format suitable for a graphic
E: plotter.
i Load module stoxage: 12K core )
’ user manual: Yes
Analytical features for
model: Air Quality -
Reactive pollutant: No
Nonreactive pollutant: Yes
Physical ™ loss out of
element: No

: Variable wind speeds: Yes
'. Variable inversion base
oo height: Yes




Variable reactive pollutants: No
Variable incident sunlight: No
Pnini SOUrces: No
Linear sources: Yes
Area s'outcoq: No
: Cimplex_topography: No
Simple topography: Yes
Vertical pollutdint dispersion: Yes
Crosswind pollutant dispersion: Yes
e Multielement interactive: No
finjle element: Yes
Simultaneous pollutant
introduct ions: Yes
Regyional “and subcontinental: No
lLocalized: Yes
Time scale: Hours Yes
Time scale: Days No
Time scale: Years No
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Model name: Modified Cramer-Gaussian Equation

Developer : Air Force Rocket Propulsion Laboratory, Bdwards AFB

Contact: Major Bielicki

Contact address: Det 21, 2WS Stop 228, Edwards AFB, CA 93523

Contact telephone: (805)277-4507

Type of model: Air v
Abstract:

The Modified Cramer~Gaussian equation is used for large (2-44 ton) vertically
fired state rocket motor firings. This model was developed and verified at
AFRPL,using data from 18 tests in which the motor is fired vertically upward- -
the normal configuration for the large motor tests. The model assumes a
Gaussian distribution with the plume traveling with the mean wind.

Document citations: Verification Study of Rocket Exhaust Gas
Diffusion Model Final Report AFRPL-TR-79-96
Principal users: Air Force - AFRPL Edwards Air Force Base

Asgsumptions:

Assumes a Gaussian distribution with the plume travelinyg with the mean wind.
The equation was verified for only quasi~instantaneous vertical rocket motor
firings at AFRPL and is therefore site specific. Initial plume radius is
computed using an equation developed by linear regression analysis ol test
data and is also site specific.

Input teggirenents: Amount released, wind speed shear sfc~hs, mean wind speed
sfc-hs, change in wind direction sfc-hs, initial plume radius, height of
stabilized cloud (hs), standard deviation of wind direction at 200 fcet.

Output format: Concentration at any x1 Yl and Z point.
Geographic area: Developed on data from AFRPL.
Analytical Features for
Model: Air Quality
Reactive pollutant: No
Nonreactive pollutant: Yes Localized: Yes
Physical loss out of Time gcale: Hours: Yes
element: No Time scale: Days: No
Variable wind speeds: Yes Time scale: Years: No
variable wind direction: Yes Wind speed shear, standard Yes
vVariable inversion base deviation of wind
height: No direction:
Variable reactive Single element: Yes .
pollutants: No Simultaneous pollutant
Variable incident introductions: No
sunlight: No Regional and subcontinental: No
Complex topography: No -
Simple topography: Yes
Vertical pollutant
dispersion: Yes
Crosswind pollutant
dispersion: Yes
Multielements:,
Interactive: No
68
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Model name:
Developer:
Contact telephone:

Contact telephone:
Type of model:
Summary:

Abstract:

A B0 Ak e R e Rttt S B hi % b S M AN S A NSRS R R
e I - B

Mountain Iron Diffusion Equation

Pacific Northwest Laboratory, Battelle

Cpt. Darryl Dargitz

Detachment 30, 2d Weather Squadron (MAC)
Vandenberg Air Force Base, CA 93437

276-8682

Chemical Spills

Statistical diffusion prediction equation based on
field tracer release program.

The mountain iron diffusion equation was developed from the results of a field

tracer release program conducted at South Vandenberg.

The equation is composed

nf down wind distance, normalized concentration. standard deviation of wind
direction, vertical temperature difference, and mean wind speed.

Document citation:

Assumptions:

]

Current implementation:
Current hardware:

Input requirements:

Output format:
User manual:
Learning difficulty:
OQutput interpretation:
Geographic area:
Analytical Features for
Model:
Reactive pollutant:
Nonreactive pollutant:
Physical loss out of
clement : -
Variable
Variable
Variable
height:
Variable reactive

pollutants:
viriabLe incident
gynlight:
Point sources:
Linear sources:
Arca sourcces:

Complex topography:
Simple topography:
Vertical pollutant

dispersion:

wind speeds:
win® direction:
inversion base

- . ATl T,
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The Mountain Iron Diffusion Program: Phases 1 and
2, vol. 1,2,3, AFWTR=-TR-67-1, BNWL-572, 1967-69.
The equation was derived from empirical data col-
lected at a specific site. Surface releases ap-
plicable unly to continuous ground-level nonbouyant
releases. Distances to about 10 miles.

Handbook; Programmable Calculator

TI-59

Release rate, standard deviation of wind direction,
vertical temperature difference, mean wind speed.
Either distance or concentration

Yes

Low

Low

Developed with data from south Vandenberg

Air Quality

No Crosswind pollutant
Yes dispersion: Yes
Multielement:
No interactive: No
Yes Single element: Yes
No Simultaneous pollutant
introductions: No
No Regional and sub-
continental: No
No Localized: Yes
Time scale: Hours: Yes
No Time scale: Days: No
yes Time scale: Years: No
No Vertical temperature
No difference: Yes
Yes Standard deviation of
No wind direction: Yes
Yes
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Model acronym: MPTER

Model name: Multiple Point Gaussian Dispersion Algorithm with
Optional Terrain Adjustment

Sponsor : Us EPA
Environmental Sciences Research Laboratory
Office of Research and Development

Developer: Same as above

Contact: Tom Pierce, Bruce Turner

Contact address: US EPA Environmental Sciences Research Lab
Davis Drive
Research Triangle Park, NC 27711

Availability: (see APRAC~1A)

Type of model: Air

Summary : Estimates concentrations from multiple point
sources in rural environments with slight terrain
variations.

Abstract:

MPTER is a multiple point source Gaussian model with optional terrain adjust-
ments. MPTER estimates concentrations on an hour-by-hour basis for relatively
inert pollutants (i.e., sulfur dioxide and TSP). MPTER uses Pasquill-
Gifford dispersion parameters and Briggs plume rise methods to calculate the
spreading and the rise of plumes. The model is most applicable for source-
receptor distances less than 10 kilometers and for locations with lewvel or
gently rolling terrain. Terrain adjustments are restricted to receptors
whose elevation is no higher than the lowest stack top. 1In addition to
terrain adjustments options are also available for wind profile exponents,
buoyancysinduced dispersion, gradual plume rise, stack downwash and plume
half-life.

Document citations:

Pierce, T.E. and Turner, D.B., User's Guide for MPTER: A Multiple

Point Gaussian Dispersion Algorithm with Optional Terrain Adjustment, EPA-~
600/8-80~016, U.S. Environmental Protection Agency, Research Triangle Park,
NC, 1980. ‘

U.S. Environmental Protection Agency, MPTER tape, (Computer programs
on tape containing programs and PTPLU screening model) NTIS PB 30-168156,
National Technical Information Service, Springfield, VA, 1980.

To be used by various agencies in assessing Jational
anbient Air Quality Standard for SOz or TAP.

Princigal users:

Validations: OAQPS has reviewed and approved.

Assumptions:

AMPTER is based upon Gaussian dispersion theory using mean meteorology con-
ditions on an hour-by-hour basigs. Dispersion coefficients used to calculate
both vertical and horizontal spreading are those of Pasquill and Gifford.
The rising plume is assumed to completely reflect off the top of the mixing
height in neutral and unstable conditions. The plume rise is based on
Briggs. MPTER can also optionally consider stack downwash, buoyancy-induced
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dispersion and gradual plume rise. MPTER can either utilize constant
emission rates or hourly emission rates for each point source. The emitted
pollutants should be relatively inert chemically since MPTER does not con-
sider complex physical removal or chemical reaction processes. User can
approximate exponential decay of a pollutant by supplying a half-life. Wind
speeds are extrapolated to stack top using user-supplied wind profile
exponents. The optional terrain adjustment reduces the plume height relative
to the ground. Additional terrain adjustment factors can be entered which con-
trol the proportion of terrain adjustment.

Current implementation: Mainframe computer

Current hardware: Mainframe IBM 360, CDC 6600, UNIVAC 1100/82
Software language: FORTRAN

Word size(s): 32-bit, 60-bit

Lines of source code: 2448

Number_§£ subroutines: 7

Input requirements:

Input for MPTER includes: control data, emission data, receptor information,
and hourly met data. The hourly met data cen be read either off cards or

trom a disk tape preprocessed from NCC surface/upper-air observations. Hourly
emission data can optionally be input from disk/tape.

Input databases: NCC surface/upper-air observations.

Output format:

The variety of MPTER options allow the user to output to a printer, or to
write to tape, information required for a multitude of applications. Tape/
disk files can be written containing hourly concentrations for each receptor
for all sources, concentrations for user=specified averaging period. MPTER
allows even more flexibility on printed output. The range of options includes
printout for the highest five concentrations for each receptor to printout

for hourly contributions from each source at each receptor.

load module storage: 48K core, Univac 1110
l@py manual: Yes

Systems documentation: Yes

Date of flrst version: 1980

Date of Iateﬁi gocument. 1980
Maahlne interTaLe‘ Batch
Learning difficulty: Medium-1low
Output -interpretation: Low-med {um
User support: Yes
Annlvtl(nl Features for

Mudel Alr Quality
Reactive pollutant: No
Nonrcactivv pollutant: Yes
IW\wa..ll I«{qq out of

clement @ No

Vinn iable wind speeds: Yos
Variable wind direction: Yes
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Variable inversion base

height: Yes
Variable reactive

pollutants: No
Variable incident

sunlight: No
Point sources: Yes
Linear sources: No
Area sources: No
Complex topography: No
Simple topography: Yes
Vertical pollutant

dispersion: Yes
Crosswind pollutant

dispersion Yes
‘Multielement

nteractive: No

Single element: Yes
Simultaneous pollutant

introductions: Yes
Regional and sub-

continental: No
Localized: Yes
Time scale: Hours: Yes
Time scale: Days Yes
Time scale: Years Yes
Exponential decrease

with user input half-
. life: Yes
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Model name:
Sponsor:
Developer:

Contact:
Contact address:

Contact telephone:
Type gﬁ_model:
Summary description:

Abstract:

The diffusion prediction equation is a gquantitative statement of the relation-
ship between the diffusive power of the atmosphere as indicated by concentra-
tions of maternal downwind from a source, and the purely meteorological
quantities which characterize the turbulent diffusion process in the atmos-
phere. Linear multiple regression techniques were utilized to develop the
statistical diffusion prediction equation which is composed of normalized

peak concentration, downwind travel distance, standard deviation of wind
directions in deqrees of azimuth and the vertical temperature difference.-
Evaporation rates for various hypergolic rocket propellants have been added

to the basic equation.

Document citations:

The Ocean Breeze and Dry Gulch Diffusion Program, Report AFCRL-63-791, Vol. I

Ocean Breeze and Dry Gulch Equation
Atomic Enerqy Commission

Air ForceCambridge Research Lab.; Hartford
Lab.’ General Flectric Company

Captain Darryl Dargitz

Detachment 30, 2nd Weather Squadron (MAC)
Vandenberg Air Force Base, CA 93437
276-8682

Chemical Spills

Statistical diffusion prediction equation
based on experimental field tests.

and IT.

The Evaporation and Dispersion of Hydrazine Propellants from Ground Spills,

CEEDO-TR-78-30.

Principal users:
Assumptions:

Current implementation:
turrent hardware:

Word size(s):

1nput requirements:

Output format:

User manual:

Learning difficulty:
Output interpretation:
aéoqraphic area:

Analytical Features for

Model:

Air Force

Equation derived from empirical data on limited
scale of less than 10 km. Tracer releases
simulating ground-level continuous point sources.
Handbook, Programmable

Packard Bell PB 250; TI-59

23-bit

Release rate of source strength, vertical temper-
ature deviation, standard deviation horizontal
wind direction and either concentration or
concentration.

Either distance or concentration

Yes

Low

Low

Formulated with data from Vandenberg and Cape
Canaveral (Kennedy), but used elsewhere.

Air Quality
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Reactive pollutant:

Phyiscal loss out of
element:

Variable wind speeds:

Variable inversion base

height:

Variable reactive
pollutants:

Variable incident
sunlight:

Point sources:

Linear sources:

Area sources:

Comglex topography:
Simple topography:
Vertical pollutant

dispersion:

Crosswind pollutant
dispersion:

‘Multielements
interactive:

Single element:
Simultaneous pollutant
introductions:
Regional and sub-
continental:
Localized:

Time scale: Hours:

Time scale: Days:

Time scale: Years:

Vertical temperature
difference:

Standard deviation of
wind direction:

Yes

No
No

No

No

No
Yes
No
No
No
Yes

Yes

Yes

No
Yes

No
No
Yes
Yes
No
No

Yes

Yes
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Model acronym: OZI1PP
Model name: Kinetics Model and Ozone Isopleth Plotting
Package
. Contact: Gerald L. Gipson
Contact address: US EPA Office of Air Quality Planning and

Standards Monitoring and Data Analysis Division,
MD-14, Research Triangle Park, NC 27711

N Contact telephone: {919) 541-5488
Type of model: Air
Summary: Calculates and plots isopleth diagram of maximum

1 -hour average ozone concentrations.

sttrnct;

Dyt
[N

The Kinetics Model and Ozone Isopleth Plotting Package (OZIPP) computer pro-
qgram can be used to simulate ozone formation in urban atmospheres. QZIPP
calculates maximum 1 -hour average ozone concentrations given a set of input
assumptions about initial precursor concentrations, light intensity, dilution,
diurnal and spatial emission patterns, transported pollutant concentrations
and reactivity of the precursor mix. The results of multiple simulations

are used to produce an ozone isopleth diagram tailored to particular cities.
Such a diagram relates maximum ozone concentrations to concentrations of
nonmethane organic compounds and oxides of nitrogen, and can be used in the
Empirical Kinetic Modeling Approach (EKMA) to calculate emission reductions
necessary to achieve air quality standards for photochemical oxidants.

e rad T

RN

Document citations:

Kinetics Model and Ozone Isopleth Plotting Package (OZIPP), EPA-600/8/
7700146b, U.S. Environmental Protection Agency, Research Triangle Park, NC,
July 1978,

wWhitten, G.%. and Hugo, E., User's Manual for Kinetics Model and Ozone
. Isopleth Plotting Package, EPA-600/8-78-0l4a, U.S. Environmental Protection
Agency, Research Triangle Park, NC, July 1978.

Uses, Limitations, and Technical Basis of Procedures for Quantifying Relation-
ships Between Photochemical Oxidants and Precursorsy» EPA-450/2-77-021a,

U.5. Environmental Protection Agency, Research Triangle Park, NC, November
1977.

. Principal users:
The OZIPP Model has been used to generate ozone isopleth diagrams to calculate
emission reductions necessary to achieve the ambient air quality standard

e for ozone, The model was used by state/local air pollution control agencies

0 as the basis for estimating emission reductions for the 1979 submittal of

the State Implementation Plans.

Validation: Roviewed and approved by OAQPS
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Assumptions:

The model underlying OZIPP is similar in concept to a trajectory-type photo-
chemical model which simulates the formation of ozone from precursors within
a migrating column of air. A column of uniformly mixed air extends from the
earth's surface throughout the mixed layer. The height of the column rises
according to the diurnal variation in mixing height, resulting in dilution
of pollutants within the column and entrainment of pollutants which were
initially above the column. As the column moves, emissions of fresh pre-
cursors are encountered. The model mathematically calculates the formation
of ozone within the column as a function of time in accordance with a chemical
kinetic mechanism. The model employs a gear-type integration scheme to
solve numerically the set of difterential evaluations which describe the
model assumptions. To generate an ozone isopleth diagram, the model performs
repeated simulations with differing pollutant levels initially within the
column. Using the results of these simulations, a diagram is constructed
which expresses initial precursor concentrations. The program incorporates
a hyperbolic spline interpolation scheme to construct the graph. These
diagrams are based on mathematical simulations of ozone formation occurring
during a day. As such, the model is limited in applicability to ozone
problems within or immediately downwind of urban areas and cannot consider
the following: (1) rural ozone problems, (2) ozone problems occuring in
the early morning or at night, and (3) contributions of single or small
groups of sources to ozone problems. The OZIPP model is best used to study
the effectiveness of areawide control stragegies in reducing peak, 1=

hour average ozone concentrations within or downwind of a city.

Current implementation: Mainframe computer
Current hardware: Mainframe Univac 1100
Software language(s): FORTRAN

Word size(s): 36-bit

Input requirements:

Data are supplied to the model to make an ozone isopleth diagram specific
to a particular city. These data include: latitude, longitude and time
zone of the city; the day, month and year; the minimum worning and maximum
afternoon mixing heights; sets of emission fractions which reflect the effect
of precursor emissions occurring throughout the day; and the concentrations
of ozone and precursor transported into the city. Additional input para-
meters are supplied to control the generation of the ozone isopleth diagram
' (e.g., scale of the diagram, size of the diagram, accuracy, interpolation

"o smoothing, etc). All input data are processed in a simple manner, and no

extensive computerized database is required.

Output format:

The primary output of the model is the ozone isopleth diagram. The diagram
is depicted on a line printer plot and can be generated as an option on a
CALCOMP Plotter. A report is also produced which summarizes the input data
and results of the simulations that were performed to generate the diagram.
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tser manual: Yes
Systems documentation: Yoo
Date of latest document: 1978

Analytical Features for

Model : Air Quality
Reactive pollutant: Yes
Nonreactive pollutant: No
variable inversion base

height: Yes
variabie reactive

pol Lutants: Yes

Variable incident
sunlight: ves ;
Point sources: Yes

Complex topography: No

simple topography: Yes
< vertical pollutant
2 dispersion: Yes
o Multiclement
. —inferactive: Yes
- Single element modeling: Yes
Simultaneous pollutant
introductions: Yes
Regional and sub-
continental: No
Localized: Yes
Time scale: hours: Yes
Time scale: days : No
Time scale: years: No |
|
|
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Model acronym: P23A, P23B

Model name: A, Effective Plume Rise, B, Ground-Level
Concentration of Pollutants

Dgveloper : McClintock Corp.

Contact address: McClintock Corp., 7000 SW, 62nd Avenue, Box
430980, Miami, FL 33143
Purchase, $135

Type of model: Air

Summary : Calculates effective stack height and ground-
level concentration of pollutants.

Abstract:

P23A calculates for any given atmospheric stability class the maximum plume
rise for a buoyancy-dominated plume and for a momemtum~dominated plume. The
higher of those two values is added to the physical stack height to determine
the effective stack height used as input by P23B. The average windspeed

at the physical stack height is also calculated.

The P23B program calculates first the standard deviation of horizontal con-
centration distribution oy and the standard deviation of vertical concentra-
tion distribution oz for a given stability class and downwind distance from
the source. Handles both urban and rural situations,automatically.

The time-averaged standard deviation of horizontal concentration distribution

t can be calculated by the program for receptors open for any period of
time (up to 24 hours).

After performing the standard deviation calculations, the program calculates
the ground~level concentration of pollutant,given the following data:

A, Effective stack height (calculated by Program P23A)
By Crosswind distance

C. Emission rate

D, Average windspeed at the physical staqk height (calculated by Pro-
gram P23A), S

Doocument citations:

Porter, R.A., Gaussian Dispersion Equation Solutions by Calculator with
Urban/Rural Coefficients.

Assumptions:

Model uses power law determination of wind speed at soucee/height, Bigg's
plume rise equations and Gaussian solution for the ground level concentration
for a point source. Time-averaged concentrations are calculated using time -
averaged standard deviations obtained from peak-toemean ratios for the
various averaging times up to 24 hours.

Current implementation: ‘Programmable caclulator
Current hardwarae: T1-59 Calculator, with or without PC-100 printer
78
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Input requirements:

Output format:

Uscr manual:

Learning difficulty:

Analytical Features for
Model :

Reactive pollutant:

Nonreactive pollutant:

vnysical loss out of
clement:

Variable wind speeds:

Variable wind direction:

vVar iable inversion basc
height

Variable reactive
pollutants:

variable incident
sunlight:

Point sources:

Linear sources:

Area sources:

Complex topography:

Simple topography:

Vertical pollutant

dispersion:

Crusswind pollutant
dispersion:
Multielgggﬂgz
“interactive:
Single element:
gimultancous pollutant
introductions:
Reyional and sub-~
continental:
Localized:
Time scale: Hours
Time scale: bays:
Time scale: Years:

N W S S 2
TR A AN i Y R A A

Variable, stability:

~mcate
° R

ik 7l S i AT A T A A S

Source characteristics exit temperature, stack
diameter, exit velocity, stack height, ambient
temperature, windspeed, stability.

wind speed at physical source height, effective

stack height, pollutant concentration,
Yes
Low

Air Quality
No
Yes

No
Yes
No

No

Yes
No

Yes
Yes
Yes

No
Yes

No
Yes
Yes
No
No
Yes
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Model acronym: PAL -
Model name: Point, Area, Line Source Algorithm
“ Sponsor: U.S. EPA Environmental Sciences Research Laboratory -
Office of Research and Development
Developer: same as above
Contact: D. Bruce Turner
Contact address: EPA Environmental Sciences Research Lab
. Mail Drop 80
J Research Triangle Park, NC, 27711
Contact telephone: (919)541-4564
Availability: (see APRAE-1A)
Type of model: Air
Summary : Estimates short-term dispersion for point, arca, and
. line sources.
! Abstract:

Point, Area, Line source algorithm, This short-term Caussian steady state
algorithm estimates concentrations of stable pollutants from point, area and
line sources. Computations from area sources include effects of the edge of the
source. Line source computations can include effects from a variable emission
rate along the source. The algorithm is not intended for application to centire
urban areas but -for smaller scale analysis of such sources as shopping centers,
alrports, and single plants. Hourly concentrations are estimated and averape
concentrations from 1 hour to 24 hours can be obtained.

Document citations:

User's Guide for PAL, EPA-6--/4-78-013,

Turner, D.B. and Petersen, W.B., A Gaussian Plumc Algorithm for Point, Area,
and Line Sources, NATO/CCMS Sixth International Technical Meeting on Air
Pollution Modeling and Its Application, V. 42: 185-228, 1975.

Source program available as part of UNAMAP (Version 3)PB 277 193, $420, NTIS,
Springfield, VA 22161.

Level of Validation: OAQPS has not reviewed and approved this model.

Assumptions:

The following assumptions are made: 1) Dispersion from points, and area and

line elements result in Gaussian distributions in both the horizontal and

vertical directions through the dispersing plume from that point or element,

and therefore steady state Gaussian plume equations can be used for puoint -
sources. 2) Concentration estimates may be made for cach hourly period using

the mean meteorological conditions appropriate for each hour. 3) The total
concentration at a receptor is the sum of the concentrations estimated from all

point and area sources, that is, concentrations are additive.
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Current implementation:

G Current hlrdw.lre.
N
L:j Software language(s):
2 Word s ize(s):
Operat ing system(s):
Lines of source code:
A Numher of subroutines:
N Input requirements:
Output format:
Source program storage:
.4 User mapual:
- Svatems documentation:
" l)(ll( of ldt(“.[ vvrelon
. Date of latest document s:
; Learning difl dculty:
, Output interpretation:
- User support:
] Confidentiality:
o Analytical Features lor
ve Model:
i Reactive pollutant:
Nunredgttve pollutant:
. Physical loss out of
X element :
< Variable wind speeds:
: Variable wind direction:
~ Variable inversion base

height:
- Vhilhlo reactive

i pullutantq.

" Variable incident

. sunlight:

A Point sources:
LLincar sources:

! Area sources:

: Complex Lopography:

' Simple topography:

. . Vertieal pollutant

dispersion:
Crosswind pollutant:
i spers lon
Multielement:

interactive:
anhlo vlemom :

A 2702 g 3 AN e A Al SVl e AL W T T
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Minicomputer : Mainframe computer
1) Mainframe UNIVAC 1110

2) VAX 11/780

1) FORTRAN

2) FORTRAN IV-Plus

2) 32-bit

2) VMS

3484
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User must specify source types and provide
meteorological data

Output includes hourly and average (up to 24
concentrations at each receptor)
43K core

Yes

Yes

1978

1978

Medium

Low

Yes

Release to public.

Alr Quality
No
Yes
Regional and sub-
No continental: No
Yes Localized: Yes
Yes Time scale: Hours: Yes
Time scale: Days: No

Yes Time scale: Years: No
No

No
Yes
Yes
Yes
No
Yes

Yes
Yes

No
Yes
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‘3 Model acronym: PBM
: Model name: Photochemical Box Model
§ Developer: Modeling Sciences Section of EPA's Meteorology .
5 Division
Contact: Kenneth L. Schere
5, Contact address: US EPA Office of Research & Development, Envir.
E} Sciences Research Lab, MD-80, Research Triangle -
3 Park, NC, 27711
.q Contact telephone: (919) 541-4524
[ Type of model: Air
o Summary : Stationary, single-cell photochemical air quality
g simulation model.
g Abstract:
A
31» The Photochemical Box Model (PBM) is a stationary single-~cell photochemical
%:A air quality simulation model (PAQSM) designed to simulate the concentrations
- of particular pollutant species with a well-mixed domain. Typically, the

domain is centered on an urban area. The horizontal dimensions of the cell
are on the order of 20-30 km and are temporally invariant while the vertical
dimension of the cell changes to reflect the diurnally varying growth of

b the mixed layer above the earth's surface. The principal substances simulatcd
’ by the PBM include carbon monoxide, nitrogen monoxide and dioxide, ozone,

b and five lumped-hydrocarbon classes: olefins, paraffins, aldehydes, aromatics,
and nonreactives,

S Lw egm

x

The processes of transport through the domain, entrainment from aloft, in-
jection of source emissions through the bottom of the cell, and chemical
transformations within it are modeled. The PBM is quite simple in comparison
to other PAQSMs. It provides an hour-averaged measure of air quality taken
as a spatially integrated average over the volume of the cell for each hour
of simulation., Spatial resolution is not possible within the model's
structure. The model considers emissions, the atmospheric chemistry of ozone
formation, and advection. The chemical kinetic mechanism within the PBM
contains 24 species participating in 36 reactions. The horizontal extent

of the model domain enables only a portion of an urban area to be modeled

at a time, and hence an entire urban airshed cannot be considered by the PBM.
Typically, the domain encompasses the area where most of the emissions
sources are concentrated. The model domain is on the order of 20 km x 20 km
% 1.5 km in dimension and is considered to be a homogeneous volume of air.
The meteorological situation of a prevailing stagnating anticyclone might

be most conducive to application of the PBM.

LIRS

&
8
3
‘:
;g

Document citations:

Schere, K.L.,and Demerjian, K.L., A Photochemical Box Model for Urban Air
Quality Simulation, in proceedings of the 4th Joint Conference on Sensing
of Environmental Pollutants, New Orleans, LA, November 1977, pp, 427-433,

Demerjian, K.L., and Schere, K.L., Application of a Photochemical Box Model

for O(3) Air Quality in Houston, T¥, in proceedings of Ozone/Oxidants:

Interactions with the Total Environment 1I, Houston, TX, October 1979,
pp 329-352,
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Principal users:

The Photochemical Box Model is an evolving PAQSM being developed by the
Modeling Sciences Section of EPA's Meteorology Division. It has been used
to model the air quality for St. Louis, MO., and Houston, TX. The model
is currently undergoing evaluation and verification as part of the EPA
Reqional Air Pollution Study (RAPS) model validation program.

validation: ONQPS has not reviewed.
Assumptions:

The PBM assumes a well-mixed model domain at all times and a homogeneous
pattern of emissions sources across the bottom of the cell. The winds are
assumed to fall into one of two categories: (1) very light and directionally
variable or (2) above 2 m/s and directionally stable throughout the model
simulation period. The rates of change of the modeled concentrations are des-
cribed by a set of coupled ordinary differential equations that are solved
numerically through a method developed by Gear.

Current implementation: Mainframe computer

Current hardware: Mainframe Univac 1100 or equivalent
software lanyuage(s): FORTRAN

word size(s): 36-bit

Input requirements:

The PHM requires various emissions, meteorological and air quality data to

be preprocessed before the model can be executed. The emissions inventory
mu:sit have hourly resolution and must include CO, NO(x) and five classes of
orqanic hydrocarbons., The meteorological and air quality data are averaged
over the available measurements. Some of the monitors should be located
outside of the model domain to give an indication of the upwind boundary
concentrations. The meteorological data include wind speed, wind direction,
mixing height and photolysis rate constants and the air quality data include
concentrations of NO(x), organics and O0(3} at the beginning of the simulation
and at the upwind boundary.

Output requirements:

The model provides a list of simulated concentrations for all species ac
ten-minute intervals during a model simulation. The current mixing height
photolysis rate constants and wind speed are also printed out. Also,
printer plots of the time series of predicted and observed (if available)
concentrations are provided, as well as a summary of houvr-averaged model
predictions for principal species. The hour- averaged p :edicted and observed
concentrations from a given simulation may be saved on disk storage at the
user's discretion,

User manual: No

RQate of latest documents: 1979

continued enhancemeg&: Yes
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Analytical Features for Model:

Reactive pollutant:

Nonreactive pollutant:

Physical loss out of element:

variable wind speeds:

Variable wind direction:

Variable inversion base height:

Variable incident sublight:

Point sources:

Linear sources:

Area sources:

Complex topography:

Simple topography:

Vertical pollutant dispersion:

Crosswind pollutant dispersion:

Multielement interactive:

Single element:

Simultaneous pollutant
introductions:

Regional and subcontinental:

Localized:

Time scale: Hours

Time scale: Days

Time scale: Years

AU e Beh it Rt i hasa et St e A

Air Quality
Yes
No
No
Yes
Yes
Yes
No
Yes
No
Yes
No
Yes
No
No
Yes
No

Yes
No
Yes
No
No
No
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Model acronym: PENALTY

bty Model name: 6120 Noncompliance Penalty Model
‘5f EEEEEB;:.—— US EPA Office of Planning and Management
By, Developer: Putnam, Hayes and Bartlett, Inc., Newton, MA
&3 Contact: Howard F. Wright

o Contact address: US EPA, Stationary Source Enforcement Division

' - Office of General Enforcement, 401 M Street, SW,

- . Washington, DC

o Contact telephone: (202) 755-0103
e Type of model: Air (Cost Benefit)

E' Abstract:

The Section 120 Noncompliance Penalty Model (PENALTY) is an economic model:-.used

N to calculate the economic benefit of delayed compliance with the requirements
'§€ of the Clean Air Act,as amended, August 1977. The noncompliance penalty is
ﬁ based on the concept that it is usually in a source's best economic interest

.tﬁ to delay the commitment of funds for pollution control equipment, and that

incentive should be eliminated.

Penalty compares two cash flows, that which the source would have experienced

- had it achieved compliance on the date it received a notice of noncompliance
‘:f and that which it is estimated it will experience as a result of its delay.
T Because these cash flows occur at different times, a basis of comparision

is provided by discounting them to their present value equivalents. The
model then calculates the difference between these two cash flows and the
appropriate quarterly payment schedule that the source should follow. It

i can also make a final adjusted penalty calculation when the source has
tﬁ achieved compliance. The capital investment portion of the penalty is
1& calculated,using standard and rapid amortization. Under both types of

amortization the program calculates the depreciation tax savings using
straight line, sum-of-the-years-digits, and double declining balance de-
preciation methods. The program will automatically choose the method

‘;& which will result in the lowest penalty.
. 'q_‘, :
'5‘ Document citations:
Monday, July 28 1980,Federal Register, Part II - EPA - Assessment and
. Collection of Noncompliance Penaltiegs by EPA and approval of State Non=-
) compliance Penalty Program, Appendix A - Technical Support Document
.35 Appendix 3 - CAA Section 120 Noncompl. Penalties Tnstruction Manual.
o
» Principal ugers:
Model will not be used until effective date of Sec. 120 regs. 1/1/81, it
will be used by HQ and regional offices,as well as sources and contractors,
iﬁ * tor rompute noncompliance penalties.
LN

Validation: Not reviewed nor validated by OAQPS.
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Assumptions:

The relative mix of debt, preferred stock and common equity allocated to
pollution control equipment is the same as that found in the firm's capital
structure ,as shown on its balance sheet. Cash flows are discounted using
the equity method. The noncompliance penalty is computed as a hontax-
deductible expense to the firm., Cash flows take place at the end of each
month. The rate of inflation of pollution control operating and maintenance
expenditures is the same as that for pollution control capital costs. The
noncompliance penalty is calculated using a 30-year time horizon. The
salvage value of any equipment with useful life remaining at the end of the
30-year time  horizon is zero. The discount rate is not less than the

inflation rate.
]

Current implementation: Mainf-ame computer
Current hardware: IBM 360/370
Software language(s): FORTRAN

Word size(s): 32-bit

Input requirements:

Input to the model includes source-related data: facility life, months of
noncompliance, income tax rate, discount rate and preferred stock dividend
rate; equipment-related data; capital expenditures, operating and maintenance
costs, financing (industrial bonds; equity share, preferred stock share, and
debt share of investment), equipmenteuseful life and depreciation life;

and a forecasted inflation rate. This information may come from the firm
itself as well as the Internal Revenue Service Chemical Engineering Plant
Cost Inflation Index, the Federal Trade Commission, and Moody's Bond Record.

Qutput format:

Output consists of two user-selected formats: a lump sum settlement or a
schedule of quarterly payments, both expressed in thousands of dollars.

User manual: No
System documentation: No
Date of first version: Feb 1979

VR . . [ W s et L .
PR B L . I O A IR AT SN

AP WAL




“ AD~R133 265 FEASIBILITY STUDY FOR AN AIR FORCE ENYIRONMENTAL MODEL
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-.:: (12)
:: Model aceonym: PLUVUE
B Model name: Plume Visibility Model
- Sponsor: FPA
[ Developer: EPA
- Contact: James Dicke
':3 Contact address: EPA Off. of Air Quality Planning and Standards
L, Research Triangle Park, NC 27711
‘%f - Contact telephone: (919) 549-5381
N Type of model: Alr/Visibility
Summary: Calculates visual range reduction and atmospheric
- discoloration from point source plume.
ps Abstract:
ﬁ: The design objective of the model is to cal¢ulate visual range
" reduction and atmospheric discoloration caused by the plumes consisting of
- primary particvlates, nitrogen oxides, and sulfur oxides emitted by a single
, emissions source. The model is designed to predict the impacts of a single emis-
-, sions source on visibility in Federal Class 1 areas. PLUVUE predicts the trans-
X port, atmospheric diltusion, chemical conversion, optical effects and sulfur
- deposition of point source emisstons., The model uses the Gaussian formulation

for transport and dispersion. The spectral radiance (intensity of light) at 39
visible wavelengths is calculated for views with and without the plume; the

. changes In the spectrum are used to calculate various parameters that predict
-, the perceptibility of the plume and the contrast reduction caused by the plume.
= PLUVUE performs plume optics calculations in a plume-based mode and an observer-
based mode. The model calculates four perception parameters useful for pre-
dicting visual impact: reduction in visual range, contrast of the plume against
a viewing background at the 0.535 micrometer wavelength, the blue-red ratio
(calor shitt) of the plume, and the color change perception parameter triangle

y i (Lab), Visibility impairment 1s caused by changes in light intensity as a
f resnlt of lipht scattering and absorption in the atmosphere. Impairment can be
'.: qualiflied once the spectral light intensities or radiance has been calculated
‘? for the specific lines of sight of an observer at a given locatior in an at-
» mosphere with known aerosol and pollutant concentrations, PLUVUE is a near-source
_ plume visibility model, e.g., within 200 km of the source.
:;. Document citations:
o
12: FPA, User's Manual For the Plume Visiblility Model (PLUVUE). November 1980,
i EPA-450/4-80~0132.
! Latimer, U.A.,et al., The Development of Mathematical Models for the Predic-
- tion_of Anthropogenic Visibility Impairment , EPA 450/3-78-110a,b,c, I978.
.:‘ Latimer, D.A., Power Plant Impacts on Visihility in the West: Siting and Emis -
:b “ sions Control Implications | JAPCA Vol. 130, 1980, pp. 142-146.
o RS
= Bergstrom, R.W., et al. gymparison of the Observed and Predicted Visual
3} . FEifects Caused by Tower Plant Plumes Symposium on Plumes and VIsibility,
{q November 10-14, 1980, to be published In Atmospheric Environment, I1981.
L? Principal users: PLUVUE has been used by EPA primarlly in a research
L mode and to provide estimates for hypothetical
scenarfos such as power plant siting impact.
:Q Validatfons: Not reviewed by OAQPS
oy 87
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Assumptions:

PLUVUE 1s based on Gaussian atmospheric dispersion assumptions, contains Briggs'
plume rise equations, allows for surface deposition during the day and contains
atmospheric chemistry modules that allow for conversion of nitric oxide to ni-
trogen dioxide and sulfur dioxide to sulfate aerosol. Scattering and absorption
properties are calculated for particles and gases. For nitrogen dioxide the
absorption at a particular wavelength {s a tabulated function multiplied by

the concentration. Theeffeot of particle size on the wavelength dependence of
the scattering coefficient and the phase function is calculated and the Mie
equations are also solved. Calculation of light intensity follows from Lhe
radiative transfer equation.

Current Implementation: Mainframe computer
Current hardware: Mainframe Univac 1110
Software language(s): FORTRAN

Word size(s): 36-bit

Input requirements: The input data required for PLUVUE include: wind
speed aloft, stability category, lapse rate mixing depth, relative humidity,
sulfur dioxide, nitrous oxides and particulate emission rates, stack gas
parameters, stack gas oxygen content, ambient temperature, ambicnt nitrous
oxides, nitrogen dioxide, ozone and sulfur dioxide concentrations, properties
of background and emitted aerosols in two size modes, background visual range,
deposition velocities for sulfur dioxide, nitrous oxides, course mode and
accumulation mode aerosol, UTM coordinates and elevation of the source, UMM
coordinates and elevation of the observer location.

OQutput format:

All runs have the data tables for the emissions source, meteorological and
ambient air quality, and background radiative transfer. Plot files can also
be written by PLUVUE. TIf a PLUVUF run is for either obscrver-based or plume-
based calculations, either an observer-based or a plumc-based plot file will
be centered. These files are written on DISC storage units.

Load module storage: 25K

User manual: yes

Systems documentation: yes

Date of first version: 1978 .
Date of latest version: 1980

Date g£ latest documents: 1980

Analytical features for

Model: Air quality
Reactive pollutant: yes
Nonreactive pollutant: yes
Physical Ioss out o

element : - yes

iable wind /speeds: yes
88

‘e . LY » “-‘ S B . .
et e L T R P AT - .
PO e 1, D Sl T N D ST oo AR, AL S AL




R T

o

K

W,‘.AF4
'y .,
. SR

.

"-"""..‘ 5,0,

KRS SR

xR

e

Cat e
RARTES

"
d ..
gt e
FAPE T

P

XA A

> .‘
ORI RERTRT &Y

¥

(X

[
Pt

rrd

0

ateats Yav3
B

.

),
™

s
g

¥

LA

Y X

¥

-e

N

3
0

P A
PRS- VL L PENN

T
RS

AR
R T B 4

]
>

QAN

"‘_
e
)

PRI
(O 2 I

)
b
Y
.-
*e
.Q
°

Variable inversion base

—

||('ight:

Point sources:
Liitear sources:
Area sources:

Complex topography:

Gimple togo%raphy:

Vertical pollutant
dispersion:

Crosswind pollutant:
dispersion:
Multielement
interactive:

Single clement:

Simul tancous pollutant

Tintroductions:

Regronal and sub-
continental:

lLocalized:

Time scale: llours:

Time scale: Years:

Variablec stability category

yes
yes
no
no
no
yes

yes

yes

no
no

no

yes
yes
yes
no

yes

89

. -

P




(et {45

-
»

Yy

‘:l faly A ‘5;':"! o

B3 e e

LEO

e
1 2

b

oL
s a-1es

Petil M FUILIE

ISP PPN TGS OF ¢

Vet ol

W 23 OO N

AT AT AT A T Ty
J \ o

E 2RISR APEL A £ e PRISIANAY LIRS I B S c v .

- Sl > -

(33)

Model acronym: PTDIS

Model name: PTDIS

sponsor : EPA

Developer: EPA

Contact: D. Bruce Turner

Cpntact address: US EPA Environmental Sciences Research Lab.,
Mail Drop 8¢ Research Triangle Park, NC 27711

Contact telephone: (919) 541-4564

Availability: See APRAC-]1A

Type of model: Air

Summary: Estimates short-term concentrations at user-
defined distances from point source.

Abstract:

Estimates short-term concentrations directly downwind of a point source at
distances specified by the user. The effect of limiting vertical dispersion
by a mixing height can be included and gradual plume rise to the point of
final rise is also considered. An option allows the calculation of isopleth
half-widths for specific concentrations at each downwind distance.

Document citations:

Uses Briggs plume rise methods and Pasquill~-Gifford Dispersion Methods as
given in Workbook of Atmospheric Dispersion Estimates, EPA AP-26.

User's Guide to the Interactive Versions of Three Point Source Dispersion
Programs: PTMAX, PTDIS, PTMTP, Preliminary Draft, EPA Meteorology Lab.
RTP, NC 27711,

Source program available as part of UNAMAP (Version 3), PB 277 193, $420,
NTIS, Springfield, VA 2216l.

Assungtions:

This program determines the concentration at ground level from a single point
source using a steady state Gaussian model. The computations used are
similar to those shown in the Workbook of Atmospheric Dispersion Estimates.
The dispersion parameter values are also those given in Figures 3-2 and 3-3
of this Workbook. The concentrations are for a single meteorological condi-
tion defined by a stability class using the numbers 1 through 6 to represent
the Pasquill stability types A through F. The single wind speed used is
assumed to be representative of the top of the stack, as well as through the
layer that plume rise occurs. The effect of a definite limit to vertical
dispersion or mixing height is included in the computations. It is assumed
that complete eddy reflection occurs at this barrier. It is assumed that
the given stability occurs from ground level to the mixing height. The
concept of a mixing height is not employed for stabilities 5 or 6. It is
assumed that there are no topographic obstructions in the vicinity of the
source and that the source is in an area of either flat or gently rolling
terrain. No consideration of the possibility of aerodynamic downwash is
included.
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Current implementation:
Current hardware:
Software lanquage(s):
Word size(s):
Operating system(s):
Lines of source code:
Number of subroutines:
input requirements:

Minicomputer, Mainframe computer
Mainframe UNIVAC 1110, VAX 11/780
FORTRAN, FORTRAN 1V Plus

32-bit

VAS

625

3

Can run additional meteorological data, or additonal sources and meteorology,
or other distances, additional sources and meteorology in the same run.
STARILITY CLASS, wind speed, mixing height and characteristics of the source.

Output format:

Source program storaqge:
User manual:

Systems documentation:
Date of latest documents:
Machine interface:
Learning difficulty:
Output inter. difficulty:
Continued enhancement:

Confidentiality:
Analytical Features for
Model:

Reactive pollutant:
Nonreactive pollutant:
Physical loss out of
clement: -
Variable wind speeds:
Variable wind direction:
Variable invcrsion base
height:
variable reactive
pollutants:

variable incident
sunlight:
Point sources:
Linear sources:
Area sources:
Complex topography:
Simple topography:
Vertical pollutant
dispersion:
Crosswind pollutant:
dispersion:

Multielement
INECLACLIvVe:

Ground level concentration for a set of
meteorological conditions.

9K core

Yes

No

1973

Interactive, batch

Low

Low

No

Released to the public

Air Quality

No
Yes
Single element: Yes
No Simul taneous pollutant
Yes introductions: No
No Regional and sub-
continental: No
Yes Localized: Yes
Time scale: Hours: Yes
No Time scale: Days: No
Time scale: Years: No
No Variable stability class: Yes
Yes
No
No
No
Yes
Yes
Yes
No

91




et o ot et e e i i i~ Aebaer i e e R gl ad el bedl s Sedt M/E e S0t e B Selt end Nadl et 2ol and Tl edi e B
s .- c - - at e eTa P T AR B e e A N . Tt B S A R S 5

(34)

Model acronym: PIMTP
Model name: PTMTP
Sponsor : EPA -
Developer: EPA
Contact: D. Bruce Turner
Contact address: US EPA Environmental Sciences Research Lab.,
Mail Drop 80, Research Triangle Park, NC 27711 o
Contact telephone: (919) 541-4564
Availability: See APRAC-1A
Type of model: Air
Summary : Estimates hourly concentrations at multiple

receptors for multiple point sources.
Abstract:

Estimates for a number of arbitrarily located receptor points at or above
ground level, the concentration from a number of point sources. Plume rise
is determined for each source. Downwind and crosswind distances are deter-
mined for each source-receptor pair. Concentrations at a receptor from
various sources are assumed additive. Hourly meteorological data are used;
both hourly concentrations and averages over any averaging time from one to
24 hours can be obtained.

Document citations:

Uses Briggs plume rise methods and Pasquill-Gifford dispersion methods as
given in Workbook of Atmospheric Dispersion Estimates, EPA AP-26.

g J

s
RAYAL

Turner, D.B. and Busse, A.D., Userls Guides to the Interactive Version of
the Three Point Source Dispersion Programs: PTMAX, PTDIS, PTMTP, Preliminary
Draft, EPA Meteorological Lab., RTP, NC 27711.

2 T

Source program available as part of UNAMAP (Version 3), PB 277 193, $420,
NTIS, Springfield, VA 22161,

Assumptions:

The assumptions that are made in this model follow: Meteorological conditions
are steady state for each hour and a Gaussian plume model is applicable to
determine ground-level concentrations. Computations can be performed accord-
ing to the Workbook of Atmogpheric Rispersion Estimates. The dispersion
parameter values used for the horizontal dispersion coefficient, sigma vy,

and the vertical dispersion coefficient, sigma z, are those given in
Figures 3-2 and 3-3 of the Workbook. The sources and receptors exist in
either flat or gently rolling terrain, and the stacks are tall enough to

be free from building turbulence so that no aerodynamic downwash occurs.

The wind speed and wind direction apply from the shortest to the tallest
plume height. No wind direction shear or wind speed shear occurs. The
given stability exists from ground level to well above the top of the plume.

Eﬁ: ' Current implementation: Minicomputer, mainframe computer
: Current hardware: Mainframe UNIVAC 1110, VAX 11/780
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Software language(s):
Word size(s):
Operating system(s):
Lines of source code:
Number of subroutines:

Input requirements:

and diameter.

Output format:

mation.

Source program storage:

User manuals

syitems documentation:

bDate of latest documents:

Machine interface:

Learning difficulty:

Vutput intcrpretation
difficulty:

User support:

Continued enhancement:

Confidentiality:

Analytical Features for
Model:

Reactive pollutant:

Nonreactive pollutant:

Physical loss out of
clement: -

variable wind speeds:

Var table wind direction:

.Variable lnversion base

“Theight:

Vvatiable reactive
pollutants:

Variable incident
sunlight:

Point sources:

Linear sources:

Arca sources:

“ Complex topography:
Sinple topography:
Vertical pollutant

dispersion:

Crosswind pollutant:

dispersion:

LY N N
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FORTRAN, FORTRAN IV-Plus
32-bit

VMS

661

3

10K core

Yes

No

1973

Interactive, batch

Low

Low

Yes

No

Releage to the public

Air Quality

No

Yes

No

Yes

Yes Multielement
“interactive:

Yes Single element:
Simul taneous pollutant

No introductions:
Reglonal and sub-

No continental:

Yes Localiz H

No Time scale: Hours:

No Time scale: Days:

No Time scale: Years:

Yes Variable gstability class:

Yes

Yes

93
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Wind direction, wind speed, stability class, mixing height, and ambient air
-, temperature for each hour, and source characteristics - emission rate,
physical height, stack gas temperature, volume flow or stack gas velocity

Estimates output concentrations at various heights - hour by hour partial
concentrations, if desired and total concentrations, plus all input infor-

No
Yes

Yes

Yes

Yes

No
Yes
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Model acronym: PTMAX

Model name: PTMAX

' Sponsor: EPA

Developer: EPA

Contact: D. Bruce Turner

Contact address: US EPA Environmental Sciences Research Lab.,
MD-80, Research Triangle Park, NC 27711

Contact telephone: {919) 541-4564

Type of model: Air

Summary : Estimates maximum short-term concentration by
stability and wind speed.

Abstract:

PTMAX produces an analysis of maximum concentration as the function of wind
speed and stability. A separate analysis is made for each individual stack.
Input to the program consists of ambient air temperature, and characteristics
of the source, such as emission rate, physical stack height, and stack gas
temperature. Either the stack gas volume flow or both the stack gas velocity
and inside diameter at the top are also required. Outputs of the program
consist of effective height of emission, maximum ground-level concentration,
and distance of maximum concentration for each condition of stability and
wind speed.

Document citations:

Workbook of Atmospheric Dispersion Estimates, EPA: AP-26 (PTMAX uses Brigys
plume rise methods and Pasquill-Gifford dispersion methods described in AP-26).

Turner, D.B and Busse, A.D.r User's Guide to the Interactive Versions of
Three Point Source Dispersion Programs: PTMAX, PTIDS, and PTMTP, Preliminary
Draft, EPA Meteorology Lab, Research Triangle Park, NC 27711, 1973.

Source program is available as part of UNAMAP (Version 3), PB 277 193, $420,
NTIS, Springfield, VA 22161.

Assumptions:

The following assumptions are made: a steady state Gaussian plume model is
applicable to determine ground-level concentrations. Computations can be
performed according to the Workbook of Atmospheric Dispersion Estimates.

The dispersion parameter values used for the horizontal dispersion coefficient,
s%gma Y, and the vertical dispersion coefficient, sigma 2z, are those given
in Figures 3-2 and 3-3 of the workbook. The stated wind speed occurs at the
stack top for dilution of the plume and through the layer that the plume
rise occurs., The state stability occurs from ground level to well above the
top of the plume. If there is a limit to vertical mixing, it occurs far
above the top of the plume so that it has no influence upon the maximum
concentration. There are no topographic obstructions in the vicinity of

the source. The source exists in either flat or gently rolling terrain.

Implementation level: Minicomputer and mainframe computer
Current hardware: Mainframe UNIVAC 1110, VAX 11/780
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Software language(s):
Wword size(s):
Operating systems:
Lines of source code:
Number of subroutines:
Input requirements:

Output f[ormat:

]

Source program storage:
User manual:
Systems documentation:

Date of latest documents:

Machine interface:
Learning difficulty:
User support:
continued enhancement:
confidentiality:
Analytical Features for
Model:
Reactive pollutant:
Nonreactive pollutant:
Physical loss out of
element:
variable wind speeds:

variable wind direction:

variable inversion base
height:

var iable reactive
pollutants:
variable incident
sunlight:
Point sources:
Linnar sources:
Area sources:
Complex topography:
simple topography:
vertical pollutant

dispersion:
Crosswind pollutant

dispersion:

Multielement

interactive:
single element:
simul taneous pollutant
introductionsg:
Regional and sub-
continental:
localized:

FORTRAN and FORTRAN IV-~Plus

32-bit

VMS

460

2

Ability to run additional sources in the same run.
Ambient air temperature and characteristics of
the source.

Two-dimensional table giving maximum concentration,
distance to maximum and height of final rise for
each stability-wind speed combination.

9K core

Yes

No

1973

Interactive, batch

Low

Yes

No

Release to public

Air Quality
No
Yes
No

Yes Time scale: Hours: Yes
No Time scale: Days: No
No Time scale: Years: No

Variable stability: Yes

No
No
Yes
No

Yes
Yen

Yes
No

Yes
No

No

Yes
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Model acronym: PTPLU

Model name: Point Source Gaussian Plume Model

Contact: Tom Pierce

Contact address: US EPA Environmental Sciences Research Lab.,
: MD-80, Research Triangle Park, NC 27711

Contact telephone: (919) 541-4565

Type of model: Air

Summary : Screening model for estimating maximum surface

concentration from point source.
Abgtract:

PTPLU is a point source dispersion Gaussian screening model for estimating
maximum surface concentrations for l-hour concentrations. PTPLU is based
upon Briggs plume rise methods and Pasguill-Gifford dispersion coefficients
as outlined in the Workbook of Atmospheric Dispersion Estimates. PTPLU is
an adaptation and improvement of P1TMAX which allows for wind profile ex-
ponents and other optional calculations such as buoyancy-induced dispersion,
stack downwash and gradual plume rise.

PTPLU produces an analysis of concentration as a function of wind speed and
stability class for both wind speeds constant with height and wind speeds
increasing with height. Use of the extrapolated wind speeds and the options
allows the model user a more accurate selection of distances to maximum
concentrations.

Document citations:

The PTPLU source program is presently available on the MPTER tape from
Computer Products, NTIS, PB80-~163156; Springfield, VA 22161, $420.

The PTPLU program will also be available on UNAMAP (Version 4) scheduled to
arrive at NTIS in December 1980. Preparation of a user's guide is underway,
and the user's guide should be available by October 1981.

Validation: OAQPS has reviewed and approved.
Assumptions:

PTPLU calculates the source receptor distance to the point of maximum
concentration for each wind speed and stability class., Relatively inert
pollutants are modeled and emissions are assumed to be constant. The plume
is spread horizontally and verticallg using P-G dispersion coefficients,
Briggs dispersion, stack downwash and gradual plume rise. PTPLU does not
allow for any depletion of the plume by physical removal or chemical
reactions. Eddy reflection with the ground is assumed. If the effective
plume height is calculated to be below the mixing height in neutral and
unstable conditions, then multiple reflections of the plume between the
ground and the mixing height are computed. But if the effective plume
height is above the mixing height in neutral and unstable conditions, then
no calculations are made for ground level concentrations. Also, ground-
level concentrations are no calcuiate if the distance to maximum concentra-
tion extends beyond 100 kil -*-~rs Jm the source. Cautionary megssages are
printed for plume heights gre-" r tn.n 200 meters and plume resident times
greater than those expected under normal atmospheric conditions.
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o Current implementation: Mainframe computer

0 Current hardware: UNIVAC 1100/82, IBM 360, and CDC 6600

{ Software language(s): FORTRAN - ASCII

= Word size(s): IBM 360 32-bit, CDC 6600 60-bit

Lines of source code: 957

L Number of subroutines: 6

2 Input requirements:
PTPLU is extremely convenient since only nominal effort is needed to supply

_;: - the necessary input. Four data cards are needed for a single run; however,

P additional separate point sources can be analyzed by input of two data cards

::{ tor every source. Information required to run PTPLU includes selection of

-'-; options, anemometer height, wind profile exponents, stack parameters

. (emission rate, stack height, exit velocity, stack gas temperature and stack

’ diameter), receptor height and mixing height.

N~

' Output format:

:}; PTPLU is a screening model and its output results can be helpful in more

:~‘j detailed modeling. In particular, the tables of concentration and distance
to maximum concentration can be examined for selection of receptor distances

= tor use in detailed models.

2 Load module storage: 12K core memory on UNIVAC

“ Data storage: None

e Machine interface: Batch

)y Learnipng difficulty: Low

-~ Output interpretation

- difficulty: Low

- User support: Yes

iy Analytical Features for

':: Modcl : Air Quality

. waie lluan o e ttelen

5 Plysical Toss Gt oFf interactive: No

s olement: _— No Single element: Yes

:- " variable wind speeds: Yes Sin.tultaneous pollutant

- var iable wind direction: No introduct ions; No

a var iable inversion base %e:—:—gl?—ubf No

, helght: . xes Localized: Yes

Var iable reactive ———

':,'. ollutants: No Time scale: Hours: Yes

.:: var iable incident Time scale: Days: No

J cunlight No Time scale: Years: No

o Point sources: Yes

be Linear sources: No

Area gources: No

Complex topography: No

v :*;_iglplc topography: Yes

o vertical pollutant

Jdispersion: Yes

' Crosswind pollutant.

, “dinpersion: Yes
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Model acronym: RAM
Model name: Gaussian Plume Multliple Source Alr Quality Algorithm
Sponsor: USEPA
Environmental Sciences Research Laboratory
Office of Research and Development
Developer: USEPA
Fnvironmental Sciences Research lLaboratory
Office of Research and Development
Contact: D. Bruce Turner
Contact address: EPA Environmental Sciences Research lab
Mail Drop 80
Research Triangle Park, NC 27711

S

e .4
P

et el )
P4

.

-

Contact telephone: (919)541-4564
Type of model: Adr
Summary description: Est imates short-term dispersion using the

Gaussian steady state model.

Abstract:

Gaussian Plume Multiple Source Air Quality Algorithm. This short-term Gaussian
steady state algorithm estimates concentrations of stable pollutants from urban
point and area sources. Hourly meteorological data are used. Hourly concentra-
tion and averages over a number of hours can be estimated. Briggs plume rise is
used. Pasquill-Gifford dispersion equations with dispersion parameters thought
to be valid for urban areas are used. Concentrations [rom area sources are
determined using the Hanna's method; that 1is, sources directly upwind are
considered representative of area source emissions affecting the receptor.
Special features include determination of receptor locations downwind of sip-
nificant sources and determination of locations of uniformly spaced receptors

to ensure good area coverapge with a minimum number of receptors.

Document citations:

Source program available as part of UNAMAP (Version 13), $420, NTIS, PB 277 193,
Springfield, VA 22161

Novak, J.H, and Turner, D.B., "An Efficient Gaussian Plume Multiple Source
Air Quality Algorithm."” Journal of the Air Pollution Control Association, 26(6),
1976, 560-575.

Level of Validation: OAQPS has reviewed and approved this model.

Abstract:

Source~Receptor Relationship. The model assumes an arbitrary
location for point sources, and the receptors may be: 1) arbitrarily located,

2) internally located near individual source maxima, or 3) on a program-generated
hexagonal grid to give good coverage to a user-specified portion of the region
of interest. Receptors are all assumed to be at the same height above (or at)
ground, and a flat terrainis assumed.The model uses a unique stack height for
each point source. The model user may sapecify up to three effective release
heights for area sources, each assumed appropriate for a 5 m/sec wind speed.

The value used for any given area source must be one of these three. A unique
gseparation for each source-receptor pair {s used.
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Emission Rate! The model assumes a unique constant emission rate for each point
and area source. Area source treatment encompasses: narrow plume approximation;
arca source used as input (not subdivided into uniform elements); arbitrary
emission heights input by user; areas must be squares (side length = Iinteger
mattiples of basic unit); effective emission height equals that appropriate

toy a4 5 m/sec wind; and the area source contributions are obtained by numerical
intepgration along upwind distance of narrow plume approximation formulas for
contribat ton from arca sources with given effective release heights.

______ This is treated as a single inert pollutant.

“Plume Behavior:s  The model uses Bripgps (8), (9) and (10) plume rise formulas and
does not treat fumigations or downwash. [f the plume height exceeds the mixing
height, the ground-lcevel concentration Is assumed to be zero.

lorizontal Wind Ffeld: The model uses user-supplied hourly wind speeds and
uscr-supplied hourly wind directions (nearest 10 degrees, internally modified
hv addltion of a random integer value between -4 degrees and +5 degrees). Wind
speeds are ¢orrected for release height based on power law variation, exponents
From DeMarvais (6); different exponents for different stability classes are
used, and the reference height s equal to 10 meters. A constant, uniform
(steadv starte) wind is assumed within each hour.

Vertical Wind Speed?  This is assumed to be equal to zero.
Horizontal Disperston:  The model uses a semiempirical /Gaussian plume, and
hourtv stabtllrv class is determined {nternally by Turner (3) procedure (six
classes are nsed). Dispersion coefficients are from McClroy and Pooler (4)

(urban) or Turner (7) (rural). No further adjustments are made for variations
in surtace roughness or traansport time,

Vertical Dispersiont A semiempirical /Gaussian plume is used. Hourly stability
class is determined faternally., Dispersion coefficients are from McElroy and
Poonler (4) (urban) or Turner (7) (rural). No further adjustments are made for
variations in surface roughness.

Chemistry/React ion Mechanism: The model assumes an
uscr-inpur half Jife.

exponential decay with a

Physical Removal: This {s not treated.

Current implementat fon:

Carrent bardware:

Mainframe computer, Minicomputer
I)Mainframe Univax 1110
2)Vax 11/780

Software language(s): 1) FORTRAN
2) FORTRAN IV - Plus
Word sire(s): 2)32 bit
Operating system(s): 2)VMS
Lines of source (‘u.d‘(-: 4547
Nunber of subrout ines: 14

Tnput rvquirvmvdﬂéf Meteorological data and emissions data
National Weather Service hourly ohservations -

card deck a4

Inpnt databases:
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Output format:

Hourly and average (up to 24 hours) concentrations at eiach receptor; a limitced

individual source contribution list ;
on 24 hour averages and up to 1

Source program storage:
User manual:

Systems documentation:
Date of latest version:
the of latost documents
Machine interface:
Learning difficulty:

Interpretation difficulty:

Continued enhancement:

Confidentiality:
Statutory authority:

‘Analytical Features for
Model:

Reactive pollutant:

Nonreactive pollutant:

Physical loss out of
element:

Variable time speed:

Vnrlahle pinp direction:

VariahJe inversion base
height:

Variable reactive
Egllutants

Variable incident
sunlight:

Point sources:

Linear sources:

Area sources:

Complex topography:

Simple topography:
Vertical pollutant

dispersion:
Crosswind pollutant:

dispersion:
Multielement
interactive:
Single element:
Simultaneous pollutant
introductions:
Regional and sub-
continental:
Localized:
Time scale: Hours:
Time scale: Days:
Time scale: Years:
Exponent fal do<ay and a
user-input half- life:

41K core
Yes

Yes

1978

1978

Batch
Med1ium
Low-medium
Yes

Yes
Release to public.

EPA Guideline Model (1978).

Air Quality
No
Yes

No
Yes
Yes

Yes
No

No
Yes
No
Yes
No
Yes

Yes
Yes

No
Yes

Yes

No
Yes
Yes
No
No

Yes 100
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Model acronym: RCDM

Model name: Regional Climatological Dispersion Model

Developer: Teknekron Research, Inc.

Contact: Carl W. Benkley

Contact address: Teknekron Research Inc., 69 Hickory Drive,
Waltham, MA 02154

Contact telephone: (617) 890-6270

Type of model: Air

Summary : Steady state, regional scale, two-dimensional
prediction of long-term average concentrations.

Abstract:

The Regional Dispersion Model (RCDM) is a steady state regional scale two-
dimensional dispersion model for predicting long~term average (e.g., monthly
or yearly) concentrations from single or multiple point and area sources at
distances greater than 50 km. The model is designed for a coupled set of
pollutants linked by a mechanism which is either slow and irreversible (e.qg.,
S8C,, S04) or fast and reversible (e.g., NO/NOj3). The long-term average con-
centration is based upon a regional scale diffusivity and a resultant average
wind vector field. Because it is a steady state model, RCDM enjoys a decided
cost advantage over trajectory or grid models for long averaging times and
large source inventories. RCDM is therefore especially useful for predicting
the effects of energy growth on seasonal or average annual air quality and
air quality related values such as pollutant dry and wet deposition.

RCDM computes long-term average pollutant concentrations or deposition patterns
for a coupled set of pollutants, based on the analytical solution of the
steady state two-dimensional advection-diffusion equation.

The model incorporates mesoscale diffusivity, resultant wind vector, wet and
dry removal, and either a linear decay mechanism or an equilibrium mass
coefficient. The model can handle either point or area sources, and any
arbitrary rectangular coordinate system,

Document citations:

Fay, J. A. and Rosenzweig, J. T., "An Analytical Diffusion Model of Long
Distance Transport of Air Pollutant", Atmospheric Environment 14, pp. 355-
365, 1980.

Nieman, B.L., Mills, M.t., Hirata, A.A., and Tong, E.Y., Air Quality
Meteorology in_the Ohio River Basin--Baseline and Future Impacts, pp. 270,
Teknektron Research, Inc., 1980,

Principal users: Teknekron Research, Inc.
Validation: Not reviewed by OAQPS

L T -
PR .".7“:. a0's % BN

Assumgtions:

RCDM assumes that the time averaging of pollutant parcels can be represented
by horizontal diffusion in a two-dimensional steady state wind field. It
also assumes that a single set of dispersion and removal parameters is

. appropriate for an individual source, independent of distance or travel time.
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Current implementation: Mainframe computer

Current hardware: Mainframe IBM 360/370, 3013
Software language: FORTRAN

Word size(s): 32-bit

Input requirements:

Inputs to the model include: job specifications, dispersion, removal para-
meters, resultant wind field and emissions inventory. RCDM prints all input
information,

Available input database: Sulfure Regional Experiment (SURE) emissions
inventory

Output format:

RCDM produces a gridded field of time-averaged concentration or deposition for
each pollutant. An output tape or disk file may be created for interface
with a postprocessing: package which allows for graphical display of output
fields.

»

Load module storage: 2000 words

User manual: No
Date of latest document: 1980
Analytical Features for

Model: Air Quality
Physical loss out of

element: Yes
Variable wind speed: Yes
Variable wind direction: Yes
Point sources: Yes
Linear sources: No
Area sources: Yes
Complex topography: No
Simple topography: Yes
Vertical pollutant

disgerSion: Yes
Multielement

interactive: See 2.,
Single element: See 2.
Simultaneous pollutant

introductions: Yes
Regional and sub-~

continental: Yes
Localized: No
Time scale: Hours: No
Time scale: Days: Yes Monthly
Time scale: Years: Yes Yearly

1) Linear decay mechanism
or equilibrium mass
coefficient: Yes
2) Coupled set of pollu-
tants linked by a
mechanism Yes
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. Model acronym: REED
; Model name: Rocket Exhaust Effluent Modeling for
" Tropospheric Air Quality and Environmental
YOS Assessments (NASA Rocket Exhaust Effluent
s Diffusion Model)
ey Sponsor : NASA
o Developer: Many contributors, but primarily for Marshall
ST Space Flight Center
R Type of Model: Air
= Summary : Affords air quality and environmental assess-
‘ ments for mission planning activities and
8l for launch operations support.
’ Abstract:
T:j-: The NASA/MSFC Multilayer Diffusion Model is designed to take the output of
5:-:' the exhaust cloud rise model and generate a mapping for the air quality
;f:-: concentration levels of the exhaust constituents. This is accomplished by
YN using one of two techniques, the unlayered first-order technique or the lay-
- ered second-order technique. The two first-order techniques are: (1) the
:,-‘ plume technique (model 1) where cylindrical distribution is assumed and (2)
L the ground cloud technique (model 3) in which an ellipsoidal distribution
::. in a homogeneous surface transport layer is assumed. The second-order
techniques are: (1) the static plume technique (model 2) where it is assumed
.:‘. that there is a layer where no turbulent mixing occurs and (2) the distri-
bution technique (model 4) where the surface transport layer is layered
o~ into statistically thermodynamically and kinematically homogeneous layers
5‘_{ along with a well-distributed technique. There is a precipitation scaveny-
a ing option (model 5), or &-option, to account for the depletion of an
N exhaust constituent during rain; there is a deposition option (model 6),
2 or A option, to account for gravitationalsettling; a new option, the T-
option, has been added to account for surface absorption of a constituent.
s These options afford the potential for studying the earth quality.
o
4‘; Document citations:
4"
"'-': stephens, J., Stewart, B. and Stewart, R.B., Rocket Exhaust Effluent Modeli_ng_
Modeling for Tropospheric Air Quality and Environmental Assessments, NASA:
- TR~473, June 1977,
_.:-. Dembauld, R.K., and Bjorklund, J.R., NASA/MSFC Multilayer Diffusion Models
Aty and Computer Programs - Version 5, NASA CR-2631, prepared for Marshall
if_. - Space Flight Center by H.E. Cramer Co., December 1975.
a Principal users: NASA
o Validation: Medium
e Assumptions:
:\ The general differential equation for kinematic diffusion is linearized by
1 assuming that the meteorological profile represents the homogeneous average
atmospheric conditions over the layer of interest and solved by separation
o of variables for the spatial distribution of the concentration and dosage
e resulting from the launch of an aerospace vehicle. '
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Current implementation:
Current hardware:

Software language(s):
word size(s):

Lines of source code:
Number of subroutines:
Input requirements:

Output format:

Source program storage:

User manual:

Systems documentation:

Machine interface:

Continued enhancement:

Analytical Features for
Model:

Reactive pollutant:

Nonreactive pollutant:

bPhysical loss out of
element:

Variable wind gpeeds:

Variable wind direction:

Variable inversion base

height:
Variable reactive

Egllutants:

Variable incident
sunlight:
Point sources:
Linear sources:
Area sources:
Complex topography:
Simple topography:
Vertical pollutant
dispersion:
Crosswind pollutant
dispersion:
Multielement
“Interactive:
Single element:
Simultaneous pollutant
introductions:
Regional and sub-
continental:
Localized:
Time scale: Hours:
Time scale: Days:
Time scale: Years:

Minicomputer, mainframe computer

UNIVAC 1108; plotting routines Stromberg-Carlson
(SC 4020) machine

FORTRAN IV

36-bit

4600

255, many are plotting routines

Meteorological data from raw data and soundings
are forecasted,

Atmospheric profiles of the thermodynamic and
kinematic structure, temporal history of the
exhaust cloud ascent, centerline concentrations
and dosaqes, and concentration isopleths,

42700 locations of corc storage on UNIVAC 1108
Yes

Yes

Interactive on mini

Research operational status

Air Quality
No
Yes
Yew

Yes
Yes

Yes
No

No
Yes )

)
)

Continuous or nearly instantaneous sources
from rocket launch

No
Yes
Yes

Yes

Yes Multielement - noninteractive

Yes
No

No

Yes
Yes Or Less (minutes)
No
No
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Model acronym: REGMOD

Model name: Regional Episodic Grid Model

§égg}ogg : Teknekron Research, Inc.

Contact: Michael Mills

Contact address: Teknekron Research Inc., 69 Hickory Drive,

T - Waltham, MA, 02154

vontact telephone: (617) 890-6270

Type of model: Air

summary : Regional scale, two-dimensional, numerical grid
model for predicting short-term air quality
impacts.

= - —

The Regional Episodic Grid Model (REGMOD) is a regional- scale two-dimensional
numerical yrid model designed for predicting short-term air quality impacts
from multiple source inventories. REGMOD computes episodic concentration
and deposition behavior in a spatially and temporally varying wind field.

The model is designed for a coupled set of pollutants linked by a mechanism
which is either slow and irreversible (e.g., S503/504) or fast and reversible
(e.9. NO/NO5). REGMOD is appropriate for largeiscale energy growth studies.
The model can be used in conjunction with subregional "trajectory" and local
Araightline Gaussian" models in multiple-scale analyses.

REGMOD computes short-term average pollutant concentrations and deposition
patterns for a coupled set of pollutants. The solution of the two-dimen-
sional advection-diffusion equation is carried out in a spatially and tem-
porarily varying wind field using a Fast Fourier Transform (FFT) technique,
which is both accurate and computationally efficient. REGMOD includes
first-order transformation of primary to secondary pollutants and the wet
and dry removal of both species.

Document citations:

Prahm, L.P. and Christensen, 0., "Long-Range Transmission of Pollutants
Simulated by a Two-Dimensional Pseudospectral Dispersion Mode," Journal of
Applied Meteorology, 16, pp. 898-910, 1976.

Nieman, B.L., Mills, M.T™., Hirata, A.A., and Tong, E.Y., Air Quality
Meteorology in the Ohio River Basin--Baseline and Future Impacts, Teknekron
research, Inc,, 1980,

Principal users:

Teknekron Research, Inc. for: (1) the Ohio River Basin Energy Study (ORBES),
(2) Regional Air Quality Impact Assessment of Wood Burning in TVA; (3) Air
osality Benefits of the Increased Use of Solar Power and (4) Analysis of

Coal Conversion Air Quality Impacts.

validation: OAQPS has not reviewed.
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15 Assumptions:
':'_-f‘ REGMOD does not explicitly account for pollutant diffusion - rather, dif-
f;j:. fusion is implicitly considered by advection in a spatially and temporally
‘_‘ varying wind field. The model assumes that the wind field is two-dimensional,
and that pollutants are uniformly mixed through a constant vertical depth.
L Current implementation: Mainframe computer
"{'.‘ Current hardware: Mainframe IBM 360/370, 31033
X Software language(s): FORTRAN
% Word size(s): 32-bit
- Input requirements:
:;:1 Inputs to the model include: job specification, dispersion and removal para-
{-Z meters, time sequences of gridded wind fields and gridded emission inventory.
>
o Qutput format:
- REGMOD produces gridded sequences of concentration or deposition fields for
) each pollutant. An output tape or disk file may be created for interface
K~ with Ppostprocessing packages which allow for (1) graphical display of
:-:: ’ concentration fields and (2) concentration of output fields with those of
;e subregional or local scale models.
l.oad module storage: 2000 words for each time htep il results saved,
A User manual: No
% Date of latest documents: 1980
Analytical Features for
e Model : Air Quality
P, Reactive pollutant: See 1
Nonreactive pollutant: See 1
i Physical loss out of Regional and sub-
o element: Yes continental: Yes
-‘-:j Variable wind speeds: Yes Localized: No
! Variable wind direction: Yes Time scale: Hours: Yes short-term
" Variable inversion base 1. first order trans-
height: Yes formation of primary
o Point sources: Yes to secondar_x: Yes
::~f Linear sources: No 2. A coupled set of
oy Area sources: Yes pollutants linked by
T Complex topography: No 4 mechanism: - Yes
> Simple topography: Yes -
vy Vertical pollutant
] dispersion: No
A Crosswind pollutant
N dispersion: No
bt Multielement
e interactive: See 2
Single element: See 2
r Simultaneous pollutant
o introductions: Yes
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Lo

" Model acronym: ROLLBACK

y Model name: Modified Roullback

?ﬁ Contact: Warren P. Freas

e Contact address: US EPA Off. of Air Quality Planning and
Standards, Monitoring and Data Analysis Div.,

- MD-14, Research Triangle Park, NC 27711

D Contact telephone: (919) 541-5488

-'f Type of model: Air

-y sSummary : Estimates changes in air quality due to assumed

s change in emissions.

¥~
»

The Modified Rollback Model is a computerized air quality simulation model
that has been used for assessing the relative air quality impacts of alter-
native control strategies which are national in scope. Air Quality pro-
jections for carbon monoxide and nitrogen oxides are made using the Empirical
Kinetic Modeling Apprcach (EKMA) standard isopleth diagram. Emission in-
ventory projectiuns are made using data on mobile and stationary source
emission {actors, VMT growth rates, stationary source retirement rates,
growth rates and control efficiencies.
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'Q; Modified Rollback can be used to estimate changes in carbon monoxide (CO)

. and annual average nitrogen dioxide (NO,) levels due to assumed changes in

o O and NOx emissions, respectively. Changes in ozone air quality levels are
;J estimated, using the standard isopleth diagram of EKMA. These procedures

;j are best used to compare the relative air quality impacts of alternative

{? area source control strategies., The model requires county-level or larger
E{ emissions inventories, by major source category.

- Document citations:

N .

:ﬁ DeNevers, N. and Morris, J.R., "Rollback Modeling: Basic and Modified,"
j:; Journal of the Air Pollution Control Association, Vol. 25, September 1975.
o Wilson, J.H., Jr., Methodologies for Projecting the Relative Air Quality

Impacts of Emission Control Strategies , presented at the 71st Annual APCA

o Meeting, Houston TX, June 25-29,1978.

.

'%f Uses, Limitations and Technical Basis of Procedures for Qualifying Relation-
.;: . ships Between Photochemical Oxidants and Precursors, EPA-450/2-77-02la, U.S.
s EPA, Research Triangle Park, N.C., November, 1977.
}:. Principal users:

;}, i Has been used by EPMA to evaluate the relative air quality impacts of revisions
o to the automative emission standards. Other applications include the

o requlatory analyses conducted in association with the review of the ambient

air quality standards.

%

' -
At

Validation: Reviewed and approved by OAQPS.

1 8
PRI

]
.
s

107

.
.

.
-~
a
~

. s FERE IR ".“ B A AR . St e Y. . e,
A N S N O TR




I - Y DF R Y kS

|t ettt n o s b W St £ A SRR SE A A

Assumptions:

The simple rollback model is based on the assumption that the air quality
concentration of a pollutant at a point is equal to the background concentra-
tion of that polluant and some linear function of tho total emission rate

of that pollutant which influences the concentration at that point. Modified
Rollback uses the deNevers-Morris equations to accoun: for differing rates

of growth/reduction in emissions from a number of source categories. The
model assumes that the spatial and temporal distributions of emissions and
the meteorological conditions remain constant between the base year and the
projection year. However, in ozone projections, the model uses the standard
EKMA isopleths described in Reference 3.

Current implementation: Mainframe computer

Current hardware: Mainframe IBM 360, UNIVAC 1108
Software language(s): FORTRAN

Word size(s): 32-bit, 36-bit

Input reguirements:

For each study area, the user must furnish data on the base year air quality
level, background concentration, emissions, growth and retirement rates, and
control efficiencies for each major mobile and stationary source cateqory
and strategy scenario.

Availability databases:

The air quality data aretypically obtained from the Storage and Retrieval of
Aerometric Data Base (SAROAD) and the emissions data from the National
Emissions Data System (NEDS).

Output format:

Output reports consist of individual source area emissions inventories
for the base year and each projection year/strategy combination and air quality

summary reports. The air quality summary reports, grouped by strategy, display
the base year air quality concentration and projection year air quality levels
and expected number of violations of the National Ambient Air Quality Standards
(NAAQS) for each study area.

User manual: No
5;?;.g£ latest document: 1978
Learning difficulty: low
Analytical Features for

Model: Air Quality
Reactive pollutant: Yes
Nonreactive pollutant: Yes
Physical loss out of

element: No
Variable wind speeds: No
Variable wind direction: No
Variable inversion base

height: No
Variable reactive

pollutants: No
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, ariable incident
X sunlight? No
(S Point SOUrCeSs: No See L
: . Linear sources: No See 1
N Area Sources No See 1
h Complex topography: No
Simple topoyraphy: Yes
b vertical pollutant
' dispersion: No
Crosswind polliutant
i dispersion: No
Multielement
T INterarrive: No
Y single element: Yes
X simultaneous pollutant
. introduction: No
3 Regionaland subcontinental: Yes
A localized: Yes
- Time scale: Hours: No
¢ Time gcale: No
X Time scale:  Years: Yes
. Lo Mobile and
: ary emissi_cirl factors: Yes
L
.
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Model acronym: RPM-I1I

Model name: Reactive Plume Model

Sponsor: EPA

Developer: Systems Applications, Inc. (SAI)

Contact: Kenneth L. Schere

Contact address: Environmental Sciences Research Lab., MD-80,
Research Triangle Park, NC 27711

Contact telephone: (919) 541-4524

Type of model: Air

Summary: Estimates concentrations of species within
chemically reactive point source plume.

Abstract:

The Reactive Plume Model (RPM-II) is an air quality simulation model that
provides a time history of pollutant concentrations within a chemically
reactive point source plume. 1Its purpose is to estimate the concentration
levels these species will attain within the plume downwind of the source by
simulating in the model the physical and chemical processes responsible for
the plume'’s evolution. These include the emissions of primary pollutants
from the source, their transport and dispersion downwind, their chemical
transformation into secondary products and the entrainment of background
ambient air into the plume. Simulated species of particilar interest would
include NO, NOZ, and 03.

Document citations:

Yocke, M.A., Stewart, D.A., Kiu, M.K. and Burton, C.S., Evaluation of RPM-11
and Simple Short-Tarm NO5 Model Predictions Using MISTT Data, proc. of
Second Joint Conference on Applications of Air Pollution Meteorology, New
Orleans, LA, March 1980.

Liu, M.K., Stewart, D.A. and Roth, P.M., An_lmproved Version of the Reactive
Plume Model (RPM-1I), paper presented at the Ninth NATO/CCMS International
Technical Meeting on Air Pollution Modeling, Toronto, Canada, August 1978,

Principal users: SA1I for EPA.
validation: Medium, OAQPS has not reviewed.

Assumptions:

The plume is assumed to advect downwind of the source according to the
specified hour averaged wind speed and direction. Fickian dispersion is
assumed to govern the diffusion between adjacent cells in the model and

all cells are assumed to be well mixed. The numerical solution of the set
of chemical reactions is by a modified version of the GEAR routine, a
predictor~corrector method for stiff systems of differential equations. It
is implicitly assumed that the Carbon Bond-II mechanism is an accurate
description of the chemical transformations of Nox-HC-O3 in the real
atmosphere.

The model’s limitations include the requirement for valid ambient concentra-
tion estimates of reactants along the plume trajectory and the specification
of valid wind speeds and dispersion rates, especially in complex terrain
applications.
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“ ' Current implementation: Mainframe computer
{ Current hardware: Mainframe UNIVAC 1110 or equivalent
[ software lanquaqe(s): FORTRAN
X wOrd size(s) 36-bit
L . lﬂp_l_lf teguu‘ementS'
N
Y] Inputs to the model include: wind speed and dispersion rates as functions
of time and downwind distance,respectively, average initial concentrations
N .. for all species and the time-varying ambient concentrations (an option),
hourly source emission rates, and the time-varying photolysis rates for the
:: photolysis chemical reactions. The reactions comprising the chemical
% kinetic mechanism are also a set of inputs.
T Output format:
L: Outputs from RPM-II include: a printout of all input data, a printout of
L the program control variables, a printout of plume concentrations, plume
¥ widths, plume depths, wind speed, photolysis factors at various downwind
z. distances, and printer plots of average plume and ambient concentrations
" versus time. Average voncentrations are printed for cach species within
.. each plume cell as well as average concentrations for the entire plume.
3:: User manual: In draft form from EPA
Date of latest documents: 1980
N Analytical Features of
Madel : Air Quality
- Roncuve pollutant: Yes
X Nonreactive pollutant: No
Physical loss out of
. eloment. No
" yur__mb]e wind speeds: Yes
- Variable wind directions: Yes
< Varxdble reactive
-, pollutants: Yes
7 Point sources: Yes
e Linear sources: No
< Area sources: Yes on a virtual point source basis
. (*omplex t.opoqraphy No
Simple topography: Yes
.-} Crosswind pollutant
¥ dispersion: Yes
:: Multielement Variable (space) dis-
- “INEEracEive: Yes peraion rates: Yes
L: Single element:: No Variable (time) photo-
- Simultaneous pollutant lysis rates: Yes
L introduction: No
. Reqgional and sub-
"~ conttnentdl Yes
3 Lt \(‘:I‘_l‘_l_?l'tl : Yes
-.:" T |m0~ a}_zz;_l:g_' _ll(_g_gﬂ;: Yes
' 4 ’ln}yg scalo: Y.vn?.s:: No
.
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Model acronym: SAIASP

Model name: SA1 Airshed Model

Developer: Systems Applications, Inc. (SAI)

Contact: Kenneth L. Schere

Contact address: US EPA Environmental Sciences Research Lab,
MD-80, Research Triangle Park, NC 27711

Type of model: Air

5ummarz: Estimates the evolution of concentrations of
urban atmospheric smog-related pollutants.

Abstract:

The SAI AIRSHED Model is a grid-type photochemical air quality simulation
model. Its primary purpose is to estimate the evolution of concentrations

of urban atmospheric smog- related pollutants, including ozone. These con-
centration estimates are based on simulating the physical and chemical pro-
cesses occurring in the ambient atmosphere that are responsible for ozone
production. These include the emissions of organics and NO(x), chemical
reactions of these precursors, advection and dispersion among grid cells, and
transport of ozone and its precursors into the model region from upwind areas.
The precursors include the order of one day. This model is quite complex and
is rather input data-intensive. Nevertheless, it is useful for providing
spatial and temporal resolution of ozone concentration estimates based on a
detailed consideration of the underlying physical and chemical processes.

Document citations:

Ames, J. et al,, "The User's Manual for the SAI-Airshed Model, " EM 78-79
Environmental Protection Agency, Research Triangle Park, NC 27711, Aug 1978.

Kummler, R.H., Cho, B., Roginski, G., Swha, R., and Greenberg, A., "A
Comparative Validation of RAM and Modified SAI Models for Short-Term S0,
Concentrations in Defrost,” J. Air Pollut. Control Assoc. 29(7), pp. 720-
723, July 1979.

Principal users:

Has been used by EPA and some state agencies to estimate the impact of
emission controls on urban ozone concentrations. The model is currently
undergoing evaluation and verification as part of the EPA Regional Air
Pollution Study (RAPS) model validation program.

validation: Medium, not reviewed by OAQPS.

Assumptions:

The SAI Airshed Model uses a finite difference method to calculate the pro-
gression of pollutant concentrations through a series of time steps. The
model assumes flat terrain in estimating concentrations, although the in-
flduence of the terrain on the wind field can be considered if the user is
able to do so. All emissions and all concentrations are assumed uniformly
mixed throughout each grid cell. It is assumed that turbulent fluxes are
linearly related to the gradient in the mean concentrations so that eddy
112
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diffusivities are used in the diffusion calculations. The principal
limitations of the model are its complexity and the substantial amount of
data required.

5 Current implementation: Mainframe computer
ff' Lurrent hardware: Mainframe UNIVAC 1110
ok software language (s): FORTRAN

- Word size(s): 36-bit

Input requirements:

The SAI Airshed Model requires various emissions, meteorological and air

- quality data for each grid cell in the grid system. The emissions inventory

! must be gridded hourly and must include NO,, NO, and five classes of organics.
The meteorological and air quality input data are interpolated from the
values measured by a relatively dense monitoring network. The meteorological
data include wind speed, wind direction, mixing height, atmospheric stability
and photolysis rate constant. The air quality data include concentrations

h of NO(x), organics, and ozone at the beginning of the simulation and at the
Ty upwind boundary. 1f an inert pollutant is being simulated, only data for

that pollutant are necessary.

e The principal output of the model is a printed array of concentrations at

: ground level or any level aloft throughout the grid for each hour for each

X major pollutant. This array of concentrations is also put into disk

storage in case the user wishes to develop programs to analyze the data
turther. [In addition, the model provides the option of estimating concentra-
tions at specific sites by interpolating among the concentrations in the

éf surrounding qrid cells.
- tser manual: Yes
e Systems documentation: Draft form
ot Date ot latest documents: 1979
. Analytical Features for 312213 element: yes
. Model Air hnmultanooua pollutant Yes
{{ RnactiJv pollutant: Yes Relggﬁggggggggéon_
e Nonrem_tive pollutant: Yes 2inentJI' N
- physical loss out of LocaTlizeds
< element: - Yes Localized: yes
L% variable wxnd speeds: Yes :*me scale: Hours: Yes
variablc wind direction: Yes ime scale: Days: Yes
_ el ——— Time scale: Years: No
2. V1r11b10 inversion base Yes ;
iﬁ et Variable space & time Yes
- v\fTWBT? reactive Yes stabllxty > photo—
S pollutants: e e
i, Variable incident No
sunl fsht
.- Pn{ﬁFAﬁuncrr- Yes
?} . llnvur BOUT Ceg s No
o Wi Sources: Yes
::; ‘um_w__‘)' opwgraphy s No
.4 Vertical pollutant Yes
'll_upr ion: Yes
Mult;elcment

I_ll eractives Yeos
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Developer:
Contact:
Contact telephoue:

At A et St Jhut R A

SIGMET

Science Appllications, Inc.
Dr. Art Boni

(714) 454-3811 ext. 2312

T W .

,

it R R

Availability: Commercial or lease to govenment

Type of model: Chemical Spills and Air

Summary: Dense gas dispersion model based on three-dimen-
sional conservation equatiouns.

Abstract:

The SIGMET model developed by SAI uses finite-difference equations describ-
ing conservation of mass, momentum and energy to predict the spreading,
evaporation and eventual dispersion of LNG from accidential spills. The
modeling techniques are not specific to LNG vapor dispersion and could he
applied to the prediction of dispersion of other gases added to the atmos-
pheric boundary layers. The segment of atmospheric space network of points
at which prediction is to be made of the time history of the local velocities,
temperature and LNG vapor concentration in the evolving LNG vapor cloud.

Document citationsg:

England, W.G., Teuscher, L.H., and Freeman, B., Atmospheric Dispersion of

Liquified Natural Gas Vapor Clouds Using SIGMET, a_ Three-Dimeus fonal Time-
Dependent Hydrodynamic Computer Model , Heat Transfer and Fluid Mechanics

Institute, Washington State Universlity, Pullman, Washington, .June 26-28,

1978.

Havens, J.A., A Description and Assessment of the SIGMET LNG Vapor Dispersion
Model, United States Coast Guard Report No. CG-M-3-79, Jan. 1979.

Havens, J.A., Predictability of LNG Vapor Dispersion from Catastrophic
Spills onto Water: An_Assessment, U.S. Coast Guard Report CG-M-09-77, NTIS,
AD/A-040 525, April 1977.

Level of Validation: Medium-high

Assumptions:

Hydrostatic approximation, neglects molecular diffusion, viscous dissipation
effects, viscous sheat stress in the x and y component of momentum. Utilizes
finite-difference approximation to the mass, momentum and energy balance
equations. Specified initial and boundary conditions representing an acci-
dental release of LNG onto water.

Mainframe

CDC 7600, CPAY could be converted to the CDC 7600
FORTRAN 1V slight variations on CRAY vectorized
subroutines

60-bit, 64-bit

In house DEC-10 has some problems with the CRAY
2000-300C

Current implementation:
Current hardware:

Software language(s):

Word size(s):
Operating «ystem(s):
Lines of gsource code:
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Number of subroutines: 20
- Input requirements:
T Free format, and F10.0 + 18, Sigmet ] gentle terrain 1) Met. data 2) terrain
5:-{ . prid size, 1) tyvpe of gas, molecular weight and physical data 4) source term
;:; data
Availabilfty input ,
::-'7 . « database: Code for simulating wind fields=-nobal
7 Out put format: Line printer concentration up to 20 flags,
‘: tabulation
'{ source program storage: Depends on grid 40x10x10
Y Load module storage: 1, 350K words on Cray 2. Smaller
User manual: Yes
systems documentation: Yes
Date of first version: Sigmet I 1975
batc of latest version: 1981
bDate of latest documents: 1981
Machine interface: Interactive or batch
Learning difficulty: Low-medium (two weeks)
User supporkt: Yes
Debugging maintenance: Yes
Continued cnhancement: Yes
Update [requencies: Almost continuously
Analytical Features for
Model : Air Quality
Reactive pollutant: No
Nonreactive pollutant: Yes
Pnysical loss out of Yes
clement: -
Vatiable wind speeds: Yes Single clement: Yes
Variable wind direction: Yes Simultaneous pollutant Yes
Variable inversion base Yes introductions:
height: Regional and sub- Yes
variable reactive No continental:
pollutants: Localized: Yes
variable incident No Time scale: Hours: Yes
sunlight: Time scale: Days: Yes
uint sources: Yes
Linear sources: Yes
Arca sources: Yes
Complex topography: Yes
- Simple topoyraphy: Yes
Vertical pollutant Yes
dispersion:
Cross=wind pollutant Yes
) *“.__ ispecsion:
Multielemont Yes
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Model acronym: SLAB

Model name: SLAB

Sponsor: DOE

Developer: LLNL, L. Morris Morgan

Ccontact address: David L. Morgan, L~-4S1 Lawrence Livermore Nat.
Lab, P.0. Box 808, Livermore, CA 94550

Contact telephone: {(415) 422-5104

Availability: Public

Type of model: Air (Chemical Spills)

Summary : Quasi-three~-dimensional model for cold or heavy
gas releases using layer-averaged conservation
equations.

Absract:

Quasi-three-dimensional model to predict the cloud features as a function of
position and time of cold or heavy gas and other relevant quantities due to
gravity flow and dispersion following a spill of liquitied gas under arbitrary
atmospheric conditions. The cloud features include concentration, height,
width, temperature, and motion.

Document citations:

Zeman, O., The Dynamics and Modeling of Heavier-Than-Air, Cold Gas Releuses,
Lawrence Livermore National Laboratory Report UCRL-155224, Livermore, CA, 1980,

Ermak, D.L., Chan, S$.T., Morgan, D.L. and Morris, L.K., A Comparison of

Dense Gas Dispersion Model Simulations with Burro Series LNG Spil]l Tests
Results, Lawrence Livermore National Laboratory Preprint UCRL-86713, Liver-
more, CA, to be published in the Journal of Hazardous Materials.

Principal users: LLNL
vValidation: Medium

Assumptions:

Cannot handle rough terrain, assumes a simple dependence of cloud descriptors
on crosswind and vertical distance; does not consider water vapor condensation,
employs mixed layer concepts to derive layer-averaqged conservation cquations.

Current implementation: Mainframe computer
Current hardware: CDC 7600

Software language(s): FORTRAN IV

wWord size(s): 60 bits

Operating system: LTSS own system
Lines of source code: 5000

Number of subroutines: 24

Input requirements: Free formal, ASCII
Output products: Standard ASCII products of cloud featurcs
Source program storage: 50,500 octal words
Load module storage: 200,705 octal words
Uger manual: No
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systems documentation:
Late of [irst versijon:
hate of latest version:

bate of latest documents:

Machine interface:
Lrarning difficulty:
Uner supg)rt :
Debugging Maintenance:
Continued enhancement:
Update frequencies:
Analytical Features for
Model:
Reactive pollutant:
Nonreactive pollutant:
Physical loss out of
element:
Variable wind speeds:
Variable wind direction:
Variable inversion base

height:

var iable reactive
pollutants:
Variable incident
, §unlight:
Polnt sources:
Linear sources:
Area sources:
Complex topography:
Simple topography:
Vertical pollutant
dispersion:
Crosswind pollutant
dispersion:
Multielement
interactive:
Single element:
Simultaneous pollutant
introductions:
Regional and sub-
continental:
localized:
Time scale: Hours:
Time scale: Days:
Time scale: Years:

L R R R e e, e PP
~ L . " . .0 - P - - - -0

*

Yes

1980

1981

1981

Batch and interactive

Modium

Yes, if under contract

Yes, if under contract

Yes

Once a year on model, 6 months on code

Air Quality
No

Yes

No

No

No

No

No

No

Yes
No

No

Yes
Yes
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Model acronym: T M2
Model name: Texas Climatological Model Version 2
Sponsor : Same as Above
’ Developer: Texas Air Control Board
= Contact: Cyril Durrenburger; James Bryant
< Contact address: Texas Air Control Board Permits Section,
k 6330 Highway East, Austin, TX 78723
7 Contact telephone: (512) 451-5711
-2 Availability: See APRAC-1A
Type of model: Air
Summary : Estimates long-term average concentrations of
Nonreactive pollutants.
Abstract:

The Texas Climatological Model Version 2 (TCM-2) uses the steady-state
Gaussian plume hypothesis, is a relatively fast FORTRAN computer program to
predict ground level, long-term concentrations of atmospheric pollutants. The
Briggs plume rise, the Pasquill-Gifford-Turner dispersion equations and sector
i averaging are used in this model. Contributions from area sources are deter-
mined by a modification of the method developed by Gifford-Hanna. An emissions
inventory and a set of meteorological conditions are input to the model by
the user.

R o .
ettt e DT

Concentrations for one or two pollutants may be determined for long averaging
times. Any number of area and point sources may be analyzed. Concentrations
are calculated for up to 2500 locations in a user-defined rectilinear array

of receptors. Up to 5 sets of meteorological conditions in the form of a
meteorological joint frequency function and average ambient temperature may

be input to the model. Important user options are exponential pollutant decay,
use of only final plume rise, choice of urban or rural dispersion and calibra-
tion with observed concentrations. A variety of other input and output options
are available to enhance the utility of the model.

Document citations:

Texas Air Control Board, User's Guide to the Texas Climatological Model'
Austin, Texas, August 1980,

Principal users: State air pollution control agencies, meteor-
ological consultants and industry.
validation: OAQPS has reviewed and approved.

Assumptions:

A. The emission rate is constant for each set of meteorological conditions.
B. Wind speed - The pollutants are transported downwind at an appropriate
average wind speed. Wind speed is adjusted to physical stack height.

C. Wind Shear - There is no directional wind shear in the vertical.

D. Plume Behavior - The plume is infinite with no pollutant losses due to
reaction or deposition at the surface.
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E. (hemistry Reaction Mechanisms - The pollutants are nonreactive gases or
aerosols and remain suspended in the air following the turbulent movement of
the atmosphere. There is an option to use exponential decay of pollutant con-
centration based upon a user-input half-life.

F. Horizontal and Vertical Dispersion - The concentration in the vertical
direction is described by Gaussian distribution about the plume center line.
Dispersion coefficients are from Pasquill-Gifford-Turner with no additional
adjustments being made for variations in surface roughness. Horizontal dis-
persion is described by sector averaging instead of by a Gaussian distribution.
A meteorological joint frequency function is used to describe dispersion in
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o the horizontal.

Ci Current implemcntation: Mainframe computer
-t . Current hardware: (1) Mainframe Burroughs 6810/11; (2) Univac 1100
- : Software language(s): FORTRAN

T~ : Lines of source code: 2004
“:ﬂi Number of subroutines: 8

é{; ' Input requirements: Input to the TCM-2 is as follows:

- ' l. Control parameter cards specify the input and output options, grid spacing
< and orientation, etc,

X 2, Calibration factor cards

S 3. Meteorological joint frequency function value cards

- 4. Area source inventory cards

< 5. Point source inventory cards

e . 6. Monitoring data cards

5 ; Input options: (1) Point source inventory parameters may be in metric or
e English units., (2) Point source inventory may be read from cards or disk file.
,;E : (3) Meteorological joint frequency function may be read from cards or disk

.3::‘ ' file.

Output format: TCM-2 output options are:

- : (1) List of coordinates and concentration at each grid receptor

N0 ' {2) An array map of gqrid coordinates and concentration

xR {(3) A capability 1list identifying the highest five major concentration

contributor: and respective contributions

e ) A list of the point of maximum concentration for each scenarie

o ; (5) Card punch output for input to contour plotting programs
- Source program storage: 41K core on Univac, 17K words storage on Burroughs
Yo : User manual: Yes

Systems documentation: Yes

. Date of latest documents: 1980

W Machine interface: Batch
‘35' " Learning difficulty: Medium

v 'lser support: Yes

o Statutory authority: EPA guidelines model (1978)
[~ _ Analytical Features for

Model: Alr Quality

Reactive pollutant: No
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Nonreactive pollutant: Yes
Physical loss out of No
element:
Variable wind speeds: Yes
Variable wind direction: Yes
Variable reactive pollu-~
tants: No
Variable incident No
sunlight:
Point sources: Yes
Linear sources: No
Area sources: Yes
Complex topography: No
Simple topography: Yes
Vertical pollutant Yes
dispersion:
Crosswind pollutant Yes
ot pollutants:
Multielement No See 2
1nteractive:
Single element: Yes See 2
Simultaneous pollutant Yes
introduction:
Regional and sub- No
continental:
Localized: Yes
Time scale: Hours: No
Time scale: Days: Yes seasonal
Time scale: Years: Yes annually
(1) Exponential decay Yes
by user input half-
life

{2) 1 or 2 pollutants may Yes
be run-no interaction

——
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{% Model acronyms: TEM-8
- Model name: Texas Episodic Model Version 8
% Sponsor : Texas Air Control Board
N Developer: Same as above
. \ Contact: Keith Zimmerman, James Bryant
Contact address: Texas Air Control Board Permits Section,
- 6330 Highway 290, Austin, TX 78773
T Contact telephone: (512) 451-5711
[ Type of model: Air
iﬁ Summary: Short-term steady state Gaussian plume concentra-
S tion estimates of nonreactive pollutants.
bk Abstract:

The Texas Episodic Model Version 8 (TEM-8) uses the steady state Gaussian plume
hvoothesjs in a relatively fast FORTRAN computer program designed to predict
ground-level, short-term concentrations of atmospheric pollutants. The Briggs
i plume rise and the Pasquill-Gifford-Turner dispersion equations are used in

sy, the model. Concentrations from area sources aredetermined,using the method
developed by Gifford-Hanna. An emissions inventory and a set of meteorological
conditions are input to the model by the user.

~ ' Concentrations for one or two pollutants may be determined for time periods

i from 10 minutes to 24 hours. The model, as supplied, may analyze up to 300
individual point sources and up to 50 area sources but these size limits are
easily expanded. Concentrations are calculated at up to 2500 locations in a
user-defined rectilinear array of receptors. An automatic grid feature in

the program may be used to define a grid that encompasses the point of maximum
concentration. A variety of input and output options are available to en-
hance the utility of the model. Up to 24 sets of meteorological conditions
may be input to the model. Exponential decay of pollutant concentration may
be calculated as a user option.
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fﬁj | Document citations:

o,

“ Texas Air Control Board, User's Guide to the Texas Episodic Model, Austin,
Texas, October 1979,

.ﬁ Dames & Moore, Final Report Phase I Bay Area Sulfur Oxides Study for Bay

- Area Air Quality Management District, October 1979.

% . Principal users: State air pollution control agencies, meteorolog-

ical consultants and industry.

. Assumptions:

:& ‘ (a) Emission Rate. The emission rate is constant. (b) Wind Speed. The .

- pollutants are transported downwind at an appropriate average wind speed.

?: Wind speed is adjusted to the physical stack height. (c) Wind Shear. There

"= is no directional wind shear in the vertical. (d) Plume Behavior. The

4 plume is infinite with no plume history. The plume is reflected at the

o earth's gurface with no pollutant losses due to reaction or deposition at the
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surface. (e) Chemistry Reactigﬂ Mechanism. The pollutants are nonreactive
gases or aerosols and remain suspended in the air following the turbulent
movement of the atmosphere. There is an option to use exponential decay of
pollutants concentration based upon a user-input half-life. (f) Horizontal
and Vertical Dispersion. Dispersion occurring in the downwind direction is :
negligible compared to advection. The concentrations in both the crosswind

and the vertical directions are described by the Gaussian distribution about
the plume centerline. Dispersion coefficients are from Pasquill Gifford-
Turner with no additional adjustments being made for variations in surface
roughness. Horizontal coefficients (sigma-y) are assumed to represent dis-
persion over a l0-minute averaging period and are increased for longer averaq-
ing times to represent the greater horizontal plume meander due to fluctuations
in wind direction.

“
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fg Current implementation: Mainframe computer
-, Current hardware: Mainframe Burroughs 6801/11, UNIVAC 1100
AN Software language (s): FORTRAN
i Word size(s): 36-bit
Lines of source code: 3778

Input requirements:

« . . . .t "
PYVETWCL WY N BRI

A. Input to the TEM-8 is as follows: (1) Control parameter cards specify the
input and output options grid spacing and orientation, etc. (2) Scenario para-
meter (meteorological conditions) cards, (3) Area source inventory cards, (4)
point source inventory cards. B. Input options: (1) Point source inventory
parameters may be in metric or English units, (2) Point source inventory may
be read from cards or disk file.

AR

Output format:

TEM-8 output options are: (1) list of coordinates and concentrations at each
grid receptor, (2) an array map of grid coordinates and concentrations, (3)

a culpability list identifying the highest five major concentrations contri-
butors and respective contributions, (4) a list of the point of maximum con-
centration for each scenario, (5) card punch output for input to contour
plotting programs.

Source program storage: 39K core on UNIVAC
Load module storage: 26K words dinc storage on Burroughs
User manual: Yes
Systems documentation: Yes
Date of latest document: 1979
Machine interface: Batch
Learning difficulty: Medium
User support: Yes -
Statutory authority: EPA guideline model (1978)
Analytical Features for

Model: Air Quality
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X Reactive pollutant: No
ﬂ Nounreactive pollutant:
PhysicsT Toss out of - Yes
N clement: No
N Variable wind speeds: ves
o variable wind direction: Yes
- variable inversion base
_ height: Yes
a . Variable reactive
v pollutants: No
. . var iable incident
> Sunlight: No
: Point sources: Yes
LINCAr sources: No
. : A1 ca sources: Yes
“ Complex topography: No
: Simple topography: Yes
N Vertical pollutant dispersion: Yes
N Crosswind dispersion of pollutants: yaq
'_ Multielement interactive: No
; single element: Yes
) i Simultaneous pollutant introductions: yagq
. Regional & Subcontinental elements: o
PR Localized: Yes
8 i Time scale: Hours: Yes
§ Time scale: Days: No
] Time scale: Years: No
: Cxponential decay by
: user input half-life: Yes
' une or two pollutants
A may be run - no
i interaction: ves
1
i
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1 Model acronym: TRAJ (EPA's) ARL~ATAD (Standard)
Model name: Air Resources Laboratory Atmospheric Transport
and Diffusion Model ~
Sponsor: DOE, Originally USAF Technical Applications
. Center and the Division of Biomedical and Env.
Research, ERDA
T Developers: J.L. Heffter, NOAA-ARL .
’ Contact: Dale Coventry
Contact address: US EPA Env. Sciences Research Lab., Monitoring &
Data Analysis, Reseach Triangle Park, NC 27711
Contact telephone: {(919) S541-3668
Availability: Public
Type of model: Air
Summary : Post-tacto trajectory model calculates transport,
diffusion, and deposition of effluents on re-
gional and continental scales.
. Abstract:

The Air Resources Laboratories Atmospheric Transport and Dispersion Model
(ATAD) is oriented toward practical application for pollution studies. AT?D
caloulates trajectories of 5 days duration from any number of origins,
starting every 6 hours during any selected period (e.g., a day, month, or
season), moving either forward or backward in time. Each trajectory is cal-
culated using transport winds averaged in a vertical layer. Dispersion
calculations are made for the forward trajectories. Standard model output
includes tables of transport layer depth, maximum vertical wind shear in the
transport layer, and trajectorypositions. Optional output includes traject-~
; ory plots and maps of time-averaged surface air concentrations and deposition
amounts.

[EQRRPTE S U

Document citations:

Jerome L. Hefter, NOAA Technical Memorandum, ERL ARL-81 ARL~-ATAD, 1980,

CATLE L e ot e

Hefter, J.L., Taylor, A.D., and Ferber, G.J., A Regional-Continental Scale
) Transport, Diffusion and Deposition Model, NOAA Tech. Memo. ERL ARL-50,

§ June 1975.
i Principal users: ARL, BNL
validation: Medium-high, OAQPS has not reviewed.

' é Assumgtionsz

The model moves the trajectory with the average value of the winds in the
layer selected, either gurface or aloft. Concentration and deposition pufts
are transported along the trajectory paths. The model should not be used at
short distances from the sources.

: Current implementation: Mainframe computer

X Current hardware: Mainframe UNIVAC 1110, IBM 360/95
} Software language(s): FORTRAN, FORTRAN H extended plus

i Word size(s): 36-bit, 32-bit
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Input requirements:

Trajectory end point, starting data, number of days, direction in time,
transport layer, map boundaries, met data provided by NCC sorted by time and
stored on magnetic tape.

Input databases: NAMER-WINDTEMP data tapes #9753 available from
NCC, NOAA

Ot put _f'ormat_:

Consists of Jatitudes and longitudes of trajectory positions at 6~hour in-
tervals printed in tabular form. Additional output options include plots of
observed vertical temperature and wind profiles, tables of model-calculated
transport layer depths and plots of the trajectories on a lat-long grid.

Concentration and deposition calculations are output on a similar lat- ~long
arad.,

Load module storage: UNIVAC 34K, IBM 24K core storage, magnetic tape
storage one reel
User manual: Yes
systems documentation: Yes
Date of first version: 1975
Date of latest version: 1980
Date of latest documents: 1980
Machine interface: (1) batch, (2) batch, interface, (3) interactive
Learning difficulty: Med ium
Outpul interpretation
difficulty: Low-med ium
User support: Yes
Continucd enhancement: Yes
Analytical Peatures for
Model Air Quality
Reactive pollutant: No
Nonreactive pollutant: Yes Multielement
Physical loss out of interactive: No
clement: Yes Single element: Yes
Variable wind speeds: Yes Simultaneous pollutant
Var 1able wind direction: Yes introductions: Yes
Variable inversion base Regional and sub-
heoight: NO continental: Yes
variable reactive Localized: No
pollutant. : No Time scale: Hours: Yes
variable incident Time scale: Days: Yes
sunlipht: No Time scale: Years: Yes
PoIint sources: Yes Variable transport layer: Yes
Linear sources: No
Atca sources: No
Complex topography: No
tymple topography: Yes
vertical pollutant
dispersion: Yes
Crosswind pnllutant
lu,pm [ 1on Yeo
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Model acronym:
Model name:
Sponsor:
Developer:
Contact address:

Turner's Workbook

Workbook of Atmospheric Dispersion Estimates
EPA, Office of Air Programs

D. Bruce Turner

Office of Technical Information and Publications

Office of Air Programs, EPA, Research Triangle
Park, NC 27711

Availability: Public

Type of model: Air

Summary : Methods to estimate atmospheric concentrations of
contaminants from various types of sources.

Abstract:

pielAs 31

This workbook presents methods of practical application of the binormal con-
tinuous plume dispersion model to estimate concentrations of air pollutants,
Estimates of dispersion are those of Pasquill as restated by Gifford. FEmphasis
is on the estimation of concentrations from continuous sources for sampling
intervals,inversion breakup fumiqation concentrations, and concentrations {rom
area, line, and multiple sources. Twenty-six example problems and their
solutions are given. Some graphical aids to computation are included.

Document citations:

Turner, D.B., Workbook of Atmospheric Dispersion Estimates, Office of Air Pro-
grams Publication No. AP-26, U.S. Environmental Protection Agency, Research

Triangle Park, NC, 1970}

Widespread use
Medium

Principal users:
validation:

Assumptions:
Continuous emission from the source of emission times equal to or greater than

travel times to the downwind position under consideration, so that diffusion
in the direction of transport may be neglected.

The material diffused is a stable gas or aerosol (less than 20 microns dia-
meter) which remains suspended in the air over long periods of time,

The equation of continuity is fulfilled; i.e., none of the material emitted is
removed from the plume as it moves downwind and there is complete reflection at
the ground,

The mean wind direction specifies the x-axis, and a mean wind speed repre -
sentative of the diffusing layer is chosen.

Except where specifically mentioned, the plume constituents are distributed
normally in both the crosswind and vertical directions.

The time periods are about 10 minutes.
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Curront implementation: Handbook
User manual: Yes
e Latest documentation: 1970
c:- Learning difficulty: Medium
"y Analytical Features for
2 Model Air Quality
y Reactive pollutant: No
Nonrcactive pollutant: Yes
Physical loss out of No
clement:
Variable wind speeds: Yes
variable wind direction: Yes
Var iable inversion base Yes
height:
variable reactive No
pollutants:
vVariable incident No
sunlight:
Point sources: Yes
Linear sources: Yes
Area sources: Yes
Complex topography: No
Simple topography: Yes
Vertical pollutant Yes
dispersion:
Crosswind pollutant Yes
dispersion:
Multielement . No
interactive:
Single element: Yes
Simultanecous pollutant No
introductions:
Regional and sub- No
contincental:
Localized: Yes
Time scale: Hours: Yes
Time scale: bays: No
Time scale: Years: No
Long time periods such Yes

as seasonal or annual
are discussed.
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Model acronym: VALLEY

Model name: Gaussian Plume Dispersion Algorithm

Sponsor: Us EPA, Office of Air and Waste Management,
Office of Air Quality Planning and Standards

Developer: Same as above

Contact: D. Bruce Turner

Contact address: EPA Environmental Sciences Research lab., MD-80,
Research Triangle Park, NC 27711

Contact telephone: (719) 541~4564

Type of model: Air

SummaF;: Estimates upper limits of 24-hour average pol-
lutant concentrates due to isolated sources in
rural complex terrain.

Abstract:

This algorithm is a steady state, univariate Gaussian plume dispersion al-
gorithm designed for estimating either 24-hour or annual concentrations re-
sulting from emissions from up to 50 (total) point and area sources. Calcul-
ations of ground-level pollutant concentrations are made for each frequency
designed in an array defined by six stabilities, 16 wind directions, and six
wind speeds for 112 program-designed receptor sites on a radial grid of
variable scale. Empirical dispersion coefficients are used and include ad-
justments for plume rise and limited mixing. Plume height is adjusted accord-
. ing to terrain elevations and stability classes.

Document citations:

Burt, E., Valley Model User's Guide, EPA-450/2-77-018.

Source program available as part of UNAMAP (Version 3), pm 277-193, $420, NT1S,
Springfield, VA 22161.

Assumptions:

Source-Receptor Relationship. Each point source is assigned an arbitrary
location. Each area source is given an arbitrary location and size. The
model provides 112 receptors on a radial qrid for 16 directions; relative
radial distances are internally fixed and the overall scale may be modified
by the user. The location of the grid center is defined by the user. A ,
unique release height for each point and area source is given by VALLFY.
Receptors are at ground level, and ground—-level elevations above mean sea
level are defined by the user. The total number of sources for the model is

less than or equal to 50.

Emission Rate. A single rate is utilized by each point and area source. Each
source is treated by an effective point source approximation, and no temporal
variation is allowed.

Chemical composition: This is not applicable to VALLEY.
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Plume Hehavior: The model uses Briggs (1971, 1972) plume rise formula for
both point and area sources. Alternatively, a single constant plume rise
value may be input for any or all sources. VALLEY does not treat fumigation

or downwash.

(urrent implementation: Mainframe computer, minicomputer
(‘urrent hardware: Mainframe UNIVAC 1110, VAX _11/780
Softwire language(s): FORTRAN V, FORTRAN IV Plus

Word size(s): 32-bit

P)}).eratinq system(s): VMs

tines of source code: 1000

Numbor of subroutines: 2

input requirements:

Point and area residual discharqes and stack parameters; meteorological data;
ambiont air concentration measurements.

Input databasec: . STAR data from NCC
Qutput format:

Long~term arithmetic means and a source contribution list for each receptor
(lony term mode); second highest 24-hour concentration and a source contri-
hution list for each receptor (short-term mode).

fiource program: 14K core

Usier manual: Yes

system documentation: Yes

bate of latest version: 1979

bate of latest documents: 1979

Machine interface: Batch

Learning difficulty: Medium~high

User support: Yes

Confidentiality: Release unlimited

Statutory authority: EPA guideline model (1978)

Analytical Features for
Model s Air Quality

Nonreactive poliutant: Yes

hysical loss out of No Time scale 24 hours or annual Yes
cloment: Crosswind pollutant Yes

Variable wind speeds: Yos dispersion:

Variable wind direction: Yes Multielement No

Variable inversion bage Yes T interactive:
height: Single elcment: Yes

Variable reactive No Simultaneous pollutant Yes
pollutants: introductions:

Variable incident No Reqional and sub- No
sunlight: continental:

Pouint sources: Yes Localized: Yes

Linear sources: -

Atca sourceg: Yes

Complex topoqraphy: Yes

Simple topogqraphy: Yos

Viogtical pollutant Yes
dispersion: 129
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SECTION II

MULTIMEDIA MODELS
(Air, Water and Land)

le ALWAS 4, NEELY METHOD
2o EICS Se NLEV 3

3o ENPART 6, UTM

H

Model acronym: ALNAS

Model name:
Sponsor:

Developer:
Contact:

Air, Land, Water Analysis System

EPA, Athens, GA, Environmental Research Lab
Arthur D, Little, Inc.

Kenneth F. Hedden, Project Leader

Current Implementation:

Contact address: Technology Development & Applications Branch
Athens Environmental Research laboratory
Athens, GA 30605

(404) 546-3476

Contact telephone:

Availability: Public
Type of model: Multimedia, (Air, Water and Land)
Abstract:

ALWAS can simulate the effects on surface water quality of multimedia
toxicant releases to the environment. It is most suitable for persistent
organic chemicals which tend to adsorb to particulate matter, but ALWAS or
various combinations of its submodels, may also provide valuable
multimedia information for metals and more soluble organics, given care in
its application,

Document citation:

Tucker, William A., Eschenroeder, Alan Q, and Maglil, Gary G. Air, Land,
Water Analysis System (ALWAS): A Multimedia Model for Asessing the
Effects of Airborne Toxic Substances on Surface Water Quality, (First Draft

Report}, Arthur D. Little, Campbridge, MA 02140,
Principal users: EPA
Validations: Low (not verified for any field situation)

Minicomputer, Mainframe Computer
IBM 370, PDP 11/70

FORTRAN

IBM 32-bit, PDP 11/70 16 bit

Current hardware:

Software language(s):

Word size(s):

Input requirements:

Meteorological land configuration, chemical (much is formatted and

namelisted).

Input databases:

Meteorological Data -~ National Climatic Center SAROAD and NEDS,

Qutput format: Tabular
UUser manual: Yes
Systems documentation: No
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Machine Intexrface:

Learning difficulty:

User support:

Debugging maintenance:
Analytical Feature of
Model :

Toxic substance:
Water temperature:

DO level:

Benthal oxygen:
Cloforms:
Chlorophyll-A:
Radloactive
constituents:
Salinity:

Conservative Minerals:

Time dependent input:

Changes in channel flow:

Aeration:
Respiration:
Photosynthesis:

Waste Treatment Plant
input:

Evaporation and pre-
cipitation effects:
Time-variant polluant:

Point source:
Nonpoint source:
Steady state:
Unsteady state:
Stream and river:
Reservoir and lake:
Estuarine;
Ocean inlet:
Dam computation:
Mixing zone:
Analytical Feature of
Model:
Small watershed areas:
Rural land areas:
Urban land areas:
Entire Hydrographs:
Flood routing:
Snowvmelt considerations:

Continuous simulation
of a storm event:

Continuous simulation
in real time:

Sedimentation and
scour:

Water flow from a
simulation:

Automatic time interval
Generation:

S A .'.‘.\‘_'.‘,'.'_"..'.'.‘ S L .
s Q.A‘.._S.;}‘ PR TR SRRy
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Both Interactive and Batch
Medium

No

No

Water Quality

No
Yes
Yes Analytical Features for
No Model: Air Quality
No Reactive polllutant: No
No Nonreactive pollutant: Yes
Physical loss out of
No element: Yes
No Variable wind speeds: Yes
Yes Variable wind direction: Yes
Yes Variable inversion base
Yes height H No
Yes Variable reactive
No pollutants: No
No Variable incident
sunlight: No
No Point sources: Yes
Linear sources: No
Yes Area sources: Yes
Yes Complex topography: No
Yes Simple topography: Yes
Yes Vertical pollutant
Yes dispersion: Yes
Yes Crosswind pollutant
Yes dispersion: Yes
Yes Multielement interactive:No
Yes Single element: Yes
No Simultaneous pollutant
No introductions: No
No
Surface Water Hydrology
Yes
z:: Regional & subcon-
Yes u—nen—ta;l_: No
No Localized: Yes
Yes Time scale: Hours: Yes
Time scale: Days: No
Yes Time scale: Years: Yes
Yes
Yes
No
No
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! Model acronym: EICS
-% Mndel name : Interactive Environmental Impact Computer System
> Sponsor: Directorate of Military Programs, Office of the
- or y
N Chief Engineers (OCE)
N Developer: 0.S. Army Construction Engineering Research
X ANt ik
II Lab., (CERL), Environmental Division (EN)
o Contact: Dr. Harold Balbach; Dr. Edward Novak
o & Contact address: U.S. Army, Construction Engineering Research
ke ventact adcre
e Lab., P.0O. Box 4005, Champagne, IL 61820
b Contact telephone: (217) 352-6511
- Availability: Public
Type of model: Multimedia (Air, Water and Land)

Qhﬁgract:

E1CS is one of three major subsystems of the Environmental Technical Infor-
mation System (ETIS), a computerized system which provides information useful
in preparing environmental impact assessments and statements (EIAs/EISs).

F1CS enables a user to determine how an Army action may affect various aspects
0! the environment.,

Document citations:

Baran, R., and Webster, R.D., Interactive Environmental Impact Computer
System (EICS) User Manual, Technical Report N-80, U.S. Army Corps of
Fnyineers, Construction Engineering Res. Lab, (CERL), September 1979.

Novak, E.W. and Riggins, R.F., Computer-Aided Environmental Impact Analysis
for Mission_Change, Operations_and Maintenance, and Training —-- User Manual,
Technical Report E-85/ADAQ22698, CERL, February 1976,

The Economic Impact Forecast System -- Description and User's Instructions.

DA PAM 200-2,Department of the Army, December 1976.

“homas, S.E., Mitchell, R.A., Riggins, R.E., Fittipaldi, J.J., and Novak, E.W,,
Computer-Aided Environmental Impact Analysis for Industrial, Procurement and
E?search, Development, Test and Evaluation Activities -- User Manual 6  Tech-
nical Report N-43/ADA056997, CERL, May 1978.

urban, L,.V., Ralbach, H.E., Jain, R.K., Novak, E.W., and Riggins, R.E.,
computer-Aided Environmental Impact Analysis for Construction Activities --
{Iser_Manual, Technical Report E-50/ADAO0898R CERL, March 1975.

van Weringh, J., Patzer, J., Welsh, R., and Webster, R., Computer-Aided Envir-
onmental Legislutive Data System (CFLDS) User Manual, Technical Report
N-%6/ADA061126, CERL, September 1978.

Webster, R.R., Mitchell, R.A., Welsh, R.L., Shannon, E., and Anderson, M.L.,
The Fconomic lmpact Forecast System-Description and User Instruction,
‘Technical Report N-2/ADA027139 CERL, June 1976,

Webster, R,D,, Welsh, r.L., and Jain, R.K., Development of the Environmental
Technical Information System, Interim Report E~52-ADA009668 CERL, April 1975.
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Attribute Description Packaye,

Technical Report E-86/ADA024303 U.S. Army

Construction Engineering Research Laboratory (CERL), March 1976.

Council on Environmental Quality, "Preparation of Environmental Impact State-

menis:

Guidelines,” Federal Reg.ster, Vol. 38, No. 147, Part I, Pp. 20550~

20562, August 1, 1973.

Environmental Protection and Enhancement AR 200-1 Department of the Army, 7

December 1972,

Handbook for Environmental Impact Analysis, DA PAM 200-1, bDepartment of the

Army, April 1975,

National Environmental Policy Act of 1969, 83 Stat, 852, 42 USC 4321, et seq.

January 1970.

NEPA, “"Implementation of Procedural Provisions:

Final Requlations ,” Federal

Register, Vol. 43, November 29, 1978,

Princiggilusers:

Current implementation:

Current hardware:

Word size(s):

Operat.ing system:

Available databases:

Output format:

User manual:

Systems documentation:

Date of latest documents:

Machine interface:

Learning difficulty:

Output interpretation
difficulty:

User support:

Debugging maintenance:

Continued enhancement:

Confidentiality:

Statutory authority:

Geographical area:

Analytical Features

for Model:

Aircraft noise:

Highway noise:

Construction noise:

Urban noise:

Aircraft types:
Transport fighters:
Propeller—driven:
Specific aircraft:

Aircraft descriptors:
Detailed performance:
Variation in power:

U.S. Army
Minicomputer
VAX 11/780
32-bit

UNIX
Available with the system
Matrix format
Yes

Yes

1979
Interactive
Low

Low

Yes

Yes

Yes

Unclassified

Used in meeting requirements of the National
Environmental Policy Act (NEPA)

General

Noise

No Loudness level: No

No Plotted contours as No

No output:

No Forest facility noise No

No simulation:

No Dispersion in fliqght No

No path:

No Atmospheric variation No
Point: No

No Area: No

No National exposure: No
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Analytical Features

for Model: Sur face Water Hydrology
. small watershed arecas: No
v Large watershed areas: No
f] Rural land arcas: No
3! Urban land arcas: No
J ntire hydrographs: No
Snowmelt considerations: No
Continuous simulation of No
a storm cvent:
Continuous similation No
in real time:
sedimentation and No
T hcour
x Water [low from a No
-~ simulation:
" Infiltration rates: No
)
P Analytical Features
for Model: Water Quality
Oxygen: No
Water temperaturc: No
Do Tevel: No
Benthal oxyyen: No
Phosphorous: No
Coliforms: No
ChlorophyL1-A: -No
Radio activity: No
Salinity: No
Conservative Minerals: No
Time dependent input: No
Changes in channel {low: No
Aeration: No
Respiration: No
Photosynthesis: No
Waste treatment plant
input: No
Fvaporation and pre-
cipitation effects: No
L. Time=variant pollution: No
. Paint source: No
::. N;m.p:;_in‘( souren: No
! Steady state: No
v Unsteady state: No
- stream and river: No
‘ Reservoir and lake: No
= Estuarines No
o ! Ocean inlet: No
y Dam computation: No
2 Mixing 2Zones: No
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E Analytical Peatures Chemical Spills Regional and subp-
- for Modeol: Groundwater Sﬂﬂilﬂ&ﬂﬁﬁl’
5 Analyze land spills: No Localized:
- Analyze water spills: No Time scale: Hours:
Analyze flammable T}me scale: Days:
material spills: No Time scale: Years:
' Analyze oil spills: No
N Analyze toxic chemical
. spills: No
. Exact solution: No
: Finite element solution: No
Steady state: No
Nonsteaﬂy state: No
N One aguifer: No
) Leakage between aquifers: No
) Stream aquifer interaction: No
: Saturated element: No
Unsaturated element: No
P Differentials across No
5 element:
o Variable flow rates No
o across boundary:
e 1
’ Analytical Featurcs for
Model: Air Quality
Reactive pollutant: No
N Nonreactive pollutant: No
Physical loss out of No
; element:
Variable wind speeds: No
Variable wind direction: No
) Variable inversion base No
: height:
S Variable reactive No
> llutants:
: variable incident No
sunlight:
! Point sources: No
: Linear sources: No
. Area sources: No
: Complex topography: No
Simple topography: No
Vertical pollutant No
dispersion:
Crosswind pollutant: No
dispersion:
Multielement No
interactive:
Single element: No
No

Simultaneous pollutant
introductions:

No
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Model acronym: ENPART

Model name: Environmental Partitioning Model

Sponsor: EPA

Developer : EPA, Office of Toxic Substances, Exposure
T Evaluation Division

Contact: Willam Wood

Contact address: Environmental Protection Agency, Office of

Toxic Substances, Exposure Evaluation Division
401 M Street, SW, DC 20460

Contact telephone: (202) 426-0724
Availability: Public
Type of model: Multimedia (Air, Water and Land)

Abhstract:

This generalized partitioning model integrates information about a chemical's
production, use and disposal with laboratory data describing its physiochemical
properties in order to provide insight into the dominant processes responsible
for that substance's transport and degradation in the environment. It is
intended to be used in early stages of chemical risk assessments to identify
environmental media through which exposure may occur and to provide a guide
for further assessment by indicating the media with the highest exposure
potential. The methodology explicitly treats transfer between and transfor-
mition within environmental media and ranks media as to their exposure
potential, and transformation processes as to the relative importance in con-
trolling the level of exposure. The analysis can also be applied in the
dAnsign ol a cost-effective testing approach to yield data on interrelated
transport and transformation processes which when considered together, present
A lear picture of a substance's environmental fate.

Document citations:

Mackay, D., "Finding Fugacity Feasible," Env. Sci. and Tech., 13, 1238, 1979.

Reid, R.C., Prausnitz, J.M., and Sherwood, J.K., The Properties of Gases and
Liquids, 3rd ed. McGraw~Hill, Ny, 1977.

thiou, C.T., et al, "Partition Coefficient and Bicaccumulation of Selected
Organic Chemicals,"” Env. Sci. and Tech., 11, 5, 1977,

Karikho{f, S.W., et al, "Sorption of Hydropholic Pollutants on Natural
Sediments," J. Envir. Qual., 7, 246-252, 1978,

Kenaga, E.E., Goring, C.A.I., Relationship Between Water Solubility Soil-
Sorption, Octanol-Water Partitioning and Concentrations of Chemical in Biota.
bow Chemical Co. USA, Midland, M1 48640, March 1979.

Pilotte, James, Preliminary Draft of ENPART Documentation, General Software
Corporation, Landover, MD, June 1981,

Validation: Medium
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Assumgtioqg:

3

»

[‘ 3 . I3 .

ﬁ The approach used in the equilibrium partitioning analysis assumes that each
ﬁ media compartment is homogeneously well mixed and that all compartments are
f in equilibrium. The dynamic partitioning portion of the model assumes that
".

-

intercompartmental transfer is at steady state with transformation processes
such as photolysis, hydrolysis, oxidation and biodegradation. The concen-

tration ratios are determined,using fugacity constants describinqg tendencics
to transfer between compartments which are valid for use at low environmental
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concentrations.

T Ser <Y,
e

Current implementation:

Current hardware:

Software lanquages:
Word size(s):
Operating system(s):

Geographic area:

Update frequencies:

Analytical Features
for Model:

scour:

;r.'.v. T M ALV N L SR XV Y Y ST TV VO G
8

Handbook, Programmable calculator, Minicomputor
Mainframe computer

Version 1 - VAX 11/780; Version 2 - TI199; Version
3 - IBM 370/160

FORTRAN TV for all versions except TIS59

32 bit (Version 1, Version 3)

Version 1l: VMSs; Version 3 0S/VS

’

Lines of source code: 5500

Number of subroutines: 35

Input requirements: Numeric and character (unformatted)
Input databases: None

Output format: Tables and printer plots
Source program storage: 182K

Load module storage: 97K

User manual: Yes

Systems documentation: Yes, draft form

Date of first version: 1979

Date of latest version: 1981

Date of latest document: 1981

Machine interface: Interactive and batch
Learning difficulty: Low

Interpretation difficulty: Low

User support: No

Continued enhancement: No

Confidentiality: None

Statutory authority: None

Not applicable
Not applicable

Surface Water Hydrology

Small watershed areas: No

Large watershed areas: No

Rural land areas: No

Urban land areas: No

Fntire hydrographs: No

Snowmelt considerations: No

Continuous simulation of No
a storm cvent:

Continuous simulation No
in real time:

Sedimentation and NO
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e water flow from a No
% ig\_u__l_q_'; ion: -
intiltration rates: No
Soil to air to o water No
"t anf'E(_) H
L. Steady state surface No
& il partitioning:
; Ana l_y_t ical Features
, ~ for Modal water Quality
¥ ;- Oxyygen: No
Xy Water temperature: No
., bo lnvel No
'::': li(‘nLh.nl oxygen: No
- !hu l‘r_)orou- : No
) tnllln[m“- No
Chlorophyll=-Aa: No
X\ Radio ackivity: No
. Salinity: No
- Conservative Minerals: No
. Time dependent input: No
‘ Changes in channel (low:  No
.. Acration: No
: Fogpiration: No
Photosynthesis: No
- Waste treatment plant No
- input.:
Lvaporation and pre- No
" c1p:tqt10n cffects:
: Time=voriont pollution: No
Point source: No
| Nonpoint Source: No
. Siteady ntate: No
Unf‘t(‘ady_ state: No
stream and river: No
. Ro ervoir and lake: No
) Fstuarines No
: Ocran Inlets No
. Db;n_ Enmj)—u! 71} ion: No
Mlxlnq /nno;. NO
- Steady ‘J__‘IL-(f Wasite No
X Part. xt).nmng
." Analytical Peatures
‘o ‘ " Yor Mudvl- - - Chemical Spills & CGroundwater
X A”':_’X—!." .-nd spilla: No
: malyze wntl\r spills: No
- Analyze '_.] 1m1nnhlo No
y . ln.”r-l_’l‘l}_ spills:
Analyze oil spilla: No
X Analyze Q‘;S‘X_l_t_ _L_hgm_x_c'_n_) No
spille:
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Exact solut ion: No
IFinite element solution: No
Steadx state: No
Nonsteady state: No
One aguifer: No
Leakagc between aquifers: No
Stream aquifer interaction: No .,
Saturated element: No
Unsaturated element: No
Differentials across No

element:

Variable flow rates No

across boundary:

Analytical Features

for Model: Air q