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DISCLAIMER

This report was furnished to the Environmental Protection Agency by H. E.
Cramer Company, Inc., University of Utah Research Park, P. 0. Box 8049,
Salt Lake City, Utah 84108, in fulfillment of Contract No. 68-02-2547, Task
Order No. 1. The contents of this report are reproduced herein as received
from H. E. Cramer Company, Inc. The opinions, findings, and conclusions
expressed are those of the authors and not necessarily those of the
Environmental Protection Agency.
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CAUTIONARY NOTE TO THE SHORTZ/LONGZ USER

The SHORTZ and LONGZ computer programs were specifically written
for application on a UNIVAC 1110 (or other UNIVAC 1100 series) computer.
Both programs utilize random access mass storage and UNIVAC system
features. Thus, the SHORTZ and LONGZ programs cannot be executed without
modification on computer systems other than the UNIVAC 1100 series
computers. However, the SHORTZ and LONGZ programs can be modified by the
user for use on other, comparable computer systems (the IBM 360/370 series,

the CDC 6000 series, etc.) with mass storage capability.

The SHORTZ and LONGZ programs implement highly generalized dis-
persion models that are designed to address a wide variety of source and
topographic configurations. Although many of the dispersion model concepts
implicit in the SHORTZ and LONGZ programs are similar to the concepts of
other models based on the Gaussian plume formulation, several important
model concepts are unique to SHORTZ and LONGZ. Consequently, the user is
strongly urged to read all of the technical discussion contained in Section
2 before applying SHORTZ or LONGZ to any modeling problem. Failure to
adhere to the technical guidance provided in Section 2 can result in

serious misapplications of the SHORTZ and LONGZ programs.
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EXECUTIVE SUMMARY

HISTORY OF THE SHORTZ AND LONGZ COMPUTER PROGRAMS

The SHORTZ and LONGZ computerized atmospheric dispersion models
were originally developed and tested under Task Order No. 1 of EPA Contract
No. 68-02-1387 as part of the H. E. Cramer Company's dispersion model

analysis of the SO, air quality impact of emissions from the major sources

located in and adjicent to Allegheny County, Pennsylvania (Cramer, et al.,
1975). Under Task Order No. 1 of EPA Contract No. 68-05-2547, the H. E.
Cramer Company subsequently implemented the SHORTZ and LONGZ computer codes
on the EPA UNIVAC 1110 computer at Research Triangle Park, North Carolina,
conducted a seminar for EPA meteorologists on the use of the computerized
models and provided EPA with a report documenting the models (Bjorklund and
Bowers, 1979). Because EPA did not elect to publish the report by Bjorklund
and Bowers (1979) at the time of its completion, the H. E. Cramer Company
made the report and the SHORTZ and LONGZ computer codes available to the
general public at a nominal cost in December 1979. This report is an
updated version of the original report by Bjorklund and Bowers (1979). The
principal differences between this report and the 1979 report are: (1) the
addition of a new SHORTZ meteorological preprocessor program for use with
National Weather Service (NWS) surface and upper-air meteorological data
(see Appendix I), (2) the correction of minor coding errors in the SHORTZ
and LONGZ computer codes, and (3) the conversion of the SHORTZ and LONGZ
computer codes from FORTRAN V to UNIVAC ASCII FORTRAN.

CAPABILITIES OF THE SHORTZ AND LONGZ PROGRAMS

The SHORTZ and LONGZ computer programs are designed to calculate
the short-term and long-term ground-level pollutant concentrations produced
at a large number of receptors by emissions from multiple stack, building
and area sources. SHORTZ uses sequential short-term (usually hourly)

meteorological inputs to calculate concentrations for averaging times
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ranging from 1 hour to 1 year, while LONGZ uses statistical wind summaries
to calculate long~-term (seasonal and/or annual) average concentrations.
Because SHORTZ and LONGZ implement the same basic dispersion model
concepts, the two programs in combination effectively constitute a single
generalized dispersion model. The SHORTZ and LONGZ programs are applicable
in areas of both flat and complex terrain, including areas where terrain
elevations exceed stack-top elevations. However, the majority of tests of
the two programs made using actual emissions, meteorological and air
quality data have been in urban and rural areas of complex terrain (see
Appendix H). The SHORTZ and LONGZ computer programs are written in FORTRAN
and are specifically designed for use on a UNIVAC 1110 (or higher UNIVAC
1100 series) computer. Both programs require a random-access mass storage
device. SHORTZ requires approximately 55,000 words of core and LONGZ

requires approximately 50,000 words of core.

Table I summarizes the major capabilities and options of the
SHORTZ program. SHORTZ accepts any combination of up to 300 stack, building
and area sources. The building source option is used to model the impact
of low-level emissions from building vents and roof monitors, while the
area source option is used to model the impact of either fugitive emissions
(for example, wind-blown particulates from an open stor:ige pile) or urban
area source emissions (for example, emissions from home heating). The
building and area source options can also be used to represent line sources
(for example, emissions from roadways). The Cramer, et al. (1975) stack-tip
downwash correction may be applied to all stack sources or to user-specified
stack sources, and the procedures suggested by Cramer, et al. (1975) to
account for variations in terrain height over the receptor grid may be
applied to all source types. SHORTZ is capable of considering the effects
on particulate air quality of the gravitational settling and dry deposition

of large particles (diameters above about 20 micrometers).* Additionally,

*The procedures used by SHORTZ to account for the effects of gravitational
settling and dry deposition for particulates with appreciable settling
velocities are the same as those used by the Industrual Source Complex
(ISC) Dispersion Model (Bowers, et al., 1979) with the surface reflection
coefficient set equal to zero (i.e., all material that comes in contact
with the surface is assumed to be retained at the surface).
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TABLE 1

SUMMARY OF THE MAJOR CAPABILITIES AND OPTIONS
OF THE SHORTZ PROGRAM

Ground-level concentration for averaging times of 1 hour to 1 year
(maximum of four concentration averaging times in a single run).

Stack, building and area source options (accepts up to 300 sources
in any combination of source types).

Cramer, et al. (1975) stack-tip downwash correction as an option for
stack sources.

Cramer, et al. (1975) terrain~-adjustment procedures for complex ter-
rain (terrain elevations both below and above emission heights).

Effects on ambient particulate concentrations of the gravitational
settling and dry deposition of large particles (flat terrain only).

Time~dependent exponential decay of pollutants.

Capability of varving all emissions parameters for each source on an
hour-by-hour basis.

Accepts up to 1,800 receptors.

Polar or Cartesian coordinate system for the regular receptor array
(if any).

Polar or Cartesian coordinate system for the discrete (arbitrarily
placed) receptors (if any).

Preprocessor program for National Weather Service (NWS) meteorological
data.

Capability of using onsite meteorological data, including turbulence
(wind fluctuation) measurements as direct inputs.

Capability of printing the concentrations calculated for each source
and/or for user-specified subsets of sources as well as for all
sources.

Capability of updating (adding to, deleting from or modifying) a
master source/concentration inventory computer tape.
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SHORTZ can consider the effects on air quality of the time-dependent
exponential decay of pollutants (for example, the psuedo-first-order
transformation of 802 to sulfates). For each source, the SHORTZ user may
hold all emissions parameters (pollutant emission rate, stack gas flow rate
and stack exit temperature) constant or vary any of the parameters on an
hour-by-hour basis. SHORTZ accepts a maximum of 1,800 receptors in either
a polar or a Cartesian coordinate system. This total includes the regular
receptor array (if any) and the discrete (arbitrarily placed) receptors (if
any). Although a SHORTZ meteorological processor program exists for use
with National Weather Service (NWS) data, SHORTZ is designed to use onsite
meteorological data to the maximum extent possible. If onsite measurements
of the standard deviations of the wind azimuth and elevation angles are
available, these measurements may be substituted for an estimate of the
Pasquill stability category and used as direct inputs to SHORTZ. The
SHORTZ optional print output includes tables of the concentrations calcu-
lated at all receptors for each source and/or for user-specified subsets of
sources as well as for all sources combined. The SHORTZ optional tape
output, which is similar to the LONGZ optional tape output, is discussed

below.

Table Il summarizes the major capabilities and options of the
LONGZ program. In general, these capabilities and options are identical to
those of the SHORTZ program: The exceptions are: (1) LONGZ accepts up to
14,000 sources in any combination of source types, and (2) the LONGZ source
and meteorological inputs requirements differ from the SHORTZ source and
meteorological input requirements. For each source, the LONGZ user may
hold the pollutant emission rate constant or vary the emission rate by:
(1) season, (2) wind-speed and stability or time-of-day categories, and (3)
season, wind-speed and stability or time~of-day categories. LONGZ uses the
average stack gas flow rate and stack exit temperature for each stack
source. If NWS meteorological data are used with LONGZ, the principal
meteorological inputs are seasonal or annual STAR summaries. (A STAR

summary is a statistical tabulation of the joint frequency of occurrence of
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TABLE II

SUMMARY OF THE MAJOR CAPABILITIES AND OPTIONS
OF THE LONGZ PROGRAM

Long-term (seasonal and/or annual) average concentrations.

Stack, building and area source options (accepts up to 14,000 sources
in any combination of source types).

Cramer, et al. (1975) stack-tip downwash correction as an option for
stack sources.

Cramer, et al. (1975) terrain-adjustment procedures for complex
terrain (terrain elevations both below and above emission heights).

Effects on ambient particulate concentrations of the gravitational
settling and dry deposition of large particles (flat terrain only).

Time-dependent exponential decay of pollutants.

Capability of varying the emission rate for each source by season,

by the various combinations of wind-speed and stability or time-of-
day categories, or by season, wind~-speed and stability or time-of-day
categories.

Accepts up to 1,800 receptors.

Polar or Cartesian coordinate system for the regular receptor array
(if any).

Polar or Cartesian coordinate system for the discrete (arbitrarily
placed) receptors (if any).

Capability of using National Climatic Center (NCC) statistical wind
summaries (STAR summaries) as meteorological inputs.

Capability of specifying the input format of statistical wind sum-
maries, including the number of wind-direction, wind-speed and
stability or time-of-day categories.

Capability of printing the concentrations calculated for each source
and/or for user-specified subsets of sources as well as for all
sources.

Capability of updating (adding to, deleting from or modifying) a
master source/concentration inventory tape.

ix




wind-speed and wind-direction categories, classified according to the
Pasquill stability categories.) If onsite meteorological data are used
with LONGZ, the user may specify the input format of the statistical wind
summaries. For example, the LONGZ user may develop statistical wind
summaries for four time-of-day categories (night, morning, afternoon and
evening) and determine from the onsite data the median values of other
meteorological input parameters (mixing depths, wind-profile exponents,
etc.) for the various combinations of wind-speed and time-of-day

categories.

All input data and the results of all concentrations calculated by
SHORTZ and LONGZ for the averaging time of the input meteorological data
may be written to a master source/concentration inventory computer tape for
use in future update runs. In general, the SHORTZ meteorological input
parameters are hourly averages and the LONGZ meteorological input parameters
are seasonal or annual averages. The SHORTZ (LONGZ) master inventory tape
may be read by SHORTZ (LONGZ) in subsequent rums to produce concentration
tables not printed in the initial run and/or to update the source/concentra-
tion inventory contained on the tape. Sources may be added, deleted or
altered in update runs using card input for the affected sources. Concen~
tration calculations are then made by SHORTZ (LONGZ) for the affected
sources only to obtain an updated estimate of air quality impact without

repeating the model calculations for the unaffected sources.
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SECTION 1
MODEL OVERVIEW

1.1 BACKGROUND AND PURPOSE

The SHORTZ and LONGZ computer programs implement the short-term
and long-term dispersion models described by Cramer, Geary and Bowers
(1975), which were first used in a study for the U. S. Environmental
Protection Agency (EPA), Region III of the air quality impact of SO2
emissions from 107 major stationary sources located in and adjacent to
Allegheny County, Pennsylvania. The principal difference between these
dispersion models and similar models previously developed by the H. E.
Cramer Company, Inc. is the inclusion of new procedures to account for the
effects of variations in terrain height over the receptor grid. The SHORTZ
and LONGZ computer codes provide the user with the capability to calculate
ground-level concentrations produced by a large number of sources at a
large number of receptors and to identify the contribution of each source
or group of sources to the total concentration calculated for each receptor.
Thus, the SHORTZ and LONGZ programs are ideally suited for urban-wide
modeling studies, and for all studies involving single or multiple sources
located in areas of complex terrain. Although the SHORTZ and LONGZ programs
have been used extensively during the past several years in air quality
impact studies, detailed documentation and instructions for executing the
programs were not made available until December 1979 (Bjorklund and Bowers
(1979). The principal differences between this report and the 1979 report
are: (1) the addition of a new SHORTZ meteorological preprocessor program
for use with National Weather Service (NWS) surface and and upper-air
meteorological data (see Appendix I), (2) the correction of minor coding
errors in the SHORTZ and LONGZ computer codes, and (3) the conversion of

the SHORTZ and LONGZ computer codes from FORTRAN V to UNIVAC ASCII FORTRAN.

The purpose of this report is to provide complete documentation
for the SHORTZ and LONGZ computer programs and the SHORTZ meteorological

preprocessor program. A detailed description of the dispersion model
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equations contained in the two programs is given in Section 2. Addition-
ally, Section 2 gives technical guidance on the application of SHORTZ and
LONGZ that is based on the H. E. Cramer Company's experience in using the
programs in a wide variety of studies during the last six years. Instruc-
tions for executing the SHORTZ and LONGZ programs are given in Sections 3
and 4, respectively. Program listings, input data coding forms and example

problems are given in the appendices.

We point out that the current versions of the SHORTZ and LONGZ
programs described in this report contain some options and features that
have been added to the original programs used by Cramer, et al. (1975) in

the Allegheny County SO, study in order to facilitate their use. However,

2
these additions are peripheral to the main programs containing the basic
dispersion-modeling techniques which are the same as those used in the 1975

Allegheny County SO, study.

2

1.2 GENERAL DESCRIPTION

The SHORTZ and LONGZ computer programs are written in FORTRAN and
are specifically designed for use on a UNIVAC 1110 computer. Both programs
require a random-access mass storage device because both programs auto-
matically assign and allocate mass storage. SHORTZ requires approximately
55,000 words of core and LONGZ requires approximately 50,000 words of core.
SHORTZ accepts a maximum of 300 sources and 1,800 receptors, while LONGZ
accepts a maximum of 14,000 sources and 1,800 receptors. However, in both
programs, the user may increase the limit on the number of sources and

decrease the limit on the number of receptors, or vice versa.

The SHORTZ program is designed to use sequential hourly source
and meteorological data to calculate ground-level concentration patterns
for averaging times of 1 hour to 1 year. Similarly, the LONGZ program is
designed to use statistical wind summaries to calculate seasonal and/or

annual concentration patterns. Although the SHORTZ program may be used for
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either short-term or long-term air quality impact analyses, the most effi-
cient procedure is to use SHORTZ to assess short-term impacts and LONGZ to

assess long-term impacts.

The SHORTZ and LONGZ computer programs are consistent in all
dispersion-model assumptions. Both programs accept the following source
types: stack, area and building source emissions. (A building source is
defined as a building with emissions at low exit velocity and with minimal
thermal buoyancy from vents or short stacks located on or immediately ad-
jacent to the building.) The area source equation in both programs is
based on the equation for a continuous and finite crosswind line source.
Vertical plume dimensions in both SHORTZ and LONGZ and lateral plume dimen-
sions in SHORTZ are calculated by using turbulent intensities in simple
power law expressions that include the effects of the initial source dimen-
sions. The method of image sources is used to account for reflections at
the ground surface and at the top of the surface mixing layer. The two
programs use the Briggs (1971; 1972) plume-rise equations, modified to
include the effects of downwash in the lee of the stack during periods when
the wind speed equals or exceeds the stack exit velocity. A wind-profile
exponent law is used to account for the variation with height of the wind
speed. The effects of gravitational settling and dry deposition on ambient
particulate concentrations for particulates with appreciable gravitational
settling velocities (diameters greater than about 20 micrometers) are con-
sidered using techniques developed by Cramer, et al. (1972). When SHORTZ
and LONGZ are applied in complex terrain, the plume axis is assumed to
remain at the plume stabilization height and the plume is allowed to mix to
the ground as long as the stabilization height is within the surface mixing

layer.

1.3 SYSTEM DESCRIPTION

1.3.1 The Short-Term Model Program SHORTZ .
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Figure 1-1 is a schematic diagram of the short-term model
program SHORTZ, As shown by the figure, program control parameters and
source data are input by card deck. Meteorological data may be input by
a card deck or by the disk file generated by the SﬁORTZ meteorological
preprocessor program described in Appendix I. In general, sequential
hourly meteorological data are input to SHORTZ. However, the program will
accept any chronologically-ordered, short-term meteorological data. For
example, if meteorological data recorded at 3-hour intervals by the National
Climatic Center (NCC) are used to develop SHORTZ meteorological inputs, the
program will assume that the meteorological inputs represent a 3~hour
averaging time. As an option, SHORTZ will store on a master magnetic tape
inventory all input data and the results of all concentrations calculated
for the assumed averaging time of the input meteorological data. This tape
may be read by SHORTZ in subsequent runs to produce concentration tables
not printed in the initial run and/or to update the source/concentration
inventory on the tape. Sources may be added, deleted or altered in update
runs using card input for the affected sources. Concentration calcglations
are then made for the affected sources only and the concentrations calculated
for each source are resummed to obtain an updated estimate of the concentra-
tion produced at each receptor by all sources. The SHORTZ optional print
output consists of tables of program control parameters, receptor data,
source data, meteorological data and the ground-level concentrations

calculated for user—specified sources or groups of sources.

1.3.2 The Long-Term Model Program LONGZ

Figure 1-2 is a schematic diagram of the long-term model
program LONGZ. As shown by the figure, program control parameters,
receptor data, source data and meteorological data are input by card
deck. As in the case of SHORTZ, the LONGZ program will, on option,
generate a master magnetic tape inventory containing all input data and
the results of all concentration calculations. This tape may be read by
LONGZ in subsequent runs to produce concentration tables not printed in °

the initial run and/or to update the source/concentration inventory on
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the tape. The LONGZ and SHORTZ master tape inventory options are especially
useful in evaluating compliance with the Prevention of Significant Deterior-
ation (PSD) Regulations when new sources are added and/or existing sources
are modified. The LONGZ optional print output consists of tables of program
control parameters, receptor data, source data, meteorological data and
seasonal and/or annual average ground-level concentrations calculated for

user—specified sources or groups of sources.,

1.4 SUMMARY OF INPUT DATA

1.4.1 The Short-Term Model Program SHORTZ

The input data requirements for the short-~term model program

SHORTZ consist of four categories of data:

° Meteorological data

° Source data

) Receptor data

° Program control parameters

Each category is discussed below.

a. Meteorolgical Data Meteorological inputs required by the

SHORTZ program include short-term (l-hour average, 2-hour average, 3-hour
average, etc.) values of the wind direction, wind speed, ambient air tem-
perature, lateral and vertical turbulent intensities, depth of the surface
mixing layer, wind-profile exponent and vertical potential temperature
gradient. The program will automaticaly assign wind-profile exponents and
turbulent intensities if the Pasquill stability category is input. However,
the user is urged to review the default values for these parameters to
ensure that they are representative of the area being modeled. The number
of hours for which concentration calculations can be made ranges from l to

8,784 (i.e., up to every hour of a 366-day year).
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b. Source Data. The SHORTZ program accepts three source
types: stack, area and building; line sources are simulated by multiple
area or building sources. For each source, source data requirements
include the source location with respect to a user-specified origin, the
source elevation (if terrain effects are to be included in the model
calculations) and the pollutant emission rate. For each stack, additional
source data requirements include the stack inner radius, the stack
volumetric emission rate (i.e., the actual stack gas flow rate) and the
stack exit temperature. The horizontal dimensions and effective emission
height are required for each area source or building source., If the
calculations are to consider particulates with appreciable gravitational
settling velocities (particulates with diameters greater than about 20
micrometers), requisite inputs for each source also include the mass
fraction of particulates in each gravitational-settling velocity category
as well as the settling velocity of each settling-velocity category.
Because industrial pollutant emissions are often highly variable, the
emission rate for each source and the exit temperature and volumetric
emission rate for each stack may be held constant or changed along with
each set of meteorological inputs. For example, if l-hour average
meteorological data are input, a different emission rate can be assigned to

each source for each hour.

c. Receptor Data. The SHORTZ program uses either a polar

(r,6) or Cartesian (X,Y) coordinate system. Receptor locations in the
Cartesian coordinate system may be given as Universal Transverse Mercator
(UTM) coordinates or as X (east~west) and Y (north-south) coordinates with
respect to a user-defined origin. Discrete receptor points corresponding
to the locations of air quality monitors, elevated terrain or other points
of interest may also be used with either coordinate system. If the user
wishes to use a polar coordinate system in calculations for sources whose
locations are entered in UTM coordinates, the user must specify the X and Y
UTM coordinates of the desired origin for the polar system. If terrain
effects are to be included in the model calculations, the terrain elevation

at each receptor point is also required.
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d. Program Control Parameters and Options. The SHORTIZ pro-

gram allows the user to select from a number of model options. The
program control parameters for these options are discussed in detail in

Section 3.2.3. The available options include:

. Receptor Grid System Option -- Selects a Cartesian or a

polar receptor grid system

] Discrete Receptor Option -- Allows the user to arbitrar-
ily place a receptor at any point using either a Carte-

sian or a polar coordinate system

] Receptor Terrain Elevation Option -- Allows the user to
specify an elevation for each receptor (level terrain is

assumed if this option is not exercised)

. Tape Output Option -~ Directs the program to output all
input data and the results of all concentration calcula-

tions to magnetic tape

. Tape Input Option -~ Directs the program to input from
magnetic tape all input data from a previous run and the
results of all concentration calculations made during the

previous run

o Print Input Data Option -~ Directs the program to print
program control parameters, source data and receptor
data; the user may also direct the program to print the

meteorological input data
° Output Tables Option -- Specifies up to three averaging

times in addition to the averaging time of the input

meteorological data for concentration output tables
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Size Options -- Allow the user to specify the number of
sources input via data card, the sizes of the X- and
Y- axes of receptors (if used), the number of discrete
receptor points (if used) and the number of hours in the

meteorological input data

Combined Sources Options -- Allow the user the option of
specifying, by source number, multiple sets of sources to
use in forming combined sources output or the option of

using all sources in forming combined sources output

Units Option —— Allows the user the option of specifying
the input emissions units and/or output concentration

units

Variable Emission Rate Option - Allows the user to assign
a constant pollutant emission rate for each source or to
assign a new emission rate along with each set of short-
term (l-hour average, 2-hour average, etc.) meteoro-

logical input parameters

Print Unit Option -- Allows the user tou direct the print

output to any output unit

Tape Unit Option -- Allows the user to select the logical

unit numbers of the input and output magnetic tapes
Turbulent Intensities Option -- Allows the user to enter

different turbulent intensities for stacks and for area

and building sources
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. Rural/Urban Mode Option ~- If the Turbulent Intensities
Option is not used, directs the program to use the
Cramer, et al. (1975) rural or urban turbulent intensities
corresponding to the Pasquill stability categories as

default values for all source types

1.4.2 The Long-Term Model Program LONGZ

The input data requirements for the long-term model program

LONGZ consist of four categories of data:

. Meteorological data

. Source data

. Receptor data

] Program control parameters

Each of these data categories is discussed separately in the following

paragraphs.

a. Meteorological Data. Seasonal or annual statistical wind

summaries are the principal meteorological inputs to the LONGZ program.

In general, these wind summaries are STAR summaries (tabulations of the
joint frequency of occurrence of wind-speed and wind-direction categories,
classified according to the Pasquill stability categories) with a maximum
of six stability categories (A through F). However, LONGZ is also
designed to use tabulations of the joint frequency of occurrence of
wind-speed and wind-direction categories, subdivided into four time-of-
day categories (night, morning, afternoon and evening). Additional

LONGZ meteorological data requirements include seasonal average maximum
and minimum ambient air temperatures and seasonal median early morning

and afternoon mixing depths.

b. Source Data. The LONGZ source data requirements are the

same as those given in Section 1.4.1.b for the SHORTZ program.
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c. Receptor Data. The LONGZ receptor data requirements are

the same as those given in Section 1.4.l.c for the SHORTZ program.

d. Program Control Parameters and Options. The LONGZ program

allows the user to select from a number of model and logic options. The
program control parameters for these options are discussed in detail in

Section 4.2.3. The available options include:

® Receptor Grid System Option -- Selects a Cartesian or

polar receptor grid system

] Discrete Receptor Option -- Allows the user to place a
receptor at any point using either a Cartesian or polar

coordinate system

o Receptor Terrain Elevation Option -- Allows the user to
specify an elevation for each receptor (level terrain is

assumed by the program if this option is not exercised)

® Tape Input/Output Option -- Directs the program to input
and/or output results of all concentration calculations,
source data and meteorological data from and/or to magnetic

tape

. Print Input Option -~ Directs the program to print program
control parameters, source data, receptor data and meteoro-

logical data

° Print Seasonal/Annual Results Option -- Directs the
program to print seasonal and/or annual concentrations,
where seasons are normally defined as winter, spring,

summer and fall
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Print Unit Option -- Allows the user optionally to direct

the print output to any output device

Tape Unit Option -- Allows the user optionally to select
the logical unit numbers used for up to three input and

output magnetic tapes

Size Options -- Allow the user to specify the number of
sources input via data card, the sizes of the X- and Y-
axes of receptors (if used), the number of discrete receptor
points (if used), the number of seasons (or annual only) in
the meteorological input data, and the number of wind-
speed, Pasquill stability (or time~of-day) and wind-

direction categories in the input meteorological data

Combined Sources Options -- Allow the user to specify, by
source number, multiple sets of sources to be used in
forming combined sources output or to spezify that all

sources should be used in forming combined sources output

Units Option -- Allows the user to specify the input

emissions units and/or output concentration units

Variable Emissions Option -- Allows the user to assign a

different emission rate to each seasonal c¢r annual combi-
nation of wind-speed and Pasquill stability categories or
of wind-speed and time-of-day categories (season is

either winter, spring, summer, fall or annual only)
Turbulent Intensities Option -- allows the user to enter

different turbulent intensities for stacks and for area

and building sources
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Rural/Urban Mode Option -- If the Turbulent Intensities
Option is not used, directs the program to use the Cramer,
et al. (1975) rural or urban turbulent intensities cor-
responding to the Pasquill stability categories as default

values for all source types
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SECTICON 2
TECHNICAL DESCRIPTION OF THE SHORTZ AND LONGZ COMPUTER PROGRAMS

This section contains a detailed technical discussion of the
SHORTZ and LONGZ computer programs as well as guidance on the application
of the programs. For example, Section 2.1 discusses the program input
parameters and provides suggestions on how to develop these parameters.
Similarly, Section 2.5 discusses the complex terrain adjustment procedures
and provides guidance on the application of SHORTZ and LONGZ in complex
terrain. Because of the numerous technical options provided by the SHORTZ
and LONGZ programs, the user is strongly urged to read all of Section 2
before applying SHORTZ or LONGZ to any modeling program.

The general technical guidance contained in this section on the
application of the SHORTZ and LONGZ programs is based on the H. E. Cramer
Company's experience in performing dispersion-modeling studies using both
of these programs and their predecessors. Because each application tends
to present a unique combipation of source, meteorological and site factors,
the specific SHORTZ and LONGZ modeling procedures are best determined on a
case-by-case basis after careful consideration of factors such as the
representativeness of the available meteorological data, the types of
sources to be modeled and the topography of the area. Thus, full utili-
zation of the capabilities of the SHORTZ and LONGZ programs requires that
the user have a fundamental knowledge of the concepts of atmespheric

turbulence, transport and diffusion.

2.1 MODEL INPUT DATA

2.1.1 Meteorological Input Data

2.1.1.1 SHORTZ Metcorological Input Data



Table 2-1 lists the short-term meteorological input parameters
required by the SHORTZ program. In general, the short-term meteorological
inputs are for an averaging time of 1 hour. However, data averaged over
other time intervals (for example, 2-hour average data) may also be used.
The SHORTZ meteorological inputs include the mean wind speed measured at
height zR above the ground, the wind direction (direction from which the
wind is blowing), the wind-profile exponent, the standard deviation of the
wind-direction angle or lateral turbulent intensity 0!, the standard devia-
tion of the wind-elevation angle or vertical turbulent intensity 0, the
ambient air temperature, the depth of the surface mixing layer and the ver-
tical potential temperature gradient. Wind speed, wind direction and am-
bient air temperature are included in airport surface weather observations
and in most meteorological tower observations. Additionally, some tower
data include measurements of the turbulent intensities. The remainder of
the meteorological inputs in Table 2-1 must be developed by the user or by
the SHORTZ meteorological preprocessor program contained in Appendix I.
This program is specifically designed for use with National Weather Service
(NWS) surface and upper-air meteorological data. If representative onsite
meteorological measurements are available, we recommend that the SHORTZ
meteorological inputs be developed from the onsite measurements (or from
a combination of onsite and NWS measurements) rather than from the NWS
data. Guidance on the development of SHORTZ meteorological inputs from

onsite meteorological measurements is given in the following paragraphs.

Wind-Profile Exponents

SHORTZ assumes that the variation with height of the wind speed
in the surface mixing layer is described by a wind-profile exponent law
(see Section 2.3). Wind-profile exponents may be calculated from upper-
air wind data or from multi-level tower wind data using the logarithmic

least~squares regression equation (Brownlee, 1965):

] N i:l <ln z; In Gi>—(£ 1n zi) (f: 1n Gi)

i=1
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TABLE 2-1

SHORT-TERM METEOROLOGICAL INPUTS REQUIRED
BY THE SHORTZ PROGRAM

Parameter Definition

- Mean wind speed (m/sec) at height zp (default

UR value for zp 1is 6.1 m)

DD Mean wind direction (deg) at height zZp
Wind-profile exponent (default values assigned on

P the basis of wind speed and Pasquill stability cat-
egory)

Wind azimuth-angle standard deviation in radians
o} (default values assigned on the basis of the
Pasquill stability category)

Wind elevation-angle standard deviation in radians
O (default values assigned on the basis of the
Pasquill stability category)

Ta Ambient air temperature (°K)

Hm Depth of surface mixing layer (m)

990 . . .

Y Vertical potential temperature gradient (°K/m)
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where p 1is the wind-profile exponent, Gi is the mean wind speed measured
at height zs and the summation is over the N values of u and z. The
wind-profile exponent can be expected to vary from about 0.1 for unstable

conditions to about 0.4 for very stable conditionms.

In the absence of data to calculate wind-profile exponents, the
SHORTZ user may elect to use the program default values, which are assigned
on the basis of the wind speed and the Pasquill stability category. Table
2-2 lists the wind-profile exponent default values contained in both the
SHORTZ and LONGZ programs. These exponents are principally based on the
results obtained by Cramer, et al. (1972) for Dugway Proving Ground, Utah
and are consistent with the results obtained by DeMarrais (1959) at Brook-
haven National Laboratory. The wind-profile exponents developed for a
number of locations by Touma (1977) also support the use of the wind-
profile exponents given in Table 2-2. We point out that the entries in
Table 2-2 marked with asterisks represent combinations of wind-speed and
stability categories that are not allowed to occur according to the Turner
(1964) definitions of the Pasquill stability categories. Default values of
the wind-profile exponent for these combinations are provided so that the
program can be used with other definitions of the Pasquill stability

categories which allow these combinations to occur.

Vertical Turbulent Intensities

The equation used by SHORTZ for the standard deviation of the

vertical concentration distribution or vertical dispersion coefficient o,

E
deviation of the wind elevation angle in radians) at the effective release

directly relates o, to the vertical turbulent intensity o (standard

E
the standard deviation of the vertical velocity fluctuations o, divided

height. In the absence of onsite measurements of ¢ (also equivalent to

by the mean wind speed u), the default values for oé listed in Table 2-3
are used by both the SHORTZ and LONGZ programs. The cé values for rural

areas are based in part on the measurements of Luna and Church (1972) and
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TABLE 2-2

SHORTZ AND LONGZ DEFAULT VALUES
FOR THE WIND-PROFILE EXPONENT

Pasquill Wind Speed (m/sec)

Stability

Category 0-1.5 1.6-3.0 3.1-5.1 5.2-8.2 8.3-10.8 > 10.8
A 0.10 0.10 0.10% 0.10* 0.10%* 0.10%
B 0.15 0.10 0.10 0.10% 0.10%* 0.10%*
c 0.20 0.15 0.10 0.10 0.10 0.10
D 0.25 0.20 0.15 0.10 0.10 0.10
E 0.30% 0.25 0.20 0.15% 0.10% 0.10%
F 0.40 0.30 0.20% 0.15%* 0.10% 0.10%*

*These combinations of wind-speed and Pasquill stability categories cannot
occur according to the Turner (1964) definitions of the Pasquill stability
categories.

TABLE 2-3
DEFAULT VALUES FOR HOURLY TURBULENT INTENSITIES

Pasquill of (rad) op (rad)
2;:2;ii;y Rural Urban Rural Urban
Areas Areas Areas Areas
A 0.1745 0.1745 0.2495 0.2495
B 0.1080 0.1745 0.1544 0.2495
C 0.0735 0.1080 0.1051 0.1544
D 0.0465 0.0735 0.0665 0.1051
E 0.0350 0.0465 0.0501 0.0665
F 0.0235 0.0465 0.0336 0.0665
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are consistent with the cé

curves presented by Pasquill (1961).

values implicit in the

of surface roughness elements and heat sources, the
urban areas are for the stability category one step
indicated stability category. Although both SHORTZ
to accept separate turbulent intensities for stacks

building sources, we recommend that only one set of

vertical expansion

In order to accounts for the effects

t
default UE

more unstable than the

and LONGZ are designed

values for

and for area and

turbulent intensities

be used in model calculations for multiple sources with different release
heights, The reasons for this recommendation are given below in the

discussion of lateral turbulent intensities.

Lateral Turbulent Intensities

The equation used by SHORTZ for the standard deviation of the
lateral concentration distribution or lateral dispersion coefficient o

is a simple power-law expression that directly relates o to the lateral

A
radians) for the averaging time of the input meteorological data.

turbulent intensity o (standard deviation of the wind azimuth angle in
In the
absence of onsite measurements of o}, the default values for the hourly
lateral turbulent intensity given in Table 2-3 are used by the SHCRTZ
program. In accord with the measurements of Luna and Church (1972) and
A and oé
approximately equivalent for a 10-minute averaging time at heights above
Y5 1aw of Osipov (1972)

That is,

others, the default turbulent intensities assume that o are

the surface of 100 meters or more and that the t

and others can be used to extend ¢! to longer averaging times.

).

A
the l-hour OA values in Table 2-3 were obtained by multiplving the
corresponding oé values by 1.43 (61/5). Similarly, 2-hour UA values
may be obtained by multiplying the corresponding ¢! values by 1.64 (121/5

E

Cramer (1976) and others have suggested that the appropriate
turbulent intensities for use in diffusion model calculations are the
turbulent intensities at the effective release height. Because turbulent

intensities are rarely measured at the effective release height, Cramer
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(1976) alsoc gives simple empirical expressions for the height dependence of
the turbulent intensities. The SHORTZ and LONGZ computer programs are
designed to account in part for the height variation of turbulent intensi-
ties by allowing the user to assign separate values to the upper-level
(stack) and lower-level (building and area) sources. However, in the case
of multiple sources with different emission heights, we recommend that a
single set of turbulent intensities be used for all sources for two reasons.
First, lateral plume expansion is independent of emission height at downwind
distances where the plume has become uniformly mixed in the vertical.
Second, it has been our experience that the turbulent intensities in Table
2-3 are representative of mean values within the surface mixing layer. It
is important to note that the turbulent intensities given in Table 2-3 for
rural and urban areas are the values suggested by Cramer, et al. (1975) as

part of the Allegheny County SO, study.

2
In order to execute the SHORTZ program in a rural or urban mode
when no onsite turbulence measurements are available, tine user must input
appropriate turbulent intensities. As noted above, the turbulent intensi-
ties given in Table 2-3 for rural areas are generally assumed to apply for
all source types in rural areas. Similarly, the turbulent intensities for
urban areas are usually assumed to apply for all source types in urban
areas (note that the E and F stability categories are effectively
combined in the urban mode). In rural areas of complex or rolling terrain,
the urban turbulent intensities in Table 2-3 may be more representative
than the rural turbulent intensities because of the effects of terrain

roughness or mechanical turbulence.

Mixing Depths

The height of the top of the surface mixing layer is defined as
the height at which the vertical turbulent intensity is of the order of
0.01 or smaller. This definition of the height of the top of the surface

mixing layer as a function of the vertical turbulent intensity differs



significantly from the definition of the mixing height as a function of
thermal stratification alone., For example, the mixing heights generated by
the meteorological preprocessor program for the Single Source (CRSTER)
Model (EPA, 1977) are not appropriate for use with SHORTZ because they are
based on thermal stratification alone and do not address mechanical turbu-
lence. Because measurements of the vertical profile of the intensity of
turbulence are not generally available, the depth of the surface mixing
layer is usually estimated from vertical wind and temperature profiles or
from acoustic radar data. 1In the simplest case, the base of an elevated
inversion layer is taken to be the top of the surface mixing layer. It is
important to recognize that, with a surface-based inversion, the depth of
the surface mixing layer is greater than zero because of the presence of
surface roughness elements and, in industrial or urban areas, the presence

of heat sources (see Pasquill, 1974, p. 379).

We rccommend that the SHORTZ user examine the vertical profiles
of wind speed, wind direction, temperature and dew point temperature or
humidity to estimate the depth of the surface mixing layer. In the case of
a surface-based inversion with no obvious indicator of the top of the
mixing layer, one approach is to use Equation (5) in the paper by Benkley
and Schulman (1979) to calculate the mechanical component of the mixing
depth. (Equation (2-2) below is based on the equation suggested by Benkley
and Schulman.) A second, less objective, approach is to set the minimum
mixing depth equal to about 2.5 times the average height of the largest
roughness elements (trees, buildings, etc.) in the area of concern. 1In
this approach, the roughness elements of the source itself and/or of the
urban area can thus be used to infer the minimum mixing depth attributable
to mechanical turbulence. Following this procedure, a typical minimum
mixing depth in the vicinity of a large industrial source complex or in an

urban area is on the order of 100 meters.

The hvpothesis that the minimum depth of the surface mixing layer

extends to about 2 to 2.5 times the height of the surface roughness elements
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in the area is based upon the concept that the region of disturbed air flow
extends to about 2 to 2.5 times the height of the obstruction to air flow.
According to the Technical Support Document for Determination of Good

Engineering Practice Stack Height (EPA, 1978 p. 7), this rule "... was
probably originally deduced by Sir David Brunt from W. R. Morgan's study of
the height of disturbances over a ridge in connection with an investigation
into the disaster of an airship." The EPA document also notes that, "No
matter what the origins of the rule may be, it can be called a reasonable
working rule that is extensively referenced and generally supported by
scientific literature." 1In addition to the wind tunnel studies of the
disturbances of the air flow by model buildings and terrain cited in the
EPA document, wind tunnel studies of the air flow within and above model
crops also indicate that the disturbed flow extends to about twice the
height of the canopy (for example, see Plate and Quraishi, 1965, p. 404).
It is important to note that the minimum mixing depth within a deep valley
with down-valley winds is determined by the height of the roughness elements
within the valley and not by the height of the valley walls because the air
flow tends to follow the grain of the terrain and does not cross ridge

lines.

If mixing depths are obtained from upper-air soundings made less
frequently than at l-hour intervals, an interpolation procedure is required
to obtain mixing depths for the intervening hours. Also, we recognize that
some SHORTZ users may wish to use sequential hourly surface weather observa-
tions with twice-daily mixing depths obtained using the Holzworth (1972)
procedures to calculate ground-level concentrations for every hour of the
year. Because it is impractical to develop manually the hourly meteorolo-
gical inputs for each hour in a year, we have developed a SHORTZ meteorolo-
gical preprocessor program (see Appendix I) which is similar to the meteorolo-
gical preprocessor program for the standardized short-term dispersion
models of the U. S. Environmental Protection Agency (EPA), but which is
also consistent with the model concepts upon which the SHORTZ and LONGZ
programs are based. Figure 2-1 illustrates the mixing depth interpolation

schemes used by the preprocessor program for urban and rural areas. The
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urban scheme, which is shown by the solid line, is based on Holzworth early
morning (Hm (min)) and afternoon (Hm (max)) mixing depths. The early
morning mixing depth is assumed to apply from sunset plus 2 hours (SS+2) on
the preceding day until sunrise (SR); mixing depths for the hours between
sunrise and 1600 local standard time (LST), when the afternoon mixing depth
is assumed to apply, are obtained by linear interpolation; and mixing

depths for the hours between 1600 LST and sunset plus 2 hours, when the
early morning mixing depth for the following day is assumed to apply, are
also obtained by linear interpolation. The rural mixing depth interpolation
scheme, which is shown by the dashed line in Figure 2-1, is identical to

the urban scheme except that a rural nighttime mixing depth Hmn is substi-
tuted for the Holzworth early morning mixing depth. Based on the suggestions
of Benkley and Schulman (1979) for calculating the mechanical component of

the mixing depth, Hmn in meters is given by

au ; au_ < H_ (min)
n n m
H = (2-2)

. . - > 3
Hm (min) ; a u Hm {(min)

where Gn is the mean wind speed in meterslper second (measured at or near a
height of 10 meters) during the hours between sunset plus 2 hours on the
preceding day and sunrise, and the constant a is a function of the local
roughness length z - A typical value for a is 100, the default value used
in the SHORTZ meteorological preprocessor program. Based on the validation
study described by Benkley and Schulamn (1979), site-specific values of a
can be calculated from their Equation (5) with the constant 0.185 replaced
by 0.133. Inspection of Equation (2-2) and Figure 2-1 shows that rural

mixing depth is never allowed to exceed the urban mixing depth.

Vertical Potential Temperature Gradients

The SHORTZ program does not contain any default values for the

vertical potential temperature gradient, which is given by
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'gg (°K/m) = —g— (°K/m) + 0.01 (2-3)

where 3T/9z is the vertical temperature gradient. The vertical temperature
gradient, and hence the vertical potential temperature gradient, may be
estimated from rawinsonde or tower data. However, the user is cautioned
that temperature gradients obtained from tower measurements frequently are
not representative of the average temperature gradients through the surface
mixing layer. On the basis of the Turner (1964) and Pasquill (1961)
definitions of the Pasquill stability categories, the measurements of Luna
and Church (1972), and the previous experience of the H. E. Cramer Company,
we suggest the use of the vertical potential temperature gradients in Table
2-4 for humid regions (for example, southwestern Pennsylvania) and for arid
regions (for example, southeastern Utah). (The vertical potential tempera-
ture gradients in Table 2-4 are used by the SHORTZ meteorological preproces-
sor program described in Appendix I.) We point out that, if adequate
onsite data are available, the onsite measurements of the vertical poten-
tial temperature gradient should be used in preference to the values

given in Table 2-4.

Pasquill Stability Categories

The SHORTZ program precludes the need for specifying discrete

A

1 1
Aor CFE

available, the second turbulence parameter can be estimated from the

stability categories by using direct turbulence measurements (o! and oé) to

calculate plume growth. If onsite measurements of only o© are

approximate relationship that the hourly GA value is 1.43 times the cor-

é value (see the above discussion of lateral turbulent

intensities)., If no direct turbulence measurements are available, it is

responding hourly o
necessary to relate turbulent intensities and some of the other SHORTZ

inputs to objectively determined stability categories. Consequently, the

H. E. Cramer company has developed sets of SHORTZ inputs, listed in Tables
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TABLE 2-4

VERTICAL POTENTIAL TEMPERATURE GRADIENTS SUGGESTED
FOR HUMID AND ARID REGIONS

Pasquill Wind Speed (m/sec)
Stability
Category 0-1.5 | 1.6-3.0 | 3.1-5.1 5.2-8.2 } 8.3-10.8 | > 10.8
(a) Humid Regions
A 0.000 0.000 0.000%* 0.000% 0.000* 0.000%*
B 0.000 0.000 0.000 0.000% 0.000% 0.000%*
C 0.000 0.000 0.000 0.000 0.000 0.000
D 0.015 0.010 0.005 0.003 0.003 0.003
E 0.030% 0.020 0.015 0.010% 0.003% 0.003%*
F 0.035 0.025 0.015% 0.010%* 0.003%* 0.003%*
(b) Arid Regions
A 0.000 0.000 0.000% 0.000%* 0.000% 0.000%*
B 0.000 0.000 0.000 0.000%* 0.000%* 0.000%
C 0.000 0.000 0.000 0.000 0.000 0.000
D 0.020 0.010 0.005 0.000 0.000 0.000
E 0.030%* 0.020 0.010 0.005%* 0.000% 0.000%*
F 0.040 0.030 0.020%* 0.010%* 0.005%* 0.000*

*These combinations of wind-speed and Pasquill stability categories cannot
occur according to the Turner (1964) definitions of the Pasquill stability
categories.
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2-2 through 2-4, that correspond to the Pasquill stability categories as
defined by Turner (1964). Because the SHORTZ inputs in Tables 2-2 through
2-4 are based on the Turner definitions of the Pasquill stability categories,
the use of any other scheme to determine the Pasquill stability category

may lead to erroneous SHORTZ inputs.

Tables 2-5 and 2-6 summarize the Turner (1964) definitions of
the Pasquill stability categories. The wind speeds in Table 2-5 are in
knots because airport surface wind speeds are reported to the nearest
knot by the NWS, and Turner's classification is based on this convention.
The thermal stratifications represented by the various Pasquill stability

categories are:

° A - Extremely unstable

° B - Unstable
. C - Slightly unstable
. D - Neutral

° E - Stable

° F - Very stable

2.1.1.2 LONGZ Meteorological Input Data

Table 2-7 lists the tables of meteorological inputs required
by the LONGZ program. These inputs include seasonal or annual statistical
wind summaries; the average wind speed in each wind-speed category; the
wind-profile exponent, vertical turbulent intensity and vertical potential
temperature gradient for each combination of wind-speed and stability or

time-of-day categories; and the average ambient air temperature and
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TABLE 2-5

PASQUILL STABILITY CATEGORY AS A FUNCTION

OF INSOLATION AND WIND SPEED

Wind Insolation Index

Speed

(knots) 4 3 2 1 0 -1 -2

0, 1 A A B C D F F

2, 3 A B B C D F F

4, 5 A B C D D E F
6 B B C D D E F
7 B B C D D D E

8, 9 B C C D D D E
10 C C D D D D E
11 C c D D D D D

> 12 C D D D D D D

TABLE 2-6

INSOLATION CATEGORIES

Insolation Category

Insolation Index

Strong

Moderate

Slight

Weak

Overcast < 7000 feet (day or night)
Cloud Cover > 4/10 (night)

Cloud Cover < 4/10 (night)

4

3




TABLE 2-7

TABLES OF METEOROLOGICAL INPUTS
REQUIRED BY THE LONGZ PROGRAM

Parameter/Table

Definition

fi,j,k,2

G{ZR}i

Pix

]
Og;i,k

m,i,k,L

Frequency distribution of wind-speed and
wind~direction categories by stability or
time-of-day categories for the 2th season

Mean wind speed (m/sec) at height zp for the
ith wind-speed category (default values
assume the standard STAR summary wind-speed
categories)

Wind-profile exponent for the ith wind-speed
category and kth gtability or time-of-day
category (default values assigned on the
basis of wind speed and Pasquill stability
category)

Standard deviation of the wind-elevation
angle in radians for the itP wind-speed
category and kth stability or time-of-day
category (default values assigned on the
basis of the Pasquill stability category)

Ambient air temperature (°K) for the th sta~

bility or timé-of-day category and {4  season

Vertical potential temperature gradient (°K/m)
for the ith wind-speed category and kth sta-
bility or time-of-day category

Median surface mixing depth (m) for the ith
wind-speed category, kth stability or time-
of-day category and 2th season




median mixing depth for each seasonal or annual combination of wind-
speed and stability or time-of-day categories. The LONGZ default values
for the wind-profile exponents and the vertical turbulent intensities
are the same as those given for the SHORTZ program in Tables 2-2 and
2-3, respectively. Additionally, the default values for the mean wind
speed in each wind-speed category correspond to the standard wind-speed
categories used by the National Climatic Center's STAR computer program.
With these exceptions, all LONGZ meteorological inputs must be entered
by the user. These are two general approaches for developing the tables
of LONGZ meteorological inputs, depending on whether STAR or time-of-day

wind summaries are used. Each approach is briefly discussed below.

LONGZ is designed to accept STAR summaries with six Pasquill
stability categories (A through F) or five stability categories (A through
E with the E and F categories combined). If sufficient onsite data are
available, the user may follow procedures similar to those discussed in
Section 2.1.1.1 to develop median vertical turbulent intensities, wind-
profile exponents, mixing depths and vertical potential iemperature
gradients as well as average ambient air temperatures for use in the
model calculations. 1In the absence of onsite measurements, the inputs
given in Tables 2-2 through 2-4 may be used to assign all meteorological
inputs except the mixing depths and ambient air temperatures. In the
case of an urban area, we suggest that the tabulations of daily observa-
tions of the depth of the surface mixing layer, developed using the
Holzworth (1972) procedures, be analyzed in order to determine seasonal
median early morning and afternoon mixing depths for each wind-speed
category. We also suggest that the resulting median afternoon mixing
depths be assigned to tﬁe A, B and C stability categories; the median
early morning mixing depths be assigned to the E and F stability cate-
gories; and the averages of the early morning and afternoon mixing
depths be assigned to the D stability category. Similar procedures are
recommended for assigning mixing depths in rural areas except that the

early morning mixing depths for the E and F stability categories should

N
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probably be redefined as 2.5 times the height of the largest surface
roughness elements in the area or be calculated for each wind-speed cate-
gory using Equation (2-2). Finally, we suggest for both rural and urban
areas that the seasonal average daily maximum temperatures be assigned

to the unstable (A, B and C) categories, the seasonal average daily
minimum temperatures be assigned to the stable (E and F) categories, and

the seasonal average temperatures be assigned to the neutral D category.

The four time-of-day categories that may be used by LONGZ as
a substitute for the Pasquill stability categories are defined as

follows:

. Morning - Sunrise plus 1 hour to sunrise plus 5
hours
° Afternoon - Sunrise plus 5 hours to sunset minus
1 hour
° Evening - Sunset minus 1 hour to sunset plus 2 hours
. Night - Sunset plus 2 hours to sunrise plus 1 hour

If sufficient onsite data are available, the LONGZ user should develop
median vertical turbulent intensities, wind-profile exponents, vertical
potential temperature gradients and mixing depths as well as average
ambient air temperatures that correspond to the various combinations of
wind-speed and time-of-day categories. In the absence of onsite measure-
ments, Table 2-8 gives the Pasquill stability categories that approximately
correspond to the various combinations of wind-speed and time-of~-day
categories (Cramer and Bowers, 1976). On the basis of the relationships
between the Pasquill stability categories and the combinations of wind-
speed and stability categories given in Table 2-8 plus the inputs given
in Tables 2-2 through 2-4, the user may assign all meteorological inputs

except mixing depths and ambient air temperatures following the procedures
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TABLE 2-8

PASQUILL STABILITY CATEGORIES APPROXIMATELY

CORRESPONDING TO THE COMBINATIONS OF

WIND SPEED AND TIME OF DAY

Time Wind Speed (m/sec)

DZi 0.0-1.5 1.6-3.0 3.1-5.1 5.2-8.2 8.3-10.8 > 10.8
Night E E E D D D
Morning C D D D D D
Afternoon B B c C D D
Evening E E D D D D
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outlined above for STAR summaries. In urban areas, we recommend that
the Holzworth seasonal median early morning mixing depths be assigned to
the night time-of-day category; the seasonal median afternoon mixing
depths be assigned to the afternoon time-of-day category; and the averages
of the seasonal early morning and afternoon mixing depths be assigned

to the transition (morning and evening) periods. Similar procedures are
recommended for assigning mixing depths in rural areas except that 2.5
times the height of the largest surface roughness elements in the area
probably should be substituted for the early morning mixing depths with
surface wind speeds below about 5 meters per second. Alternately,
Equation (2-2) can be used with the mean wind speed in each wind-speed
category to calculate nighttime mixing depths. Finally, we recommend
that the seasonal average daily maximum temperatures be assigned to the
afternoon time-of-day category, the seasonal average daily minimum
temperature be assigned to the night time-of-day category, and the

seasonal average temperature be assigned to the transition categories.

2.1.2 SHORTZ and LONGZ Source Input Data

Table 2-9 lists the source input parameters required by the
SHORTZ and LONGZ computer programs. As shown by the table, there are
three source types: stack, building and area. Multiple area or building
sources are used to simulate line sources. Source parameters required
for each source type include the pollutant emission rate, the source
coordinates with respect to a user-specified origin and -- if terrain
effects are to be included in the calculations —- the elevation of the
source above mean sea level (MSL). Either Cartesian or polar coordinates
may be used to reference source locations. 1If the Universal Transverse
Mercator (UTM) coordinate system is used to define receptor locations,
UIM coordinates are also used to define source locations. The user may
enter a decay coefficient Y if the pollutant is depleted by any process
that can be described by time-dependent exponential decay. The parameters
¢n and VSn are only required if concentration calculations are being

made for particulates with appreciable gravitational settling velocities
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TABLE 2-9

SOURCE INPUTS REQUIRED BY THE
SHORTZ AND LONGZ PROGRAMS

Parameter Definition
Stacks
Q Pollutant emission rate (mass per unit time)
U] Pollutant decay coefficient (sec™1)
X, Y X and Y coordinates of the stack (m)
2 Elevation above mean sea level of the base of the
5 stack (m)
h Stack height (m)
v Actual volumetric emission rate (m3/sec)
Tg Stack exit temperature (°K)
T Stack inner radius (m)
¢ Mass fraction of particulates in the nth settling-
o velocity category
v Gravitational settling velocity for particulates
sn in the nth settling-velocity category (m/sec)
Building
Sources
Q Same definition as for stacks
Y Same definition as for stacks
X, Y X and Y coordinates of the center of the building
(m)
2 Elevation above mean sea level of the base of the
s building (m)
h Building height (m)
L Building length (m)




TABLE 2-9 (Continued)

Parameter Definition
Building
Sources
(Continued)
W Building width (m)
s Angle measured clockwise between north and the long
side of the building (deg)
én Same definition as for stacks
Vsn Same definition as for stacks
Area
Sources
Q Same definition as for stacks
Y Same definition as for stacks
X. Y X and Y coordinates of the center of the area source
i (m)
Elevation above mean sea level of the area source
%s (m)
m
h Characteristic vertical dimension of the area source
(m)
L Length of the area source (m)
W Width of the area source (m)
5 Angle measured clockwise between north and the long
side of the area source (deg)
6n Same definition as for stacks
Vsn Same definition as for stacks
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(diameters greater than about 20 micrometers). Particulate emissions
from each source may be divided by the user into a maximum of 20 gravi-
tational settling categories. SHORTZ emission rates may be held constant
or may be changed with each set of short-term meteorological inputs.
Similarly, LONGZ emission rates may be held constant or may be varied by
season or by the combinations of wind-speed and stability or time-of-day

categories.

Additional source input data requirements for stacks include
the physical stack height, the actual volumetric emission rate (product
of the stack exit velocity and the area of the emission point), the
stack inner radius and the stack exit temperature. As discussed in
Section 2.2, the stack radius is used to calculate the effects of stack-tip
downwash on buoyant plume rise. The stack radius for a source should be
set equal to zero if the user wishes to delete stack-tip downwash effects
from the model calculations. For an area source or a building source,
the dimensions of the source and the orientation of the source's long
side with respect to true north are entered in place of the stack exit
temperature, volumetric emission rate and radius. A building source is
defined as a building with emissions at low exit velocity and with
minimal thermal buoyancy from vents or short stacks located on or immedi-

ately adjacent to the building.

It is important to note that the length of a building or area
source should not be more than about twice the source's width because of
the procedures used by the SHORTZ and LONGZ programs to calculate concen-
trations for these source types. SHORTZ rotates the source through the
minimum angle that will make either the source's length or width normal
to the wind direction. On the other hand, LONGZ approximates a building
or area source by a circle with the same horizontal area as the source.
Consequently, if the length of a building or area source is more than
twice the width, the source should be divided into additional sources in
order to maintain computational accuracy. The best results are obtained
if sufficient subsources are used so that the length and width of each
subsource are approximately equal.
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2.2 PLUME-RISE FORMULAS

The plume-rise equations used by the SHORTZ and LONGZ computer
programs are based on the Briggs (1971; 1972) equations, modified on the
basis of the H. E. Cramer Company's experience in modeling stack emissions.
The plume-rise equations do not explicitly include momentum effects for
the following reasons: (1) Momentum effects on final plume rise for a
buoyant plume are negligible; (2) Momentum effects on final plume rise
for a buoyant plume are implicitly included in the empirical entrainment
coefficients; and (3) Non-buoyant emissions are usually associated with
building sources (see Section 2.3.2). The plume-rise equations used by
the SHORTZ and LONGZ programs also assume that final plume rise is
attained at the location of the stack. This assumption does not affect
the results of the calculations unless the stack is located in complex
terrain and a significant terrain feature is located within about ten

stack heights from the stack.

The effective stack height H of a buoyant plume is given by
the sum of the physical stack height h and the buoyant plume rise Ah.
For an adiabatic atmosphere (vertical potential temperature gradient
equal to zero) or an unstable atmosphere (vertical potential temperature

gradient less than zero), the buoyant plume rise is given by

1/3
My = ﬁl{h} <3F2> aom?/3 1y ¢ (2-4)
2Y1

where the expression in the brackets is from Briggs (1971; 1972) and

u{h} = the mean wind speed (m/sec) at the stack height h
Y, = the adiabatic entrainment coefficient ~ 0.6 (Briggs, 1972)
F = the buoyancy flux (ma/seQB)

r—BIH
o

5 (%)
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. .. 3
V = the volumetric emission rate of the stack (m™/sec)

= 7 2w
r = inner radius of stack (m)
w = stack exit velocity (m/sec)
g = the acceleration due to gravity (9.8 m/secz)
Ta = the ambient air temperature (©K)
T, = the stack exit temperature (°K)

The factor £, which limits the plume rise as the mean wind speed at
stack height approaches or exceeds the stack exit velocity. is the Cramer

et al. (1975) stack-tip downwash correction and is defined by

[ 1 ; u{h} < w/l.5
£ o= (3“’—"3-‘&}‘—}) s w/l.5 < ufh} <w ¢ (2-5)
0 ; uf{h}> w

The correction factor £ given by Equation (2-5) is intended
to account fér the effects on buoyant plume rise of downwash in the lee
of the stack during periods when the wind speed at stack height is greater
than or equal to 0.67 times the stack exit velocity. In our opinion,
the effects on plume rise of downwash in the lee of the stack are usually
more important than the effects of building wakes if the stack height to
building height ratio is greater than about 1.2 to 1.5. The rationale
for the semi-empirical correction factor f 1is outlined in Appendix G.
As explained in the appendix, it has been our experience that the cor-

rection factor f given by Equation (2-5) should not be used for stacks
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with Froude numbers less than 1.0 and that Equation (2-5) may not apply
for stacks with Froude numbers between 1.0 and 3.0. We have no basis

at present for predicting in advance whether a stack-tip downwash cor-
rection is needed for stacks with Froude numbers in the range 1.0 to 3.0.

The Froude number is given by Briggs (1969, p. 6) as

Fr = —r TN (2-6)
a

where D 1is the stack inner diameter.

Inspection of Equation (2-4) shows that SHORTZ and LONGZ
assume that final plume rise under adiabatic or unstable conditions is
attained at a downwind distance of ten stack heights (10h). Although
this distance to stabilization was originally proposed by Briggs (1969),
Briggs (1971) defined the distance to stabilization as 3.5x*, where x*
is a function of the buoyancy flux F. However, discussions between
Briggs and the H. E. Cramer Company during 1974 revealed that either the
10h or the 3.5x* approach provided essentially the same correspondence
between calculated and observed plume rises for the available stack data.
Additionally, we have obtained the best correspondence between calculated
and observed plume rises for tall stacks by assuming that the distance
to stabilization is 10h (see Bowers and Cramer, 1976). In his more
recent work, Briggs (1975) includes the friction velocity and the stack
height in determinations of the distance to stabilization, but nctes
that 10h is a good approximation to this distance for most power plant
stacks. (It is important to recognize that the 10h distance to stabili-
zation used by SHORTZ and LONGZ may significantly underestimate buoyant

plume rise for some non-stack sources such as gas turbines.)
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The modified Briggs (1971; 1972) plume-rise equation used by
the SHORTZ and LONGZ programs for a stable atmosphere (vertical potential

temperature gradient greater than zero) is

[ 1/3 ]
____6_11__2__ . afh) 572 < 10m
u{h} YZ S
A}% = < rf
1/3
1/2
-_——3—52—-— <l—cos<M)) ; ™ u{h} 81/2_>_10h
i u{h}y,” s u{h}
where
Yy = the stable entrainment coefficient ~ 0.66 (Briggs, 1972)
- -8 38 -2
S T 3 (sec 7)
a
ﬁ% = vertical potential temperature gradient (YK/m)

It should be noted that Equation (2-7) does not permit the calculated
stable rise AhS to exceed the adiabatic rise AhN as the atmosphere
approaches a neutral stratification (36/3z approaches zero). A proce-

dure of this type is also recommended by Briggs (1972).

2.3 THE SHORTZ DISPERSION MODEL EQUATIONS

2.3.1 Stack Emissions

The SHORTZ concentration model for stacks uses the steady-
state Gaussian plume equation for a continuous elevated source. TFor

each stack and each set of short-term meteorological inputs, the stack's
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coordinate system is placed at the ground surface at the base of the
stack. The x axis is positive in the downwind direction, the y axis is
crosswind (normal) to the x axis and the z axis extends vertically.
The fixed receptor locations are converted to each stack's coordinate
system for each short-term concentration calculation. The short-term
concentrations calculated for the various stacks at each receptor are

summed to obtain the total concentration produced at each receptor by

the combined stack emssions.

The short-term ground-level concentration at downwind distance

X and crosswind distance y is given by

= K Q 1 " -
X{x,yl = TEE o o {Vertical Term} {Lateral Term} {Decay Term} (2-8)
y 2z
where
Q = pollutant emission rate (mass per unit time)
K = scaling coefficient to convert calculated concentrations
to desired units (default value of 1x100® for Q in g/sec
and concentration in ug/m3)
u{H} = mean wind speed (m/sec) at the plume stabilization height H
Oy’cz = standard deviations (m) of the lateral and vertical concen-

tration distributions at downwind distance x (o and ¢
are also known as lateral and vertical dispersion’coeffi-
cients)

The Vertical Term

The Vertical Term refers to the plume expansion in the vertical

or z direction and includes a multiple reflection term that limits cloud
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growth to the surface mixing layer. For gaseous pollutants and small par-

ticulates, the Vertical Term is given by

1 H 2 =
{Vertical Term} = <exp |- E-(Er-) + E exp | -

z "
i=1

2

2i H +H
. _

z

N

(2-9)

where Hm is the depth of the surface mixing layer. The exponential
terms in the series in Equation (2-9) rapidly approach zero near the
source. At the downwind distance where the exponential terms for 1 equal
3 exceed exp(-10), the plume has become approximately uniformly mixed
within the surface mixing layer. In order to reduce computer computa-
tion time without loss of accuracy, Equation (2-9) is changed to the

form

2m o,
{Vertical Term} = T (2-10)
m
beyond this point. Equation (2-10) changes the form of the vertical
concentration distribution from Gaussian to rectangular. If H exceeds

Hm, the Vertical Term is set equal to zero which results in a zero value

for the ground-level concentration.

The Lateral Term

The Lateral Term refers to the crosswind expansion of the

plume and is given by the expression

1 2
{Ltateral Term} = exp [— E-(%%—) ] (2-11)
y



where y is the crosswind distance from the plume centerline to the point

at which concentration is calculated.

The Decay Term

The Decay Term, which accounts for the pollutant removal by

physical or chemical processes, is of the form

{Decay Term} = exp [- P x/G{Hﬂ (2-12)
where
Y = the washout coefficient A(sec-l) for precipitation
scavenging
0.692 . .
= 7 , Where T1/2 is the pollutant half life (sec) for
1/2  physical or chemical removal
= 0 for no depletion (¥ is automatically set to zero by the
computer program unless otherwise specified)
The Dilution (Wind-Speed) Term
In the model calculations, the observed mean wind speed GR
is adjusted from the measurement height z_ to the source height h for

R
plume-rise calculations and to the plume stabilization height H for the

concentration calculations by a wind-profile exponent law

_ P
alz} = ulz} (Z—: ) (2-13)

Model assumptions about the variation with height of the wind speed in

complex terrain are outlined in Section 2.5.
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Downwind and Crosswind Distances

Both the SHORTZ and LONGZ programs use either a polar or a
Cartesian receptor grid as specified by the user. Additionally, either
polar or Cartesian coordinates may be used to define source locations for
either type of receptor grid. 1In the polar coordinate system, the radial
coordinate r of the point (r,f) is measured from the origin and the
angular coordinate © is measured clockwise from north. In the Cartesian
coordinate system, the X-axis is positive to the east and the Y-axis is
positive to the north. In the polar coordinate system, the X and Y coordi-

nates of a receptor or a source at the point (r, 6) are given by

<]
I

r sin © (2-14)

lad
1l

r cos O (2-15)

The Cartesian coordinate system is used by the SHORTZ and LONGZ
programs to calculate downwind and crosswind distances. Thus, receptor
and/or source locations entered in polar coordinates are first converted
to Cartesian cosrdinates using Equations (2-14) and (2-15). If the X
and Y coordinates of the source are X(S) and Y(S) and the X and
Y coordinates of the receptor are X(R) and Y(R), the downwind dis-

tance x to the receptor is given by

x = —(X(R) - X(S» sin DD - (Y(R) - Y(S)) cos DD (2-16)

where DD is the direction from which the wind is blowing. Similarly,

the crosswind distance y to the receptor is given by

y = - (Y(R) - Y(S)) sin DD + (X(R) - X(S)) cos DD (2-17)
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Dispersion Coefficients

The dispersion coefficients used by both the SHORTZ and LONGZ
programs are often identified as "Cramer dispersion coefficients'" because
they are the most recent versions (see Cramer, 1976) of the expressions
originally proposed by Cramer (1957). The "Cramer" 0& and Cz equations
include the effects of initial source dimensions and directly relate
lateral and vertical plume spread to the lateral and vertical turbulent

intensities.

According to the derivation in the report by Cramer, et al.
(1972), the standard deviation of the lateral concentration distribution

Gy, which is used by SHORTZ only, is given by the expressions

o
x+x - x_ (1-%)
o {x} = o' x Yy I (2-18)
y ATry a xry
[ o o )
R _ x . YR .
gt R ’ GA - “ry
A
X =< - (2-19)
y
1/o
a x %R %R
L - % + X (1-0) ; oy > x_
ry A y A yJ
L )
where
o' = the standard deviation of the wind-direction angle or lateral

turbulent intensity in radians for the averaging time of
the input meteorological data
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X = the lateral virtual distance in meters (note that SHORTZ
y does not permit xy to be less than zero)

- = distance in meters over which rectilinear lateral plume
y expansion occurs downwind from an ideal point source

o] R = the standard deviation of the lateral concentration dis-
y tribution at downwind distance Xp (m)

oo = the lateral diffusion coefficient

On the basis of diffusion experiments conducted at Dugway Proving Ground,
Utah and elsewhere, Xry has a nominal value of about 50 meters (Cramer,
et al., 1972). Similarly, the lateral diffusion coefficient o (in our
terminology), which should not be confused with the lateral dispersion

coefficient cy’ has a nominal value of 0.9.

If Xy is set equal to zero (i.e., a point source is assumed),
Xry is set equal to 50 meters, o 1is set equal to 0.9 and the lateral
turbulent intensities given for rural areas in Table 2-3 are entered in
Equation (2-18), the resulting dy values are in very close agreement
with the corresponding values obtained from the Pasquill-Gifford curves
(Turner, 1969). We point out that Equation (2-18) does not explicitly
contain the effects of vertical wind-direction shear. Irwin (1979) and
others have proposed expressions for Oy that are similar in form to
Equation (2-18), but that yield much smaller Gy values beyond a few
kilometers if wind shear effects are not considered because Oy becomes
proportional to xo'5 at and beyond 10 kilometers. (The Irwin oy equation
explicitly provides for the inclusion of the effects of wind-direction
shear.) For continuous sources, the data on lateral dispersion in the
atmosphere reported by Draxler (1979) and others establish an approximate
xo'9 distance dependence for Oy. For example, Bigg, et al. (1978)
report measured Oy values proportional to about xO'9 as far as 560
kilometers downwind from an isolated smelter. The fact that O is
proportional to xo'9 rather than xo'5 may in part reflect the ezfects of

wind shear. Coﬁsequently, we recommend that o be set equal to 0.9 in

Equation (2-18) at all downwind distances.
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The equation for the vertical dispersion coefficient Gz used
by the SHORTZ and LONGZ programs is very similar to equations proposed
by Yamamoto and Yokoyama (1974) for stack emissions, by Irwin (1979) for
convectively unstable conditions and by Hanna, et al. (1977) for elevated
sources at short downwind distances. Following the derivation of
Cramer, et al. (1972) and setting the vertical diffusion coefficient B
equal to unity, the standard deviation of the vertical concentration

distribution is given by the expressions

= g'{x + -
oz{x} O (x xz) (2-20)
( 0zR - x . GzR > x
1 L .
g R Op R
x =< r (2-21)
z
9]
zR
Y HE e R <
ot R
\ J
where
Oé = the standard deviation of the wind elevation angle or
vertical turbulent intensity in radians
O, = the standard deviation of the vertical concentration

distribution at downwind distance xp (m)
It is important to note that Equation (2-20) is not valid at long downwind

distances unless Equation (2-9) is used to restrict the plume within the

surface mixing layer.

Initial Plume Dimensions

Briggs (1972) notes that numerous observations of plumes near

the stack show that the plume radius is approximately equal to half the
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plume rise. The lateral and vertical virtual distances given respectively
by Equations (2-19) and (2-21) contain the lateral (OyR) and vertical

(GZR) source dimensions at downwind distance x Assuming that the

R
lateral and vertical plume dimensions are the same during the period
when entrainment is the dominant mechanism for plume growth and that the
initial lateral and vertical concentration distributions are Gaussian,

it follows that

0.5 Ah
0 -_— O £~ —————— -
yR zR 2.15 (2-22)
The distance Xp is the downwind distance to plume stabilization if the
plume rise in Equation (2-22) is the final plume rise. According to
Equations (2-2) and (2-7), the downwind distance to plume stabilization
is given by
r )
36
10h . < 0
x, ={mams 2 > oandn ams™H? < an b (2-23)
10 3 22 > oand ath1s2 > 10n
- 7
2.3.2 Building Source Emissions

A building source is defined as a building with emissions dis-
charged at low exit velocity and with minimal thermal buoyancy from vents
or short stacks located on or immediately adjacent to the building. The
SHORTZ and LONGZ programs assume that such low-level emissions are rapidly
distributed by the cavity circulation of the building wake and quickly
assume the dimensions of the building. Thus, a building source may also
be defined as a stack (vent) or group of stacks (vents) whose emissions

are always or almost always subject to building wake effects. Any stack
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with a stack height to building height ratio less than about 1.5 is a
potential building source and any stack with a stack height to building
height ratio less than about 1.2 is a probable building source. However,
emissions from a stack with a stack height to building height ratio less
than about 1.2, but with a high exit velocity, generally do not behave
as building source emissions except during periods when the wind speed
at stack height equals or exceeds the stack exit velocity. It follows
from the above discussion that in some cases it may be difficult to know
whether to model a stack (stacks) as a stack (stacks) or as a building
source. If the source is an existing source, visual observations of
plume behavior and/or air quality monitoring may be used to gain insight

into the appropriate modeling approach.

The building source model preserves the horizontal geometry of
the source, assumes no buoyant plume rise and enhances the initial rate
of dispersion. SHORTZ uses Equation (2-8) to calculate ground-level
concentrations for building sources. The standard deviation of the
lateral concentration distribution at the downwind edge of the source
Oyo is defined by the building crosswind dimension Yo divided by 4.3
(Oyo corresponds to oyR in Equation (2-19) with Xp ‘equal to one-
half of the alougwind building length xo). Similarly, the standard
deviation of the vertical concentration distribution at the downwind
edge of the source Ozo is defined by the building height divided by
2.15 (Gzo corresponds to 9,R in Equation (2-21) with Xp equal to
one~half of the alongwind building length xo). In the original versions
of SHORTZ and LONGZ used by Cramer, et al. (1975), the effective emission
height H was set equal to zero. However, on the basis of the wind
tunnel experiments described by Huber and Snyder (1976), the effective
emission height H 1is currently set equal to the building height h.
Although the original SHORTZ building source model was developed prior
to the Huber and Snyder (1976) experiments, the modified building source

model with H equal to h yields results that are in good agreement with

their data.
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It is important for the user to note that: (1) Concentrations
calculated within about 20 to 30 building heights of a building source
are subject to considerable uncertainty because of the uncertainties
about near-field building wake effects in the atmosphere; (2) The
length of a building source should not be more than about double the
width; and (3) Line sources may be simulated with multiple building
sources. Although Huber and Snyder (1976) provide techniques for calcu-
lating ground-level concentrations at downwind distances as short as
three building heights, recent tests of these procedures using field
data indicate that further research in the area of near-field building
wake effects is still required (Bowers and Anderson, 1981). Section 2.1.2
explains why a long building should be subdivided into multiple building
sources with lengths less than or equal to twice their widths in order
to maintain computational accuracy. If possible, sufficient subsources
should be used so that the length and width are equal for each subsource.
A line source may be represented by multiple building sources with
widths equal to the width of the line source, "building heights" equal
to the effective emission height or heights of the line-source segments,
and lengths less than or equal to twice the width of the line source.
However, as discussed in Section 2.3.3, multiple area sources are generally

used to simulate line sources.

2.3.3 Area Source Emissions

In urban areas there are often numerous low-level sources of
pollutant emissions that individually have a negligible air quality
impact, but that in combination may have a significant impact. For
this type of emissions, the urban area is typically subdivided into a
regularly-spaced grid of area sources, and emissions within each area
source are assumed for modeling purposes to be uniformly distributed
over the source. A second type of area source is a specific area of
fugitive emissions such as a slag dump, an ore storage pile or a rail
line for open ore cars. The SHORTZ and LONGZ area source models are

designed for application to both types of area source emissions. The
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area source equation in both programs is based on the equation for a
continuous and finite crosswind line source, integrated over the along-

wind length of the source. h

Although a characteristic height scale

is

used to account for enhanced initial dispersion, the SHORTZ and LONGZ area

source models assume surface-based emissions.

trations at downwind distance

The equation used by SHORTZ to calculate ground-level concen-

given by the expression

where

L0
]

v
]

The Decay

remaining

KQ
27 u{h} oz{x} Y,

X{x,y} =

{Lateral Term}

x from the edge of an area source is

{Vertical Term}

{Decay Term}

area source emission rate (mass per unit time)

crosswind source dimension (m)

the characteristic height of the area source (m)

Term is given by Equation (2-12) in Section 2.3.1 above. 'The

terms are given below.

Vertical Term

(2-24)

The Vertical Term for an area source for gases and small particu-

lates is given by

{Vertical

3 2iH
1+2 .exp| - L T
2{: 2 \o {x}
. z
i=1

Term} =<
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Lateral Term

The Lateral Term is given by the expression

of2 + Y Yof2 - 7
{Lateral Term} = <(erf|——— |+ erf| —————0 (2-26)
V2 o {x} vZ o_{x}
y y
where
yo = crosswind dimensiorn. of the area source (m)
y = crosswind distance of the receptor from the centerline of
the area source (m)
Dispersion Coefficients
The lateral dispersion coefficient- o& for an area source is
given by

o tx} = o (x +x/2) (2-27)

where X is the alongwind dimension of the area source in meters. Simi-
larly, the vertical dispersion coefficient oz for an area source is

given by

r . 3
0E Xo
[Gé (x+xo)+ H] 3 X <3 x,
In T
o (x) + hJ
o {x} =< r (2-28)
\i
Og (x + x0/2)+ h ; x2>23 X
" J
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Concentrations Within an Area Source

The concentration within an area source due to the source's

own emissions is given by

| L4
OE (x'+1)+h

X{x'} = — 2K 1n {Vertical Term}  (2-29)
' [
/21 u{h} X, ¥, Of og + h
where
x' = distance downwind from the upwind edge of the area source

(m)
The Vertical Term in Equation (2-29) is defined by Equation (2-25).
Note that the vertical dispersion coefficient o, is contained in

Equation (2-29) (see Equation (2-28)).

Guidance on the Application of the Area Source Model

For the reasons given in Section 2.1.2 above, the length of an
individual area source should be less than or equal to twice the width of
the source and preferably should be approximately equal to the width.
Thus, multiple area sources are required to simulate the effects of emis-
sions from narrow area sources such as a rail line carrying uncovered
ore cars. Figure 2-2 illustrates the representation of a curved and
narrow area source (i.e., a curved line source) by multiple area sources.
The length and width of each individual area source are set equal to the
width of the line source, and the characteristic height h of the area
source is set equal to the physical height of the source. For example,
the characteristic height for an ore pile is the height of the ore pile,
the characteristic height for a rail line carrying uncovered ore cars is
the height of the ore cars, and the characteristic height of an urban
area source simulating the effects of emissions from home heating is the

typical height of the homes in the area.
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2.3.4 Modification of the Stack, Building and Area Source
Models to Account for Gravitational Settling

The dispersion of particulates with appreciable gravitational
settling velocities (diameters greater than about 20 micrometers) differs
from that of gaseous pollutants and small particulates in that the larger
particulates are brought to the ground surface by the combined processes
of atmospheric turbulence and gravitational settling. Additionally,
gaseous pollutants and small particulates tend to be reflected from the
surface, while larger particulates that come in contact with the surface
may be completely or partially retained at the surface. In the SHORTZ
and LONGZ programs, gravitational settling is assumed to result in a
tilted plume with the plume axis inclined to the horizontal at an angle
given by arctan (VS/G), where Vs is the gravitational settling velocity.
The Vertical Term used by SHORTZ and LONGZ for particulates with appre-
ciable gravitational settling velocities corresponds to the Vertical Term
of the Industrial Source Complex (ISC) Dispersion Model (Bowers, et al.,
1979) with the surface reflection coefficient set equal to zero. That is,
all of the material that comes in contact with the surface is assumed to
be retained at the surface, an assumption that is likely to be invalid
if the lower bound on the particulate-size distribution is less than
about 20 micrometers. Consequently, the user may wish to make two
separate runs in order to consider the combined effects of gravitational
settling and dry deposition. 1In the first run, the fraction of particu-
lates with diameters less than 20 micrometers is modeled as a gaseous
pollutant. In the second run, the particulates with diameters above 20
micrometers are divided by the user into N gravitational settling-velocity
categories (the maximum value of N is 20) and concentrations are calculated
using the gravitational settling option. The results of the two runs
are then combined, either manually or by using the master tape inventory

(see Section 1.3.1), to obtain the total ground—level concentrations.

The ground-level concentration of particulates with appreci-
able gravitational settling velocities is given by Equation (2-8) or
Equation (2-24) with the Vertical Term defined as (Cramer, et al.,

1972) A
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N o L (H -V x/am Y
{Vertical Term} = E 5 exp| - 5 -

M- H+V_ x/a{H})
+ exp| - 1 m sn
2 0]
z
where
¢n = the mass fraction of particulates with settling velocity
V _, where V__ is in meters per second
sn sn
H = the effective stack height for stack sources, the build-
ing height for building sources and zero for area sources
(m)

Use of Equation (2-30) requires a knowledge of both the particu-~

late-size distribution and the density of the particulates emitted by
each source. The total particulate emissions for each source are sub-
divided by the user into a maximum of 20 categories and the gravita~
tional settling velocity is calculated for the mass-mean diameter of

each category. The mass-mean diameter is given by

i =

1/3

3, .2 2, .3

[dz +djd, +d,d; + dl]
4

where d1 and d2 are the lower and upper bounds of the particulate-size
category. (McDonald (1960) gives simple techniques for calculating the
gravitational settling velocity.) The user is cautioned that Equation
(2-30) assumes that the terrain is flat or gently rolling. Consequently,
the gravitational settling option canmot be used for sources located in

complex terrain without violating mass continuity.

(2-30)
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2.4 THE LONGZ DISPERSION MODEL EQUATIONS

The LONGZ computer program implements a sector-averaged long-
term concentration model that is similar im form to the Air Quality Dis-
play Model (EPA, 1969) or the Climatological Dispersion Model (Calder,
1971). In the long-term model, which makes the same basic assumptions
as the short-term model contained in the SHORTZ program, the area sur-
rounding a continuous source of pollutants is divided into sectors of
equal angular width corresponding to the sectors of the seasonal and
annual frequency distributions of wind direction. Seasonal or annual
emissions from the source are partitioned among the sectors according to
the frequencies of wind blowing toward the sectors. The ground-level
concentration fields calculated for each source are translated to a
common receptor system (either polar or Cartesian as specified by the
user) and summed to obtain the total due to all sources. The model
equations used by the LONGZ program are discussed in this section.
However, the reader is referred to the corresponding subsections in
Section 2.3 as well as to Sections 2.1.1.2 and 2.1.2 for technical

guidance on the application of the LONGZ program.

2.4.1 Stack Emissions

For a single stack, the mean seasonal concentration of a gas-—
eous pollutant or of small particulates at the point (r,0) with respect

to the stack is given by

. £, .
X {r e} = ._._gK___ Qhki'q’ l,_],k,l S{e} v.
X VIT ¢ A8 Z a {m o . 1k, 2
. . i) i,k,2 z:i,k, 8
l,J,k b > ] s L]

(2-32)

exp |- ¢ r/ui {Hi,k,ﬁ}
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+ exp

where

Qi k.2

1,3,k, 48

A8’

s{6}

s{e}

e'

H

. 1 Bik, 0
Vik,p = ©XP 2(0 .
z;i,k, %

2

2nH |

) 1+ 20 Jen| -4

2nH |

m;i,k,

n=1

-1
2

(

2
m;i,k, & + Hi,k,l)

g ..
z;i

Jk, L

2
[ Hi,k,z)

pollutant emission rate, which may be held constant
or varied according to the ith wind-speed category
kth stability or time-of-day category and £th season
(mass per unit time)

.th
frequency of occurrence of the i
jth wind-direction categor

of-day category for the 2D season

the sector width in radians

a smoothing function

-
A" -

|

g! - o'
J

AB!

H ‘65 - e'|_5 AR’

H leg - G'l > A9’

-

J

wind-speed category,
K and kth stability or time-

the angle measured in radians from north to the center-

line of the jth wind-direction sector

the angle measured in radians from north to the point

(r,8)
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The definitions of the remaining parameters are the same as those given
in Section 2.3 for the SHORTZ program except that the i subscript refers
to the wind-speed category, the j subscript refers to the wind-direction
category, the k subscript refers to the stability or time-of-day category
and the ¢ subscript refers to the season. As with the SHORTZ program,
the Vertical Term given by Equation (2-33) is changed to the form

v _ V2w O, i kd
i,k,% . en

(2-35)

when the exponential terms in Equation (2-33) exceed exp (-10) for n equal

to 3.

As shown by Equation (2-32), the user may assign a different
pollutant emission rate to each combination of season, wind-speed and
stability or time-of-day categories. This option is primarily designed
for application to sources that use a Supplementary Control System (SCS)
to vary stack emissions according to meteorological conditions (for example,
see Cramer, et al., 1976). This option is also available for building and
area sources and may be used to account for wind-blown particulate emissions

that vary with wind speed and stability.

As shown by Equation (2-34), the rectangular concentration dis-
tribution within a given angular sector is modified by the function S
which smoothes discontinuities in the concentration at the boundaries of
adjacent sectors. The centerline concentration in each sector is un-
affected by contributions from adjacent sectors. At points off the
sector centerline, the concentration is a weighted function of the
concentration at the centerline of the sector in which the calculation
is being made and the concentration at.the centerline of the nearest

adjoining sector.

The mean annual concentration at the point (r,8) is calculated

from the seasonal concentrations using the expression
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4
1
X,{rs8y = & in {r,0} (2-36)
2=1

2.4.2 Building Source Emissions

The LONGZ building source model makes the same assumptions
about the effects of building wakes on the dispersion of low-level
emissions from building vents or stacks as the SHORTZ building source
model. Equation (2-32) is used by LONGZ to calculate ground-level
concentrations for building sources with the initial vertical dimension
%5 given by the building height divided by 2.15 and the initial lateral
dimension 4.3 Oyo given by the diameter of a circle with the same horizontal
area as the building. A virtual point source is used to account for the
initial lateral dimension of the source in a manner idemntical to that

described below for area sources.

2.4.3 Area Source Emissions

The mean seasonal concentration of a gaseous pollutant or of small
particulates at downwind distance r and azimuth bearing © with respect to

the center of an area source is given by the expression

2{: . £, .

X {r 6} = .____EIS___ Q]_)k,,Q, 1,7 ,k,ﬂ, S{G} v

. /Im R 80" (T u ) o, SELE
b > b >

(2-37)
exp [— W(r’ - ro)/ﬁi{h}}
where

R = radial distance from the virtual point source to the recep-
tor (m)
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1/2
<(r' + xy)z + yz) (2-38)

r' = distance from source center to receptor, measured along
the sector centerline (m)

r, = effective source radius (m)
y = lateral distance from the sector centerline to the receptor (m)
X = Jlateral virtual distance upwind from the source center, mea-
y sured along the sector centerline {(m)
AB?
= 1 cot = (2-39)
r -
20! r
E;i,k o . '
ol . (r'+r ) +n] ° Yo << 6ro
1n E;i,k o)
[ [
9.1,k ETo) th
O%iik =) - (2-40)
] A . 1 >
cE;i,k r' +h ;] T __6ro
u J
f R
23 12nH-ik2,2 16H-’k22
142 exp |- = M i,X,X% S TP TY.0%.9 > 10
2 O_ .. 2 ag,_.. -
=1 z;i,k z;i,k
V.
ik, =< > (2-41)
V21 o_ 1 6H . K 2
z3i,k L1 m;i,k,% < 10
2, > 2\ o,
m;i,k,8 z3i,k |
-

and the remaining parameters are identical to those previously defined.

The seasonal average concentration within an area source

attributable to the source's own emissions is given by the expression
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. £, . ol . . (1) +h
{r". 0} = 2k Ql,k,z 1,J,kL&>l E;i,k ( v 94,2
Xptt = = ) o N op ot | ik (2-42)
T XY i,5,k| '™ %1k ity

where

r" = the downwind distance, measured along the sector centerline,

from the upwind edge of the area source (m)

2.4.4 Modification of the Stack, Building and Area Source
Models to Account for Gravitational Settling

The seasonal average ground-level concentration of particulates
with appreciable gravitational settling velocities is given by Equation

(2-32) or Eguation (2-37) with the Vertical Term defined as

N - 2"
% 1B, = Ven T/ 1By i o)
.V, = —lexp| - =
ik, 2 2 C_ ..
= z3ik,8
(2-43)
2H - H +V_ rfa{H, | )\
1 m;i,k,R i,k,% sn i ik,R
+ exp| - 2 =
z3;i,k,%

where ¢n is the mass fraction of particles with settling velocity Vs
and H is the effective stack height for stack sources, the building height
for building sources and zero for area sources. As explained in Section

2.3.4, this option cannot be used for sources located in complex terrain

without violating mass continuity.



2.5 APPLICATION OF SHORTZ AND LONGZ IN COMPLEX TERRAIN

The two general approaches for calculating ground-level concen-
trations in complex terrain are to modify a Gaussian plume model for
flat terrain or to use a numerical model that considers variations in
terrain height over the calculation grid. At present, either approach
provides at best a very simple approximation of complex plume-terrain
interactions. The SHORTZ and LONGZ computer programs modify the flat-
terrain Gaussian plume models described in Sections 2.3 and 2.4 following
the suggestions of Cramer, et al. (1975). The development and testing
of the Cramer, et al. (1975) complex terrain modeling techniques are
discussed in Appendix H. These techniques differ from previous modified
Gaussian approaches in the treatment of the mixing depth in complex
terrain and in the assumptions about terrain intersection for plumes

contained within the surface mixing layer.

When applied in complex terrain, the SHORTZ and LONGZ programs
modify the flat-terrain models described in Sections 2.3 and 2.4 by
defining effective plume heights and mixing depths. The following

assumptions are made in the model calculations for complex terrain:

e The actual top of the surface mixing layer extends over the
calculation grid at a constant height above mean sea
level; the actual top of the surface mixing layer should
not be confused with the effective top of the surface
mixing layer, which is a mathematical device used to pre-
clude violations of the Second Law of Thermodynamics

when plumes pass over elevated terrain

L The axis of a plume contained within the surface mixing
layer remains at the plume stabilization height above mean
sea level, and the plume may impact elevated terrain within
the surface mixing layer under stable, neutral or unstable

conditions

2-50



. Plumes that stabilize above the top of the surface
mixing layer do not contribute to significant ground-
level concentrations at any receptor (this assumption
also applies to flat terrain), including receptors that

are above the top of the surface mixing layer

In order to determine whether the stabilized plume is contained
within the surface mixing layer, it is necessary to calculate the mixing

depth H;{zs} at the source from the relationship

H;{zs} = H +z -z (2-44)
where
Hm = the depth of the surface mixing layer measured at a
point with elevation z, above mean sea level (m)
z, = the height above mean sea level of the source (m)

Equation (2-44) is represented schematically in Figure 2-3, which assumes
that z_ is the elevation of an airport. As shown by the figure, the
actual top of the surface mixing laver is assumed to remain at a constant
elevation above mean sea level. If the height H of the stabilized
plume above the base nf the stack is less than or equal te Hg{zs}, the

plume is defined to be contained within the surface mixing layer.

The height Ho of the stabilized plume above mzan sea level
is given by the sum of the height H of the stabilized plume above the
base of the stack and the elevation z of the base of the stack. At
any elevation =z above mean sea level, the effective height H'{z} of

the plume centerline above the terrain is then given by

H'{z} (2-45)
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The effective mixing depth Hé{z} above a point at elevation z

above mean sea level is defined by

Figure 2-4 illustrates the assumptions implicit in Equation (2-46). For
receptors at elevations below the airport elevation, the effective mixing
depth H&{z} is allowed to increase in a manner consistent with Figure
2-3. However, in order to prevent a physically unrealistic compression
of plumes as they pass over elevated terrain, the effective mixing depth
is not permitted to be less than the mixing depth measured at the airport.
It éhould be noted that the concentration is set equal to zero for grid

points above the actual top of the mixing layer (see Figure 2-3).

The SHORTZ or LONGZ user may assume that the wind speed is a
function of the height above the ground surface (see Fquation (2-13)) or
a function of the height above mean sea level (MSL). However, in accord
with the suggestions of Cramer, et al. (1975), we recommend that the
wind speed be treated as a function of height above mean sea level.

That is, the mean wind speed at any given height above mean sea level is
assumed to be constant following the recommended modeling approach.

Thus, the wind speed u, measured at height =z above the surface at a

R R
point with elevation z above mean sea level is adjusted to the stack

height for the plume-rise calculations by the relationship
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where h is the height above mean sea level of the top of the stack.
o
Similarly, the wind speed u{H} used in the concentration calculations

is given by

=}
v
N
+
N

aH)} =< - (2-48)

L up 3 Ho < z, + Zp

4

where H0 is the plume stabilization height above mean sez level.

In the discussion of the complex terrain modeling techniques
given above, an airport is assumed to be the location at which the wind
and mixing depth observations are made. However, the SHORTZ or LONGZ
user is not restricted to the use of airport data. Tower wind data may
also be used with the elevation above mean sea level of the base of the
tower substituted for the airport elevation z, . “f mixing depths are
not measured ai. the location of the tower, a problem mzy arise because
the programs contain provision for only one airport elevation za,
Consequently, it may be necessary for the user tn adjust mixing depths
from a nearby location so that they are mixing depths : Love the tower
elevation prior to input te the two programs. Fur example, if mixing
depths are measured 50 meters above the elevation of the tower base, 50
meters should be added to all mixing depths used in the model calculations
with the possible exception of mixing depths under stable conditions with
a surface-based inversion when there is no objective indicator of the top

of the surface mixing layer (see Section 2.1.1).

As discussed in Appendix H, the complex terrain modeling
techniques contained in the SHORTZ and LONGZ programs have been tested
by means of comparisons of calculated and observed concentrations for
SO2 sources located in complex terrain. The following recommendations
on the application of SHORTZ and LONGZ to sources located in complex

terrain are principally based on the experience gained during these
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studies. First, we believe that the use of onsite meteorological data

is especially important in complex terrain. If onsite data are used

with SHORTZ, it has been our experience that the highest calculated 24-
hour average concentrations occur on nearby elevated terrain during
periods of persistent moderate-to-strong winds in combination with

neutral stability. All of our successful applications of the SHORTZ and
LONGZ programs have involved the use of meteorological inputs developed
following the general guidance given in Section 2.1.1. Consequently, we
have no basis for assessing the accuracy of concentrations calculated
using different techniques for assigning meteorological inputs. Addi-
tionally, because all of our comparisons of calculated and observed
concentrations have been made at downwind distances beyond the downwind
distance to plume stabilization, we have no basis for assessing the
accuracy of concentrations calculated within about ten stack heights.
Finally, we point out that the depth of the surface mixing layer critically
affects the results of SHORTZ and LONGZ concentration czlculations. The
definition of mixing depth implicit in the terrain-adjustment procedures

is based on the vertical profile of the vertical turbulent intensity

(see Section 2.1.1.1" rather than thermal stratification salone. Following
our modeling approachk, a zero mixing depth is not possible. Thus, the
appropriate mixing depths should be carefully assigned by an experienced
metecrologist. The use of a mixing depth interpolation scheme such as that
used by the preprocessor program for the Single Source (CRSTER) Model (EPA,
1977) could lead to highly erroneous results in SHORTZ calculations. If
the limitations of the available data require the use of a mixing depth
interpolation scheme, the scheme illustrated in Figure 2-1 and implemented
by the SHORTZ meteorological preprocessor program contained in Appendix I

should be used.

There is one special, principally hypothetical, situation in
which our terrain-adjustment procedures result in calculated concentrations
that may be as much as a factor of two higher than the concentrations that
can actually occur. This situation arises when the central portion of the

plume is at some elevation between the plume stabilization height and the
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ground surface and the axis of the plume impacts a vertical terrain wall
extending above the height of the plume axis, Because of the assumption of
complete reflection at the plume—terrain interface, the calculated concen-
tration at the point where the plume axis impacts the wall is as much as a
factor of two higher than the concentration on the plume axis immediately
upwind of the wall, an obvious violation of the Second Law of Thermodynamics,
Also, if the wall effectively precludes the downwind travel of the plume,
the basic model assumptions relative to downwind plume transport are
invalid. However, if the wall does not effectively impede the downwind
transport of the plume, the plume becomes terrain-following beyond the
initial point of impaction and the concentrations calculated by the model
should be approximately correct. In all of the actual cases we have
investigated to date of plume impaction on steeplv-rising terrain, the
maximum terrain slopes have been only about 20 degrees and the downwind
transport of the plume has not been impeded. We therefore believe that the

calculated concentrations are accurate.

In summary, there are three major points ihaii should be kept in
mind by the user with respect to the terrain-adjustment procedures in the
SHORTZ and LONGZ programs as stated by Cramer, Geary and Bowers (1975) in

the report on the Allegheny County SO, study:

2
(1) These terrain-adjustment procedures are simplified
approximations of complex plume~terrain interactions

that are currently not well understood.

(2) Terrain impaction is permitted to occur only when the
plume is contained in the surface mixing layer. While
this condition may occur with all stability categories,
it is most likely to be associated with unstable or
near-neutral stratifications and does not occur when
the plume stabilization height is in a stable layer

above the top of the surface mixing layer.



(3) These procedures may result in a calculated concentrétion
as much as a factor of two higher than the actual concen-
tration at the point where the central portion of the
plume intersects a vertical terrain wall or very steeply-
rising terrain before the plume has mixed to the ground

surface.

2.6 EXAMPLE PROBLEM

2.6.1 Example SHORTZ Problem

The example SHORTZ problem is based on the 4 January 1973 air
pollution episode at the Logans Ferry 502 monitor in Allegheny County.
This case, which is also discussed in detail by Cramer, et al. (1975),
was one of the first successful applications of the SHORTZ program. The
source, metenrological and other SHORTZ inputs for the 4 January 1973
air pollution episode are given below, while Appendix C discusses the

application of SHORTZ to this 24-hour period.

Figure 2-5 is a topographic map of the Springdale-Logans Ferry
area. The filled circle in the figure shows the location of the Logans

Ferry SO, monitor and the + symbols show the locations of the Cheswick

and West?Penn Power Plants. The West Penn Power Plant is about 900
meters west—-southwest of the monitor, while the Cheswick Power Plant is
about 3,100 meters west-southwest of the monitor. The two power plants
are the only major 802 sources upwind of the monitor during periods of
west-southwest winds. On 4 January 1973, strong west-southwest winds
developed at about 0500 EST and persisted throughout the day. The 24-

hour average SO, concentration observed at the monitor on 4 January 1973

was 891 microgrzms per cubic meter. The corresponding 24-hour average
SO2 concentration calculated by Cramer, et al. (1975), using the modeling
procedures outlined below, was 979 micrograms per cubic meter. The
contributions to this total of the West Penn and Cheswick plants were

946 and 33 micrograms per cubic meter, respectively.
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tions are in feet above mean sea level, and the contour
interval is 200 feet. The + symbols show the locations of
the West Penn Power Plant (Sources 116 and 117) and the
Cheswick Power Plant (Source 118). The filled circle shows the
Logans Ferry 802 monitor.
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The source and meteorological data for the 4 January 1973 air
pollution episode at Logans Ferry are given in Tables 2-10 and 2-11,
respectively. The source data in Table 2-10 were provided to the H. E.
Cramer Company by the Allegheny County Bureau of Air Pollution Control.
The meteorological inputs in Table 2-11 were developed from measurements
made on 4 January 1973 at the Greater Pittsburgh Airport and Allegheny
County Airport. The hourly wind directions and wind speeds are arithmetic
means of the concurrent observations at the two airports. Rawinsonde
data taken at the Greater Pittsburgh Airport at 1900 EST on 3 January,
at 0700 and 1900 EST on 4 January, and at 0700 EST on 5 January were
used to estimate mixing depths for the four observation times; mixing
depths for intermediate hours were obtained by linear interpolation.
The two Greater Pittsburgh Airport soundings on 4 January, as well as
the 4 January 1200 EST sounding taken at the downtown Pittsburgh EMSU
station, all showed a deep surface mixing layer with a near-adiabatic
thermal stratification. Consequently, the vertical potential tempera-
ture gradient was set equal to zero for all hours of 4 January 1973.
The ambient air temperatures listed in Table 2-11 are those observed at
the Greater Pittsburgh Airport. Wind speeds from the four Greater
Pittsburgh Airport soundings were averaged and a logarithmic least-
squares regression curve was fitted to the data to obtain a value for
the wind-profile exponent p of 0.17. Details of the regression
technique are given in Section 2.1.1. Following the Turner (1964)
criteria, the strong surface wind speeds and overcast clouds below 1000
meters require the Pasquill D stability category to be assigned to all
hours of 4 January 1973. The hourly lateral and vertical turbulent
intensities are therefore set equal to the urban values for the Pasquill
D stability category of 0.1051 and 0.0735 radians, respectively (see
Section 2.1.1.1). The non-meteorological inputs, including the coordinates

and elevation of the Logans Ferry SO, monitor, are given in Table 2-12.

2

The purpose of this example SHORTZ problem is to use the

inputs given in Tables 2-10 through 2-12 to calculate 24-hour average
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TABLE 2-11

METEOROLOGICAL INPUT PARAMETERS
FOR 4 JANUARY 1973

voue | Wind Wind Mixing | Ambient Air TPOtentlal Pasquill

(EST) Direction Speed Depth Temperature gt:};:iat:re Stability
(deg) (m/sec) | (m) (oK) (o% /my Category

01 170 5.4 953 283 0 D

02 190 6.7 1068 284 0 D

03 210 10.0 1184 285 0 D

04 220 9.8 1299 285 0 D

05 245 8.2 1415 283 0 D

06 255 9.3 1530 282 0 D

07 255 9.8 1645 280 0 D

08 250 10.3 1598 280 0 D

09 250 9.0 1551 280 0 D

10 250 8.5 1504 279 0 D

11 250 8.2 1457 279 0 D

12 250 7.2 1410 279 0 D

13 250 9.3 1363 279 0 D

14 250 7.7 1316 278 0 D

15 255 6.7 1269 278 0 D

16 260 6.2 1221 277 0 D

17 260 7.7 1174 276 0 D

18 265 6.7 1127 276 0 D

19 260 7.7 1080 275 0 D

20 250 6.7 1033 275 0 D

21 250 5.9 986 275 0 D

22 240 6.2 939 275 0 D

23 260 6.2 892 274 0 D

24 270 5.9 845 274 0 D
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TABLE 2-12

NON-METEOROLOGICAL INPUTS FOR THE
SHORTZ EXAMPLE PROBLEM

Input Parameter Parameter Value

Lateral diffusion coefficient a 0.9%

Downwind distance for rectilinear lateral

expansion xry (m) 50%
ROTATE (deg) .683
Decay coefficient ¢ (sec—l) 0*
Airport elevation (m MSL) 366.7
Wind system measurement height (m) 6.096%*
Logans Ferry SO2 Monitor:

UIM X Coordinate (m) 605,167
UTY Y Coordinate (m) 4,489,107
Elevation (m MSL) 274

*Program default value.
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ground-level SO2 concentrations for the regularly-spaced UTM grid shown

in Figure 2-5 and for the Logans Ferry 802 nonitor. The source combi-

nations of concern are:

° Sources 116 and 117 ~ the West Penn Power Plant
™ Source 118 - the Cheswick Power Plant

° Sources 116 through 118 - all major SO, sources upwind

2
from the Logans Ferry monitor with west-southwest winds

The detailed results of this example calculation and the program execution

are discussed in Appendix C.

2.6.2 Example LONGZ Problem

The example LONGZ problem is to calculate the annual average
ground-level particulate concentrations produced at and beyond the
property boundary of the hypothetical aluminum reduction facility shown

in Figure 2-6. The sources of particulate emissions are:

® The 60-meter Primary Scrubber System stack
. The 30-meter Carbon Baking Plant stack
° The three 25-meter stacks on the Metal Services Building

™ The four Potroom roof monitors

The Potrooms, the Carbon Baking Plant and the Metal Services Building

are all 15 meters high, and the three stacks serving the Metal Services
Building are identical. The hypothetical aluminum plant is assumed to

be located in an area of relatively flat terrain near the Greater Pittsburgh
Airport. The following paragraphs discuss the development of the source,
meteorological and other LONGZ inputs required to model the hypothetical
aluminum plant. The execution of the LONGZ program for this example is

discussed in Appéhdix D.
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Table 2-13 lists the stack and emissions data for the hypothetical
aluminum plant shown in Figure 2-6. The Potroom emissions are discharged
from potline roof monitors at an exit velocity of about 1 meter per
second with an exit temperature 10 degrees Celsius above the temperature
of the ambient air. Consequently, the building source option is used to
model the 200-meter by 600-meter Potroom complex. Because the length of
an individual building source should not be more than twice its width,
the Potroom complex is modeled as three 200-meter square building sources.
Each of the five stacks has a Froude number well above 3.0, and the
minimum stack height to building height ratio is 1.67 for the stacks on
the Metal Services Building. Consequently, the correction factor f

given by Equation (2-5) is assumed to apply to all of the stacks.

It is important to note that recent field and wind tunnel studies
(see Schulman and Scire, 1980) suggest that the slightly buoyant emissions
from the roof monitors at aluminum plants can attain appreciable buoyént
plume rise because: (1) The large volume of discharged air results in a
large buoyancy flux even though the temperature difference between the
effluent and the ambient air is relatively small; and, (2) The adjacent '
buoyant plume elements that form the emissions from a roof monitor merge,
resulting in a buoyant plume rise for the line source that is greater
than for an isolated plume element. Because the LONGZ (and SHORTZ) build-
ing source option assumes that there is no buoyant plume rise, the con-
centrations calculated for emissions from the Potroom complex may over-
estimate the concentrations that actually occur at downwind distances
less than the distance at which the buoyant roof monitor emissions mix

to the surface.

The source data in Table 2-13 are shown in the form required
for input to LONGZ in Table 2-14. Source Type 0 refers to stacks and
Source Type 1 refers to building sources. Source Type 2, which is not
used in this example, applies to area sources. As shown by Table 2-14,
the width and length of a building or area source are substituted for

the stack exit temperature and volumetric emission rate in the LONGZ
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TABLE 2-13

STACK PARAMETERS AND EMISSIONS DATA FOR THE
HYPOTHETICAL ALUMINUM PLANT

Source
Parameter Primary Potline Carbon Metal
Scrubber Roof Baking Services
System Monitors Plant Building
Stack Height Above Grade (m) 60 15 30 25
Exit Temperature (°K) 370 Ambient + 10| 340 590
Exit Velocity (m/sec) 25 1 20 12
Number of Exit Points 1 8 1 3
Area of Exit Points (m?) 10.7 486.4 5.3 0.9
Particulate Emission
Rate (g/sec) 3.78 2.19% 0.60 0.20%

*Total emissions for all emission points.
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source inputs. Similarly, the angle 6 between north and the long side
of a building or area source is substituted for the stack radius.
Because the three stacks on the Metal Services Building are identical
and in close proximity, they are represented for modeling purposes by a
single stack with a particulate emission rate equal to the total for the
three stacks. Source elevations are not included in Table 2-14 because
the plant is assumed to be in an area of flat terrain. The source

combinations of interest are:

® Source 1 - the Primary Scrubber System stack

. Source 2 - the Carbon Baking Plant stack

. Source 3 - the Metal Services Building stack

. Sources 4 through 6 ~ the Potroom complex

® Sources 1 through 6 - all sources within the plant

The LONGZ meteorological input requirements include seasonal
STAR summaries, turbulent intensities corresponding to the Pasquill
stability categories, seasonal median early morning and afternoon mixing
depths, wind-profile exponents, vertical potential temperature gradients
and ambient air temperatures. The STAR summaries for the example problem
are based on surface weather measurements made at the Greater Pittsburgh
Airport for the year 1976. The remaining meteorological inputs, which
were developed following the procedures suggested in Section 2.1.1, are
identical to the inputs developed by Cramer, et al. (1975) as part of the
Allegheny County SO2 study. Table 2-15 lists the vertical turbulent intensi-
ties given by Cramer, et al. (1975) for urban areas, which are also the
LONGZ default values for urban areas. Table 2-16 gives the Greater
Pittsburgh Airport median mixing depths. Median afternoon mixing depths
are assigned to the unstable A, B and C stability categories; median
early morning mixing depths are assigned to the combined stable E and F
categories; and the averages of the early morning and afternoon median

mixing depths are assigned to the neutral D stability category. The
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TABLE 2-15

VERTICAL TURBULENT INTENSITIES USED FOR ALL SOURCE
TYPES IN THE ANNUAL CONCENTRATION CALCULATIONS

Pasquill Stability Category Oé (rad)
A 0.1745
B 0.1745
c 0.1080
D 0.0735
E 0.0465
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TABLE 2-16

MIXING-LAYER DEPTHS IN METERS USED IN THE
ANNUAL CONCENTRATION CALCULATIONS

Pasquill Stability Wind-Speed Category (m/sec)
Category 0-1.5 | 1.6-3.0 | 3.1-5.1 | 5.2-8.2| 8.3-10.8 | >10.8

(a) Winter

A 500 650 - - - -

B 500 650 710 - - -

C 500 650 710 710 710 710

D 320 470 670 710 710 710

E 140 290 630 - - -
(b) Spring

A 1530 1530 - - - -

B 1530 1530 1530 - - -

C 1530 1530 1530 1530 1530 1530

D 825 920 1030 1415 1530 1530

E 120 310 530 - - -
(c) Summer

A 1730 1730 - - -

B 1730 1730 1730 - - -

C 1730 1730 1730 1730 1730 1730

D 960 1025 1235 1295 1295 1295

E 190 320 740 - - -
(d) Fall

A 1230 1230 - - - -

B 1230 1230 1230 - - -

C 1230 1230 1230 1230 1230 1230

D 685 740 970 1190 1230 1230

E 140 250 710 - - ,
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ambient air temperatures and vertical potential temperature gradients are
given in Tables 2-17 and 2~18, respectively. The vertical potential
temperature gradients in Table 2-18 are the values suggested for humid
regions in Table 2-4. The wind-profile exponents in Table 2-19 are the
LONGZ default values. The wind system measurement height, the elevation of
the Greater Pittsburgh Airport, the decay coefficient and the parameter

ROTATE are given in Table 2-12.

The maximum annual average ground-level concentrations produced
by emissions from each of the stacks of the hypothetical aluminum plant
can be expected to occur within about 2 kilometers of the base of the
stack. Similarly, the maximum annual average ground-level particulate
concentration produced at or beyond the property boundary by the low-
level emissions can be expected to occur at or near the property boundary.
In order to detect the maximum annual average concentration produced at
or beyond the property boundary by the combined emissions from all
sources, the irregularly-spaced Cartesian receptor array {X(m) and Y(m) = O,
*200, *400, *600, *800, *1,000, *1,200, *1,500, *2,000, *3,000} is used
in the LONGZ calculations. Additionally, discrete receptors are placed
at 200-meter intervals around the property boundary (see Figure 2-6).

Table 2~20 gives the coordinates of the discrete receptors.
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TABLE 2-17
AMBTENT AIR TEMPERATURES USED IN THE

ANNUAL AVERAGE CONCENTRATION

CALCULATIONS
. . o
Pasquill Stability Ambient Air Temperature (9K)
Category Winter Spring Summer Fall
A 273.2 287.0 298.3 289.5
B 273.2 287.0 298.3 289.5
C 273.2 287.0 298.3 289.5
D 271.2 283.7 294.4 286.3
E 269.7 280.3 290.7 282.4
TABLE 2-18
VERTICAL POTENTIAL TEMPERATURE GRADIENTS N
DEGREES KELVIN PER METER USED IN THE
ANNUAL AVERAGE CONCENTRATION
CALCULATIONS
Pasquill Wind-Speed Category (m/sec)
Stability
Category 0-1.5 1.6-3.0 3.1-5.1 5.2-8.2 8.3-10.8 > 10.8
A 0.0 0.0 - —_— — -
B 0.0 0.0 0.0 - - -
C 0.0 0.0 0.0 0.0 0.0 0.0
D 0.015 0.010 0.005 0.003 0.003 0.003
E 0.030 0.020 0.015 - - -
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TABLE 2-19

WIND-PROFILE EXPONENTS USED IN THE
ANNUAL AVERAGE CONCENTRATION

CALCULATIONS

Pasquill Wind-Speed Category (m/sec)*

Stability

Category 0-1.5 1.6-3.0 3.1-5.1 5.2~8.2 8.3-10.8 > 10.8
A 0.10 0.1¢ - - — -
B 0.10 0.10 0.10 - - -
C 0.20 0.15 0.10 0.10 0.10 0.10
D 0.25 0.20 0.15 0.10 0.10 0.10
E 0.30 0.25 0.20 - - -

%
Measurement height is 6.1 meters above the ground surface.
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TABLE 2-20

COORDINATES OF DISCRETE RECEPTORS PLACED AROUND THE

ALUMINUM PLANT

PROPERTY BOUNDARY OF THE HYPOTHETICAL

Receptor X Coordinate Y Coordinate

No. (m) (m)
1 =800 700
2 -600 700
3 -400 700
4 -200 700
5 0 700
6 200 700
7 400 700
8 600 700
9 800 700
10 800 500
11 800 300
12 800 160
13 800 -100
14 800 ~300
15 800 ~500
16 600 -500
17 400 -500
18 200 -500
19 0 - 500
20 -200 -500
2t =400 500
22 -600 =500
23 -800 =500
24 -800 =300
25 =800 ~100
26 -800 100
27 -800 300
28 -800 500
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SECTION 3

USER'S INSTRUCTIONS FOR THE SHORT~TERM
(SHORTZ) MODEL PROGRAM

3.1 SUMMARY OF PROGRAM OPTIONS, DATA REQUIREMENTS AND OUTPUT

3.1.1 Summary of SHORTZ Program Options

The program options of the short-term computer program (SHORTZ)

consist of three general categories:

° Meteorological data input options
° Dispersion-model options
. Output options

Each category ic discussed separately below.

a. Meteorological Data Input Options. Table 3-1 lists the

meteorological data input options for the SHORTZ computer program. All
meteorological data may be input by card deck or by a previously generated
tape inventory (see Section 3.1.1.c below). In addition to accepting
sequential hourly meteorological data, SHORTZ accepts 2-hour average,
3-hour average, etc. meteorological data. Site-specific mixing depths,
ambient air temperatures, wind speeds, wind directions and vertical
potential temperature gradients are SHORTZ input requirements rather than
options. If available, site specific wind-profile exponents, lateral

and vertical turbulent intensities and lateral diffusion coefficients

(¢) may be used. Source-specific entrainment coefficients may also be

used in the plume-rise calculations (see Section 2.2).

b. Dispersion-Model Options. Table 3-2 lists the dispersion

model options for the SHORTZ computer program. In concentration calcula-

tions for large particulates, the effects of gravitational settling
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TABLE 3-1

METEOROLOGICAL DATA INPUT
OPTIONS FOR SHORTZ

Input of hourly data or of 2-hour average, 3-hour average, etc., data
by card deck or from tape

Site-specific wind-profile exponents

Site-specific lateral and vertical turbulent intensities (different
values may be entered for stacks and for building and area sources)

Source-specific entrainment coefficients for plume rise calculations

Wind system measurement height

TABLE 3-2
DISPERSION-MODEL OPTIONS FOR SHORTZ

Inclusion of effects of gravitational settling and dry deposition in
concentration calculations

Inclusion of terrain effects

Cartesian or polar receptor system

Discrete receptors (Cartesian or polar system)
Stack, building and area sources

Pollutant emission rates and stack exit parameters held constant or
varied by hour

Time-dependent exponential decay of pollutants

Time periods for which concentration calculations are to be made
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and dry deposition may be included in the calculations for areas of open
terrain, but not for areas of complex terrain. With this exception,
terrain effects may be included in all SHORTZ calculations. The user
may select either a Cartesian or a polar receptor system and may also
input discrete receptor points with either system. SHORTZ calculates
concentrations for stack, building and area source emissions. Pollutant
emission rates may be held constant or varied by hour. The effects of
time-dependent exponential decay of a pollutant as a result of chemical
transformation or other removal processes may also be included in the
model calculations (see Section 2.3). Also, the user may select the
time periods over which concentration is to be averaged. These time

periods range from 1 hour to 8784 hours (i.e., a leap year).

c. Output Options. Table 3-3 lists the SHORTZ program

output options. A more detailed discussion of the SHORTZ output information

is given in Section 3.1.3.

The results of all SHORTZ calculatioms, as well as all input
data, may be stored on magnetic tape. The user may also elect to print

one or more of the following tables:

' The program control parameters, source data and receptor
data

° The meteorological inputs

° The concentrations calculated for the averaging time of

the meteorological data (for example, 3-hour average
concentrations if the meteorological inputs are assumed
to represent 3-hour averages) for any desired combina-

tions of sources at all receptors
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TABLE 3-3
SHORTZ OUTPUT OPTIONS

Master tape inventory of meteorological and source inputs and the
results of the concentration calculations

Printout of program control parameters, source data and receptor data

Printout of meteorological data

Printout of the concentrations calculated for any desired combina-
tions of sources at all receptors

Printout of concentrations calculated for the averaging time of the
meteorological data and for up to three additional averaging times
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The average concentrations calculated for one, two or
three user-specified averaging times in addition to the
averaging time of the meteorological inputs for any

desired combinations of sources at all receptors

It should be noted that a given problem run may generate a large print

output (see Section 3.2.5.b). Consequently, it may be more convenient

to make multiple program runs for a given problem.

3.1.2 Data Input Requirements

This section provides a description of all input data param-

eters required by the SHORTZ program. The user should note that some

input parameters are not read or are ignored by the program, depending

on what values control parameters have been assigned by the user.

Program Control Parameter Data. These data contain

parameters which provide user-control of all program options.

Parameter
Name

ISW(1)

ISW(2)

Input Meteorological Data Base Rate -- This parameter
gives the number of hours in each input meteorological
data observation (i.e., the assumed averaging time of the
meteorological inputs). If this parameter is not punched
or has a value of "0", the program uses (defaults to) a
value of "1" and assumes hourly input data. This param-
eter is ignored by the SHORTZ program if an input source/

concentration inventory tape is being used.

Print Concentration Calculated at Meteorological Data
Base Rate -- This parameter provides the option to print
the ground-level concentrations calculated for each input

meteorological observation. If this parameter is not
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Parameter
Name

ISW(2)
(Cont.)

ISW(3)

Isw(4)

ISW(5)

ISW(6)

punched or is set to a value of "0", these concentration
calculations are not printed. If set to a value of "1",
concentrations calculated at the data base input rate are

printed.

Print Average Concentration Option 1 -- This parameter
specifies the first averaging time desired for the concen-
tration calculations. If this parameter is not punched

or is set to a value of "0", this option is ignored by the

program.

Print Average Concentration Option 2 ~~ This parameter
specifies the second averaging time desired for the con-
centration calculations. If this parameter is not punched
or is set to a value of "0", this option is ignored. How-
ever, if this option is punched greater than zero, the
value punched must be greater than that punched for ISW(3)

and ISW(3) must be non-zero.

Print Average Concentration Option 3 -- This parameter spe-
cifies the third averaging time desired for the concentra-
tion calculations. If this parameter is not punched or

is set to a value of "0", this option is ignored. However,
if this option is punched greater than zero, the value
punched must be greater than that punched for ISW(4) and

ISW(4) must be non-zero.

Print Input Control and/or Source Data -~ This parameter
is used to control the printing of the input control and
source data. If this parameter is not punched or is set

to a value of "0", control and source data are not printed.



Parameter
Name

ISW(6)
(Cont.)

ISW(7)

ISW(8)

ISW(9)

ISW(10)

If set to a value of '"1", only the control and general
input data are printed. If set to a value of "2", only
source data are printed. If set to a value of '"3", both

control and source data are printed.

Receptor Terrain Elevation Option ~— Allows the user to
input terrain elevations for all receptor points. A value
of "1" directs the program to read user-provided terrain
elevations. A value of "0" assumes level terrain and no
terrain elevations are read by the program. The default

value equals "0".

Print Meteorological Data Option =- This option controls
the printing of the input meteorological data. A value of
"1" directs the program to print all of the input meteoro-
logical data. If this parameter is not punched or is

set to a value of "0", this option is ignored.

Wind Speed Power Law Option -- If a value of "0" is used,
the wind-speed power law is based on emission elevation
above the airport (weather station) elevation. If the
emission elevation is below the airport (weather station),
no power law is used. If a value of "1" is used, the

wind speed power law is based on the emission height above
terrain and a power law is always used. 1If this parameter

is not punched, the program will default to a value of "0".

Print Output Unit Option =-- This option is provided to
enable the user to print the program output on a unit other
than print unit "6'". If this value is not punched or a

"0" is punched, all print output goes to unit "6". Other-

wise, print output goes to the specified unit. Also,

3-7



Parameter
Name

ISW(10)
(Cont.)

ISW(1l)

ISW(12)

if this value is punched and not equal to "6" or "56",
two end-of-file marks are written at the end of the print

file and the file is rewound.

Average Over Days or Cases Option -~ This option is pro-
vided to enable the user to calculate the average N-hour
concentrations for particular time(s) of day over multiple
days or cases., If this parameter is not punched or is
set to a value of "0", this option is ignored. However,
if set to a value of "1", the program will calculate the
concentrations over the averaging times specified by
ISW(2) through ISW(5) for each day or case (NDAYS) of the
meteorological data. The program will then average the
days or cases together. For example, assume that 3-hour
average concentrations are being calculated and that the
first hour of each day is 0000 hours. The program would
print the average concentration for the period 0000 to
0200 hours (0300-0500, 0600-0800, etc.) averaged over the
days or cases (NDAYS) input. As another example, this
option could be used to calculated 7-day average concen-
trations by averaging the 24-~hour average concentrations

calculated for the individual days.

Optional Format for Source Card Input Data ~- This
parameter is a switch used to inform the program whether
it is to use a default format to read the card input
source data or to input the format via data card. If
this option is not punched or is "0", the program uses
the default format given under SFMT below.and SFMT is not
input to the program. If this option is set to a value

of "1", the array SFMT below is read by the program.
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Parameter
Name

ISW(13)

ISW(14)

ISW(15)

ISW(16)

Receptor Reference Grid System Option -- Specifies whether
a right-handed rectangular Cartesian coordinate system or
a polar system is to be input to the program to form the
receptor reference grid system. A value of "0" indicates
a Cartesian reference grid system is being input and a
value of "1" indicates a polar reference grid system is
being input. If this parameter is not punched, the

program will default to a value of "0".

Discrete Receptor Option - Specifies whether a right-
handed rectangular Cartesian reference system or polar
reference system is used to reference the input discrete
receptor points. A value of "Q0" indicates that the
Cartesian reference system is being used and a wvalue of
"1" indicates a polar reference system is being used. If
this parameter is not punched, the program will default

to a value of "0O".

Source Coordinates Option —- Specifies whether a right-
handed rectangular Cartesian reference system or polar
reference system is used to reference the input source
coordinates. A value of "0" indicates that the Cartesian
reference system is used and a value of "1" indicates a
polar reference system is used. If this parameter is not

punched, the program will default to a value of "0".

Turbulent Intensities Option —-- This option allows the
user to enter different turbulent intensities for stacks
and for building and area sources. If this parameter is
not punched or is "0", the program uses the same turbulent

intensities (SIGEPU and SIGAPU) for all source types. If
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Parameter
Name

ISW(1l6)
(Cont.)

ISW(17)

ISW(18) -
ISW(20)

NSOURC

ISW(16) equals "1", different turbulent intensities are
entered for stacks (SIGEPU and SIGAPU) and for area and
building sources (SIGEPL and SIGAPL). No default turbu-
lent intensities are provided if ISW(16) equals "1". The
default value for the parameter ISW(16) is '"0", or the

same turbulent intensities for all source types.

Rural/Urban Mode Option -- If the Turbulent Intensities
Option is not used (i.e., if ISW(16) equals "O"), this
option directs the program to use the Cramer, et al.
(1975) rural or urban turbulent intensities corresponding
to the Pasquill stability categories as default values
for all source types. The program uses the rural tﬁrbu-
lent intensities as default values if ISW(17) equals "O"
and the urban turbulent intensities as default v;lues if
ISW(17) equals "1". The default value for the parameter
ISW(17) is "0". It should be emphasized that the program
will not use default turbulent intensities if the param-
eter ISW(16) above equals "1" and only uses default values

if SIGAPU and SIGEPU are equal to "0" or are not punched.

Reserved for Future Options.

Number of Data Card Input Sources - This parameter speci-
fies the number of input card image sources. This includes
card images that specify modifications or deletions to
sources input from tape file. 1If this value is not

punched or is "0Q", the program assumes all sources are

input from tape. The maximum number of sources (both

card and tape) that can be processed by the program in a
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Parameter
Name

NSOURC
(Cont.)

NGROUP

NXPNTS

single run is 300. However, this number can be increased
by a simple program modification given in Section 3.2.3.a

under Card Group 2.

Number of Source Combination Groups -~ This parameter
specifies the number of different source combinations for
which print output is desired. A source combination
consists of one or more of all the input sources and is
the summed output of those selected sources. The maximum
value for this parameter is 1000. If this parameter is
not punched or is "0", the program assumes that all input
sources (card and/or tape) are to be used in one combined
source output. Also, if this parameter is not punched or
is "0", the associated parameter arrays NSOGRP and IDSOR

below are not read by the program and can be ignored.

X-Axis/Range Receptor Grid Size -- This parameter specifies
the number of east-west receptor grid locations for the
(Cartesian coordinate system X-axis, or the aumber of
receptor grid ranges (rings) in the polar coordinate
system, depending on which receptor grid system is chosen
by the user under parameter ISW(13). This is the number
of X-axis points to be input or the number of X-axis
points to be automatically generated by the program. A
value of "0" (not punched) directs the program to assume
there is no regular receptor grid being used. The maximum
value of this parameter is related to other parameter

values and is given by the equation

E > [Nx+Ny+2ny] + [6 SO Ny+ny)] (3-1)
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Parameter
Name

where

E = the total amount of program data
storage in BLANK COMMON. The design
size is 12000, but can be increased
by a simple program modification
given in Section 3.2.3.a under Card

Group 2.

N. = number of points in the input X-
axis of the receptor grid system

NXPNTS
(Cont.) (BXPNTS)
N_ = number of points in the input Y-
axis of the receptor grid system

(NYPNTS)

ny = number of discrete (arbitrarily
placed) input receptors (NXWYPT)

This parameter is ignored by the program if tape input is

being used.

Y-Axis/Azimuth Receptor Grid Size -- This parameter speci-

fies the number of north-south receptor grid locations for

the Cartesian coordinate system Y-axis, or the number of
NYPNTS Y-axis azimuth bearings in the polar coordinate system,

depending on which receptor grid system is chosen by

the user under parameter ISW(13). This is the number

of Y-axis points to be input or the number of Y-axis

points to be automatically generated by the program.

If the parameter NXPNTS is set non-zero, the parameter
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Parameter
Name

NYPNTS
(Cont.)

NXWYPT

NHOURS

NDAYS

NYPNTS must also be non-zero. The maximum value of this
parameter is given by the equation under NXPNTS above.
The parameter NYPNTS is ignored by the program if tape

input is being used.

Number of Discrete (Arbitrarily Placed) Receptors —- This
parameter specifies the total number of discrete receptor
points to be input to the program. A value of "0" (not
punched) directs the program to assume no discrete recep-
tors are being used. The maximum value of this parameter
is limited by the equation given under NXPNTS above. This
parameter is ignored by the program if input tape is being
used. ISW(1l4) specifies whether these points are in Car-

tesian or polar coordinates.

Number of Input Meteorclogical Data Observations =-- This
parameter specifies the total number of input meteorolo-
gical data observations. For example, if the input

meteorological data are hourly, this parameter specifies
the total number of hours. Similarly, if 3-hour average

meteorological data are input, NHOURS specifies the total

number of 3-hourlv observations the program is to read.
The maximum value of NHOURS is ''8784" and the default

value is "24" if this parameter is not punched or is "O0".

Number of Days or Cases of Meteorological Data -~ This
parameter specifies the number of separate days or cases

of meteorological data to be processed. If this option

is used, the program expects to read NDAYS sets of meteoro-
logical data with NHOURS observations (data cards) in each

set. Each case is treated as if it was an individual
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Parameter
Name

NDAYS
(Cont. )

KSw

NINTP

NOTTP

NINFL

program run, except when the ISW(1ll) option is used. If
an output tape is being used, the calculations for each

case are output successively to the tape.

Master Source/Concentration Magnetic Tape Input/Output
Option -~ This option specifies whether or not input and/or
output tapes are going to be used. A value of "0" indi-
cates neither tape input nor tape output is being used. A
value of "1" indicates tape input is being used and the
tape data are read from the logical units specified by the
array NINFL below. A value of "2" indicates tape output is

desired and the tape data are written to the logical units

specified by the array NOTFL below. A value of "3" specifies

both tape input and output are going to be used.

Number of input tapes -- This parameter gives the number
of input magnetic tapes when the KSW equals "1" or '2"

option is selected. 1If this parameter is not punched or
is set to a value of "0", the program detaults to a value

of "1". The maximum for this parameter is "3".

Number of Output Tapes -- This parameter gives the number
of output tapes the user has provided when the KSW equals
"2" or "3" option is selected. If this parameter is not

punched or is set to a value of "0", the program defaults

to a value of "1". The maximum for this parameter is '"3".

Input Tape Logical Unit Numbers -- This parameter is an
array of a maximum of three logical unit numbers used for
magnetic tape input. If the values in this array are not

punched or are set to values of "Q", the program defaults
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Parameter
Name

NINFL
(Cont.)

NOTFL

NSOGRP

IDSOR

the values ‘to "2", "0" and "0", respectively. The user
must equate the logical unit numbers specified here with
the external file name assigned to the tape as shown in
Section 3.2.2. Values input to this array must be com-
patible with the UNIVAC 1100 NTRAN I/0 routines. Do not

use the values 0, 1, 5, 6 or 12 for this parameter.

Output Tape Logical Unit Numbers -- This parameter is an
array of a maximum of three logical unit numbers used for
magnetic tape output. If the values in this array are

not punched or are set to values of "0", the program de-
faults to values of "3", "0" and "0", respectively. The
user must equate the logical unit numbers specified here
with the external file name assigned to the tape as shown
in Section 3.2.2. Values input to this array must be com-
patible with the UNIVAC 1100 NTRAN 1/0 routines. Do not

use the values 0, 1, 5, 6 or 12 for this parameter.

Number of Sources Defining Combined Source Groups -- This
parameter is not read by the program if the parameter
NGROUP above is zero or not punched. Otherwise, this
parameter is an array of NGROUP values, where each value
gives the number of source identification numbers used to
define a source combination. The source identification
number is that number assigned to each source by the user
under the source input parameter NUMSQ below. An example
and a more detailed discussion of the use of this parameter
is given under IDSOR below. A maximum of 1000 values are

provided for this array.

Combined Source Group Defining Sources -- This parameter is

not read by the program if the parameter NGROUP above is
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Parameter
Name

IDSOR
(Cont.)

zero or not punched. Otherwise, this parameter is an array
of source identification numbers that define each combined
source group to be output. The values punched into the
array NSOGRP above indicate how many source identification
numbers are punched into this array successively for each
combined source output. The source identification numbers
can be punched in two ways. The first is to punch a
positive value directing the program to include that
specific source in the combined output. The second is to
punch a negative value. When a negative value is punched,
the program includes all sources with identification
numbers less than or equal to it in absolute value.

Also, if the negative value is preceded by a positive
value in the same defining group, that source defines the
first of the sources to be included with those defined by

the negative number, but no sources with a lesser source

identification number are included. For example, assume

NGROUP above is set equal to 4 and the array NSOGRP
contains the values 3, 2, 1, 0. Also, assume the entire
set of input sources is defined by the source identification
numbers 5, 72, 123, 223, 901, 902, 1201, 1202, 1205, 1206
and 1207. To this point we have a total of 11 input
sources and we desire to see 4 combinations of sources
taken from these 11. Also, the array NSOGRP indicates
that the first 3 values in the array IDSOR define the
first source combination, the next 2 values (4th and 5th)
in IDSOR define the second combination, the 6th value in
IDSOR defines the third combination and the last combi-
nation has no defining (0) sources so the program assumes
all 11 sources are used. Similarly, let the array IDSOR
be set equal to the values 5, 72, -223, 1201-1207, -902.
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Parameter
Name

IDSOR
(Cont.)

SFMT

The program will first produce combined source output for
sources 5, 72 and all sources up to and including 223.

The second combined source output will include sources
1201 through 1207. The third will include sources numbers
5 through 902 and the last will include all sources

input. Note that the source identification numbers in
each defining group are in ascending order of absolute
value. The maximum number of values that can be input to

this array is 1000.

Optional Format for Source Data -- This parameter is an
array which is read by the program only if ISW(12) is set
to a value of "1". The array SFMT is used to specify the
format used for the input card source data. The format
punched, if used, must include leading and ending paren-
theses. If ISW(12) is not punched or is set to a value
of "0", the parameter SFMT is omitted from the input deck
and the program uses the default format " (I5, 3I1, F10.0,
8F7.0, I2)". This format is used to read the variables -
NUMSQ, TYPE, DISP, JFLG, Q, DX, DY, H, HS, TS, VOL, DTH,
RDS and NS. These parameters are the primary source

inputs and are defined under the source input data below.

Receptor Data. These data consist of the (X,Y) or (range,

azimuth) locations of all receptor points as well as the elevations

of the receptors above mean sea level.

Parameter
Name

Receptor Grid System X-Axis or Range ~- This parameter is

read by the program only if the parameters NXPNTS and
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Parameter
Name

X
(Cont.)

X
(Discrete)

NYPNTS are non-zero and only if an input tape is not being
used. This parameter is an array of values in ascending
order that defines the X-~axis or ranges (rings) (depending
on ISW(13)) of the receptor grid system in meters. If

only 2 values are punched and the parameter NXPNTS is
greater than 2, the program assumes the X-axis (range) is
to be generated automatically and assumes the first value
is the starting X coordinate and the second value is an in-
crement used to generate the remaining NXPNTS evenly-spaced
X coordinates. If all receptor points are being input, NXPNTS
values must be punched. The origin of the grid system is

defined by the user and can be anywhere.

Receptor Grid System Y-Axis or Azimuth -- This parameter

is read by the program only if the parameters NXPNTS and
NYPNTS are non-zero and only if an input tape is not being
used. This parameter is an array of values in ascending
order that defines the Y—axis or azimuth bearings measured
clockwise from zero degrees (north) (depending on ISW(13))
of the receptor grid system in meters or degrees. If only

2 values are punched and the parameter NYPNTS is greater than
2, the program assumes the first value is the starting Y
coordinate and the second value is the increment used to
generate the remaining NYPNTS evenly-spaced (rectangular

or angular) Y coordinates. If all receptor points are being
input, NYPNTS values must be punched. If polar coordinates
are being used, Y is measured clockwise from zero degrees

(north).

Discrete (Arbitrarily Placed) Receptor X or Range -- This
parameter is not read by the program if the parameter

NYWYPT is zero or if the program is using an input tape.
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Parameter
Name

X
(Discrete)
{(Cont.)

Y
(Discrete)

ZZ

This parameter is an array defining all of the discrete
receptor X points. The values are either east-west dis-
tances or radial distances in meters, depending on the
type of reference system specified by ISW(14). NXWYPT
points are read by the program. The origin of these
points is the same as the origin of the regular (non-
discrete) grid system if one is used. Otherwise, the

origin is defined by the user and can be located anywhere.

Discrete (Arbitrarily Placed) Receptor Y or Azimuth --

This parameter is not read by the program if the param-
eter NXWYPT is zero or if the program is using an input
tape. This parameter is an array defining all of the
discrete receptor Y points in meters or degrees. The
values are either north-south distances or azimuth bearings
(angular distances) measured clockwise from zero degrees
(north) depending on the type of reference system specified

by ISW(1l4). NXWYPT points are read by the program.

Elevation of Grid System Receptors —- This parameter is

not read by the program if the parameter ISW(7) is zero

or if an input tape is being used or if NXPNTS or NYPNTS
equals zero. This parameter is an array specifying the
terrain elevation in meters above mean sea level at each
receptor of the Cartesian or polar grid system. There

are NXPNTSeNYPNTS values read into this array. The
program starts the input of values with the first Y
coordinate specified and reads the elevations for each X
coordinate at that Y in the same order as the X coordinates
were input. A new data card is started for each successive
Y coordinate value and the NXPNTS elevations for that

Y are read. The program will expect NYPNTS groups of data
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Parameter

Name
cards with NXPNTS elevation values punched in each group.
For example, assume we have a 5-by-5 Cartesian or polar
receptor array:
Rectangular
s %o (%2 Pas Py Pas
Y4
Y3
v, 1% (%1 1% |% l%o
- SR S e T e WO S -
Xl X2 X3 X4 X5
2z
(Cont.) Polar
Y1
- X5
- X4
- X3
- X2
- X1

The values 2, through Z_. are read from the first card

1 5
group, the values Z6 through Z10 from the second card
group and Zyy through Z,s from the last card group.
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Parameter
Name

ZZ
(Discrete)

C.

Elevation of the Discrete (Arbitrarily Placed) Receptors --
This parameter is not read by the program if the parameter
ISW(8) is zero or if the parameter NXWYPT equals zero or if
an input tape is being used. This parameter, which is an

array specifying the terrain elevation in meters at each of

the NXWYPT discrete receptors, is input in the same order as

the discrete receptors.

Identification Labels and Model Constants. These data

consist of parameters pertaining to heading and identification labels

and program constants. These data, except for TITLE, are ignored by the

program if an input tape is being used.

Parameter
Name

TITLE

KUNR

KFNR

Page Heading Label —- This parameter is an array that allows
up to 79 characters of title information to be printed as

the first line of each output page.

Concentration Units Label -- This parameter is an array used
for the optional input of the concentration units label.
There are a maximum of 24 characters provided for an optional
output units label for concentration., This label is de--
faulted to "(micrograms/cubic meter)" for concentration if

the parameter TK below is not punched or is "O".

Source Units Label -- This parameter is a 12 character
array provided for an optional source input units label.
This label is defaulted to "(grams/second)" if the

parameter TK below is not punched or is "0".
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Parameter
Name

Wind Direction Correction Angle --~ This parameter is used
to correct for any difference between north as defined by
the X, Y reference grid system and north as defined by the
weather station at which the wind direction data were
recorded. The value of ROTATE (degrees) is subtracted
from each wind-direction angle (THETA). This param~
eter is positive if the positive Y axis of the reference
ROTATE grid system points to the right of north as defined by the
weather station. Most weather stations record direction
relative to true north and the center of most grid systems
are relative to true north. However, some weather stations
record direction relative to magnetic north and the ends
of some UTM (Universal Transverse Mercator) zones are not
oriented towards true north. The user is cautioned to
check the wind data as errors in the wind direction distri-

bution will lead to erroneous program results.

Model Units Conversion Factor —- This parameter is pro-
vided to give the user flexibility in the source input units
used and the concentration output units desired. This param-
eter is a direct multiplier of the concentration equation.
If this parameter is not punched or is set to a value of "0",
the program defaults to "1 x 106" micrograms per gram. This
default assumes the user desires concentration in micrograms
TK per cubic meter and the input source units are grams per
second. Also, if the default value for this parameter is
selected, the program defaults the units labels in the array
KUNR and KFNR above. If the user chooses to input this
parameter for other units, he must also input the units
labels in KUNR and KFNR above. This parameter corresponds
to K in Equations (2-8), (2-24) and (2-29).
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Parameter
Name

UTMX

UTMY

Station Elevation -- This parameter gives the elevation
of the airport or weather station in meters and is read
only if terrain elevations are input for the receptor

points.

X-Origin of Polar Reference System -- This parameter gives
the east-~west Cartesian coordinate of the origin of the
polar reference system and/or discrete polar coordinates.
If polar coordinates are not used, this parameter is ig-
nored. If this parameter is not punched or a value of "Q"
is used, all polar coordinates are relative to zero and

the polar coordinates are printed. However, if this
parameter is set to a non-zero value, all polar coordinates
are relative to this Cartesian X coordinate and the program
converts all discrete polar coordinate points to their re-
spective Cartesian coordimates for the calculation and

print output of concentration tables.

Y-Origin of the Polar Reference System -- This parameter
gives the north-south Cartesian coordinate of the origin of
the polar reference system and/or discrete polar coordinates.
If polar coordinates are not used, this parameter is ignored.
If this parameter is not punched or a value of "0" is used,
all polar coordinates are relative to zero and the polar
coordinates are printed. However, if this parameter is set
to a non-zero value, all polar coordinates are relative to

this Cartesian Y coordinate and the program converts all

discrete polar coordinate points to their respective Carte-

sian coordinates for the calculation and print output of

concentration tables.
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Parameter
Name

Acceleration Due to Gravity —— This parameter, which is
used in the plume rise calculations, is the acceleration
due to gravity. If this parameter is not punched or has
a value of "0", the program uses "9.8" meters per second
squared as the default value. This parameter corresponds

to g in Equation (2-4).

Weather Station Recording Height -- This parameter is the
height above ground level in meters at which the meteoro-
logical data were recorded. If this parameter is not
ZR punched or has a value of "0", the program defaults to
"6.1" meters. This parameter corresponds to Z_ in

R
Equation (2-13).

Adiabatic/Unstable Entrainment Coefficient —— This param-

eter, which is used in plume rise calculations, is the air

entrainment coefficient for an adiabatic or unstable atmo-
GAMMAL sphere. If this value is not punched or is "0", the pro-
gram uses "0.6" as the default value. This parameter

corresponds to Yl in Equation (2-3).

Stable Entrainment Coefficient -- This parameter, which is

used in the plume rise calculations, is the air entrainment
GAMMA?2 coefficient for a stable atmosphere. If this value is not

punched or is "0", the program uses "0.66" as the default

value. This parameter corresponds to Y, in Equation (2-7).

Decay Coefficient -- This parameter is the coefficient
(seconds—l) of time-dependent pollutant removal by physical
DECAY or chemical processes (Equation (2-12)). The default

for this parameter is "0".
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Parameter

Name
Rectilinear Plume Expansion Distance =-- This parameter is
the distance in meters over which rectilinear lateral

XRY plume expansion occurs downwind from an ideal point source.

If this parameter is not punched or is "0", the program

assumes "50" meters.

d. Meteorological Data. These data are the meteorological

input parameters. Each meteorological parameter value is a l-hour, 2-hour,
etc. average value depending on ISW(1l). These parameters are not read by

the program if an input tape is being used.

Parameter
Name
Observation Hour —- The hour (00-23 or 0000-2300) of the
HOUR . ;
meteorological observation.
Wind Direction -~ The direction from which the wind is
THETA blowing in degrees (no default).
Wind Speed -- The wind speed in meters per second (no
UBAR default).
Mixing Layer Depth -~ The depth of the surface mixing
HM layer in meters (no default).
Ambient Air Temperature —-- The ambient air temperature in
TA degrees Kelvin (no default).
Vertical Gradient of Potential Temperature —-- The vertical
DPDZ gradient of potential temperature in degrees Kelvin per

meter (no default).
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Parameter
Name

ISTBLE

SIGAPU

SIGEPU

SIGAPL

Stability Category -- The Pasquill stability category -
A, B, C, D, E or F. This parameter is used only to
select default values for those meteorological parameters
not punched or equal to zero for which default values are

provided (P, SIGEPU, SIGEPL, SIGAPU, SIGAPL).

Wind Speed Power Law Exponent -- The wind speed power law
exponent. A default value is provided for P only if
ISTBLE is specified. The default values for P depend on
the wind speed and stability categories and are shown in
Table 3-4.

Lateral Turbulent Intensity for Stack Sources ~- The

standard deviation of the wind direction angle in radians

or degrees for stack sources. No default values are provided
for SIGAPU if the parameter ISW(16) equals "1". If the value
input is greater than or equal to "1", the program assumes

the units are degrees; otherwise, radians are assumed.

Vertical Turbulent Intensity for Stack Sources -- The
standard deviation of the wind elevation angle in radians
or degrees for stack sources. No default values are pro-
vided for SIGEPU if the parameter ISW(16) equals "1". If
the value input is greater than or equal to "1'", the
program assumes the units are degrees; otherwise, radians

are assumed.
Lateral Turbulent Intensity for Building or Area Sources =--

The standard deviation of the wind direction angle in

radians or degrees for building or area sources. If the
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Parameter
Name

value input is greater than or equal to "1", the program
assumes the units are degrees; otherwise, radians are
STGAPL assumed. The default values given in Table 3-4 for SIGAPU
(Cont.) are also the SIGAPL default values if the parameter ISW(16)
equals "0". ©No default values are provided for SIGAPL if
ISW(16) equals "1".

Vertical Turbulent Intensity for Building or Area Sources --
The standard deviation of the wind elevation angle in
radians or degrees for building or area sources. TIf the
value input is greater than or equal to "1", the program

SIGEPL assumes the units are degrees; otherwise, radians are
assumed. The default values given in Table 3-4 for SIGEPU
are also the SIGEPL default values if the parameter ISW(16)
equals '"0". No default values are provided for SIGEPL if
ISW(16) equals "1".

Lateral Diffusion Coefficient —- The lateral diffusion
ALPHA coefficient 0. The default for this parameter, if not

punched or equal to "0", is "0.9".

e. Source Data. These data consist of all necessary information
required for each source. These data are divided into three groups:
(1) parameters that are required for all source types, (2) parameters
that are required for stack type sources, and (3) parameters that are
required for building sources and area sources. The order of input of
these parameters is given at the end of this section. These data are

not read by the program if NSOURC equals "Q".
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Parameter
Name

Source Identification Number -- This parameter is the
source identification number and is a 1 to 5 digit integer.
NUMS This number cannot be defaulted and has a maximum value
¢ of 20000. Sources must be input in ascending order, of the
source identification number, but source numbers need not

necessarily be continuous.

Source Disposition -- This parameter is a flag that tells
the program what to do with the source. 1If this parameter
is not punched or has a value of "0", the program assumes
this is a new source for which concentrations are to be
calculated. Also, if the program is using an input tape,
this new source will be merged into the old sources from
tape or will replace a tape source with thr same source
identification number. If the parameter DISP has a value
of "2", the program assumes that the tape input source
DISP having the same source identification number is to be
deleted from the source inventory. The program removes
the source as well as the concentration array for the
source. If the parameter DISP has a value of '"1", the
program assumes the source strengths to be read from data
card for this source are to be used to rescale the concentra-
tion values of the tape input source with the same source
identification number. The new source strengths input
from card replace the old values taken from the input
tape and the concentration arrays taken from tape are

multiplied by the ratio of the new and old source strengths.

Source Type —- This parameter is a flag that tells the
program what type of source is being input. If this
TYPE parameter is not punched or is "0", the program assumes a

stack source. If this parameter has a value of "1", the
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Parameter
Name

TYPE
(Cont.)

JFLG

DX

DY

program assumes a building source. Similarly, if this

parameter has a value of "2", an area source is assumed.

Variable or Constant Emission Rate -- This parameter is
used to inform the program of whether constant or variable
emission rates are going to be used for the particular
source. Lf this parameter is not punched or is set to a
value of "0", the program assumes a constant emission

rate for this source and reads the emission rate inte Q
below. If this parameter is set equal to "1", the program
assumes the source emission varies with each meteorological
observation input. After each meteorological observation
has been read by the program, the emission rate for this
source and all others with JFLG = "1" are read into QB
below. Also, the stack gas exit temperature (TSB) and
volumetric emission rate (VOLB) can be varied along with
the pollutant emission rate by inputing these parameters
along with QB.

Source X Coordinate —-- This parameter gives the Cartesian
X (east-west) or polar coordinate (range), depending on
ISW(15), of the source location in meters (X in Table

2-9) relative to the origin of the reference grid system
being used. If DX is the range in polar coordinates

and UTMX, UTMY above are greater than "0", DX 1is relative
to the point (UTMX, UIMY).

Source Y Coordinate —-- This parameter gives the Cartesian
Y (north-sourth) or polar coordinate (azimuth bearing), de-
pending on ISW(15), of the source location in meters or
degrees (Y in Table 2-9) relative to the origin of the

reference grid system being used. If DX is the azimuth
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Parameter
Name

DY bearing in polar coordinates and UIMX, UTMY above are

(Cont). greater than "0", DY is relative to the point (UTMX, UTMY).

Height of Emission -- This parameter gives the height above
H ground in meters of the pollutant emission. For building
sources, this is the height of the building. For area

sources, this is the characteristic height.

Source Elevation -- This parameter gives the terrain ele-
HS vation in meters above mean sea level at the source
location and is not used by the program unless receptor

terrain elevations (ISW(7)) are being used.

Source Emission Rate -~ This parameter gives the source
emission rate in mass per unit time for the source NUMSQ.
If JFLG above is "0", this parameter is used as a constant
emission rate for the duration of the run. If JFLG is
equal to "1", this parameter is ignotred and the emission
rate is input to QB below. The default :mission rate
units are grams per second. It is important to note that
the program assumes a source emission rate of "0" to be a

valid emission rate.

Source Identification Number for Variable Emission Sources --
| This parameter is the source number (NUMSQ above) of a

particular source with variable emission rates (JFLG

NUMSQB above). This parameter is read by the program only if

JFLG above is equal to "1". This parameter is input to

the program for each meteorological data observation and

each source (NUMSQ above) with the parameter JFLG equal

to '"1".,
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Parameter
Name

QB

NS

VS

FREQ

Alternate Variable Emission Rate -- This parameter is read
by the program only if JFLG above is equal to "1". This
parameter is input to the program for each meteorological
data observation and gives the source emission rate for
the respective meteorological period for the source number
specified by NUMSQB.

Number of Particulate Size Categories -- This parameter
gives the number of particulate size categories in the
particulate distribution used in calculating ground-level
concentration with deposition occurring. The program
assumes complete retention of the particulates at the
ground surface with deposition occurring. If the param-
eter NS is greater than zero, the program reads NS

values for each of the parameter variables VS and FRQ

below. The maximum value of NS is 20..

Settling Velocity -- This parameter array is read only if
NS above is greater than zeroc. This pa:ameter is the
settling velocity in meters per second for each particulate
size category (1 through NS). No default values are pro-

vided for this parameter.

Mass Fraction of Particles -- This parameter array is

read only if NS above is greater than zero. This parameter
is the mass fraction of particulates contained in each
particulate size category (1 through NS). No default

values are provided for this parameter.
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Stack Source
Parameters

TS

VOL

Stack Gas Exit Temperature —- This parameter gives the
stack gas exit temperature (TS in Table 2-9) in degrees
Kelvin. 1If this parameter is negative or zero, its ab-
solute value is added to the ambient air temperature to
form the stack gas exit temperature. For example, if the
stack gas exit temperature is 15 degrees Celsius above

the ambient temperature, enter TS as '"-15".

Volumetric Emission Rate -- This parameter gives the
volumetric emission rate in actual cubic meters per
second. The volumetric emission rate is given by the
product of the stack exit velocity and the area of the
emission point. The program assumes zero plume rise if

VOL equals "0Q".

Stack Radius —-- This parameter gives the inner stack

radius in meters and no default is provided. This parameter
is used to calculate a correction factor f (Equation (2-5))
that accounts for downwash restrictions on buoyant plume
rise. If RDS is set equal to "0", the program assumes that
f is always equal to unity (i.e., no downwash). If RDS

is greater than "0" and the stack exit velocity is greater
than or equal to 1.5 times the mean wind speed at stack
height, the correction factor f is also equal to unity.
However, if RDS is greater than "0" and the stack exit velo-
city is less than or equal to the mean wind speed at stack
height, f is equal to zero (i.e., the plume rise is set
equal to zero). See Equation (2-5) for f values when

the stack exit velocity to mean wind speed ratio is between

1.5 and 1.0.
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Stack Source
Parameter

TSB

VOLB

Variable Stack Gas Exit Temperature —- This parameter
gives the variable stack gas exit temperature in degrees
Kelvin. This parameter only occurs with the parameters
NUMSQB and QB. If this parameter is not punched or is

set to a value of "0", the program reverts to the constant
gas temperature given by TS above. If the user desires

to input this parameter, the user must punch 10000 + TS

or 10000 plus the gas exit temperature. The value of
10000 is used only as a flag to the program and is removed

internally.

Variable Volumetric Emission Rate —- This parameter gives
the variable stack volumetric emission rate in cubic
meters per second. This parameter only occurs with the
parameters NUMSQB, QB and TSB. If this parameter is not
punched or is set to a value of "0", the program reverts
to the constant volumetric emission rate given by VOL
above. If the user desires to input this parameter, the
user must punch 10000 + VOL or 10000 plus the volumetric
emission rate. The value of 10000 is used only as a flag

to the program and is removed internally.

Building or Area

Source

Parameters

S1

52

Length of Short Side —- This parameter gives the length

in meters of the short side of a building or area source.

Length of Long Side -- This parameter gives the length in
meters of the long side of a building or area source. S2

should be less than or equal to two times Sl.

3-35



Building or Area

Source
Parameters
Angle to Long Side ~- This parameter gives the angle,
DTH measured clockwise from zero degrees (north), to the long
side (S2) of the building or area source in degrees.
3.1.3 Output Information

The SHORTZ program generates four categories of program output.
Each category is optional to the user. That is, the user controls all
output other than warning and error messages. In the following paragraphs,
each category of output is related to the specific input parameter that
controls the output category. All program output are printed except for

magnetic tape output.

a. Input Parameters Output. The SHORTZ program will print

all of the input data except for meteorological data if the parameter
ISW(5) is set equal to a value of "3". Only control and general input
parameters are printed if ISW(6) = "1" and only source data are printed
if ISW(6) = "2". An example of this output is shown in Figure 3-2 of

Section 3.2.4 and in the example problem given in Appendixk <.

b. Meteorological Parameters Output. The SHORTZ program

will print the input meteorological data if the parameter ISW(8) is set
to a value of "1". An example of the printed meteorological data is
shown in Figure 3-3 of Section 3.2.4 and in the example problem given in

Appendix C.

c. Concentration. The parameters (ISW(2) through ISW(5)

control the averaging times for which average ground-level concentrations
are printed. The program can be directed to print the concentrations

calculated at the base input rate using ISW(2). Also, as many as three
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additional averaging times can be specified for the concentration calcu-
lations. For example, if the user sets ISW(1l) equal to "1" (indicating
hourly input data) and ISW(3) equal to "3", the program will print the
3-hour average concentrations for each 3-hour period in the input mete-
orological data. Also, by the use of NGROUP the user may print the
concentration tables for any desired source or group of sources. Examples
of the printed concentration tables are shown in Figures 3-4 through

3-10 of Section 3.2.4 and in the example problem in Appendix C.

e. Magnetic Tape Output. The SHORTIZ program will write all

input data and all concentration calculations to magnetic tape. These
data are written to the logical unit numbers specified by the parameter
array NOTFL. This tape must be assigned prior to the execution of the
SHORTZ program and the tape(s) must be equated to the logical unit
number(s) given in NOTFL. The program saves only the concentrations
calculated at the base input meteorological data rate on the output
tape. This output tape .can be read back into the SHORTZ rrogram to
print tables not output in the original run and/or to modify the source
inventory for corrections or updates in the source emissions. The
instructions on how to assign the output magnetic tape are given in
Section 3.2.2 and approximations as to the length of magnetic tape
required are given in Section 3.2.5.c¢. A more detailed description of

the contents and format of the output tape file is given in Section
3.2.4,

3.2 USER'S INSTRUCTIONS FOR THE SHORTZ PROGRAM

3.2.1 Program Description

The short-term (SHORTZ) program is designed to calculate average
ground-level concentrations produced by emissions from multiple stack,
building and area sources. The ground-level concentrations can be

calculated for the base input meteorological data rate as well as for as
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many as three additional averaging times for a maximum of 300 sources.
The program is capable of producing concentration tables for each indivi-
dual source input as well as for user-selected groups of sources. The
program concentration calculations are performed for an input set of
receptor coordinates defining a fixed receptor grid system and/or for
discrete (arbitrarily placed) receptor points. The receptor grid system
may be a right-handed Cartesian coordinate system or a polar coordinate
system. In either case, zero degrees (north) is defined as the positive
Y axis and ninety degrees (east) is defined as the positive X axis and
all points are relative to a user-defined hypothetical origin (normally
(X=0, Y=0), although the Universal Transverse Mercator (UTM) coordinates

may be used as the Cartesian coordinate system).
Capabilities of the SHORTZ program include:

° The capability to calculate l-hour, 2-hour, 3-hour, etc.

average ground-level concentrations
° The capability to process up to 300 sources

. The capability to model stacks, building sources and area

sources in the same execution

© The capability to specify source locations anywhere
within or outside of the receptor grid system or discrete

receptor points

] The capability to display concentrations from individual
sources
° The capability to display combined (summed) concentrations

‘

from multiple user-defined subsets of the sources or from

all sources
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The capability of saving the results of all calculatiomns,
the source data and the meteorological data on a master

source/concentration inventory magnetic tape

The capability of updating (adding to, modifying or
deleting) a master source/concentration inventory magnetic

tape

The capability to specify a regular receptor array or a

set of discrete (arbitrarily placed) points or both

The capability to specify a right-handed Cartesian
coordinate system or a polar coordinate system for the
regular receptor array or for the discrete (arbitrarily

placed) receptors

The capability to specify terrain elevations for each

receptor and source

The capability of using l-hour, 2-hour, 3-hour, etc.

average meteorological data

The capability of specifying site specific meteorological

data

The capability to vary source emissions with each input

meteorological observation

The SHORTZ computer program is written in FORTRAN and is de-

signed for use on a UNIVAC 1110 computer. The program requires approxi-

mately 55,000 words (UNIVAC 1110) of executable core for imstruction and

data storage.

The program also requires from two to four input/output

devices, depending on whether the tape input/output options are used.

Input card image data is referenced as logical unit 5 and print output,
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which requires 132 character print columns, is referenced as logical unit

6. The optional tape input is referenced as logical unit 2 and the output
is referenced as logical unit 3. The user has the option of either using
the default logical unit numbers given here or specifying alternate logical
unit numbers. Also, the SHORTZ program requires random access mass storage
referenced as logical unit 12. The mass storage is automatically assigned
by the program and is transparent to the user. The computer program con-
sists of a main program SHORTZ and 11 subroutines (MODEL, BLOCKS, OUTPT,
TITLR, ACR, ACCM, ZRO, ERFX, INPOUP, ASSIGN and DEFFIL). The FORTRAN source

code for each of these routines is given in Appendix A.

3.2.2 Control Language and Data Deck Setup

a. Control Language Requirements. The following illustrates

the required ECL control statement runstream for a typical run on a

UNIVAC 1110 Operating System:

1. @RUN,priority jobid,account,userid,time,pages

Optional, used to
direct print output
to a specific print

2. @SYM PRINTS,,device device when running
in batch mode.

3. @ASG,A prog-file.

gram input data has
been placed in a file
or data element within
a file.

4. @ASG,A data-file.

5. @ASG,options input-tape-file.,type,reel-number Optional, required

Optional, used only
when the SHORTZ pro-
{only if KSW=1 or 3,

@USE nn,input-tape-~file.

Optional, required

@MOVE input-tape-file.,% only if the input-tape-
file is file 2+1 an tape,
2>1.
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10.

11.

@ASG,options output-tape-file.,type,reel-number

@QUSE mm,ocutput—-tape-file.

@MOVE output-tape-file.,%

@ASG,CP print-file.
@BRKPT PRINTS/print-file

@XQT prog-file.SHORTZ

card-input-data

or

@ADD data-file.

or

@ADD data-file.data—-name

@BRKPT PRINTS
@FREE print-file.
@YM print-file,,device

@FIN

where

3~41

Optional, required
only if KSW=2 or 3
and data are output
to tape.

Optional, required only
if the output-tape-file
is file 2+1 on tape,
2>1.

Optional, used to di-

rect print output to a
specific print device

when running in demand
mode.

Input data cards for the
SHORTZ program when pro-

gram is run in batch mode.

SHORTZ input data cards
have been placed in a
data file.

SHORTZ input data cards
have been placed in a
symbolic element in a
data file,.

Optional, used with 7
above to direct the
print output to a speci-
fic print device.



priority

jobid

account

userid

time

pages

device

prog-file

data-file

input-tape-file

job run priority

six-character user supplied job identification

or terminal site identification name.

account number

l12-character user supplied project number or

user number.

execution time required in minutes

output pages required

printer symbiont name, onsite or remote, to

which you desire the print file to go.

the name of the program file. This illustration
assumes the user (installation) has assembled
and collected (linked) the short-term program
into this file and called the absolute program
SHORTZ.

the name of an optional data file into which
the user has placed the input card data for

SHORTZ.

a user supplied file name used to reference
the optional source/concentration inventory
input tape. This tape was created by a previous

run of the SHORTZ program.
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options = tape assignment options T,H,F,J,/W

H
I

temporary, tape

H - high density, use only if U9H is specified
for type.

F - tape file is to be labeled with a label
that requires only the reel-number to be
correct. Use this option only on output

permanent tapes that are to be labeled.

J - specifies the tape is unlabeled. This
option may not be allowed at your instal-
lation for permanent tapes. However, the
J option should be specified for scratch

tapes.

/W - specifies the tape is an output tape and

a write ring is to be inserted.

The options follow the comma and are placed to-

gether in a continuous string.

type the type of tape input/output device. Use 16N
or U9V if the tape density is 1600 bpi or use

U9H if the tape density is 800 bpi.

reel-number the physical tape reel-number assigned by the
installation tape librarian. Each tape reel-
number is unique. If a scratch tape is desired

for an output, then type BLANK for reel-number.
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nn

output~tape-file

print-file

the FORTRAN logical unit number with which the
SHORTZ program is to reference (read) the input
tape. This number is defined under the NINFL
parameter input option. This number cannot equal
any of the standard I/0 (card reader, printer,
punch) device logical unit numbers and must be a
value allowed by the UNIVAC NTRAN I/0 routines

at your installation. The default input unit

number for SHORTZ is "2".

the number of file-marks to space over on the
input tape to position the tape at the desired
input data set. The MOVE card is only required
if £ > 1.

a user supplied file name used to reference the
optional source/concentration inventory output
tape. This tape must be assigned using the W

option.

the FORTRAN logical unit number with which the
SHORTZ program is to reference (write) the output
tape. This number is defined under the NOTFL
parameter input option. This number cannot equal
any of the standard I1/0 (card reader, printer,
punch) device logical unit numbers and must be a
value allowed by the UNIVAC NTRAN I/0 routines

at your installation. The default output unit

number for SHORTZ is "3".
optional, user supplied, file name to be used for

the SHORTZ print output file. If the user is

running from an interactive terminal and this
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option is not used, all printout will be printed
at the terminal in 132 character line images.

As the print output volume could be large, it is
recommended that the print-file option be used
and the print file be SYM'ed to an on-site printer

(in 10.) after the execution of SHORTZ.

card-input-data = SHORTZ program input card data defined in Section

b.

3.1.2 and shown in Figure 3-1. If the user is
running from an interactive terminal, it is re-
commended that the data be placed in a data file
or in a symbolic element within a data file prior
to execution of SHORTZ. The user would then

use an @ADD command to add the data to the run-

stream.

Data Deck Setup. The card input data required by the SHORTZ

program depends on the program options desired by the user. The card

input deck may be partitioned into six major groups of card data. TFigure

3-1 illustrates the input deck setup. The six major input deck groups

are:

Title Card (One data card always included in the input
deck).

Program Option and Control Cards (Three data cards always
included in the input deck. However, not all parameters

on these cards are used when tape input is used).

Receptor Data Cards (The number of data cards included
in this group depends on the parameters NXPNTS, NYPNTS,
NXWYPT and ISW(7). These cards are not included in the

input deck if tape input is used, KSW = "1" or "3").
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IDSOR

(4) NSOGRP

ROTATE, TK,HA,UTMX,UTMY, etc.

‘ ZZ (elevations deck for grid system
and discrete receptors)

Y (discrete receptors)

(3) Y (grid system Y-axis deck) 1

X (discrete receptors)

X (grid system X-axis deck) l

Isw

(2) NXPNTS ,NYPNTS , NXWYPT ,NSOURC, etc. ﬂ

KUNR, KFNR,NINTP ,NOTTP ,NINFL , NOTFL ﬂ

(1) KSW, TITLE

FIGURE 3-1. Input data deck setup for the SHORTZ program.
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NUMSQB,QB, etc. (variable source
emission rates)

HOUR,THETA, etc. (meteorological
data card NHOURS)

emission rates)

(6) (/f NUMSQB,QB, etc. (variable source

HOUR, THETA, etc. (meteorclogical
data card 2)

NUMSQB,QB, etc. (variable source emis-
sion rates, include only if source
parameter JFLG='"1")

HOUR,THETA, etc. (meteorological
data card 1)

VS,FRQ (particulate data, include
only if NS>"O"

NUMSQ,TYPE, . . ., NS (Source
card NSOURC)

(5) r/ VS,FRQ (particulate data, include

only if Ns>"Q"
NUMSQ,TYPE, . . ., NS (Source card 2)

only if NS>"Q'")
NUMSQ,TYPE, . . ., NS (Source card 1) l

VS,FRQ (Particulate data, include '

SFMT (Source card format)

FIGURE 3-1. (Continued)
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4. Model and Source Concentration Control Cards (The first
card of this group is included in the input deck only if
tape input is not being used. The remaining cards are
included only if NGROUP > "0'").

5. Source Data Cards (This card group is included in the in-
put deck only if NSOURC > "0". Also, the first card in
this group is included in the deck only if ISW(12) = "1".
The particulate data cards follow each source card only

if the parameter NS on the source card is greater than

Iloll) .

6. Meteorological Data Cards (This card group is included in
the input deck only if tape input is not being used.
Also, the program will expect NDAYS sets of these data in
the input deck. The variable source emission rate cards
are included in the deck only if one or more of the

source cards in (5) had the parameter JFLG = "1").

3.2.3 Input Data Description

Section 3.1.2 provides a summary description of all input data
parameter requirements for the SHORTZ program. This section provides
the user with the FORTRAN format and order in which the program requires
the input data parameters. The input parameter names used in this
section are the same as those introduced in Section 3.1.2. Two forms of
input data may be input to the program. One form is card image input
data (80 characters per record) in which all required input data may be
entered. The other form is magnetic tape on which some of the required
data were stored as part of a previous run of the SHORTZ program. Both

forms of input are discussed below.

a. Card Input Requirements. The SHORTZ program reads all

card image input data in a fixed-field format with the use of a FORTRAN

3-48



"A", "I" or "F" editing code (format). Each parameter value must be
punched in a fixed-field on the data card defined by the start and end
card columns specified for the variable. Table 3-5 identifies each
variable by name and respective card group. Also, Table 3-5 specifies
the card columns (fixed-field) for the parameter value and the editing
code ("A", "I" or "F") used to interpret the parameter value. Parameters
using an "A" editing code are alpha-numeric data items used primarily

for labeling purposes. These data items can be punched anywhere in the
specified data columns and can consist of any character information. If
not punched, these data items are interpreted as blanks. Parameters
using an "I" editing code are integer (whole number) data items. These
data items must be numeric punches only and must be punched (right
justified) so the units digit of the number is in the right most column
of the field. If the punch field for the variable is not punched (left
blank), it is interpreted as zero. Parameters using an "F" editing code
are real number data items. These data items can be punched like integer
("I") data items (right justified) if they are whole numbers. However,
they must be punched with a decimal point (".") if they contain a fractional

part.

Card Group 1 in Table 3-5 gives the print output page heading
and is always included in the input data deck. Any information to iden-
tify the output listing or data case may be punched into this card. If
the card is left blank, the heading will consist of only the output page

number unless an input tape is being used.

Card Group la contains the label parameters that specify the
concentration print output units (KUNR), the source emission rate input
units (KFNR) and the parameters that specify the number of input and
output tapes and their respective logical unit numbers (NINTP, NOTTP,
NINFL, NOTFL). This card group is always read by the program and, if
an input tape is being used (ISW = "1" or "3"), the arrays KUNR and XFXNR -

if blank, are taken from the input tape.
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Card Group 2 contains those parameters that specify the size
of the receptor arrays, the number of sources, number of observations
of meteorological data and the number of days or cases of meteorological
data. The parameters NXPNTS, NYPNTS and NXWYPT specify the number of
receptor points in the grid system X-axis, Y-axis and the number of
discrete receptors, respectively. The size of these parameters are

limited by the equation

E > NXPNTS+NYPNTS+2*NXWYPT+6* (NXPNTS*NYPNTS+NXWYPT) (3-2)

where the value of E equals 12000. The value of E can be increased to
a maximum value of 64000 by changing MMM in the parameter statement on

line number 24 (sequence number S0100230)

PARAMETER MMM = 12000

of the program listing of the main short-term model, SHORTZ, in Appendix A.
The parameter NSOURC specifies the number of card input sources. The maxi-
mum number of sources the program can process from both card and tape is

300. However, this value can be increased to a maximum of 1000 by changing

MKQ in the parameter 'statement on line number 12 (sequence number S0100110)

PARAMETER MKQ = 300

in the program listing of the main SHORTZ and in subroutines BLOCKS at line
number 3 (sequence number S$S0200020), MODEL at line number 12 (sequence number
$0300110) and OUTPT at line number 9 (sequence number S0400080) in Appendix A.

The parameter NHOURS specifies the total number of input meterological obser-
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vations and has a maximum value of 8784. NGROUP specifies the total num-
ber of individual and/or combined source output groupings. The program will
print the concentration for each specified source combination and each
specified concentration averaging time (ISW(2) through ISW(5)). If this
parameter is input as zero or not punched, the program assumes all

sources are to be used in a single source combination. The last param-

eter on this card group (NDAYS) specifies the number of days or cases of
meteorological data to read and processed. This parameter is used to
process multiple sets of disjoint meteorological data or can be used to
calculate the N-hour averages of specified meteorological periods (0000-

0200, 0300-0500, etc.) averaged over NDAYS days or cases.

Card Group 3 gives the values of the program option array.

This card group is always included in the input data deck. However, the
values of ISW(1), ISW(7), ISW(9), ISW(11l) and ISW(13) through ISW(20)
are automatically set by the program if you are using an input (source/
concentration inventory) tape. The options on this card that determine
whether or not certain card groups are included in the deck are ISW(7)
and ISW(12). If ISW(7) is left blank or punched zero, Card Groups 5b
and 5¢ are omitted from the input data deck. Also, if ISW(12) is left

blank or punched zero, Card Group 9 is omitted from the input data deck.

Card Group 4 through 5c¢ specify the X, Y and Z coordinates of
all receptor points. Card Groups 4, 5 and 5b are omitted from the
input card deck if the parameters NXPNTS and NYPNTS equal zero or if an
input tape is being used. Also, Card Groups 5b and 5c are omitted if
ISW(7) equals "0" or no terrain elevations are being used. Card Groups
4a, 5a and 5c¢ are also omitted from the input card deck if the parameter
NXWYPT is zero or if an input tape is being used. Each of these card
groups uses a 10 column field for each receptor value and 8 values per
data card. The number of data cards required for each card group is
defined by the values of the parameters NXPNTS, NYPNTS and NXWYPT.
Values input on Card Groups 4 and 5 are always in ascending order (west

to east, south to morth, 0 to 360 degrees). The terrain elevations
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for the grid system on Card Group 5b begin in the southwest corner of
the grid system or at 0 degrees for polar coordinates. The first data
card(s) contain the elevations for each receptor on the X axis (1 to
NXPNTS) for the first Y receptor coordinate. A new data card is started
for the elevations for each successive Y receptor coordinate. A total
of NYPNTS groups of data cards containing NXPNTS values each is required
for Card Group 5b. The elevations for the discrete receptors in Card
Group 5c are punched across the card for as many cards as required to

satisfy NXWYPT elevation values.

Card Group 6 contains meteorological and model constants; a
detailed description of these parameters (ROTATE, TK, HA, UIMX, UTMY, G,
ZR, GAMMAl, GAMMA2, DECAY AND XRY) is given in Section 3.1.2 above.

Card Groups 7 and 8 always occur together and are included in
the input card deck only if NGROUP is greater than zero. Card Group 7
is the array NSOGRP used to specify the number of ID-numbers used to
define each source combination. Each value in NSOGRP specifies the
number of source ID-numbers to be read from Card Group 8 (IDSOR) in
consecutive order for each source combination. A positive source ID-
number punched into the array IDSOR indicates to include that source in
the combination. A negative source ID-number indicates to include that
source as well as all source ID-numbers less in absolute value, up to
and including the previous positive source ID-number punched, if it is
part of the same group of ID-numbers defining a combination. If the
negative value is the first ID-number of a group of ID-numbers, it as
well as all sources less in absolute value of ID-number are .included
in the source combination. See the example given under NSOGRP and
IDSOR in Section 3.1.2 and the example problem in Appendix C. The data
valueé are read from Card Group 7 using 4 card columns per value with a

maximum of 1000 values and from Card Group 8 using 6 card columns per
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value, 13 values per card with a maximum of 1000 values.

Card Group 9 is included in the input data deck only if the
option ISW(12) equals '"1" and only if NSOURC is greater than "0". This
card group gives an optional data format for the source data read in
Card Group 9a. This optional format, if input, must include the leading
and ending parentheses. The default format used, if Card Group 9 is

omitted, to read the source parameters on Card Group 9a is (I5, 311,
F10.0, 8F7.0, I2).

Card Groups 9a and 10 are included in the input data deck only
if NSOURC is greater tham "0'". Card Group 9a consists of the source
parameters: NUMSQ, TYPE, DISp, JFLG, Q, DX, DY, H, HS, TS or S1, VOL or
52, DTH, RDS and NS. The parameter NUMSQ on this card must always be
punched greater than zero and less than or equal to 20000 in value.

This source identification number determines the order of input of

each source card, as these cards must be input in ascending order of
NUMSQ. However, the consecutive values of NUMSQ do not have to be
continuous. Card Group 10 is included in the input deck only if the‘
preceding source card (Card Group 9a) has a value of NS greater than
zero. This card group gives the particulate settling velocity (VS) and
mass fraction of particulates (FRQ) for each particula“e size category.
The program reads NS values of VS and FRQ, with the values of FRQ im-
mediately following those of VS on the same data card. The order of

these cards is illustrated in Figure 3-1 in Section 3.2.2.b.

Card Group 11 gives each meteorological data observation and
Card Group lla gives the optional variable source emission rates for
those sources in Card Group 9a with the variable emission rate option
JFLG set equal to "1". These card groups are omitted from the input
data deck if tape input (KSW = "1" or "3") is being used. If tape input
is not being used, the program expects to read these card groups NHOURS

times for each day or case, 1 to NDAYS. The SHORTZ program assumes each
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occurrence of Card Group 11 is representative of the meteorological
conditions over the number of hours in the observation period (averaging
time) specified by ISW(1l) on Card Group 3. The representative hour of
the meteorological data is given by HOUR (00-23 or 0000-2300). The
meteorological parameters THETA, UBAR, HM, TA and DPDZ are site-specific
parameters and have no default values. The program will provide default
values for the parameter P if the Pasquill stability category (ISTBLE) is
specified.and also for the parameters SIGEPU, SIGAPU, SIGEPL and SIGAPL
if the stability category is specified and ISW(16) is equal to "0".
However, site specific values for these parameters are recommended.

Card Group lla is read immediately after each occurrence of Card Group
11 only if one or more of the Card Group 9a source data cards has the
parameter JFLG equal to "1". TFor example, if seven of the sources have
variable emission rates, the parameter JFLG on those source cards is

set equal to “"1". The user would then include seven variable emission
rate data cards (Card Group lla) immediately after each occurrence of
Card Group 11 in the data deck. The order of these card groups in the

data deck is illustrated in Figure 3-1 in Section 3.2.2.b.

b. Tape Input Requirements. The SHORTZ program accepts an

input source/concentration inventory tape previously created by the
SHORTZ program. This tape, a binary tape written using the UNIVAC 1110
FORTRAN NTRAN I/0 routines, was created as an output tape on a previous
run of the program. This tape contains all of the program options that
affect how the model concentration calculations were performed, all of
the receptor and elevation data, all of the meteorological data, all of
the source input data and the results of the concentrations calculated
at the base input meteorological data rate at each receptor point. The
program reads the data from the FORTRAN logical unit number(s) specified
by NINFL. The tape data are read only if option KSW equals ''1" or "3".
The iﬁput tape requires the user to omit specified data card groups from
the input deck and makes the input of some parameter values unnecessary.

The omitted Card Groups and unnecessary parameters are indicated by a
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* or **% in the Card Group and Parameter Name columns of Table 3-5. The
format and exact contents of the input tape are discussed in Section

3.2.4.b below.

3.2.4 Program Output Data Description

The SHORTZ program generates several categories of printed
output and an optional output source/concentration inventory tape. The
following paragraphs describe the format and content of both forms of

program output,

a. Printed Output. The SHORTZ program generates six categories

of printed output, two of which are tables of average ground-level
concentration. All program printed output is optional except warning

and error messages. The printed output categories are:

) Input control data

° Input source data

® Input meteorological data

) Concentrations calculated at the base meteorological

data input rate

° Concentrations calculated for up to three additional

averaging times
® Warning and error messages
The first line of each page of output contains the run title (TITLE) and

page number followed by the major heading of the type or category of output
table.
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The first category of printed output is the input program
control card data. This output is optional and is selected by the option
parameter ISW(6). Figure 3-2 shows an example of the printed program
control input data. The example output shown in this section is output
generated from an example problem given in Section 2.6. The second category
of printed output is the source input data. Figure 3-3 shows an example
of the source input data table. The third category of printed output is
the meteorological input data. This output is controlled by the option
ISW(8) and is illustrated in Figure 3-4. The fourth through fifth cate-
gories of output tables are concentration tables. Figure 3-5 through 3-10
shown an example of each type of output table. These tables are defined
by their respective headings and are all optional, depending on the param-
eters ISW(2), ISW(3), ISW(4) and ISW(5). The warning and error messages
produced by the program are generated by data errors within the SHORTZ
program and are generally not associated with errors detected by the com-
puter system on which the program is being run. These errors are given in

Section 3.2.6 below.

b. Master Tape Inventory Output. The SHORTZ program will, on

option, generate an output master source/concentration inventory tape.
This file may be a permanent file or a temporary file, depending on what
the user desires and requirements of the program. This data tape is
written only if the parameter KSW equals '"2" or "3" and the data are
written to the FORTRAN logical unit specified by NOTFL. The data are
written using the UNIVAC 1110 NTRAN binary write routines and tapes

must be assigned with the W option to place a write-ring in the output
tape. The format and contents of the SHORTZ input/output tape are shown
in Table 3-6. This table gives the Logical Record, Word Number, Parameter
Name and whether the data are in an integer or floating point (real) format.
The logical record gives the order the respective records are written to
tape énd does not imply the physical (block) length actually on the tape.
The physical block length of each tape record is 2000 UNIVAC 1110 words.

3-76



*UOTIBIIUDOUOD TIADT-punoid
Inoy-47 pue anoy-g¢ ‘ATanoy Jo uoTielndofe2 8yl ioj eiep jndut Jo Surisy] erdwexy ‘z-¢ TANOTA

‘811~ ‘21l - ‘811 211 ‘911 = S$dN0¥D IA0OBY 3IHL 340 HOY3 ¥02 SEZAWNH II4NOS
‘1 1 i | ‘1 ‘1 = £ 0L T dNO¥D L¥0JIW NOILYILNIINOI HIYI NI S3J3NCS 340 ¥ISUNH
) ‘€0 20168bF 0 291807 ) = (A'X)

#-% (SAILIN‘SYILIAN) SLINIOd 3138I51Q 40 SILYUNIQA0GD »-»
‘0400002608 T20400003600° ‘20400000600 ‘2040000%60 ) ‘20+0000E6Y Y 2040000264 ¢ ‘20400051608
120400001640 ‘20¢000C060Y ‘2040000060 F ‘4040008680 204000068V " 1204000588 ‘2040000884 fLuv0000L30 P

s-% (SUILIAN) SIXY A HILSAS FLUNIQUOOD »-»
‘90¢00000219
‘90400000119 ‘90400000019 ‘90¢00008¢609 ‘90400000609 990400005809 ‘20+0000080¢ ‘904000052¢9 ‘90400000209
‘90400008909 90400000909 ‘90400008809 ‘30¢00000809 ‘90400005009 ‘20400000009 ‘30400000809 ‘90400000209

s-¢ (S¥IL1IAN) SIXV X HILSAS I1YHIANO00D »-»

C(S¥313IN) 00 = CAMLEN) SILYNIAYO00D AV10d 40 RIDINQ A
(S¥3LIN) 00 = (XRLN)D SILYNIQNO00D ¥Y¥I0d 30 HIDIYNGQ X
(S¥3ILIN) 02 99 3 (WH) NOIi¥iS ¥3KIVIA J0 35¥8 -0 WOIL®AITI

£89° = (31¥10¥%) HL¥0NW 3INY¥] KO¥4 WILSAS QI¥I 40 1a5I3 AYININY

00000000 = ( AYDI3IQ) NOI137d430 YIIMNIND ¥0 TYIISAHd ¥O04 INIIJT44300 AYIIq

C(S¥3IL3IN) 00600 0L = ¢ A¥X ) S¥NIID KNOISHUdX3 3INATY FUINITILIIA HIIHA ¥2A0 IINV.ISIG
099" = (ZYKNYI) A3IHN4SONIY 378Y1S ¥0J INITII34300 IHINHIVYEING

009 s (TYRUBD) JYIHLSOKLY ITAYLISKA A04 LNITITA4300 LN3IRRIVNLINI

(S¥3L3W) 0960°9 = ( 32 ) 213 'Q33dS QNIA 40 ININIANSUIN 40 LHILIH
(Z#4235/58313W) 0008 °6 = ( 2 ) ALIAYYD 40 NOELY¥31330v
20400000001 = ¢ A ) 304293 KOIS¥3IANGD SLINA N300

] s((CTI)INSI) (1=) ¥9Y70d ¥0 (0=) NYISILYYI SILYNIQN00I 323005 3Iav

[} a(CPTIAST) C1=) YYT0d ¥0 (O0=) NYISITLIYYI SY¥0L1d4d333¥ 213Y¥3E1Q 3Iuv

° =((E£))AS]) €31=) HUI0d WO (Os) RYISILUYI WILSAS FLuHIux00d 5:

[ =((2IIASTD) ay3d vivdg 333¥N08 ¥0J LYK¥G4 IHL §1

[ a(C¢11)AST) S3S¥3 W0 SAYG WIA0 GIIYYIAY SHOILYALNWIIKOD 3IxH

0 = ((6)IASD) JRIA0TIT03 NIVAX3L G23d45 QHIA S

] 2 ((2IASD) 43SN SLIHIIIH NOILYAITI NIvd¥IL 38y

° = ((S)HASID) QILNIYd HOTIWNINIINOGOD 3JU¥3IAY QUIHL NI S¥NOH 30 ON

»Z = ((¥)IASL) GIANTYJ NOILYMINIINGD 3IDIYA3IAY ONOI3IS K1 SANOK 40 ON

£ = ((E£XAS]) G3LNIY¥d NOITLVYALINIIKOD 3IYY3IAY LSHIJ NI S¥NOKR 40 ON

1 = ((TIASI]) G3ILNK1¥d LYY 3ASYQ LY GILYINITIYD ROILUIANIINGD SI

1 = ((J)HASD) CILI ATYNOH T=T°ATYNO0OH=T) ILY¥ QYYD ifiaK] YiU¥A LI

1 = (LdARXN) SiINIOd KNOILYIADIYD 313¥251d 40 ¥38WNN

< = (4dNOBIN) (SHOLLUNIBNWOD 3IJ3N0S) SL¥0434 NOILIVELINIINGD 10 ¥33KAN

1 = (SAYAN ) $3ISYD ¥0 SAUQ J0 ¥3IBMUNN

vz = (SYNOHN) A¥Q HJ¥3 NI S3¥AOH 40 X3IENNNH TWi0L

<1 = (SINdAN) SILYNIG¥O00D QI¥D A JO H3SUNN

41 s (SINdXN) SILYNIGYO0I QI¥D X 40 ¥3IuUNN

£ = (JUNOSK) $33AN0S LAdHMI 40 ¥3INON

- Yivae L1NLNI TYd3INID -
I 3lavi

1 399d ‘T 3IS¥D 6Ll9090 3iVQ H3I780d8d HYI1 LYOHS 3 idRUX3

3-77



0000000 °28¢
0000000 99¢
0000000 922
0000000 " #22
0000000082
0000000082
0000000 °02¢
0000000 GF£F
0000000 BEE
0000000 082
0000000 00f
0000000 °ECE
0000000 ZEZ
0000000 °9¢2
0000000°082

z

1HI13H -

00070060209

3384 ‘1

0000000 SLE
0000000 02¢
0000000 18f
0000000 99¢
0000000 99¢
0000000 09£
0000000 962
0000000 62¢
0000000 CEE
00060000 £9£
0000000 96¢F
0000000 92£
0000000 £2¢
0000000 ¥#E
0000000 +9f

000 000219

0000000 °1¢E
0000000 SOF
0000000 0%
0000000 292
0000000 " »H2
0000000 082
0000000 SEF
0000000 92¢£
0000000 LOf
0000000 662
0000000 962
0000000 62F
0000000 922
0000000292
0000000 082

000 006909

ERL K

0000000 Cof
0000000 £2f
0000000 SEF
0000000 #1¢
0000000 2.f
0000000 S£F
0000000 062
0000000 H9f
0000000 6°°F
0000000 09%
0000000 02¢f
0000000 80F
0000000 062
0000000 BEE
0000000 £¢EFE
0007000119
0000000 Z£F
0000000 09F
0000000 o02¢%
0000000 HIE
0000000 BET
0000000 £2¢
0000000 942
0000000 £62
0000000 962
0000000 622
0000000 892
0000000 662
0000000 922
0000000 062
0000000 982
000 000909

‘6L90%C¢ 310

00000007982
0000000 #CE
0000000 2.¢
0000000 Z0F
000000¢°09¢
00000007208
000000¢ 1€
0000000 2.2
0000000 02¢
0000000 €62
0000000 21E
0000000 962
0000000 922
00000007808
0000000 91¢

R e e R g VU S P g Y

1HII3IN -

000 ¢0001°9

0000000 96¢
0000000 6FE
00000007282
00000007892
00000007622
0¢0000¢ 062
000000282
0000000° ¥¥2
0000000 C£2
00000007962
0000000 ¥22
0000000 £62
000000¢°2£2
0000000° 192
0000000 J1f

000 008809

0000000 98T
0000000 99L
0000000 928
0000000 £62
0000000 #S£¢E
0000000 #LE
0000000 " TI1E
0000000 2LE
0000000 062
0000000 £82

0000000 2?82
0000000 8§82
0000000 IIE
0000000 £2¢
0000000 #L2

000°00£609

€000000 00F
¢000000 082
0000000 982
0000000 628
0000000 29F
0000000 £8F
0000000 ¥SE
0000000 22¢
0000000 #CE
€000000 £82
000000 062
c000000 062
0000000 %62
0000000 B892

0000000 922

000 000609

00640000 188
0000000292
0000000 °C0¢8
00¢0000 £9¢2
00000007862
00£0000° 118
0060000 CIE
00¢€0000 6.8
00¢0000 09¢
00¢0000 LOE
00¢0000 122
Q00000 ¥22
0000000 £62
0000000 622
0060000 622

000 008809

(S¥IL1INY SIXY X WILSAS QI¥D -

0000000 €28
0000000 922
0000000292
0000000 8E2
0000000 2£2
0000000622
0000000 622
0000000 882
0000000 892
000¢000° 282
0000000 SOE
0000000
0000000 8EZ
0000000 622
0000000 682

£82

000°0¢0809

0000000 14E
€000000 622
¢000000°922
6000000 922
0000000 922
0000000 622
0000000 252
000000 SE2Z
0000000 8€2
0000000° 442
€060000 082
0000000 922
€000000°692
0000000 °80F
000000 SEC

000 00S¥0Y

00¢0000 " 21E
00¢0000 322
00¢0000 OEZ
00¢0000°£82
0000000 062
00¢0000°2£2
000000 922
00¢0000 922
0000000 622
00000007922
00(0000 622
00C0000°2£2
000000 " ¥9¢
00¢0000 E£E
00C0000°02¢

€00°000%09

(S¥3ILIN) SIXY X WILSAS QIAD -

#-3 (SYILIWN) SLHIIIH HIVNE3IL H3ILSAS QLED s+-e

- Bivd L1ALNI Tvd3IN3ID

4

34yl

(Penut3uog)

0000000 082
0000000 962
0000800 142
0000000 062
0000000 62£
0000000 S92

0000000 £2f
0000000 02F
0000000 £9£
0000000 €PE
0000000 062
0000000 £2F

0000000 SE2
0000000°2£2
00006000 082

00¢ 000809

0000000 2¢E
0000000 0F£2
0000000° 652
0000000 8¢0E
0000000° 962
0000000 BCE
0000000 062
0000000 028
0000000 21¢E
0000000 b¥E
0000000 b
000GC00 6VE
0000000 £9E
0000000 21E
0000000 %L

000°000£09

K3780%d HYIL LIOHB 3I3dRYX3

‘-t MINo1d

000000¢ Qo€ 000 020280F
00000067218 290 60088y
000000¢ 082 300 00533+
000000¢ 082 V00 00068%H
000000¢ 192 000 00GCG8HY
$60000¢ $2¢ OO 00006dY
000000¢ 022 na0 00GCGeNYy
¢000000¢ E£ZE 200 00016hy
0000000 69¢F 000 00GT6PY
000000¢ 65F 300 0600Z6Py
000000¢ ¥LT 000 000fc et
000000¢ ¥lIE vos 0206y
000000¢° 982 000 000SoH»
000000¢C 2£¢ 0008 00035ty
0000006 208 900 00026¥Y
(S¥ILIK) SIXY A
000 ¢0G209
04¢06000¢ 8SE 2300 000L8hy
000000¢ 0£2 V00 00088
000000¢ 082 000 00833k
0000000 192 V00 000689
0000000° 862 000 00S63pr
6000000 8€¢ 000 00006
000000¢ »SE V00 005060
000000¢°£5¢€ 200 0061wy
000000¢ 92¢ 200 00GTody
0000006 112 600 000264y
000006C £0¢€ 906 000E6d P
000000¢ 982 V09 000%0hy
000000¢C 218 500 0008ott
000000¢C §¥¢€ voo 000%aby
000000¢ 622 w09 0002608
CS¥313M) S14e A

0007000209

3-78



£

(Panut3uoy)

0000000 #22

0 20168¥?

39%u4d

‘1

ERL ]

(SA3LIWNI (SYILIN)
LHO13H A X IREREL
*-% (S¥313N) SLIHO13IH NIYY¥IL INIOd 3IL13INISIC s-»

(S¥ILIN:  (SHILIN)
A X 1HO13H

- Yiy¥d LINANI Tvd3N38 -

C(1K0D) 2 ERE: LAY

‘6290%0 31Y¢ H31808d M¥IL LACHS ITdKYXJ

(S¥ILINDY
A

‘Z-€ ddndI1d

9 231899

(S¥3L3N)
X

3-79



*UOTIBIIUIOUOD TaAdT-punoiad inoy-yg

pue Inoy-¢ “‘ATanoy JO UOTIBINOTED 3yl ur pasn sadinos ndur jo 8Burlsyy o7duexy

00622 [ X 3 0 094 188

00622 0ge"1 0’ [2 022

00 622 009°2 0 086 091
CSALU) 3AIS
CNGILADYIZ) (S¥3L3IN) €330) 9JNOT HIINI
JINI¥¥ANIIO0 (23IS/SAYILIAK) Isve (S¥3138) 3Q1S 2¥0T=34rL 41
30 ALTJ073A AJYLS SnIgyy IHOT J3S/8+sN "LV
AIN3INDINAL IN1ILL23S ly dINKI] 7} SSIN3 "710A
KOI1NAIYLSIA 3LVIAITLINU4 NOILPAITI A3vis FTINY ¢=3dA1 41

- 4iva
£
» 33¥d ‘1

3SYD ‘6290H0 3LYQ

900°11) 00°62T 00 0082809 00 CEETO09 000 0921
000 ¥ ? 06°29 00 0b288YF 00 08EX¥O9 O0C1 8IF
000 224 01°29 00°0V.8080F 00 082P09 OCT BIE

(S¥iK) 3Q1S
14O0HS H1INIT (S¥313R) -

*g-¢ TINOIA

o 811
o 1Y
0 311

3

Zd01=3d4A1 41 QANOUD (SUILIK) (S¥ILIK: (IZ8/5LuuD)d
(X 93G) dW3IL 3A08¥  FLUNIGUOOI 3ILUNIQIO00D HISK3IYLS A J3IBUAN
0=3dA1 41 LHII3H A X 2J4no0s 1 33¥n0s

AY0LNIARI 3Jdn0S -
iadNI 333005 -
ER]: LY

KR3IT804d HAIL LAOHS I TdNYX4

L]
i

X
%
X

OITx o

3-80



<

0006
0006
0006
0006°
0006°
0006
0006
0006
0006
0006
0006°
0006°
0006
0006
0006
0006
0006
¢006°
0006
0006
0006
0006
0006
0006

YHd Y

IN313144302
NOISNid1Q

IYy3ILe

*e3ep Iandup Afanoy 3yl Jo JurisIy oTduexy

co0"¥L2
00" #22
000° €22
¢o0°gL2
€007 €22
000 Cl2
000" 922
000" 922
000° 222
000° 842
000 822
000" 622
000 622
0007642
0007622
0007082
¢00° 082
000082
€00°282
000°£82
0007682
000°CBZ
€00 ¥82
000 £82

Vi
x 23¢)
di3}
INITEKY

0001C01 0008EL0° (ZLRRY AN 000CE£20° 00L8 0900
000101 000SELO 0001801 0008E20° 0021 0000
0001807 000£EL20 0001801 0008EL0° 0021 0000°
0001s0l 0008EL0” coolsol’ 0008E20° 0021° 0000°
ooot1gol”’ 000CEL0 0001C01"° 0008£L0 o0zl 0000
0001£01 000CE€20° 0001801 000CE20 " 0021° 0000°
0o001C01 0008£20 0001COT" 0008£20° 002l 0000
0o0d1g01” 0008EL20 cootgoOl” 0008£20° 0021 0000
0o001g01 000CELO 0001€0T " 000CE20° ocLl’ 0000
0o001L0T” 000SE20 oootlgel 000CE20° Q021" ) 00600
[X2-RE1 A1 0008£20 ooolgol’ 000CEZ20" (X780 0000°
0001¢C01 0008£20 o00t1Lel” 000CE20° 0021 0000
oo0o01go01 0o00sgL0 0001€0T " 0008£20° 0021 0000°
0o001c01” 0008£20° oo0o0lgot” 000CE20° 0021 0000
6o001C01" 000Lgl0 oo0o0tget” 0008£20° 0021 0000
oo0lcol 0008E£20° bo00t1g01” 000CE20° 0021 0000
6001g01 0008820 eootLol” 0008£20° 00218 0000
0001g01” 0004£L0 6001L01 " 004CE20 0021 0000
0001C01° %00CEL0” eoo1geT 0008820 0021 0000°
0001L01 0008EL0 000101 0008E£20 0021” 0000°
0001801 0008E£20° (222X X2 0 000C£20° 0021 0000
0001801 0008840 Qoo0tgel” 0008820 001 0000
0001801 000CEL0° coolger” 000CE£20° 0021° 0000
0001S01" 0008£20 ¢oo18el”’ 000CE.20° 0021 0000
CGUAITLYILIS (QUEINLIDIS (QUAINIYIIS (QYA)INL3IVIS d 379181 24449
201 3dAL Tu01 3A4A1 ¢ 3dAL 0 3dAL LH3INO4X3  "1¥D  (k/% 9234)
308 ‘3TIHY  ¥0S ITONY  HOGS ‘ITINY ¥0S ITINY AV ¥IAOCL ALITI dNL 10d 320
Z¥ A3Q 4iSs 13 A3Q 4iS 2ZY A3Q Q1S 13 A3Q 4OiS GdS QHR HYES Qv¥0 1¥3A
- YlYE 1NdNI TYIID070U0ILIAN -
14 ERE-LJE
ASYI 6290¥0 3LVYQ K3180%d W¥3IL L1YOHS

ELLY

‘1

JIdNYUX3

‘9-t FHN0I4

000°Cb8 1916 < 0040 0.2 0
000 Z68 ££21 9 0000 092 0082
000 $E6 ££21 9 0000 002 0022
0007926 1916 S 0000 082 0912
0¢0"EEOT 8289 9 0000 082 0hDZ
oooo0gotl 2312 ¢ 0000 092 0061
000°2211 8/89 9 0000 €92 49981
000 #2111 2912 ¢ 0059 092 001t
oco 1221 g£f21 9 0000 092 0731
0006921 8289 9 0000 £62 00S1
000 %181 2912 ¢ 00007082 00b1}
000 £981 0¢9Z 6 0000 OS2 021
000 01pl 2202 ¢ 00060 082 0021
000 26%1 1182 8 0000 062 on1l
000 0SSt c£869 8 9000 0C2 0040t
000 1CC1 8200 ¢ 0000 082 094
0c0 8681 68282 01 0000 0C2 003
000 ELHOT  prll & 0000 ££2 002
000 0ELY  0¢9Z ¢ 0000 €2 009
000 SIH¥1 1182 8 0000 Sp2Z 00C
00076621 »¥22 & 0000 022 00
000 ¥B8IF 9T1£0 01 0000 012 00F
0¢0°9%¢1 889 9 DOGH 061 097
000 £S6 L1099 S 9990 021 093

WH 3v8n Y1iKl

CS¥ILIWE (I3S/7YLM> €8333230)
H1434 42349 RO112331)
¥3AY 1 [R.BY] aNin ANCH

3-81



0000000
0000000 °
0000000
0000000°
0000000
0000000°
0000000°
0000000 °
0000000
0000000°
0000000 °
0000000°
0000000°
0000000
0000000

0007000209

9 I%¥d 1

*901In0s I[3UTS B WOIJ UOTIRIIUSDUOD [aA3[-punoald ianoy-] o Suristy orduwexy

0000000
0000000
0000000
0000000
0000000
0000000
0060000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000

000 000219

0000000
06000000
0000000
0080000
0000000
0000000
0000000
0000000 °
0000000
0000000
0000000
0000000
0000000
0000000
0000000

000 008909

3syl

0000000
0000000
0000000
0000000°
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000°

000 000119

(0 00C06PYaA

0000000
00000060
00060000
0000000
00006000
0000000
0000000
0000000
0000000
0000000
0000000
0006000
0000000
§000000
0E00000

000°0009209
(0 00806

AR

'6290%0 3LVQ

0000000
0000000
0000000
0000000
0000000°
0¢00000”
0000000
0000000
0000000
0000000
0000000
0000000°
0000000°
0000000°
0000000"

0007000019

0000000
0000000
0000000°
000000¢
0e00000
ocooo0C
000000¢°
000000¢0°
000000¢°
0000000°
2000000°
8900000°
Téroooc’
0zBl1000°
POSPOOO0"°

000 C0KRE0¢
¥o=h ‘07000009

0000000 °
0000000
0000000
0000000
0000000 "
0000000 "
0000000
0000000 °
0000000 °
0000000 °
8000000°
0000000 °
0000000
00000060
00060000°

0000000
000000 °
¢000000°
¢000000°
¢000000°
€000000°
0000000°
0000000
¢000000°
0000000
0000000 "
0000000
€000000°
0000000
60060000

- HOLiv¥iIN3I3NGD -

0007008609

‘OT000P09 =X 1Y Z6TL66E7 19T

0007000609

00¢0000°
00¢0000
00¢0000°
00cCo000”
00¢0000°
00C0C20°
00¢0000°
00¢0000
00C0000°
00¢0000°
00¢0000°
00¢0000°
00¢0000°
00¢0000°
00000600 °

€00 006809

(S3313IN) SIXY X W3ILSAS aQIy¥9 -

0000000
0000000
0000000
0000000 °
0000000°
0000000
000¢000°
6100000°
£260000°
658£000°
§221£00°
£602800°
LSEPYIOS
23 X131
YLLIPTO

¢000000

€000000°
€000000°
0000000

CEBEZ00°
11E2899

8569986
¥80P902°
6TO%VET’
roTTENT
Zrevete
y16£991°
2822006°
CBL0¥69
6E20616

- NN O

- NCIIY¥IN3ONOD ~

000 000809

=X LY ZAT1266E° 292

000 °00S¥0Cd

00¢0000 "
00C0000
00¢0000
00¢0000°
126860671
£E€e¥190°86
TEIL66E 202
2002518 282
163%601 991
ZBgL608 201
S0S62%2° LY
6£E6628 £2
0pCLEL8 L
0216822 L
0215088 4

€00 o0cCo0P09

(SY¥3L13IW) SIXY X WILSAS Qlyd -

- %01 0OlL

001  (S)HUNOH

0000000°
9000000
0000¢00
0000000
0000000
0000¢00°
0000000
0000000
0000000°
0000000
0600000
0000000°
0000000°
0000000
0000000°

000 000809

S1 NOTLUUINIINOD KAKIXYM 3IHL)D

0000000
0000000
0000000
0000000
0000¢00°
0000000°
£000¢00°
£959200°
6£891€2°
6b1véeo £
£12209C »2
$0091£9 28
SE298E88 98
16v9206 939
T8¥1901 9¢

000°000F08

SI1 HOILIVYLNIINOD KAKIXYM 3HL)

‘G- TANOIA
000000¢ 0006 000.8%»
04000006° 800 000884H
000000¢" N0o 90S384
0000006 Voo 00065
000000¢ 090 00Ce8P»
0¢0000¢C"° 900 000060F
0000006 000 005069
000000C¢C D00 D00Towy
0000000 D00 00G1owe
0000000 N0d N00Zery
000000¢° Yo 00Q9EGHY
0¢0000¢° 00 H00%ed?
0¢0000¢° Nod 00056+t
00000060 D00 000364
000000¢° N00 0002600
(S33L3IN) 31XdY 4
000 ¢0C209
000000¢ B00 000LBWYP
00000090 50) 00033
000000¢ 600 005884
000000¢° 200 000689F
000000¢° V00 00Co3bP
0¢0000¢C” D00 00035 NY
0000000 Voo 00SI6¢%Y
000000¢C" 600 00016¥%)
000000¢ 000 00CT64H
£00000¢° 000 000C6P)
£C8EL00° 000 000for?
12128 ¢ D00 000%6dH
€TIs60d 2 000 000Cove
(X4 X TR ) 000 009096
[ AR XX XA 2 000 000¢LoY¥Y
(SEd3LIU) 31%s A

006 ¢00269

S3J34N0S WO (MILIK J1BAI/SHYNIOAIIN) NOTLUNLIKIINGD T3A3T QNACAD ¥NGH ¢

<

31av1

K378034 WY1 LH0HS IIdWUXRY

3-82



(penutiuo)) "G-€ HANI14

0006000 0 L0168¥Y 0 (31G0)
(S¥3ILIW)Y (SUAILIW) (S¥3ILIR) (SUILIN) (54313M) (S¥3L13uW)
NOTLYH¥1IN3INOD A X HOTL1YNIN3DNOD A X NOILUULNIINODD A %
(0" 2016800 =L 0 291C09 =¥ LY 0000000 ‘ST NOIL¥¥IN3JIKAD HAMIXYM 3HL)
- S¥01d3J33¥% L1HIOd 313d3S14 -
- 061 01 00f (S)HANOH -
91t S$3JYN0S WONd C(YILIN JJSNI/SHUYIOYUIIN) KOILWALNIINOD T3IAIT ANGOAUD 3N0H 1

(1H0D) ¢ ERE:LS

399d T 3ISYD ‘6290%¢ 3ILUQ W37803d WY3dL LAOHS I dRUXJ

3-83



*3o1nos aT3ugs

0000000
0000000 °
¢000000°
0000000
0000000
0000000
0000000
$E29000°
S§£SL2EST
$6£2868°'2
£1€2289 12
9£989¢6C 21
rrigzae
SILORIT I
212199871

000 000209

z1 394d

‘1

B WOay uoT3leajuoduod [asa]-punoad sfexsae anoy~¢ Jo 3urisyy o7duexy

*9-¢ d¥No1d

RUDIO DR
LU DD EEE Y
wod 90S833rs
209 vovBYE
u00 J0CaBEFK
W00 D000 by
anH Y0Soeby
YOG duvigwe
non NoSlove
06 000260t
299 V00260
Q900 V006 Ny
200 000360
0006 0003y
000 000060
(S¥3ILIU) 3Ixe A
2dd 00028y
"OH V00384
500 00CB3¥)»
0D V00CEPY
09 V0568 YY
309 90009y
nod 00SvedP
009 06016tk
Nned I0Globy
0o 0002608
000 90%f0r»
w00 0000y
000 0007360
000 00036y
Q90 000!6kt
(S3IL3H) 31x% A

0000000 0000000 0000000 0000000 ¢000000 0060000 0000000 0¢0000¢6
0000000 0000000 0000000° 000¢000° €000000 0¢¢0000° 0000¢00 000000¢
0000000 0000000 000000¢° 0000000 ° 0000000 00¢0000° 0000000 000000690
0000000 0000000 0000000 0000000 ° ¢000000 00¢0000° 00006000 000000¢°
00¢0000 0000000 00000060 0000000° €000000 00¢0000° 0000000° 0¢0000¢
0000000 0000000 0000000° 000¢000° €000000° 006€0000° 00000350° 000000¢C
0000000 0000200 0000000 0000000 ° 000000¢ 00¢00%0° 0000¢00° 0¢0000¢
0000000 0000000 000000C" 0000000 ° 0000000 0040000 00000C00° boo000C
0000000 0000000 000000¢° 0000000 €0000¢0 " 00¢0000 S100000° 1202006
0000000 0000¢C00 0¢o0000C" 0000000 ° 0000000 9£¢0000° 00£2¢00 8656920
0000000 0000000 10600000 $60C000° 266€000 t2itezo” $183CHe ftelgees €
0000000 9000000 £€8¥¥000° £2£0010° €1261t1¢t 29£296£€°1 £62£826 9 0212¢Ec 91
8000000 91££000 2962960 6682220 ¥660922°2 8869500 2 2e86881 21 80SEL1¥ 01
8202000 €9££g20 2028482° 928668272 #9st162¢ 9 202291076 6h98222 2 900b6L8" €
9116tt10° 684£21¢€ PBCHPILOE (32 X123 B8 L6802¥Y L L6£6090°9 6TrL69%6 2 96C1096°
- NOILY¥INIINOD -~
€00 000219 000 000119 000 000019 0007006609 000 0006¢9 ¢o00 0c¢gB09 00¢ 000809 000 ¢€05.09
(0 00C68¥F=A ‘0 00CKO9 =X 1Y ¥029080 212 ST NOILLIVAANIINGD WAMIXUN 3IHL)
(S¥ILIWNY SIXV X WILSAS GIYU9 -
0000000 0000000 0000000 0000000 " ¢000000 00¢0000 " 0000000° 000000¢C"
Q0C0000 0000000 000000¢ 0000000 " 0000000 000000 0000000 0000006
0000000 0000000 0000000 0000000 €000000° 00¢0000° 0000000 000000¢C"
0000000 0000000 000000¢" 000¢000° 1019829 €I 00¢0000° 0000000 0000000°
9000000 0000000 £g0000¢ 0196082 2% $02918y 212 20899£9° 0000000° 0C00000°
00060000 9891000 £926802°¢C £Cr2826 €81 8L22¥8p £61 2801289°2¢ 0000000 000000¢°
0224000 pigP2CI I £€61200 #01 f2ilc22l of S108689 101 #F2189% 28 1000000° 000000¢"
8ZrLOLE 0092682 22 roz8LIs 12 £612228°64¢ ¥8IESE0 SS 0119816722 8988¢C00° 0000000
os106¥Z 8 £E¥¥Zv98 9C 0uZysLe 21 SE6P8IL 62 £8CS¥16 28 §22880F0 S8 £$68£80 000000¢C"
L6°%°0228° 22 606£E£E9°¢€F £88£86¢ ¢ £0LEBEZ 92 vlos6£8 92 2058400798 £8EI1EL0° 1 1000006°
1€92C%6 12 19£6S¢8 ¢ CeESTLE ol 080¢HSH 8P £286200 08 Trie8r0 91 £0600871°8 »81110¢
ZerresZ ¥ 989»02¢ ¢ £¥92609° 92 09r£82ZY L2 1433 211 0 0gT165b6 "2 SEECOSS 21 §£2.680
92890£6 ) 8l908f0 o1 12666£8 22 £22.966°S1 SeLc28y £ $229889°» 0£919%8 81 si81£08°
£962228 ¢ 32££602 21 0tviIZL 21 60210887 ¢ 2EIVYIYIE 2 y0600¢€2°2 06LT1PES ST 2082009 2
z106220 9 0£96299 21 6289%L61°¢£1 LIviviy’ 9 £T45£29 1 £00£8222 1 £28PCEO" 21 LTLL092° ¢
~ NOIlY¥LINIINOD -
000 005909 000 0020909 000 ¢ogC0° 0c0 000C09 000 00S¥09 €00 000H09 00¢ 000£09 000 (00209
(0 00568FPPaA ‘07 00SH03 =X LY $0O2918F 2712 SI NOILEYLINIINOD HNAWINYH 3HL)
- (S¥ILIAMN) SIXY X HILSAS 4143 -~
- %0f 0L 001 (S)»dNOH -
311 $333N0S KOY¥L (¥IL3IW JIGNI/SHYNIO0YIIN) HOLLYNINIINGD 13IA47 QHNOYI J¥NOKW ¢
8 3lavl
ISYI '6290¥0 3LUQ K37d0¥d KY¥I1 LUOHS I idH¥X3

3-84



(ponurjuo)) 9-¢ HINOHIA

0000000 0 Lo168ry 0 LD1Su)
(S¥3LIRY  (SYILIK) (SYILIR) (SHIL3IN) (SH313W)>  (543i3u>
HOTLUALNIIKOD A X ROTLIUALNIINOD A X KOIJY3LH3INOD A X
(0 2l0l68¥P=A ‘0 291609 =X LW 0000000 ‘ST NOILVALINIINOD KAKIXYNW 3IHL)
- S¥01d333¥ 1NIOd 31333510 -
-~ 00f 01 001 (S)4AOH -
a1t SIJUNCS RO¥J C(MILIN JI1ENI/SHUYUTOATIIN) NOTLUXLKIINOGD T3IA3T AHGOYD BNOH §

(1LNOJ) 8 ERE:L D]

39¥d '1 3590 '6290b¢ 3LVG K3780¥d W¥IL LIOHS I TdNUX3

3-85



*90anos a13urs v woxjy

0000000 °
g910210°
0£0V0CY 9

8059651 "8

oPLZHIG £21

14134 11 QA ¥
CI0vPeE 11

26092Z%1°1
6PCTH6E £
(122329 4
gl21282°¢
0zi8048°1
8zTat Ly’
PEOOENY
£€92C61°

T6£8SO0 199100
SEEVYBY 2029849
812099z 2 TL61962 2
19z2v2 ' 6TYIieL ¢
08291172 9£228L8 01
0L8z8Z¢ O1 60€5068 C1
gogcigae 1 TEEYZPZ 61}
298996 S v822821 £2
29920268 21 2290621 61
THIIEES L 120688 6
18988628 8020898 2
019¢860 1§ 0£ZE06C
SEEIPET 0ETHEST
C626€C1 1980699
2286207 §086608
€00 000219 0007000119

(0 00068dFP=A

0000000 00060¢C00
89%%000° 2280000
6212802 ¢ 91¥0EL9

22018£6 96 ££26c068
IZTELICH T4T  LHECETS
£124820°9¢ 461182

[ X 14
9.1

o1
o1

6€91000
$80Z9¢8°
L¥16918° ¢
92629958
03506168 91
EE¥ECOT $2
0£6628Y° 0f
062081E° 82
2626%00° 01
v021082° 8
r898222°
£690282°
19€€82¢6°
9r0L280° 1
(22313 78

000 000012

0000000
0000000°
[-ARS Y R I
SPPLI09E 06V
€29849E° IE
6818££2°£2
[ 3123 X3 N A
S221960° 6
L6v36¥2°2
88¥E2EL 1
E21ESTIY 2
go02i80f° £
9666958 ¢
022181272
oTt269s 1

0£g0000°
996199
£092£26° £
re12248° 01
616v066° 12
§LL6612° 08
1096812 8L
82v0262° 22
9g22228° 01V
¢9sE88L Y
9628982
12523420
TEPESIPE T
6658926 °
142 3A¥L

1400000
ZASTISE
TLITEEY ' ¥
1626842 £
¥1£68£2 62
198C9¢9 0p
6ZSITYE ¥y
86€819¢ 12
212109y 2
erZe2ey 2
TL22¥HE
8g8zéze 1
séveicE "}
£660£20°1
¥86Z99¢°

- NOILlU¥INIINOD -

0000086

(1)

‘07000809 =X 1LY Z9Z00BE £0!

0007000609

20€C0000°
CERIOEZ
0926S£1°S
[XA3332 0 2
T0L128E 6E
r90Z6ry 58
SCEELEE"SY
1€99688°#1
60298£2° ¥
2180106 °
S8ECIIZ Y
LET99%6°
Syrgole’
LeL6¥ET’
092029

e e

€007 006809

(SY¥ILIAU) SIXY X WILSAS AIYY -

000¢000°
0000000
§L10000°
Te20086 £0
2229£01° 98
£9£299¢C ' £2
0yegEZL2L' £
Z6Tover 2
211869676
E1622£€° 6
6924950° 9
ZEPQESY ' £
9965666 ° 1
PIZOSET B
9292608 "

I3

¢000000
0000000
0000000
0g09d10°2
§80208C°92
SYECCED 2
TLT2012 T
Eriv6sis’ Y
861EY%0 ¥
(2322 X2 1
28698082 1
6956989
PYPESED
08S0£62
1evezoz”

00C0000°
00€0000°
00€0000°
00¢0000°
9848620
28685807y
scic80g 01
$228689° 6
8TC19%6°9
BERGOOS ¥
0813900°2
16£2£66°
8220988
EIvLEYE”
SlEgize’

0000000
92£8SE T
ggrg2ce’

LL£08S8 ¥
£822182 8¢
¥EZ1iv6°£L
00029807 9¢

29ZTh8S
01S1668
199£828
P£20968
L9£6£68°
rZ82ZELY
6696226
8110698

0007000809
ST NOLJUYINIINGD NAKIXWH 3HL)

0000000
0000000
0000000
0000000
0000¢00
0000000°
0000000
$011000
698¥010
tZrtezi’
£31315220
L918E61°
Y02258¢
rz22486°
LSERPOST

<

6
1

4
1
1

1
4
z
1
!

UOT3IBIJUIDUOD TaAdT-punoad a8eaase anoy-yz jyo Jurasiy ordwexy */-¢ AUNOIA

- HOIlYdiN32ROD -~

0007000209

02 3%vd

'l

£62Z98Y T 0102991
o6yritc’S £EL6CSH
SE162L6 9 y.LE88E0
évgrzoz ¢ v628£1¢€
6019222°2 2Zriziy
26992£¢ 0650069
SEFEIv S8S29ST
1262227 2299888
2228262 reerEBS
€00 00£909

3sy)

000 0009209

000 ¢0880¢

(0 00068YFP=A ‘0 00DSCY

‘29090 31UQ

EA R

$324n0S u0¥d

0¢o0 000S

=X 1Y Z2Z0086 £04

09

000°008# 09

€ oc0boO9

(SY¥ILIN) SIXY X WILSAS dAI¥D -

-0

ol

001 (S)HUNOH

00C 000£09
S1 NOILUALINIINOGD KARIYIW 3IHL)

0000000 200 0C0LB0»
11€9#4GC0° 000 500384
¥8¥9656° S 000 005330y
4S1E1Zh 9¢ 300 90063+
92ZETor 21 090 VOGG3ry
c828ce2 48 300 d00uE¥:
£6839Z4 T2 000 00G0LHY
1£6£10% ¢ 000 0D16PS
2068€12 900 00G1l6ty
8I1v228c T 000 00026%y
C9£6E16 T 000 000E6PH
€289 2 090 000Pb Py
268021871 000 000S6dY
8£Z221) 000 0009%6¥»
9828021° 600 000.6¥Y
(S¥ILIN) SIXe A
000°¢00209
0000006 100 000.80y
800000¢ 200 00088y
0000000 BOO0 00538¥y
0000000° 600 000630y
¢00000¢C” 000 00C68¥»
0000000 300 000doke
000000¢ 000 00S%6Y)Y
0000006 000 00016¥%)
000000¢ 600 00S1edy»
000000¢" V00 000%6¥»
86L100¢ Ga0 00QEGHY
SC1L010 000 00054
$86£001 A00 V00350
ISE0G2E" uvd 00036k
936526 ¢ 000 000460
C(SAFLIN) 31Xy 4
000 ¢00Z09

CYIL3IN J18NI/SKYAT0ADIIN) NORLUNINIINOD 13A37 AKNOYD 3NOH »2

28

3lavy

K3T008d WAL LAOHS 3 dRuXd

3-86



(penuriuo)) ‘/-¢ AYNOII

8099981 612 0 20168y

vd

‘1

(SYILIR)  (SYILIW) (S¥3ILIN)  .S¥ILIN) (§4313W)
HOT1VALNIIROD A X HOTLVYLNITINOD A X NOTLYHLH3INO0D A
(0 20168¥¥ap 0 291009 =X 1¥ 809998! (1! ‘ST HOILUNIN3INOD KARIXYN 3HL)
- $30143338 INIO4 31342810 -

-0 0L 00V (S)HANOH -
91 S3J4N0S HO¥3 (¥3ILIN JIGNI/SHYNI0XIIR) HOLLUNIKIINOD I3A31 ANNOY¥D 3NOH 2

(1KR0J) 2F 3l8vy

3ISYI ‘6L90¥%0 3100 R3176808d MU3L 1UOHS ITdNUX3

0 2916w 9

v 543131
K

3-87



*§9DIN0S PaUTqWoOd WOl UOTIBAIUDDUOD TaAaT]-punoild afeaase anoy-{ Jo Surisiy osrdwexy -g-f AYNOIA

0000000 000000 0¢o0000¢ 000¢000° ¢000000° 00¢0000° 0000¢00 0¢0000¢° “00H D008y
00¢0000 0000¢00 0¢00000° 000¢000° ¢000000° 00¢0000 0000000 000000¢ w00 290389y
00¢0000 0000000 000000 0000000 £0000¢0° 00¢0000° 0000¢00° 000000¢C 200 02G33by
0000000 00000007 0000000 0000000° €000000° 00¢0000° 0000000° 000000¢ 9500 00063y
0000000 0000000° 000000¢° 0000000 €000000° 0060000 0000000 0¢0000¢ vwoo 005680
0000000 0000000 0000000 0000000 " ¢o0000c0 00CoOND" 0000¢00° 0¢0000¢ V00 I000%she
00¢0000 0060000 000000¢° 0000000° ¢00060¢0° 006CC000° 0000000° 00000067 209 0IC060Y
0000000 0000000° 000000¢" 0008000° 0000000 00l 00 0000000° 0¢0000¢ 500 0001evey
0000000 0000000 0000000 0000000° ¢000000° 00(0000° 0000000° 0000000 voo 00GT6dr
0000000 0000000 0ed000¢° 0000000 00000¢0° 00¢0000° 0000000 000000¢° 000 000Z6d¢
0000000 0000000 0000000° 0000000° €000000° 00¢0000° 0000¢00° 0000000 Voo 000F6Py
0000000 0000000° 0000000 000¢000° ¢000000° 0¢C0000" 0000000 000000¢" N0 000¥ERY
0000000 0000000 0000000 000¢000° ¢000000 00¢0000° 0000¢00° 0¢0000¢” uoo 000CErr
0000000 0000000 0c00000" 000¢000° ¢0000c0 " 00(0000" 0000000° 000000¢" 000 000%e¥y
0000000 0000¢00° 000000¢° 0000000° ¢000000° 00¢0000° 0900000° 000000¢° V00 000260
- MNOILVY¥INIINOD -~ CS33LIN) SIXe A

0007000219 000000119 600" 00001? 000 008609 000 000609 €00 005809 0007000509 000 008209
(O 00CO06CPP=A ‘0 000FCY =X L1V #Z62692 18 SI NOILUVNINIINOD KNAKIXWW 3HL)
- (S¥ILINY SIXY X WILSAS QI¥D -

0000000 0000000 0000c00 0¢0000¢° 0000000 ° 0000000 ° 00¢0000° 0000000 6¢0000¢° 000 00028%¢
0000000° 0000000 0000000 0000000 0000000° ¢000000" 00¢0000° 0000¢00° 0000006 Voo 000389y
0000000 ° 00¢0000 0000000 000000¢"° 0000000 €0000¢C0 00¢0000 0000000 0000006° NO00 00583y
0000000 ° 0000000 0000000 000000¢° 000¢0000° ¢0000¢00° 00¢0000° 0000000 1eglo0¢” OO0 00068BHE
0000000 ° 0000000 0000000 0000000¢° 00060000 ¥Zi1zZvoo’ 9£EONIC £ 0000000° y829£¢¢° 1 000 00CSG68HY
0000000 0000000° 0000000 000000¢° 000¢000° 6ro2i68° 6IGYIEB 281 0000000 [ 123324 NS 000 000%69)
0000000 00¢0000° 0000000 000000¢° 0000000 C65¥80° £ $262699° 189 £1006¢C00 186EEPE 02 000 005067
0000000 0000000 0000c00 0000000 2£00000° S10292¢8 ¢ OLT198H1 "9CY» 9982C00 £662£89°£9 900 00016y
0000000 ° 0000000 0000¢00 0000000 g£o0jooo’ 8228615 ¥ 2CL02Z1Z 7228 BOOEBGH 1228286 ¥S 000 00STIGrE
0000000° 0000000 ° 0000000 0000000° 6292000° LESOVYZ ¥ L1SZIEBZIZT  90S0SHT 9 02LSCL2EEY 000 000Z6r
0000000 0000000 0000000 $000000° 6962%00° £6E2842°E IPEEZTHYS G L6E9109 B 1928982 000 000E6¥y
0000000 ° 0000000 0000000 ¥EV10000° €020210° 6910131E 2 SI161E2E "9 TOSShIS POl BSONCOE BI DO0Q 000%5
0000000 ° 0000000 1000000 $260000° 9rzeBZ0’ £€69962 1 £9198%6 92 9229827211 p926008% L1 VOO 00030NP
0000000 00¢0000 0100000 609£00¢C° 1162680 ° 161922871 226ST1YY 81 89986£71 £6 £08cers *e D0¢ 000%0¥r
0000000 0000000 0900000 1968000 1£86200° Tr9662o’ 1 6825689 6 6002262 12 1281887 ¥E 090 00026kt
- NOTLIUNEIN3INOD - (S¥ILIN) 3149 4

000 000209 000 008909 000000209 000 ¢0CL0°¢ 0¢0 000509 000 005409 €00 0cOPO9 00¢ 000£09 000°000209
€O 00CO6PP=A ‘0 0009C9 =X LV PZ6T699 18) ST NOLICILANIINOD KANIXUN 3HL)
= (S¥ILIWN) SIXU X WILSAS AI¥D -

- 001 0L 001 (S)HYdNOH -
81t- Il S$334N0S KON (¥IL3W JIEBNI/SHYNIOATITL) NOLILVMINIINGD N3A3T ANROND AAO0H -

81 318w}

02% 3%¥d ‘Y 3ISYD '6290¥¢ 3LV K3180¥d W¥ 21 LIYOHS 3 :dHYX3

3-88



(penur3uo)d) °g-¢ TYNOIA

0000000 0 20168y 0 221599
(539313M)  (S¥ILIN) CSY¥ILIND  (SUILIAN) (S43L3N) (S¥3134)
HOILYWALNHIING)D A X ROTLIVALINIINGD A X KOTIUALN3INOD A X
(0 20168¥¥=A 0 291C¢C9 =X LV 0000000 ‘ST NOTLIUNINIINGD WAWIXUM 3HL)D

- S¥014323¥ 1INIOd 31383810 -

- 001 0L 001 (S)HYNOH -
e1t- 311 6§32¥4NO0S WO¥4 C(Y3IL3IW JIBAI/SHYEIOYIIK) NOILYNIKIONOGD 13A37 GNNONEY BNOMH |

CINGD) 221 37avL

122 39Yd ‘1 38Y) ‘6290%0C 3ivQ W3T180%d RY¥ 41 LIOHS I TdNUX4

3-89



*§901IN0S PauTqWod WOIJ UOTIBAIJUIDUOD TaA3T-punoad adeisaser inoy-¢ Jo Burlsy] or7duexy °6-f AUNOIA

0000000
00600000
0000000
0000000
0000000
0000000
1000000°
2¥¥£100
8660208
z868902 ¢
2312222844
v22£622 TE
#¥8C02+49 21
8685C60°C1
9206668 2t

0000000 0000000
0000000 0000000
oo0c0000 0000000
00000600 0000000
0000000 0000000
0000000 0000000
0000000 0000¢00
0000000 0000000
00¢000¢0 0000000
0000000 0000000
0000000 0000000
0000000 2000000
9100000 2299000
9L6¥000° 8668260
voz2z2e20° 1289549
000 600219 00¢ 000119

000000¢"°
0¢0000¢C
0000000
0¢0000¢
0000000C°
0000000
0000000
0¢0000¢°
000000¢
0000000
2co0o0000"
vheBOOC”
228€£801°
CSECETES T
609929x "9

000 ¢0001¢

(0 00006¥P=A “0°0008¢9

0co000¢
000000¢"°
0000000
0000000
8200000
czZileob o1
IPYICBE 96
1€22821 ££1
C2PE0T P oE
219099¢ 22
CELL60cC 09
TL08088° 99
9616910 2%
0f9EOPLE EE
£909982 92

000¢000°
0000000 °
0000000
000¢000°
0000000 °
0000000 °
0000000
000¢000°
9000000 °
0000000 °
281¢000°
220¢020°
Z80£L88 "
¥EE0TL9°C
8988ZOY "2

- HOLL1V¥iN3
000 005609
=X LY $E220E

0000000
0000000°
0000000 "
0000000°
£9C861L° 29
*LTTOEG 282
SYeE8129 8P
SHZHI61 00
SE6ZTYO 901
0688C9% 851
0S9ICCEY 1YY
61T9669°9¢
£902121 of
6608982% 61
GCOEESBY "G

¢000000
¢0000¢0
Co00000
¢000000
¢000000
¢00000C0
€0000¢0
€000000°
¢0060000°
0000000
2£81%100°
gg1o02et
1202899 #
££828Sy £1
1s12801°21%

JNOD -
000 000609

00¢0000
Q0¢0000
00¢0000
00¢0000
00¢0000
00¢0000
00C0000
00¢0000
60¢0000
22¢0000
To06iiv0

8ysg822°2

$292232 #%
0£F068E 02
She289¢ L1

€00 005809

0000¢00°
0000000
0000000
0000¢00
0000000
0000000
0000¢00
0000000
0E0O0000
86LH100
ZPETP80 1
9888100 ¥1
9£8gb02 €2
2986622 02
2968969£°S1

00¢ 000609

6 2082 S1 NOLJEWLINIINGD KANIXWN 3JHL)
(S¥ILINDY SIXY X W3ILSAS 41¥D -

co000c0
0000000
0000000
1128829 €1
ezg9821 222
CL964¥BZ 682
6L22800 951
212£26E 901
6625CvS 98
ISECYIY " ¥9
Pre821Z €2
Bygotlo 21
2y08Z16 o1
£8€6126°21
2009626 '£1

00¢0000
000000
00¢0000
$0€0000

crege22 1

SZ€1288° 4
290E616 %81
zre9g2z 181
983626£ 621
86BEZIY 22
3hefgée O
r12e£01°92
£92.281r 82
6¥¢3269 €2
0268180°£2

0000000
00000¢00
9110000°
£158¢8C »
63190181 #
T96008E° ¢
9822218 »1
$198698 8f
0bOTICY 9
0992¢6¢ £¢
80Y£966 C#
$209286 1¢
£TZLc00 9¢C
£82Z481 £
8916188 °2¢

0000000 oo 0002800
000000¢ 000 000369
000000¢ 200 00G88PY
0¢0000¢ Voo V0060 Y
0000000 000 00C68YY
000000C" V00 000060
0¢0000¢” Voo 00SoebY
gcooooc 900 00016k
126%10¢ 000 GoCTewy
02266¥ 1" 900 000Zé60Y
rarstLe 11 000 00O0LEYP
SE1SYEG CE 000 000Y%e Y
2286124 #2 000 000Cory
(23 X221 A 2 000 00096
£€162288°¢1 000 0002607

(S¥3ILIN) SIXd &

000 ¢05209
000000¢"° 600 000280 F
000000¢" 000 00038
000000¢° 000 00G83¥y
PEPOOOO 000 000GBYY
48921¢¢ 000 00S68PYF
6ozEBI8 (1 000 00006PN
01¥LrC9£2 000 00G0eYY
8ZEGYIF J2 0006 000I16d)
ZSOIELY 81 000 00S16bY
88992¢C9°»1 000 000260
€o1giss ¢ 000 000Eeb)y
6806829 ° 8 000 000V P
OFEPIGTY 000 000C6PP
¢¥30509% B 800 000%6P?
eSev12e° 11t 000 000260

- NOIlW¥IN3IINOD -~

000 000209

9.2 32ud

‘1

00¢0000 0000¢00
00¢0000 0000000
0000000 0000000
0000000 0000000
00¢0000 0000000
0000000 61££000
90E6000° CTB6IEZ 2
€229.82 6202561 %S
0ZL90ZE 91 2206612 111}
1882921 ¢¢ €9£9222 89
Tevie31 S 2£08691 8)
P298LL0 610 81Z1EZS o0Ff
S1£82Z¢ 61 CEPEEOO 28
0226¢88 81 6161CH»6 82
S822168°91 08292£9 2
000 008909 00¢ 000909
e
81y~ 911
ISUY r6l90¥%0 3Iive

000 ¢0L50¢

00006W¥P=A ‘07 000CCH

$31J¥N0S HOU4

0¢o 00¢S0S
=X 1Y $E220L

- 00f 04

000 00S¥C9

€00 CR0b09

00C 000509

6282 S1 NOIJUVYLIN3IINOGD KNAKIXUW 3HIL)
CSY¥ILIN)Y SIXV X WILSAS QIAD -

001  (S)HYNCH

CSYIL3IN) SIXY A
000 ¢002¢9

(Y3138 J2I8NJI/SKYAD0AIIK) NOJLIVALNIINOGOD T3AIT ANAOYD JNOH ¢

ori

314av1

W3780¥d WY3IL LYOHS I dNYX3

3-90



(penuriuo)) ‘g-¢ TUNDHIA

0000000 0 20168y O 2918093
(S5¥313W) (SAUILIND (S¥313N> (SYILIND (Sd313K) (S¥3134)
HOLTiIYMLINIINOD A X NOILVYNINIINOD A X KOI1Ud1H3IN0D A X
(0 20168¥FP=A 0 291CC9 =X 1¥ 0000000 ‘ST NOTLW¥INIOINOD WANIXYH IHI)
- S§¥014333¥ LIHIO0d 313d42S10 -
- 00f 0L ¢01 (¢SHANOH -
811~ 311 $3JAN0S WO¥d (¥3IL3IK JI18AI/SHYYIONIIK) NOJLUNLINIINOD I3IA4T GNROGNED SNOH £

CLHO3) o1 3786YL

422 3D4¥d 1 38YD ‘e6l90rC 31l K3780¥d R¥ 3L LAOHS 3 idKYX3I

3-91



$921N0s paUTqWOD WOl UOTIBIJUSIUOD Taas]-punoad a3erase inoy-4z jo Surisyy eyduexy

0269808
0TZISKY ¥
120££60°9¢
9298980 " 2¢1
2E9FEPT 992
g01£9%1°091
oSEZyOL 1
r9c81.0°9
80992972
6EO0TT96 ¢
£C004Z6 8
zatzeo0z’s
£vzezgL’e
CrviB20 2
1286029 1

PELBY6T 1
9110116°C
0968966 01
20685869721
8CIE80F 92
SE£E66E8E CF
£r20988 1y
$1682CC o¢
1991668 £¢C
*120009° 1y
96£%8Y%2 21
££S00TE #
9r9.268
80608919
£€229%1 1

¢o0 000219

PESI9PT
Zy6c108°21
9C1%8%6 v
£1v6926 Vo2
T681CTL ¥LE
1862691 18
8669020711
TTeevZy 21
99029461 ¥
02824626 113
I APARTY AN
90114E€C €
824029¢L 2
08gzZLE2
§0226%0 2

000 0002¢9

PEE 3004 1

¢00 008909

sy

1423 210
YOIPOLEE 9
61Z6£S2 £1
96€90082 22
0600£82 9¢
96£2218 8
8r8612f 8¢
10818906 §9
002ZC6¥C 9
I1PE£6£28 OF
Sbv62Lo 8
6268899 1
02ZE2HS
0288087}
6996882°2

1£42926

TEC2892°2
Lreress L1
0502916 2¢
olo8see 2¢
98906E1 12
£901299 28
9é8221¢ 22
$292C92 0
061£928 1
YIgvEZS ' E
9C2v88

(23234 A4
£9£222%6 2
$820892°2

00¢ 000119

(0 00C68P¥=A

291280
0zZo8gzo 81
L£6828% 6
2201118 #)b
88230%1 €1
2££91266 £2
yogzene 12
2806606 02
clrocer 21
2620662 11
2969181 ¥
8560080
1998910 ¢
8H10€19 €
£pZl1620 E

000°00001¢
‘0700080Y

$881062°
8YEOBBY '8

£98266L 61

E0S6SSY L8
PI62228° 69
£CYC860 48
£199£09 401
120002 42
2812L26° 62
if6204d8 ¢l

£928892°
TOCOOPY
2r1eg1Le’
2ITELEL
££02Zy00°

-

” M e

- NOIluyiN3
0007008609
=X 1Y 96LH08

995062
0rBISL6 "2
6089S1E 12
CTEICES LY
B6ETELG 28
12223 20 R 201
0B8692%0 021
2E2¥820 09
d64992¢8°22
é8og8ze '8
¢o89vez 1
18092£¢ £
go2v£ce ¢
2091£99°¢
£tr8920°¢

JNOD -
0007000609
€692

fl1e129”
9969826 "2
9219889 €2
1S6LSE9 19
¥252£06 °£01
CrC3968 ¥l
SIPLcZR E1E
9056888 T¥
0Z(ECE6 "1
YEIEOPE ¥
9E6%3¥9°2
£2222%9°»
0LrZ19% ¥
00MZTHIC L
geezad9-e

¢00" 008809

- (S¥ILIW) SIXV X HILSAS Q14D -

azo681¢"
S266266 21
82228886 9¢
£289282 g2
£e2ivee 26
86r6Z85° 9
Zre16CH CF
2086122781
v2ezZ800° 8
¥£9228) 9
g€1eICgoe’ 8
06L220Z8° 8
66%6226° ¢
pziLi21°
210E860 £

00¢ 000909

(0 00C68FPP=R

g1t AR

'62909¢ 3lvd

000 ¢0Cg0?
‘07000609

$33¥N0S HOA3

2192100
£992289 ¢
6r9.%69 62
9659085692
2885699 ¥2
£LZ688E " 2E
2166286 2
169Zv20° 2%
£LCh2ZyY 12
£88¢9£6 ¢2Z
§695£46 £1
121£880 ¢
068P12L°E
99¢£8vEY 2
CETPEESL 1

€910000°
gg2elen t

ézlolee 21V
229Cv60 9

6962262782
¢81¥8Z1 ¥E
¢ETIZOL "£2
1s28C1£°¢CV
é3gz219z 11
620CH11 8

POIEZLT £

660L108°
200918¢€°
8¥92C19°
20021927

-

- em

00€0000
P26£SHZ°
£oszo12”
SE69862°
riegvig 2
Sy2vzoz 1
S168696 '£2
280992 °2T
1£1v089 SV
IPriSL9 6
£81v6Er ¢
rizezsz’t
8seL2es g
socz2iZ ¢
2882688 2

o~

£2hELLY
IEPEGLS &
a1t16s8 62
9e£901£°22
OEE6L2083 ¥Pl
956£898 921
98ELTI0H 2¢
3808206 92
SEL6E06 2
¥Lo0L0EL 2
26v2108° ¢
16929297 ¢
6¥EVB60 €
OFEEILE'E
SrEgozt 2

000 000609

S1 NOILLE¥INIINGD KNKIXUR IHL)

0000000
0000000
SCET000
e¥Ct1919°
299¢828°
B2162:2Y
86C1268° 1
2¢£¢858 ¢
088E1£8°C
£€82602°9
9TYLire
£CL0¥92
££99000
89£086¢
968501

L 2B = )

1629098
CE%ESTT 11
9C0ENSe 62
6109226 0%
Cyveriz 98¢
PZ168S9 B4t
16¥0297 9§
BRPLEPE #1
8208006k £
£3002.24¢ §
PSivI6e 9
111922¢ 9
SEZ6LEY
992¥hif 2
goevzes 1

000 ¢0C8209

0¢0000¢
0¢0000¢
0000000
$L0000C”
980689¢°
0062223 1
92189Cn°2
999£r98 2
18£140F 2
3£8C1E8° 1
8eEéV2Zz !
9886208
1626822°
18£962¢ 1
6981064 1

*0T-t d¥N914

000 00028bp
000 00033y»
200 HN0S8BYP
2060 000¢CBYr
200 00S68PY
Q00 00006%Y
000 00SHodr
000 00Ty
000 00CTedby
200 00026b¢
500 000feYY
Q00 000YEYY
000 000CoYF
000 000%#»
000 000264

(S¥FLIRY SIX4 A

- NOILUY¥INI
0¢0 00¢S09
=X LY 9éLr08

JNGy -
000 00SHCY
€ 692

(00 o0cobO9

(S¥ILINY SIXY X RILSAS AIND -

-0 01

001  (S)HANOH

000 000EO0Y

SI1 HOLLUYIN3INOD KAKIXUN IHIL)

000 €002459

CYILIN DIBNI/SHVYIONDIIN) NOILYALINIDINOS I3A3IY ONAOBD SNOH »2

691

38wl

WI1908d WYL LAOHS 3 .dNux3

D00 00028br
000 000339k
900 00588y
D00 000¢3b»
000 0056300
W00 00096 YY
200 0050600
900 000%ed)
000 00CStehy
000 00025%»
000 000fedt
000 000%6¥p
000 000Cé¥r
000 0009¢Ht
000 00026%y
CSA3ILIN) 3IX9 A

3-92



{penurijuo)) "QI-¢ TIANODIA

92.289¢8° 926 0°20168%F 0 291509

e e T T i P R T R I i

(S¥3IL3W)  (S¥ILIW)Y (S¥3ILINS  (SHILIN (54313H) (S¥IL34
NOI1VN1IN3DINKOD A X ROTIVALNIINGD A X ROTLIVEIH3IINOD A %
(0 20168¥¥=A ‘0 291609 =X LV 9228986 826  S1 NOILIWNLINIINOD MANIXYUW 3IHLD
. - §301d4333% INIOd 313%)3S1@ -
-0 6L 001 (S)>3NA0H -
8tl- 211 S3IJUN0S KOYJ (¥ILIX JT1QNI/SHYVBIONITK) NOITLUALNIINGD T3A37 ANGOND ¥NOH $2

(1K0J) 691 3781

399d ‘1 3543 r6290%C 3lva K3180%d WY¥<L LAOHS 3 dRUX4

3-93



TABLE 3-6
SHORTZ INPUT/OUTPUT TAPE FORMAT

Tal-)e Word Parameter Integer (D)/
Logical Number Name Floating Point
Record 1 e

! 1 NSOURC L
2 NGROUP I
3 NXPNTS I
4 NYPNTS I
5 NXWYPT I
6 NHOURS I
7 NDAYS I
8 IOVRSN I
2 1 -20 ISW I
21 - 40 TITLE I
Al - 46 KUNR I
47 - 49 KFNR I
3 1 - NXPNTS X (X-axis) op
NXPNTS+1
NXPNTS+NYPNTS Y (Y-axis) ep
NXPNTS+NYPNTS+1
NXPNTS+NYPNTS+ X (discrete) FP
NXWYPT
NXPNTS+NYPNTS+
NXWYPT+1
N Y (discrete) FP
NXPNTS+NYPNTS+
2%NXWYPT
4 1 - NXPNTS*NYPNTS 77 -
NXPNTS*NYPNTS+1
NXPNTS+NYPNTS+ ZZ (discrete) FP
NXWYPT
> ! ROTATE FP
2 IK FP
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TABLE 3-6 (Continued)

TaPe Word * Parameter Integer (I?/
Logical Number Name Floating Point
Record (FP)

5 3 G FP
(Cont.) 4 ZR FP
5 HA FP
6 GAMMAL FP
7 GAMMA?2 FP
8 XRY FP
9 DECAY FP
10 UTMX FP
11 UTMY FP
6 I1-J NUMSQ I
J+1 - 2%J TYPE I
2%J+1 - 3*%J Q FP
3%J+1 ~ 4%J DX FP
4%J+1 - 5%J DY FP
5%J+1 - 6%*J H FP
6*J+]1 - 7%J HS FP
7%J+1 - 8%J TS TP
8*J+1 - 9%*J VOL FP
9%J+1 - 10%J DTH FP
10%J+1 - 12%J RDS FP
11%J+1 - 12%J NS 1
12%J+1 - 12*J VS FP
22%J+1 - 32%J FREQ FP
32%J+1 - 33*%3 JFLG 1
75% 1 THETA FP
2 UBAR FP
3 HM Fp
4 TA FP
5 DPDZ FP
6 ISTBLE FP

*The value of J is dependent upon the maximum number of sources that the
program will accept. This value is currently 300, but can be altered by
the procedures outlined under Card Group 2 in Section 3.2.3.a.

**Logical records 7 and 8 are repeated on the output tape for each meteoro-
logical observation from 1 to NHOURS. Logical record 8 occurs NSOURC times
(one for each source) after each occurrence of logical record 7. Also, if
the parameter NDAYS is greater thanm '"1", the above group of logical
records is written to the tape NDAYS times.
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TABLE 3-6 (Continued)

LTa?e Word= Parameter Integer (I?/
ogical Number Name Floating Point
Record (FP)
Tx% 7 P
(Cont.) 8 SIGEPU FP
9 SIGAPU FP
10 SIGEPL FP
11 SIGAPL FP
12 ALPHA FP
13 HOUR FP
14 - J+13 NUMSQB FP
J+14 - 2%J+13 QB FP
2%J+14 - 3%J+13 TSB FP
3%J+14 - 4%J+13 VOLB FP
8** 1 - NXPNTS*
NYPNTS+
NXWYPT CON FP

*The value of J is dependent upon the maximum number of sources that the pro-
gram will accept. This value is currently 300, but can be altered by the
procedures outlined under Card Group 2 in Section 3.2.3.a.

**%Logical records 7 and 8 are repeated on the output tare for each meteoro-
logical observation from 1 to NHOURS. Logical record 8 occurs NSOURC times
(one for each source) after each occurrence of logical record 7. Also, if
the parameter NDAYS is greater than "1", the above group of logical records
is written to the tape NDAYS times.
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Logical records 7 and 8 are repeated on the output tape for each meteoro-

logical observation from 1 to NHOURS. Logical record 8 occurs NSOURC
times (one for each source) after each occurrence of logical record 7.
Also, if the parameter NDAYS is greater than "1", the above group of
logical records (7 and 8 for NHOURS meteorological observations) are
written to tape NDAYS times. The last output record is followed by two

consecutive end of file marks. If the program reaches the end of reel

marker on an output tape prior to the end of the output data, the program

will write an end of file mark, an end of tape sentinel record and two
more end of file marks and then go to the next specified output reel.
The end of tape sentinel record consists of 14 UNIVAC 1110 words, with
the first word of the record equal to an octal 541600000000 and all
other words in the record equal to zero. See Section 3.2.2 for the

correct tape assign cards.

3.2.5 Program Run Time, Page and Tape Output Estimates

This section gives approximations to the computer run time,
tape output and page output for the SHORTZ program. Because of the
variability of problem runs and input parameters, the equations in this
section are meant only to give an approximation of the time, page or

tape usage function.

a. Run Time. The total run time required for a problem run

using the short-term (SHORTZ) program is given by

Time (Seconds) = [NS . (NX . Ny + ny> . Nh . Nd] o f

e srx) Gumrng) ne n]- g}z
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where

N = the total number of input sources (card + tape) for
which concentration is to be calculated

Nx = the total number of peints in the grid system X-axis,
NXPNTS

N = the total number of points in the grid system Y-axis,

¥ NYPNTS

= the total number of discrete (arbitrarily placed) points

Xy NXWYPT
Nh = the total number of input meteorological observations,
NHOURS
Nd = the total number of days or cases, NDAYS
I = the number of sources read from an input tape
J = the number of sources written to an output tape
K = the summation of the total number of sources in each source

combination printed. For example, if NGROUP were equal to
"4" and three sources were combined for the first group,
ten for the second, thirteen for the third and twenty-six
for the fourth group, themn K would be equal to 52.

£ = 2.1x 103

g = 2.2x107°

The constants £ and g have been calculated from example runs on a UNIVAC
1108 computer. If the values of f and g given here are not accurate
for your runs, recalculate and replace them with more representative

values.
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b. Page Output.

The total number of pages of output from

the SHORTZ program depends on the problem being run and is given by:

where¥*

(3-4)

NX N N NS N, °* Nd
A = I+[——:|-[—X+—XX N A I *L M| (3-5)
9 38 138 44 N * 40
l ; if ISW(6) = "1' or ll3ll
I =
0 ; if Isw(6) = "0" or |l2l|
1 3  if ISW(7) > "o"
J =
0 3 1if ISW(7) = "Q"
1 ; 4if ISW(6) ="2" or "3"
K =
0 ; if ISW(6) ="0" or "1"
1 3 if ISW(8) > "o"
L =
0 ; if ISwW(8) = "o"
N = ISW(1l)
M = total number of input sources that have the parameter
JFLG set equal to "1". If there are none, M = 1.
Ns = total number of sources input to the program

*The [] symbols indicate to round up to the next largest integer if there

is any fractional part.
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ISW(3)

Nh . Nd

§ ISW(3)

Ny

ISW(4)

Nh . Nd

ISW(4)

-e

if

if

if

if

if

if

if

if

if

ISW(2) >

ISW(2) >

ISW(2) =

ISW(3)

ISW(3) >

ISW(3) >

ISW(4)

ISW(4) >

ISw(4) >
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"0" and ISW(1l) = "Q"

"0" and ISW(11l) > "O"

"0"

"0"

"0"

lloll

Holl

Iloll

"0"

and ISW(11l)

and ISW(1l)

and ISW(11)

and ISW(1ll)

v

"0"

"0"

"ol'

"0"
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0 ; if ISW(5) = "0"
Y%
_ , . "t At
.Q,4 < '—igﬁzgy ;  if ISW(5) > "0" and ISW(11l) > "0
Nh . Nd
——— . 3 nnn - 1nan
S0y if ISW(5) > "0" and ISW(1ll) 0
Nc = total number of combined source concentration
tables being printed (NGROUP).
N = NXPNTS
X
N = NYPNTS
y
N = NXWYPT
Xy
Nh = NHOURS
Nd = NDAYS

C =  the number of pages expected from the system plus
other processing within the job

The above equations may not cover every option in the SHORTZ
program and, if the system the user is using aborts runs that max-page,

be generous with the page approximation.

c. Tape Output. The total amount of tape used by a problem
run depends on the number of sources, the quantity of meteorological data
and the size of the receptor arrays. This section provides the user with

an approximation to the tape length used in feet.
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The total number of computer words output to tape is given by

Words = {54 +N + N +#3*N +N *N +33 -1
X y Xy X y

(3-7)

where

N = NXPNTS
X

N =  NYPNTIS
y

N =  NXWYPT

Xy

N 4 - NDAYS

Nh = NHOURS

NS = the total number of card and/or tape output sources
T = 300 or the maximum number of sources possible, see

Section 3.2.3.a, Card Group 2

The user can approximate the length of tape required by

Length (feet) = <<F—%%d—?-—%—3§> + 0.75- (‘ggggs> + 6.0 >/12.0 (3-8)
y

where

B = the number of bits per computer word. UNIVAC 1110 is
36.
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D = the tape recording density chosen by the user or
required by the I/0 device, 200, 556, 800 or 1600
bpi

By = "e" for 7-track tape or "8" for 9-track tape

The values of 0.75 and 6.0 inches assume that the interrecord gap is

0.75 and the end-of-file is 6 inches.

3.2.6 Program Diagnostic Messages

The diagnostic messages produced by the SHORTZ program are
primarily associated with data and processing errors within the program
and should not be confused with those produced by the computer system on
which the SHORTZ program is run. WARNING messages could indicate data
errors and should be examined thoroughly when they occur. A list of the
messages are given in Table 3-7 with the probable cause of the respective

message.
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TABLE 3-7
SHORTZ WARNING AND ERROR MESSAGES

*#%**WARNING - SOURCE n TEMP. LESS THAN AMBIENT, PROGRAM USES AMBI-
ENT*%%

The stack gas exit temperature cannot be less than the ambient air
temperature. The program sets the stack gas exit temperature equal
to the ambient air temperature resulting in no plume rise for

source n.

**WARNING Z > HM, SOURCE n, HOUR i, X = xxx.X%, Y = yyy.y
The terrain elevation exceeds the mixing layer elevation for source

n, hour i at the X,Y coordinate shown.

*#*TO0 MANY MESSAGES PROG. STOPS PRINTING THEM
The program stops printing warning message 2 above after 50 of

these messages are printed.

#%*ERROR, SIGAPU OR SIGEPU IS ZERO, CORRECT AND RERUN
Default values for SIGAPU and SIGEPU are not provided if the param-
eter ISTBLE (stability category) is not punched or if the parameter

ISW(16) equals "1". Correct the meteorological data and rerun.

*#%%*ERROR, SIGAPL OR SIGEPL IS ZERO, CORRECT AND RERUN
Default values for SIGAPL and SIGEPL are not provided if the param-
eter ISTBLE (stability category) is not punched or if the parameter

ISW(16) equals "1". Correct the meteorological data and rerun.

***ERROR, UBAR INPUT AS ZERO. PROG. STOPS

A wind speed of zero is incorrect. Recheck your meteorological
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TABLE 3-7 (Continued)

10.

11.

12.

(Cont.)

data for format or key punch errors.

#%*%*ERROR, HM INPUT AS ZERO, CORRECT AND RERUN
No default is provided for the mixing layer depth. Correct and

rerun.

#%**ERROR, TA INPUT AS ZERO, CORRECT AND RERUN
No default is provided for the ambient air temperature. Correct and

rerun.

#**WARNING, P INPUT AS ZERO, PROG. USES ZERO AND CONTINUES

Default values for P are not provided if the parameter ISTBLE
(stability category) is not punched. The surface wind speed has
been used for all calculations associated with the respective mete-

orological observation.

ERROR, ATTEMPT TO MODIFY SOURCE n, BUT SOURCE NOT FOUND
A source input card with DISP > 0 and source number n has been read,

but the program could not find the corresponding input tape source.

***ERROR, VARIABLE Q's READ FOR SOURCE n, BUT SOURCE NOT IN INVEN-
TORY, SEE CARD GROUP 1l1lA

A variable emission rate card has been read after a meteorological
input observation, but the source number (n) on the card does not

match any of those in the source inventory.

***ERROR, VARIABLE Q's READ FOR SOURCE n, BUT JFLG ON SOURCE CARD
WAS READ

A variable emission rate card has been read after a meteorological
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TABLE 3-7 (Continued)

12.

13.

14,

15.

16.

17.

(Cont.)
input observation, but the corresponding source in the inventory has

not specified variable emission rates (JFLG=1)

#***ERROR, VARIABLE Q's READ FOR SOURCE n, BUT NO CHANGES INDICATED
FOR SOURCE

A variable emission rate card has been read after a meteorological
input observation for an input tape source, but DISP for the source

does not indicate the emission rates are to be changed.

*%*ERROR, JFLG is NON-ZERO FOR SOURCE n, BUT NO VARIABLE Q's FOUND
The source input card for source n had JFLG = "1", but a variable
emission rate card (Card Group lla) was not found in the input deck.
Check the variable emission rate cards after each meteorological

input observation card.

*%*ERROR, NEW Q FOR SOURCE n READ, BUT CANNOT FIND OLD VARIABLE Q's
A source card has been read that indicates the user wishes to up-

date the old emission rates (DISP=1). However, a flag is set that

indicates the old emission rates were variable and cannot be found.

Repunch the entire source card (Card group 9a) for this source with
the new Q and DISP equal to zero. The program will delete the old
source parameters and use the new source parameters to recalculate

the concentrations for the source.

***ERROR, SIGEPU OR SIGEPL IS LESS THAN OR EQUAL TO ZEROQ .

Default values for SIGEPU and SIDEPL are not provided if the param-—
eter ISTBLE (stability category) is not punched or if the parameter
ISW(16) equals "1".

*%*ERROR, SIGAPU OR SIGAPL IS LESS THAN OR EQUAL TO ZERO
Default values for SIGAPU and SIGAPL are not provided if the param-
eter ISTBLE (stability category) is not punched or if the parameter

ISW(16) equals "l1".
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TABLE 3-7 (Continued)

18.

19.

20.

21.

22.

23.

#%*%*READ ERROR ON UNIT n AT RECORD i
The program has encountered an unrecoverable tape I/0 error on unit
n at record i. Check your accounting page or the system log device

for system messages that may specify the error.

***END OF DATA ON UNIT n, i RECORDS READ

This message indicates a normal completion of the input tape data.

#%%*END OF FILE ON UNIT n, i RECORDS READ
This message indicates the program has successfully read and pro-

cessed file n of the input tape data.

#**WARNING - MORE INPUT REELS THAN UNITS ASSIGNED, PROG. GOING TO
FIRST UNIT ASSIGNED

The user has specified more input tapes (NINTP) than logical unit
numbers given in NINFL. When the program has finished processing
the tape on the last logical unit specified in NINFL, the program
will go to the first logical unit specified in NINFL and expect the

next sequential input tape reel on this unit.

*%%WRITE ERROR ON UNIT n, at RECORD i
The program has encountered an unrecoverable tape I/0 error on unit
n at record i. Check your accounting page or the system log de-

vice for system messages that may specify the error.

*#%*NTRAN ERROR*
An error has occurred has been detected by the UNIVAC NTRAN I/0
routines. Check the Univac publication UP-7876 (FORTRAN V LIBRARY)

for the cause of the error.
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TABLE 3-7 (Continued)

24,

25.

26.

27.

28.

**%*JARNING - MORE OUTPUT REELS THAN UNITS ASSIGNED, PROG. GOING TO
FIRST UNIT ASSIGNED

The user has specified more output tapes (NOTTP) than logical unit
numbers given in NOTFL. When the program has finished processing
the tape on the last logical unit specified in NOTFL, the program
will go to the first logical unit specified in NOTFL and expect the

next sequential output tape reel on this unit.

#%*%END OF OUTPUT REEL ON UNIT n RECORDS i TEROUGH j WRITTEN

The program has encountered the end of reel marker on the tape on
unit n. The program backs the tape 1l or 2 records, writes an end
of file mark, an end of tape sentinel record and two more end of
file marks. This tape is unloaded and the program goes to the
next sequential output tape and rewrites any records that were

backed over on the previous reel.

#%XEND OF OUTPUT DATA ON UNIT n RECORDS i THROUGH j WRITTEN, xxx.x
FEET OF TAPE USED

The program has successfully written the output data to the last
output tape. The program prints the amount of tape used in feet,

assuming the tape is 9-track and written at 800 bpi.

**%WJARNING - NOT ENOUGH ROOM ON REEL ON UNIT n, PROG STARTS FIRST
OUTPUT REC. ON NEXT REEL

There was not enough room on the first reel to accommodate a com-
plete record and the end of tape sentinel record information. The
program goes to the next sequential output tape to start the tape
output.

@ASG,T nnnnnonnnnnn. ,F/ii/P0S/ii

@SE 12,nnnnnnnnnnnn.

MASS STORAGE CSF$ REQUEST REJECTED, STATUS=XXXXXXXXXXXX, TRIED M
TIMES
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TABLE 3-7 (Continued)

28.

29.

(Continued)
The program has attempted to assign mass storage unit 12 and has
failed. Check the FAC status bits to determine the cause of the

error.

**WARNING ~ COMPLEX TERRAIN SWITCH SET WITH DEPOSITION (NS), COM-
PLEX TERRAIN IGNORED

The user has attempted to calculate concentration with deposition
occurring while using terrain elevation data. The SHORTZ program

has discarded the terrain data in all calculations.
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SECTION 4

USER'S INSTRUCTIONS FOR THE LONG-TERM
(LONGZ) MODEL PROGRAM

4.1 SUMMARY OF PROGRAM OPTIONS, DATA REQUIREMENTS AND OUTPUT

4.1.1 Summary of LONGZ Program Options

The program options of the long-term computer program LONGZ

consist of three general categories:

o Meteorological data input options
° Dispersion-model options
° Output options

Each category is discussed separately below.

a. Meteorological Data Input Options. Table 4-1 lists the

meteorological data input options for the LONGZ computer program. All
meteorological data may be input by card deck or by a previously generated
tape inventory (see Section 4.1.1.c below). LONGZ accepts STAR summaries
with six Pasquill stability categories (A through F) or five Pasquill
stability categories (A through E with the E and F categories combined).
Alternately, LONGZ accepts seasonal or annual summaries of the joint fre-
quency of occurrence of wind-speed and wind-direction categories, subdi-
vided into four time-of-day categories (night, morning, afternoon and
evening). Site-specific mixing depths, vertical potential temperature
gradients and ambient air temperatures are LONGZ input requirements rather
than qptions. Although the program contains default values for the wind-
profile exponents and vertical turbulent intensities, the user may also
enter site-specific values of these parameters. Suggested procedures

for developing these inputs are given in Section 2.1.1.2. The remaining

meteorological data input options listed in Table 4-1 are identical to



TABLE 4-1
METEOROLOGICAL DATA INPUT OPTIONS FCOR LONGZ

Input of all meteorological data by card deck or by previously generated
tape inventory

STAR summaries with five or six Pasquill stability categories

Site-specific
Site-specific
Site-specific
Site~specific

Site-specific
entered for

mixing depths

ambient air temperatures

wind-profile exponents

vertical potential temperature gradients

vertical turbulent intensities (different values may be
stacks and for building and area sources)

Entrainment coefficients other than the Briggs (1972) coefficients

Wind system measurement height other than 6.1 meters

TABLE 4-2
DISPERSION-MODEL OPTIONS FOR LONGZ

Inclusion of the effects of gravitational settling and dry deposition
in concentration calculations

Inclusion of terrain effects

Cartesian or polar receptor system

Discrete receptors (Cartesian or polar system)

Stack, building and area sources

Pollutant emission rates held constant or varied by season, wind speed
and stability

Time-dependent exponential decay of pollutants

Time periods for which concentration calculations are to be made
(seasonal and/or annual)
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the SHORTZ meteorological data input options discussed in Section
3.1.1.a.

b. Dispersion-Model Options. Table 4~2 lists the dispersion-

model options for the LONGZ computer program. In general, these options
correspond to the SHORTZ dispersion-model options discussed in Section
3.1.1.b. Pollutant emission rates may be held constant or varied by
season or by wind speed and stability in LONGZ calculations. The program
uses seasonal STAR summaries to calculate seasonal and/or annual concen-
tration values or an annual STAR summary to calculate annual concentration
values. Additionally, monthly STAR summaries may be used to calculate

monthly concentrations.

c. OQutput Options. Table 4-3 lists the LONGZ program output

options. A more detailed discussion of the LONGZ output information is

given in Section 4.1.3.

The LONGZ program has the capability to generate a master tape
inventory containing all meteorological and source inputs and the results
of all concentration calculations. This tape can then be used as input
to future update runs. For example, assume that the user wishes to add
a new source and modify an existing source at a previously modeled
industrial source complex. Concentration calculations are made for
these sources alone and the results of these calculations in combination
with select sources from the original tape inventory are used to generate
an updated inventory. That is, it is not necessary to repeat the concen-
tration calculations for the unaffected sources in the industrial source
complex in order to obtain an updated estimate of the concentration
values for the combined emissions. The optional master tape inventory

is discussed in detail in Section 4.2.4.b.

The LONGZ user may elect to print one or more of the following

tables:
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TABLE 4-3
LONGZ OUTPUT OPTIONS

Master tape inventory of meteorological and source inputs and the
results of the concentration calculations

Printout of program control parameters, meteorological data and receptor
data

Printout of tables of source input data
Printout of seasonal and/or annual average concentrations calculated at

each receptor for each source or for the combined emissions from a
select group of all sources
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) The program control parameters, meteorological input data

and receptor data

. The source input data

. The seasonal and/or annual average concentrations cal-
culated at each receptor for each source or for the
combined emissions from select source groups or for all

sources

4.1,2 Data Input Requirements

This section provides a description of all input data parameters
required by the LONGZ program. The user should note that some input
parameters are not read or are ignored by the program, depending on the

values assigned to the control parameters (options) by the user.

a. Program Control Parameter Data. These data contain

parameters which provide user-control over all program options.

Parameter

Name
Master Source/Concentration Magnetic Tape Input Option —-
Specifies whether or not tape input is being used. A
value of "0" indicates tape input is not being used. A
value of "1" indicates tape input is being used and the
tape data are read from the logical units specified by

1SW(1) the array NINFL below. A value of "2" also indicates

tape input in the same manner as a value of "1'". However,
if "2" is specified the program assumes that new meteoro-
logical data are to be read from data card to replace that
taken from the tape. 1In this case, all concentration arrays
for each source are recalculated. The default for this

parameter is '"0".
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Parameter
Name

(ISW(2)

ISW(3)

ISW(4)

ISW(5)

Master Source/Concentration Magnetic Tape Output Option --
Specifies whether or not tape output is being used. A
value of "O" indicates tape output is not being used. A
value of "1" indicates tape output is being used and the
output is written to the tape or tapes specified by the
logical units given by the array NOTFL below. A value of
"2" indicates tape output in the same manner as a value of
"1"; however, the program additionally prints a table of
the output source inventory. The default for this param-

eter is "0O".

Seasonal Concentration Print Output Option -- Specifies
whether or not seasonal concentrations are to be calculated
and printed. A value of "0" specifies that seasonal concen-
trations are not printed. A value of "1" indicates seasonal
concentration tables are to be printed. The default for

this parameter is "Q".

Annual Concentration Print Output Option —~ Specifies
whether or not annual concentrations are to be calculated
and printed. A value of "0" specifies that annual concen-
tration tables are not printed. A value of "1" indicates
annual concentration tables are to be printed. The default

for this parameter is "0".

Print Input Data Option -- Specifies which input data except
for source data are to be printed. A value of "O" indicates
program control and meteorological data are not printed.

A value of "1" indicates program control and meteorological
data are to be printed. The default for this parameter is

lloll .
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Parameter
Name

Print Input Card Sources —-- Specifies whether or not the
input data card sources are to be printed. A value of "0O"
indicates the input data card sources are not to be
1sW(6) printed. A value of "1" indicates the input data card
sources are to be printed. The default for this param-

eter is "0".

Print Input Tape Sources -~ Specifies whether or not the

input tape sources are to be printed. A value of "QO"
ISW(7) indicates the input tape sources are not to be printed.

A value of "1" indicates the input tape sources are to be

printed. The default for this parameter is ''0".

Receptor Terrain Elevation Option -- Specifies whether the
user desired to input the terrain elevations for each recep-
tor point or to use the program as a flat terrain model.
A value of "0" indicates terrain elevations are not to be
ISW(8) input and a value of "1" indicates terrain elevations for
each receptor point are to be input. Note that terrain
elevations cannot be used when calculating concentration
with deposition occuring (see Section 2.4.4). The default

for this parameter is no terrain or "0".

Wind Speed Power Law Option —- If a value of "0" is used,
the wind speed power law is based on emission elevation
above the airport (weather station) elevation. If the
emission elevation is below the airport (weather station)
ISW(9) elevation, no power law is used. If a value of "1" is
used, the wind speed power law is based on the emission
height above terrain and a power law is always used. If
this parameter is not punched, the program will default

to a value of "0".



Parameter
Name

ISW(10)

ISW(11)

ISW(12)

ISW(13)

Print Output Unit Option -- This option is provided to
enable the user to print the program output on a unit
other than print unit "6'". Otherwise, print output goes
to the specified unit. Also, if this value is punched
and not equal to "6" or "56", two end-of-file marks are
written at the end of the print file and the tape is

rewound.

Optional Format for Joint Frequency of Occurrence -- This
parameter is a switch used to inform the program whether
it is to use a default format to read the joint frequency
of occurrence of speed and direction (FREQ) or to input
the format via data card. 1f this option is not punched
or is "0", the program uses the default format given under
FMT below. If this option is set to a value of "l",

the array FMT below is read by the program.

Optional Format for Source Card Input Data -- This param-
eter is a switch used to inform the program whether it is
to use a default format to read the card input source data
or to input the format via data card. 1If this option is
not punched or is "0", the program uses the default format
given under SFMT below. If this option is set to a value

of "1", the array SFMT below is read by the program.

Receptor Reference Grid System Option -- Specifies whether
a right-handed rectangular Cartesian coordinate system or
a polar system is to be input to the program to form the
receptor reference grid system. A value of "0" indicates
a Cartesian reference grid system is being input and a

value of "1" indicates a polar reference grid system is
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Parameter
Name

1SW(13) being input. If this parameter is not punched, the

(Cont.) program will default to a value of "0Q".

Discrete Receptor Option -~ Specifies whether a right-
handed rectangular Cartesian reference system or polar
reference system is used to reference the input discrete
receptor points. A value of "0" indicates that the Car-
ISw(14) tesian reference system is used and a value of "1" indi-
cates a polar reference system is used. If this parameter

is not punched, the program will default to a value of "0".

Source Receptor Option -- Specifies whether a right-
handed rectangular Cartesian reference system or polar
reference system is used to reference the input source
ISW(15) coordinates. A value of "O0" indicates that the Cartesian
reference system is used and a value of "1" indicates a
polar reference system is used. If this parameter is not

punched, the program will default to a value of "Q".

Turbulent Intensities Option ~- This option allows the

user to enter different turbulent intensities for stacks

and for building and area sources. If this parameter is not

punched or is "O0", the program uses the same turbulent

intensities (SIGEPU) for all source types. If ISW(16)
ISW(16) equals "1", different turbulent intensities are entered

for stacks (SIGEPU) and for area and building sources

(SIGEPL). No default turbulent intensities are provided

if ISW(16) equals '"1". The default value for the param-

eter ISW(16) is "0", or the same turbulent intensities

for all source types.
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Parameter
Name

Rural/Urban Model Option -- If the Turbulent Intensities

Option is not used (i.e., if ISW(16) equals '"0"), this

option directs the program to use the Cramer, et al. (1975)

rural or urban turbulent intensities corresponding to the

Pasquill stability categories as default values for all

source types. The program uses the rural turbulent in-
sw(l7) tensities as default values if ISW(1l7) equals "0" and the
urban turbulent intensities as default values if ISW(17)
equals "1". The default value for the parameter ISW(17)
is "0". It should be emphasized that the program will

not use default turbulent intensities if the parameter

ISW(16) above equals "1,

ISwW(18) -

ISW(20) Reserved for future options.

Number of Data Card Input Sources —- This parameter
specifies the number of input card image sources. This
includes card images that specify a new source being
entered and card images that specify modifications or
NSOURC . deletions to sources input from tape. 1If this value is
not punched or is "0", the program assumes all sources
are input from tape. The maximum number of sources that
can be processed is 14000 and 14000 is the largest source

identification number (NUMSQl) possible.

Number of Source Combination Groups -- This parameter
specifies the number of different source combinations for
which print output is desired. A source combination
NGROUP P P
consists of one or more of all the input sources and is
the summed output of those selected sources. The maximum

value for this parameter is 1000. If this parameter is
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Parameter
Name

not punched or is "O", the program assumes that no concen-

tration output tables are to be produced. Also, if this
NGROUP

parameter is not punched or is "0", the associated param-
(Cont.) P
ont.

eter arrays NSOGRP and IDSOR below are not read by the

program and can be ignored.

X~Axis/Range Receptor Grid Size —-- This parameter specifies
the number of east-west receptor grid locations for the
Cartesian coordinate system X-axis, or the number of
receptor grid ranges (rings) in the polar coordinate system,
depending on which receptor grid system is chosen by the
user under parameter ISW(13). This is the number of X-axis
points to be input or the number of X-axis points to be )
automatically generated by the program. A value of "0O"
(not punched) directs the program to assume there is no
regular receptor grid being used. The maximum value of
NXPNTS this parameter is related to other parameter values and

is given by the equation

E > [N +N 2N ] + 6 ° [N *N +N ] (4-1)
X'y Xy X ¥y Xy
where

E = the total amount of program data storage
in BLANK COMMON. The design size is 12000,
but can be increased by a simple program
modification given in Section 4.2.3.a under
Card Group 2

Nx = number of points in the input X-axis

of the receptor grid system (NXPNTS)
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Parameter
Name

NXPNTS
(Cont.)

NYPNTS

NXWYPT

N = number of points in the input Y-axis

of the receptor grid system (NYPNTS)

N = number of discrete (arbitrarily placed)

input receptors (NXWYPT)

This parameter is ignored by the program if tape input is

being used.

Y-Axis/Azimuth Receptor Grid Size ~- This parameter
specifies the number of north-south receptor grid loca-
tions for the Cartesian coordinate system Y-axis, or the
number of Y-axis azimuth bearings from the origin in the
polar couordinate system, depending on thich receptor grid
system is chosen by the user under parameter ISW(13).
This is the number of Y-axis points to be input or the
number of Y-axis points to be automatically generated by
the program. If the parameter NXPNTS is set non-zero,
the parameter NYPNTS must also be non-zero. The maximum
value of this parameter is given by the equation under
NXPNTS above. The parametexr NYPNTS is ignored by the

program if tape input is being used.

Number of Discrete (Arbitrarily Placed) Receptors -- This
parameter specifies the total number of discrete receptor
points to be input to the program. A value of "0" (not
punched) directs the program to assume no discrete re-
ceptors are being used. Also, the maximum value of this
parameter is ignored by the program if input tape is
being used. ISW(14) specifies whether these points are

in Cartesian or polar coordinates.
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Parameter
Name

Number of Seasons -- This parameter specifies the number

of seasons or months in the input meteorological data. A

value of "0" (not punched) defaults to "1". Also, if
NSEASN annual meteorological data are being used, a value of "1"
must be specified. The maximum value of this parameter
is "4". This parameter is ignored by the program if an

input tape is being used.

Number of Wind Speed Categories —— This parameter specifies

the number of wind speed categories in the input joint

NSPEED frequency of occurrence of wind speed and direction (FREQ).
A value of "0" (not punched) causes the program to default
to "6" (maximum). This parameter is ignored by the program

if an input tape is being used.

Number of Pasquill Stability Categories -- This parameter
specifies the number of Pasquill stability categories in
NSTBLE the input joint frequency of occurrence of wind speed and
direction (FREQ). A value of "0" (not punched) causes
the program to default to "5" (maximum=6). This parameter

is ignored by the program if an input tape is being used.

Number of Wind Direction Sector Categories —-- This param-

eter specifies the number of wind direction sector cate-

gories in the input joint frequency of occurrence of wind
NSCTOR speed and direction (FREQ). A value of "0" (not punched)
causes the program to assume the standard "16" (maximum)
sectors are to be used. This parameter is ignored by the

program if an input tape is being used.
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Parameter
Name

Total Number of Tape Output Sources - This parameter is
used only when both input and output tapes are used and
specifies the total number of non-deleted sources in the
output tape inventory at the completion of the run. If
NSORX not punched or a value of "0" is used, the program uses
NSOURC or NSOURC plus the number of sources on the input
tape. This parameter must be punched if both input and
output tapes are used and NSOURC is greater than zero,

unless the card sources are only additions to the inventory.

Last Source Option -- This parameter specifies the source

identification number (NUMSZ1l) of the last source to be
NSTOP read from an input tape. If not punched or a value of
"0" is punched, the program will read the entire input

tape.

Number of Input Tapes - This parameter gives the number

of input magnetic tapes when the ISW(1) > "0O" option is
NINTP selected. If this parameter is not punched or is set to

a value of "0", the program defaults to a value of "1".

The maximum for this parameter is '"3".

Number of Output Tapes ~- This parameter gives the number
of output magnetic tapes the user has provided when the
NOTTP ISW(2) > "0" option is selected. If this parameter is
not punched.or is set to a value of "0", the program de-
faults to a value of "1". The maximum for this parameter

is "3".

Input Tape Logical Unit Numbers ~- This parameter is an

NINFL array of a maximum of three logical unit numbers used
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Parameter
Name

for magnetic tape input. If the values in this array are

not punched or are set equal to "0", the program defaults

the values to "2", "0" and "0", respectively. The user
NINFL

must equate the logical unit numbers specified here with

the external file name assigned to the tape as shown in

Section 4.2.2.

Output Tape Logical Unit Numbers —- This parameter is an
array of a maximum of three logical unit numbers used for
magnetic tape output. If the values in this array are
not punched or are set to values of "0", the program
NOTEL defaults the values to "3", "0" and "0", respectively.
The user must equate the logical unit numbers specified

here with the external file name assigned to the tape as

shown in Section 4.2.2.

Number of Sources Defining Combined Source Groups -~ This
parameter is not read by the program if the parameter
NGROUP above is zero or not punched. Otherwise, this
parameter is an array of NGROUP values where each value
gives the number of source identification numbers used to
NSOGRP define a source combination. The source identification
number is that number assigned to each source by the user
under the source input parameter NUMSQl below. An example
and a more detailed discussion of the use of this parameter
is given under IDSOR below. A maximum of 1000 values are

provided for this array.

Combined Source Group Defining Sources —- This parameter

IDSCR is not read by the program if the parameter NGROUP above
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Parameter
Name

IDSOR
(Cont.)

is zero or not punched. Otherwise, this parameter is an
array of source identification numbers that define each
combined source group to be output. The wvalues punched
into the array NSOGRP above indicate how many source
identification numbers are punched into this array suc-
cessively for each combined source output. The source
identification numbers can be punched in two ways. The
first is to punch a positive value directing the program
to include that specific source in the combined output,
The second is to punch a negative value. When a negative
value is punched, the program includes all sources with
identification numbers less than or equal to it in abso-
lute value. Also, if the negative value is preceded by

a positive value in the same defining group, that source
defines the first of the sources to be included with
those defined by the negative number, but no sources with
a lesser source identification number are included. TFor

example, assume NGROUP above is set equal to 4 and the

. array NSOGRP contains the values 3, 2, 1, 0. Also,

assume the entire set of input sources is defined by the
source identification numbers 5, 72, 123, 223, 901, 902,
1201, 1202, 1205, 1206 and 1207. To this point we have a
total of 11 input sources and we desire to see 4 combi-
nations of sources taken from these 1l. Also, the array
NSOGRP indicates that the first 3 values in the array
IDSOR define the first source combination, the next 2
values (4th and 5th) in IDSOR define the second comb-
ination, the 6th value in IDSOR defines the third comb-
ination and the last combination has no defining (0)

sources so the program assumes all 11 sources are used.



Parameter
Name

Similarly, let the array IDSOR be set equal to the values
5, 72, =223, 1201, -1207, -902., The program will first
produce combined source output for sources 5, 72 and all
sources up to and including 223. The second combined
IDSOR source output will include sources 1201 through 1207.
(Cont.) The third will include sources numbers 5 through 902
and the last will include all sources input. Note that
the source identification numbers in each defining group

are in ascending order of absolute value. The maximum

number of values that can be input to this array is 1000.

Optional Format for Joint Frequency of Occurrence -- This
parameter is an array which is read by the program only
if ISW(1l) is set to a value of "1". The FMT is used to

specify the format of the joint frequency of occurrence

of wind speed and direction data (FREQ, £5,5,k,2 in

Table 2-7). The format punched, if used, must include

leading and ending parentheses. If parameter FMT is

omitted from the input deck, the program uses the default

format "(6F10.0)". This default format specifies that

there are 6 real values per card occupying 10 columns each,
FMT including the decimal point (period) and the first value is

punched in columns one through ten. If the user has received

the STAR data from an outside source, the deck must also

be checked for the proper order as well as format and,

if the order is not correct, the data must be repunched.

The correct order of the STAR deck punched in a format

not compatible with the default format for FMT is
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Name

1

| ; J

i ! t .
T23 45 T P MURUNBRUMLABNBUIRDAININNNUBHZUANGUEANSUGHEO CNNINNS G IRHOQOUEENHEBIBNIRININS B NINEG

STABILITY D ESE  .0013385 .0053384 .0166148 .01B4133 .0032259 .0004853

[
i

\/\/\

This example shows the stability and direction categories
punched in columns 2 through 17 and the frequency of oc-
FMT currence data occupying columns 20 through 73. To input
(Cont.) these data the user would set ISW(1l) equal to "1" and

punch the format (FMT) as shown on the following example

input data card

(19X:6F9.0)

11245510 IBURBUBENUBRANDUIBAABINNLLUBUNRIANLCUEST AN LDUS KNI NARTBOEOIINININUEIBIANE

This format directs the LONGZ program to skip the first
19 columns on each frequency of occurrence card read and
to read six equally-spaced real values from the card.
Each value occupies 9 columns including the decimal point
(period). The first value begins in column 20. The
program interprets the leading blank character of each

value as zero.

Optional Format for Source Data -- This parameter is an
array which is read by the program only if ISW(12) is
SMFT set to a value of "1". The array SFMT is used to specify

the format used for the input card source data. The format
punched, if used, must include leading and ending paren-

theses. If ISW(12) is not punched or is set to a value
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Parameter

Name -
of "0", the parameter SFMT is omitted from the input deck
and the program uses the default format '"(I5,2I1,6F7.0,4F6.0,
F5.0,I2)". This format is used to read the variables —

SFMT NUMSQl, TYPELl, DISP, Q1(1), QL(2), Q1(3), Ql(4), DX,

(Cont.) DY1l, H1, HS1, TS1, VOL1l, RDS1 and NVS1l. These parameters

are the primary source inputs and are defined under the

source input data below.

b. Receptor Data. These data consist of the (X,Y) or (range,

azimuth) locations of all receptor points as well as the elevations

of the receptors above mean sea level.

Parameter
Name

Receptor Grid System X-Axis or Range —-- This parameter is
read by the progfam only if the parameters NXPNTS and
NYPNTS are non-zero and only if an input tape is not
being used. This parameter is an array of values in
ascending order that defines the X-axis or ranges (rings)
(depending on ISW(13)) of the receptor grid system in
meters. If only 2 wvalues are input and the parameter

X NXPNTS is greater than 2, the program assumes the X-axis
(range) is to be generated automatically and assumes the
first value is the starting X coordinate and the second
value is an increment used to generate the remaining
NXPNTS evenly-spaced X coordinates. If all receptor
points are being input, NXPNTS values must be punched.
The origin of the grid system is defined by the user and

can be anywhere.

Receptor Grid System Y-Axis or Azimuth -- This parameter

is read by the program only if the parameters NXPNTS and
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Parameter
Name

Y
(Cont.)

X
(Discrete)

Y
(Discrete)

NYPNTS are non-zero and only if an input tape or data file
is not being used. This parameter is an array of values in
ascending order that defines the Y-axis or azimuth bearings
measured clockwise from zero degrees (north) (depending on
ISW(13)) of the receptor grid system in meters or degrees.
If only 2 values are input (third value is zero) and the
parameter NYPNTS is greater than 2, the program assumes the
first value is the starting Y coordinate and the second
value is the increment used to generate the remaining NYPNTS
evenly-spaced (rectangular or angular) Y coordinates. If
all receptor points are being input, NYPNTS values must

be punched. TIf polar coordinates are being used, Y is

measured clockwise from zero degrees (north).

Discrete (Arbitrarily Placed) Receptor X or Range -- This
parameter is not read by the program if the parameter NXWYPT
is zero or if the program is using an input tape. This
parameter is an array defining all of the discrete receptor
X points. The values are either east-west distances or
radial distances in meters, depending on the type of refer-
ence system specified by ISW(14). NXWYPT points are read
by the program. The origin of these points is the same as
the origin of the regular (non-discrete) grid system if

one is used. Otherwise, the origin is defined by the user

and can be located anywhere.

Discrete (Arbitrarily Placed) Receptor Y or Azimuth --
This parameter is not read by the program if the param-
eter NXWYPT is zero or if the program is using an input
tape. This parameter is an array defining all of the dis-
crete receptor Y points in meters or degrees. The values

are either north-south distances or azimuth bearings
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Parameter
Name

(angular distances) measured clockwise from zero degrees
Y

(Discrete)
(Cont.) by ISW(l4). NXWYPT points are read by the program.

(north), depending on the type of reference system specified

Elevation of Grid System Receptors - This parameter is
not read by the program if the parameter ISW(8) is zero
or if an input tape is being used or if NXPNTS or NYPNTS
equals zero. This parameter is an array specifying the
terrain elevation in meters above mean sea level at each
receptor of the Cartesian or polar grid system. There are
NXPNTS + NYPNTS values read into this array. The program
starts the input of values with the first Y coordinate
specified and reads the elevations for each X coordinate
at that Y in the same order as the X coordinates were
input. A new data card is started for each successive Y
Z value and the NXPNTS elevations for that Y are read. The
program will expect NYPNTS groups of data cards with
NXPNTS elevation values punched in each group. For
example, assume we have a 5 by 5 Cartesian or polar

receptor array:

Rectangular
Z yA Z

YS 21 22 23 24 25
Y,

Y3

Y, %6 27 Zs g “10
v, z, z, Z4 Z, Z,

4-~21



Parameter
Name

(Cont.)

Z
(Discrete)

The values Z1 through Z5 are read from the first card
group, the values 26 through Z10 from the second card

group and Z through 225 from the last cardlgroup.

21
Elevation of the Discrete (Arbitrarily Placed) Receptors --
This parameter is not read by the program if the parameter
ISW(8) is zero or if the parameter NXWYPT equals zero.

This parameter, which is an array specifying the terrain
elevation in meters at each of the NXWYPT discrete recep-

tors, is input in the same order as the discrete receptors.

Identification Labels and Model Constants. These data

consist of parameters pertaining to heading and identification labels

and program constants. These data except for TITLE are not read by the

program if an input tape is being used.
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Parameter
Name

TITLE

LUNT

LKNT

ROTATE

Page Heading Label -- This parameter is an array that
allows up to 80 characters of title information to be

printed as the first line of each output page.

Concentration Units Label -- This parameter is an array
used for the optional input of the concentration units
label. There are a maximum of 24 characters provided

for an optional output units label for concentration.
This label is defaulted to "(micrograms/cubic meter)" for
concentration if the parameter TK below is not punched or

iS "0" .

Source Units Label -- This parameter is a 12 character
array provided for an optional source input units label.
This label is defaulted to "(grams/second)" if the param-

eter TK below is not punched or is "'0".

Wind Direction Correction Angle =-- This parameter is used
to correct for any difference between north as defined by
the X, Y reference grid system and north as defined by the
weather station at which the wind direction data were re-
corded. The value of ROTATE (degrees) is subtracted from
each wind-direction sector angle (THETA). This parameter
is positive if the positive Y axis of the reference grid
system points to the right of north as defined by the
weather station. Most weather stations record direction
relative to true north and the center of most grid systems
are relative to true north. However, some weather stations
record direction relative to magnetic north and the ends
of some UTM (Universal Transverse Mercator) zones are not

oriented towards true north. The user is cautioned to
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Parameter
Name

ROTATE
(Cont.)

TK

UTMX

check the wind data as errors in the wind direction dis-

tribution will lead to erroneous program results.

Model Units Conversion Factor -- This parameter is pro-
vided to give the user flexibility im the source input
units used and the concentration output units desired.
This parameter is a direct multiplier of the concentration
equation. If this parameter is not punched or is set to

a value of "0", the program defaults to "1l x 106" micro-
grams per gram. This default assumes the user desires
concentration in micrograms per cubic meter and the input
source units are grams per second. Also, if the default
value for this parameter is selected, the program defaults
the units labels in the arrays LUNT and LKNT above. If
the user chooses to input this parameter for other units,
he must also input the units labels in LUNT and IKNT
above. This parameter corresponds to K in Equations (2-
32), (2-37) and (2-42).

Station Elevation -- This parameter gives the elevation
of the airport or weather station in meters above mean sea
level and is used only if terrain elevations are input for

the receptor points,

X-Origin of Polar Reference System -- This parameter gives
the east-west Cartesian coordinate of the origin of the
polar reference system and/or discrete polar coordinates.
If this parameter is not punched or a value of "0" is used,
all polar coordinates are relative to the point (0,0), and
the polar coordinates are printed. However, if this param-

eter is set to a non-zeroc value, all polar coordinates are
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Parameter
Name

UTMX
(Cont.)

UTMY

ZR

GAMM1

are relative to this Cartesian X coordinate and the
program converts all discrete polar coordinates to their
respective Cartesian coordinates for the calculation and

print output of concentration tables.

Y-Origin of Polar Reference System -- This parameter
gives the north-south Cartesian coordinate of the origin
of the polar reference system and/or discrete polar
coordinates. If polar coordinates are not used, this
parameter is ignored. If this parameter is not punched
or a value of "0" is used, all polar coordinates are
relative to zero and the polar coordinates are printed.
However, if this parameter is set to a non-zero value,
all polar coordinates are relative to this Cartesian Y
coordinate and the program converts all discrete polar
coordinates to their respective Cartesian coordinates for

the calculation and print output of concentration tables.

Weather Station Wind Measurement Height -- This parameter

- is the height above ground level in meters at which the

wind data were recorded. If this parameter is not
punched or has a value of "0", the program defaults to
"6.1" meters. This parameter corresponds to Zp in

Equation (2-13).

Adiabatic/Unstable Entrainment Coefficient -- This param-
eter, which is used in plume rise calculations, is the
air entrainment coefficient for an adiabatic or unstable
atmosphere. If this value is not punched or is "0", the
program uses "0.6'" as the default value. This parameter

corresponds to g in Equation (2-3).
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Parameter
Name

GAMMAZ

DECAY

d.

Stable Entrainment Coefficient -- This parameter, which
is used in the plume rise calculations, is the air en-
trainment coefficient for a stable atmosphere. If this
value is not punched or is "0", the program uses "0.66"
as the default value. This parameter corresponds to

Yz in Equation (2-7).

Acceleration Due to Gravity -- This parameter, which is

used in the plume rise calculations, is the acceleration
due to gravity. If this parameter is not punched or has
a value of "0", the program uses "9.8" meters per second

squared as the default value.

Decay Coefficient —- This parameter is the coefficient
(seconds_l) of time-dependent pollutant removal by physi-
cal or chemical processes (see Equation (2—12». The

default for this parameter is "QO".

Meteorological Data. These data are the meteorological

input parameters classified according to one or more of the categories

of wind speed, Pasquill stability or time of day, wind direction and

season or annual. These parameters are not read by the program if an

input tape is being used, unless ISW(1) is set equal to a value of "2".

Parameter
Name

FREQ

Joint Frequency of Occurrence -- This parameter array
consists of the seasonal or annual joint frequency of

occurrence of wind-speed and wind-direction categories

classified according to the Pasquill stability categories
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Parameter
Name

or four time-of-day categories (fi,j,k,l in Table 2-7).
This parameter has no default and must be input in the
correct order. The program begins by reading the joint
frequency table for season 1 (winter) and stability
category 1 (Pasquill A stability or night). The first
data card contains the joint frequencies of wind speed
categories 1 through 6 (1 through NSPEED) for the first
wind direction category (north). The second data card
contains the joint frequencies of wind speed categories 1
through 6 for the second wind direction category (north-
northeast). The program continues in this manner until
the joint frequencies of the last direction category
(north-northwest) for stability category 1, season 1 have
been read. The program then repeats this same read
sequence for stability category 2 (Pasquill B stability
or morning) and season 1. When all of the stability
category values for season 1 have been read, the program
(%ﬁﬁ%.) repreats the read sequence for season 2, season 3, éEc.,
until all of the joint frequency values have been read.
There are a total of NSPEED*NSCTOR* NSTBLE*NSEASN values
read in this data card group and a total of NSCTOR*NSTBLE*
NSEASN data cards. If the total sum of the joint frequency
of occurrence for any season (or annual) does not add up
to 1, the program will automatically normalize the joint
frequency distribution by dividing each joint frequency
by the total sum. Also, the program assumes stability
categories 1 through 6 are Pasquill stabilities A through
F. Alternately, the program assumes that time-of-day
category 1 is night, category 2 is morning, category 3 is

afternoon and category 4 is night. Seasons 1 through 4
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Parameter
Name

FREQ
(Cont.)

TA

DPDZ

are normally winter, spring, summer and fall. See the

parameter FMT above for the format of these data.

Average Ambient Air Temperature —- This parameter array
consists of the average ambient air temperatures (Ta;k,Q
in Table 2-7), classified according to season (or annual)
and stability or time of day category, in degrees Kelvin.
One data card is read for each season (1l to NSEASN) with
the temperature values for stability categories 1 through
NSTBLE punched across the card. When the program has
completed reading these data cards, it will scan all of
the values in the order of input and, if any value is not
punched or is zero, the program will default to the last

non-zero value of TA it encountered.

Mixing Layer Depth -- This parameter array consists of
the median mixing layers depth in meters (Hm;i,k,ﬁ in
Table 2-7), classified according to wind speed, stability
or time of day, and season (or annual). The program
begins reading the mixing layer depths for season 1. The
program reads the mixing layer depth values for each wind
speed category (1 to NSPEED) from each card. There are
NSTBLE (1 through NSTBLE) cards read for each season.

The program scans each value input in the order of input
and, for each season, if a zero or non-punched value is

found, the program defaults to the last non-zero value

encountered within the wvalues for that season.

Potential Temperature Gradient -~ This parameter array con-

sists of the vertical gradients of potential temperature
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Parameter
Name

DPDZ
(Cont.)

UBAR

THETA

26

((76_2- )in Table 2-7> , classified according to wind speed
ik

and stability or time-of-day category in units of degrees
Kelvin per meter. There are NSTBLE (1 through NSTBLE)
data cards read with the values for wind speed categories

1 through NSPEED read from each card.

Wind Speed -- This parameter array consists of the median
wind speeds in meters per second (G{ZR}i in Table 2-7)
for the wind-speed categories used in the calculation of
the joint frequency of occurrence of wind speed and
direction. There are NSPEED values read from this card
and if any value is not punched or is zero, the program
defaults to the following set of wvalues: 0.75, 2.5, 4.3,

6.8, 9.5 and 12.5 meters per second.

Wind Direction -- This parameter array consists of the
median wind direction angles in degrees for the wind-
direction categories used in the calculation of the joint
frequency of occurrence of wind speed and direction.
There are NSCTOR values read from 1 to 2 data cards and,
if the first two values of this array are not punched or
are zero, the program defaults to the following standard
set of values: 0, 22.5, 45, 67.5, 90, ..., 336.5 degrees
(N, NNE, NE, ..., NNW). The wind direction is that angle
from which the wind is blowing, measured clockwise from

zero degrees (north).
Wind Speed Power Law Exponent -- This parameter array

consists of the wind speed power law exponents (p in

Equation 2-13)) classified according to wind speed and
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Parameter
Name

(Cont.)

SIGEPU

stability or time-of-day category. There are NSPEED (1
through NSPEED) values read per data card for stability
categories 1 through NSTBLE. If any value on any data

card in this set is not punched or is zero, the program

defaults to the value from the following set of values:

Pasquill Wind Speed Category Number

Stability

Category 1 2 3 4 5 6
A .10 .10 .10 .10 .10 .10
B .15 .10 .10 .10 .10 .10
c .20 .15 .10 .10 .10 .10
D .25 .20 .15 .10 .10 .10
E .30 .25 .20 .15 .10 .10
F .40 .30 .20 .15 .10 .10

Standard Deviation of the Wind Elevation Angle for Elevated
Sources —-- This parameter array gives the standard deviation
of the wind elevation angle for stack sources (and building
and area sources if ISW(16) equals "0") by wind speed and
stability or time-of-day category. There are NSPEED

values read (1 through NSPEED) per data card for stability
categories 1 through NSTBLE. The units of SIGEPU are
radians or degrees. TIf the value is greater than or

equal to "1", the program assumes the units are degrees.

If the option ISW(16) equals "1", the values of SIGEPU

are used only for stack (TYPEl="0") sources and no default

values are provided. Also, the values for building and
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Parameter
Name

area sources are read into the parameter SIGEPL below. If

the option ISW(16) equals '"O" the values of SIGEPU are

used for both stack (TYPELl="0") sources and building (TYPEIl

="1") and area (TYPE1="2") sources. Default values are

provided if any value of SIGEPU is "O" or not punched. The

default value depends on the stability category (order of
SIGEPU the data card) and ISW(17). If ISW(17) equals "0", the
(Cont.) rural mode is assumed and default values in order of

stability category are -- .1745, .1080, .0735, .0465,

.0350 and .0235  If ISW(17) equals "1", the urban mode

is assumed and default values in order of stability cate-

gory are —- .1745, .1745, .1080, .0735, .0465 and .0465

The default values given do not depend on wind speed cate-

gory.

Standard Deviation of the Wind Elevation Angle for Building
and Area Sources When ISW(16) Equals '"1" -~ This parameter
array gives the standard deviation of the wind elevation
angle for building and area sources by wind speed and
stability or time-of-day category when ISW(16) equals "1".
If ISW(16) equals "0", this parameter array is not read
by the program and the values used for building and area
SIGEPL sources are taken from SIGEPU. 1If ISW(16) equals "1'",
there are NSPEED values read (1 through NSPEED) per data
card for stability categories 1 through NSTBLE. The
units of SIGEPL are radians or degrees. If the value is
greater than or equal to "l1", the program assumes the
units are degrees. There are no default values provided

for SIGEPL.

e. ° Source Data. These data consist of all necessary information

required for each source. These data are divided into three groups: (1)
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parameters that are required for all source types, (2) parameters that

are required for stack sources, and (3) parameters that are required for
building sources and area sources. The order of input of these parameters
is given at the end of this section. These data are not read by the program

if NSOURC equals "0".

Parameter
Name

Source Identification Number -- This parameter is the source
identification number and is a 1 to 5 digit integer. This
NUMSO1 number cannot be defaulted and cannot have a wvalue larger
¢ than 14000. Sources must be input in ascending order of
the source identification number, but source numbers need

not necessarily be continuous.

Source Disposition —- This parameter is a flag that tells
the program what to do with the source. If this parameter
is not punched or has a value of "0", the program assumes
this is a new source for which concentrations are to be
calculated. Also, if the program is using an input_tape,
this new source will be merged into the old sources from
tape or will replace a tape source with the same source
identification number. If the parameter DISP has a value
DISP of '"2", the program assumes that the tape input source
having the same source identification number is to be de-
leted from the source inventory. The program removes the
source as well as the concentration arrays for the source.
If the parameter DISP has a value of "1", the program
assumes the source strengths to be read from data card
for this source are to be used to rescale the concentra-
tion values of the tape input source with the same source
identification number. The new source strengths input from

card repIace the old values taken from the input tape and
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Parameter
Name

DISP
(Cont.)

TYPEL

DX1

DYl

the concentration arrays taken from tape are multiplied by
the ratio of the new and old source strengths. This option
can only be used with sources that were originally entered
with the DISP = "Q" option, not the DISP = "3" option. If
the parameter DISP has a value of "3", the program assumes
the source emission rate is to vary with wind speed cate-~
gory, stability or time-of-day category and season and
reads the source emission rates into the array QSS1 below,
rather than the array Ql. The affected source is treated

by the program as if DISP was set to a value of "0".

Source Type —-- This parameter is a flag that tells the
program what type of source is being input. If this
parameter is not punched or is "0", the program assumes
a stack source. If this parameter has a value of "1,
the program assumes a building source. Similarly, if
this parameter has a value of "2", an area source is

assumed.

Source X Coordinate -~ This parameter gives the Cartesian
X (east-west) or polar (range) coordinate, depending on
ISW(15), of the source location in meters (X in Table 2-9)
relative to the origin of the reference grid system being
used. If DX1 is the range in polar coordinates and UTMX,
UTMY above are greater than "0", DX1 is relative to
(UIMX,UTMY ) .

Source Y Coordinate - This parameter gives the Cartesian
Y (north-south) or polar (azimuth bearing) coordinate,
depending on ISW(15), of the source location in meters or
degrees (Y in Table 2-9) relative to the origin of the

reference grid system being used. If DYl is the azimuth
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Parameter
Name

DY1 in polar coordinates and UTMX, UTMY above are greater

(Cont.) than "0", DYl is relative to the point (UTMX,UIMY).

Height of Emission -- This parameter gives the height
H1 above ground in meters of the pollutant emission. For
building sources, this is the height of the building.

For area sources, this is the characteristic height.

Source Elevation -- This parameter gives the terrain ele-
HS1 vation in meters above mean sea level at the source loca-
tion and is not used by the program unless receptor

terrain elevations (ISW(8)) are being used.

Source Emission -- This parameter array gives the emission

rate of the source for each season. If DISP above is "0"

or "1", NSEASN values are read from the primary source

data card. If DISP is "3", the source emission rates are
Ql read into QSS1 below from a secondary group of source

data cards and this parameter is ignored. There are no

default values provided for the parameter Ql and the

program assumes "'0" is a valid source emission. The

input units of source emission are mass per unit time and

the default units are grams per second.

Alternate Variable Source Emission -- This parameter array

gives the emission rate of the source for each season, wind
speed category and stability or time-of-day category and is
used only if the parameter DISP above equals a value of "3".

There are NSPEED values read per data card and NSTBLE data

Qss1

cards read per season, 1 through NSEASN. There are no de-
default values provided for the parameter QSS1 and the
program assumes "'0" is a valid source emission. The input

units are the same as for Ql above.
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Parameter
Name

Number of Particulate Size Categories -- This parameter
gives the number of particulate size categories in the
particulate distribution used in calculating ground-level
concentration with gravitational settling and dry deposition
NVS1 occurring. The program assumes complete retention of the
particulates at the ground surface with deposition occurring.
If the parameter NVS1 is greater than zero, the program
reads NVS1 values for each of the parameter variables VSI

and FRQl below. The maximum value of NVS1 is 20.

Settling Velocity =-- This parameter array is read only if
NVS1 above is greater than zero. This parameter is the

VSl " settling velocity in meters per second for each particulate
size category (1 through NVS1). No default values are pro-

vided for this parameter.

Mass Fraction of Particles —-- This parameter array is read

only if NVS1 above is greater than zero. This parameter
FRQ1 is the mass fraction of particulates contained in each

particulate size category (1 through NVS1). No default

values are provided for this parameter.

Stack Source

Parameters
Stack Gas Exit Temperature -- This parameter gives the
stack gas exit temperature (Ts in Table 2-9) in degrees
Kelvin. 1If this parameter is negative or zero, its abso-
TS1 lute value is added to the ambient air temperature to form

the stack gas exit temperature. For example, if the stack
gas exit temperature is 15 degrees Celsius above the ambient

temperature, enter TSl as "-15."
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Stack Source
Parameters

VOL1

RDS1

sSil

s21

Volumetric Emission Rate --— This parameter gives the volum-
etric emission rate in cubic meters per second. The volum-
etric emission rate is determined by the product of the
inside stack area times the gas exit velocity. No plume

rise is calculated if VOL1 is equal to "0".

Stack Radius -- This parameter gives the inner stack

radius in meters and no default is provided. This parameter
is used to calculate the stack exit velocity for use in
Equation (2-5), which adjusts the calculated plume rise

to account for downwash effects when the wind speed at
stack height approaches or exceeds the stack exit velocity.
If the ratio of the exit velocity to the mean wind speed is
greater than 1.5, no correction is made. 1If the ratio of
the exit velocity to the mean wind speed is less than or
equal to 1.0, plume rise is set equal to zero. The cor-
rection factor f given by Equation (2-5) ranges from 1.0

to 0 for exit velocity to mean wind speed ratios between
1.5 and 1.0, See Appendix G for a detailed discussion

of the correction factor f. If RDS1 is input as "0" or

not punched, the program assumes that there are no downwash

effects and full plume rise is calculated.

Length of Short Side -- This parameter gives the length in

meters of the short side of a building or area source.

Length of Long Side —- This parameter gives the length in

meters of the long side of a building or area source.
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4.1.3 Qutput Information

The LONGZ program generates four categories of program output.
Each category is optional to the user. That is, the user controls all
output generated by the program for a given run except warning and error
messages. In the following paragraphs, each category of output is re-
lated to the specific input parameter that controls the output category.

All program output are printed except for magnetic tape.

a. Input Parameter Output. The LONGZ program will print

all of the input data except for source data if the parameter ISW(5) is
set equal to a value of "1". An example of this output is shown in

Figure 4-2 of Section 4.2.4 and in the example problem given in Appendix
D.

b. Source Parameters Qutput. The LONGZ program will print the

input card and tape source data if the parameters ISW(6) and ISW(7) are
both set to a value of "1". Also, if ISW(2) -- the tape output option --
is set to a value of "2", a complete source output inventory listing is
produced. An example of the printed source data is shown in Figure 4-3

of Section 4.2.4 and in the example problem given in Appendix D.

c. Seasonal/Annual Concentrations. The options ISW(3) and

ISW(4) are used to specify whether seasonal output or annual output or
both are to be generated. If seasonal (winter, spring, summer, fall)
meteorological data are input, the program can be directed to produce
tables of seasonal as well as annual concentrations by setting the param-
eters ISW(3) and ISW(4) equal to "1". Also, only seasonal tables are
produced if ISW(3) equals '"1" and ISW(4) equals "0". If the parameter
NSEASN is set equal to a value of "1" and only annual output is selected,
the program labels the output concentrations as annual concentrations.

However, if seasonal output is selected with NSEASN equal to "1", the

output tables are labeled as seasonal tables (season 1, season 2, etc.),
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requiring the user to keep track of the actual meteoroclogical season.
Example seasonal and annual output tables are shown in Figures 4~4 and

4=5 in Section 4.2.4 as well as Appendix D.

d. Magnetic Tape Output. The LONGZ program will write all

input data and all concentration calculations to magnetic tape. These
data are written to the logical unit numbers specified by the parameter
array -- NOTFL. This tape must be assigned to the run prior to the execu-
tion of the LONGZ program and the tape(s) must be equated to the logical
unit number(s) given in NOTFL. If seasonal meteorological input data are
used, the program saves only seasonal concentrations on the output tape.
If annual meteorological data are input, only the results of the

annual calculations are saved. This output tape can be read back into
the LONGZ program to print tables not output in the original run and/or
to modify the source inventory for corrections or updates in the source
emissions. The instructions on how to assign the output magnetic tape
are given in Section 4.2.2 and approximations as to the length of mag-
netic tape required are given in Section 4.2.5.c. A more detailed
description of the contents and format of the output tape file is given

in Section 4.2.4.

4,2 USER'S INSTRUCTIONS FOR THE LONGZ PROGRAM

4.2,1 Program Description

The long-term (LONGZ) program is designed to calculate ground-
level average concentrations produced by emissions from multiple stack,
building and area sources. The ground-level concentrations can be cal-
culated on a seasonal (monthly) or annual basis or both for a maximum
of 14000 sources. The program is capable of producing the seasonal and/
or annual results for each individual source input as well as the combined
(summed) seasonal and/or annual results for multiple groups of user-

selected sources. The program concentration calculations are performed
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for an input set of receptor coordinates defining a fixed receptor grid
system and/or for discrete (arbitrarily placed) receptor points. The
receptor grid system may be a right-handed Cartesian coordinate system
or a polar coordinate system. In either case, zero degrees (north) is
defined as the positive Y axis and ninety degrees (east) is defined as
the positive X axis and all points are relative to a user-defined
hypothetical origin (normally (X=0, Y=0), although the Universal Trans-
verse Mercator (UTM) coordinates may be used as the Cartesian coordinate

system).

Capabilities of the LONGZ program include:

] The capability to calculate long-term ground-level
concentrations

° The capability to process up to 14000 sources

' The capability to model stacks, building sources and

area sources in the same execution

® The capability to specify source locations anywhere’
within or outside of the receptor grid system or dis-

crete receptor points

. The capability to produce either seasonal or annual

results or both

] The capability to display concentrations from individual
sources
° The capability to display combined (summed) concentra-

tions from multiple user-defined subsets of the sources

or from all sources
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. The capability of saving the results of all calculationms,
the source data and the meteorological data on a master

source/concentration inventory magnetic tape

° The capability of updating (adding to, modifying or
deleting) a master source/concentration inventory

magnetic tape

° The capability to specify a regular receptor array or

a set of discrete (arbitrarily placed) points or both

] The capability to specify a right-handed Cartesian coor-
dinate system or a polar coordinate system for the regular
receptor array or for the discrete (arbitrarily placed)

receptors

® The capability to specify terrain elevations for each re-

ceptor and source for concentration calculations

. The capability of using either seasonal or annual meteoro-

logical data

® The capability of specifying the number of wind speed,
Pasquill stability or time-or-day and wind direction

categories in the meteorological data

. The capability to vary source emissions by season or by
wind speed category, Pasquill stability or time-of-day
category and season (season is defined as winter, spring,

sunmer and fall or annual only)

The LONGZ computer program is written in FORTRAN and is de-

signed for use on a UNIVAC 1110 computer. The program requires approx-~

4-40



imately 50,000 words (UNIVAC 1110) of executable core for instruction
and data storage. The program also requires from two to four input/out-
put devices, depending on whether the tape input/output options are
used. Input card image data is referenced as logical unit 5 and print
output, which requires 132 character print columns, is referenced as
logical unit 6. The optional tape input is referenced as logical unit

2 (default) and the output is referenced as logical unit 3 (default).
The user has the option of either using the default logical unit numbers
given here or specifying alternate logical unit numbers. Also, the
LONGZ program requires random access mass storage referenced as logical
unit 12. The mass storage is automatically assigned by the program and
is transparent to the user., The computer program consists of a main
program (LONGZ) and 7 subroutines (MODEL, BLOCKL, OUTPT, TITLR, INPOUP,
ASSIGN and DEFFIL). The FORTRAN source code for each of these routines

is given in Appendix B.

4.2.2 Control Language and Data Deck Setup

a. Control Language Requirements. The following illustrates

the required ECL control statement runstream for a typical run on a

UNIVAC 1110 Operating System:

1. @RUN, priority jobid,account,userid,
time,pages

Optional, used to

direct print output
2. @SYM PRINTS, ,device to a specifie print

device when running
in batch mode

3. , @ASG,A prog-file,
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@ASG,A data-file.

@ASG,options input-tape-file.,type,
reel-number

@USE nn,input-tape-file.

@IOVE input-tape-file.,%

@ASG,options output-tape-file.,type,
reel-number
@SE mm,output-tape-file.

@MOVE output-tape-file.,?

@ASG,CP print-file.

@BRKPT PRINTS/print-file

@XQT prog-file.LONGZ

card-input-data

or

4-42

Optional, used only
when the LONGZ pro-
gram input data has
been placed in a file
or data element with-
in a file.

Optional, required
only if ISW(1l)=1

Optional, required
only if data on

the input-tape-file
is file 2+1 on tape,
L>1.

Optional, required
only if ISW(2)=1 or 2
and data are output
to tape

Optional, required
only if the data-
output-file is file
1, 1.

Optional, used to
direct print output
to a specific print
device when running
in demand mode

Input data cards for
the LONGZ program
when the program is
run in batch mode



@ADD data-file.

or

LONGZ input data
cards have been

placed in a data
file

LONGZ input data
cards have been

@ADD data-file.data-name placed in a symbolic

10. @BRKPT PRINTS

@FREE print-file.

element in a data
file

Optional, used with
7 above to direct
the print output to
a specific print

@syMm print-file, ,device device

11. @FIN

where

priority

jobid

account

userid

time

pages

job run priority

six-character user supplied job ident-

ification

account number

12-character user supplied project

number or user number

execution time required in minutes

output pages required
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device

prog-file

data-file

input-tape-file

options

printer symbiont name, on site or
remote, to which you desire the print

file to go

the name of the program file. This
illustration assumes the user (installa-
tion) has assembled and collected
(linked) the long-term program into

this file and called the absolute

program LONGZ

the name of an opticnal data file into
which the user has placed the input

card data for LONGZ

a user supplied file name used to refer-
ence the optional source/concentration
inventory input tape. This tape was
created by a previous run of the LONGZ

program

tape assignment options T, H, F, J, /W

T -- temporary, tape

H —- high density, use only if U9H
is specified for type

F —- tape file is to be labeled
with a label that requires
only the reel-number to be
correct, use this option only
on output permanent tapes
that are to be labeled

J —— specifies the tape is unlabeled.

This option may not be allowed
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at your installation for
permanent tapes. However.
the J option should be
specified for scratch tapes
/W -- specifies the tape is an
output tape and a write

ring is to be inserted

The options follow the comma and are

placed together in a continuous string.

type the type of tape input/output device.
Use 16N or U9V if the tape density is
1600 bpi or use U9H if the tape den-

sity is 800 bpi

reel-number the physical tape reel-number as-
signed by the installation tape
librarian. Each tape reel-number
is unique. If a scratch tape is
desired for output then type BLANK

for reel-number

nn = the FORTRAN logical unit number with
which the LONGZ program is to refer-
ence (read) the input tape. This
number is defined under the NINFL
parameter input option. This number
cannot equal any of the standard 1/0
(card reader, printer, punch) device
logical unit numbers and must be a

value allowed by the UNIVAC NTRAN I/0
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routines at your installation. The
default input unit number for LONGZ

iS "2"

2 = the number of file-marks to space
over on the input tape to position
the tape at the desired input data
set. The MOVE card is only required
if 2>1.

output-tape-file = a user supplied file name used to
reference the optional source/con-
centration inventory output tape.
This tape must be assigned using

the W option.

mm = the FORTRAN logical unit number with
which the LONGZ program is to refer-
ence (write) the output tape. This
number is defined under the NOTFL
parameter input option. Tﬁis number
cannot equal any of the standard
I/0 (card reader, printer, punch)
device logical unit numbers and must
be a value allowed by the UNIVAC
NTRAN I/O routines at your installa-
tion. The default output unit num-

ber for LONGZ is "3".

print-file = optional, user supplied, file name to
be used for the LONGZ print output
file. 1If the user is running from
an interactive terminal and this

option is not used all print output

4-46



b.

Data Deck Setup.

card-input-data

will be printed at the terminal in
132 character line images. As the
print output volume could be large,
it is recommended that the print-file
option be used and the print file be
SYM'ed to an on-site printer (in 10)

after the execution of LONGZ.

LONGZ program input card data defined
in Section 4.1.2 and shown in Figure
4-1. If the user is running from an
interactive terminal, it is recom-
mended that the data be placed in a
data file or in a symbolic element
within a data file prior to execu-
tion of LONGZ. The user would then
use an @ADD command to add the data

to the run stream.

The card input data required by the LONGZ

program depends on the program options desired by the user. The card input

deck may be partitioned into five major groups of card data. Figure 4-1

illustrates the input deck setup.

Note that some of the card groups shown

may be omitted from the input deck, depending on the input options chosen.

The five major input deck groups are:

when tape input is used.

Title Card (One data card, always included in the input
deck).

Program Option and Control Cards (The first two cards of
this group are always included in the input deck. However,

some of the parameters on these two cards may not be used

The remaining cards in this group

are included only if NGROUP is greater than "0").
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A
( Z (elevations deck)
y AR

( Y (discrete receptors)

(3)
Y (grid system Y-axis deck)

A
(X (discrete receptors)

X (grid system X-axis deck)

[ IDSOR

(2) r, NSOGRP

(,ISW

NSOURC,NGROUP ,NXPNTS, etc.

TITLE

(1

FIGURE 4-1. Input data deck setup for the LONGZ program.
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A

( THETA

(=

r UBAR

A

rSIGEPL

A

(4) r SIGEPU

r ROTATE, TK,HA, UTMX ,UTMY, etc.

A
(/ DPDZ

A

(HM

A
r’ TA
pu
( FREQ

FMT (joint frequency of occurrence
(FREQ) data format)

FIGURE 4-1. (Continued)
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(’ VS1,FRQL

A
(rQSSl

NUMSQ1,TYPELl,DISP, . . ., NVS1 (source
data card NSROUC)

3
.

VS1,FREQl (particulate data)

(5) /
(, QSS1 (variable source emissions) 1

NUMSQ1,TYPE1,DISPl, . . ., NVSI
(source data card 2)

VS1,FREQl (particulate data)

ya
, QSS1 (variable source emissions) ]

NUMSQL,TYPE1,DISPl, . . ., NVS1
(source data card 1)

SFMT (source data card format)

FIGURE 4-1. (Continued)

4-50



3. Receptor Data Cards (The number of data cards included in
this group depends on the parameters NXPNTS, NYPNTS,
NXWYPT and ISW(8). These cards are not included in the
input deck if tape input is used, ISW(1) equals "1" or
"2".

4. Meteorological Data Cards (This card group is included in
the input deck only if tape input is not used or if the
tape input switch (ISW(1)) is set equal to "2". Also,
the first card (FMT) in this group is included in the
input deck only if ISW(11l) equals "1").

5. Source Data Cards (This card group is included in the
input deck only if NSOURC is greater tham "0". Also, the
first card (SFMT) is included only if ISW(12) equals "1".
The variable source emission cards (QSS1) are included in
the deck only if the parameter DISP on the previous
source card equals "3". Also, the particulate data cards
are included in the data deck only if NVS1 on the pre-

vious source card is greater than "0").

4.2.3 Input Data Description

Section 4.1.2 provides a summary description of all input data
parameter requirements for the LONGZ program. This section provides the
user with the FORTRAN format and order in which the program requires the
input data parameters. The input parameter names used in this section
are the same as those introduced in Section 4.1.2. Two forms of input
data may be input to the program. One form is card image input data (80
characters per record) in which all required input data may be entered.
The other form is magnetic tape on which soﬁe of the required data were
stored as part of a previous run of the LONGZ program. Both forms of

input are discussed below.
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a. Card Input Requirements. The LONGZ program reads all

card image input data in a fixed-field format with the use of a FORTRAN
"A", "I" or "F" editing code (format). Each parameter value must be
punched in a fixed-field on the data card defined by the start and end
card columns specified for the variable. Table 4-4 identifies each
variable by name and respective card group. Also, Table 4-4 specifies
the card columns (fixed-field) for the parameter value and the editing
code ("A", "I" or "F") used to interpret the parameter value. Parameters
using an "A" editing code are alpha-numeric data items used primarily

for labeling purposes. These data items can be punched anywhere in the
specified data columns and can consist of any character information. If
not punched, these data items are interpreted as blanks. Parameters
using an "I" editing code are integer (whole number) data items. These
data items must be numeric punches only and must be punched (right
justified) so the units digit of the number is in the far right column

of the field. 1If the punch field for the variable is not punched (left
blank), it is interpreted as zero. Parameters using an "F" editing code
are real number data items. These data items can be punched like integer
("I") data items (right justified) if they are whole numbers. However,
they must be punched with a decimal point (".") if they contain a frac-

tional part. These data items are interpreted as zero if not punched.

Card Group 1 in Table 4-4 gives the print output page heading
and is always included in the input data deck. Any information to
identify the output listing or data case may be punched into this card.
If the card is left blank, the heading will consist of only the output

page number.

Card Group 2 contains the parameters that specify the number
of input card sources, size of receptor arrays, the number of categories
in the input meteorological data, and the input source units and output
concentration units. These parameters are regarded as options because,

if any are zero, a particular function is not performed. Many of the
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parameters on this card may alter the form of the inmput deck because
they specify how many data items to input to the program. The parameter
NSOURC specifies how many data card sources to input or how many times
the program is to read Card Group 18a. If NSOURC is zero, Card Groups
18 through 18c¢c are omitted from the input data deck. The parameter
NGROUP is used to group selected sources into a combined output by
summing the concentration arrays of the selected sources. The user may
specify up to a maximum of 1000 different source combinations. If
NGROUP is left blank or punched zero, Card Groups 4 and 5 are omitted
from the input card aeck and the program will not print any concentration
tables. NGROUP must be input greater than zero in order to produce
concentration tables and the value input specifies how many values are
to be read from Card Group 4 (NSOGRP). The parameters NXPNTS, NYPNTS
and NXWYPT define the size of the program receptor point arrays. The
maximum values of these parameters are limited by the core-use Equa;ion
(4-1) given under NXPNTS in Section 4.1.2. However, the limit (E) given
in Equation (4-1) may be increased by increasing the PARAMETER MMM shown
on line number 22 in the FORTRAN listing of the main LONGZ program. If
an input tape is being used, these parameters are normally ignored by
the program because these values are taken from the input tape. The
remaining parameters on Card Group 2 specify the number of seasons
(NSEASN), the number of Pasquill stability or time-of-day categories, the
total number of sources output to tape (NSORX), the number of wind speed
categories (NSPEED), the number of wind direction categories (NSCTOR),
the last source desired from an input tape (NSTOP) and the units of
concentration and input source emission units, LUNT and LKNT, respec-

tively.

Card Group 3 gives the values of the program option array ISW.
This card is always included in the input data deck. However, the values
of ISW(9) and ISW(13) through ISW(1l5) are automatically set by the program

if you are using an input (source/concentration inventory) tape. The

4-74



options on this card that determine whether or not some card groups are
included in the input data deck are ISW(1) and ISW(8). If ISW(8) is

left blank or punched zero, Card Group 7b is omitted from the input data
deck. If ISW(1l) is equal to "1" (indicating an input data tape and using
the old meteorological data from the tape), Card Groups 8 through 17 are
omitted from the input data deck. Also, if ISW(ll) is left blank or
punched zero, Card Group 8 is omitted from the input deck and if ISW(12)

is blank or zero, Card Group 18 is omitted from the input deck.

Card Groups 4 and 5 always occur together and are included in
the input card deck only if NGROUP is greater than zero. Card Group 4
is the array NSOGRP used to specify the number of ID-numbers used to
define each source combination. Each value in NSOGRP specifies the
number of source ID-numbers to be read from Card Group 5 (IDSOR) in
consecutive order for each source combination. A positive source ID-
number punched into the array IDSOR indicates to include that source in
the combination. A negative source ID-number indicates to include that
source as well as all source ID-numbers less in absolute value, up to
and including the previous positive source ID-number punched if it is
part of the same group of ID-numbers defining a combination. If the
negative value is the first ID-number of a group of ID-numbers, it as
well as sources less in absolute values of ID-number are included in the
source combination. See examples given under NSOGRP and IDSOR in Section
4.1.2 and the example problem in Appendix D. The data values are read
from Card Group 4 using 4 card columns per value with a maximum of 1000
values and from Card Group 5 using 6 card columns per value, 13 values

per card with a maximum of 1000 values.

Card Groups 6 through 7b specify the X, Y and Z coordinates of
all receptor points. Card Groups 6, 7 and 7b are omitted from the input
card deck if the parameters NXPNTS and NYPNTS equal zero or if an input
tape is being used. Also, Card Groups 7b and 7c are omitted if ISW(8)

equals "0" or no terrain elevations are being used. Card Groups 6a, 7a
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and 7c¢ are also omitted from the input card deck if the parameter NXWYPT
is zero or if an input tape is being used. Each of these card groups
uses a 10 column field for each receptor value and 8 values per data
card. The number of data cards required for each card group is defined
by the values of the parameters NXPNTS, NYPNTS and NXWYPT. Values input
on Card Groups 6 and 7 are always in ascending order (west to east, south
to north, O to 360 degrees). The terrain elevations for the grid system
on Card Group 7b begin in the southwest corner of the grid system or at

0 degrees for polar coordinates. The first data card(s) contain the
elevations for each receptor on the X axis (1 to NXPNTS) for the first

Y receptor coordinate. A new data card is started for the elevations

for each successive Y receptor coordinate. A total of NYPNTS groups of
data cards containing NXPNTS values each is required for Card Group 7b.
The elevations for the discrete receptors in Card Group 7c¢ are punched
across the card for as many cards as required to satisfy NXWYPT elevation

values.

Card Groups 8 through 17 specify the meteorological data and
model constants and are included in the input data deck only if an input
tape is not being used or an input tape is used with ISW(l) equal to "2".
Card Group 8 is input only if ISW(11) equals "1" and specifies the format
FMT which the program uses to read the card data in Card Group 8a. If
Card Group 8 is omitted from the input deck (ISW(1l) equals "0"), the pro-
gram assumes the format is (6F10.0) or there are 6 values per card occupy-
ing 10 columns each including the decimal point (period). Card Group 8a
is the set of data cards giving the joint frequency of occurrence of wind
speed and wind direction (FREQ) by season and Pasquill stability category
or time-of-day category. The joint frequency of occurrence data are input
to the program in a deck that contains NSEASN seasons, NSTBLE stability
or time-of-day categories withiﬁ each season, NSCTOR wind direction cate-
gories within each stability category and NSPEED wind speed categories
within each direction category. The values for each wind speed category

(1 to NSPEED) are punched across each data card and are read using the
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format given in Card Group 8 or the default format used when Card Group 8
is omitted. The first card of each stability category is for direction
category 1 (normally north), the second card for direction category 2
(normally north-northeast), down to the last direction category (normally
north-northwest). Starting with season 1 (normally winter), the card

group contains a set of these (NSCTOR) cards for each stability or time-
of-day category, 1 through NSTBLE. The program requires NSCTOR*NSTBLE#
NSEASN data cards in this card group. This data deck is normally produced
by the STAR program of the National Climatic Center (NCC). Card Group

9 is the average ambient air temperature (TA). NSTBLE values are read

from each data card in this group and there is one data card for each
season, 1 through NSEASN. Card Group 10 is the median mixing layer

depth (M) for each speed and stability or time-of-day category and

season. The program requires NSPEED values per data card and one data

card for each stability or time-of-day category, 1 to NSTBLE. A group

of these NSTBLE cards is required for each season (1 to NSEASN) for a

total of NSTBLE*NSEASN data cards in Card Group 10. Card Group 1l is

the vertical gradient of potential temperature (DPDZ) for each wind

speed and stability or time-of-day category. NSPEED values are punched
across the card and NSTBLE cards (1 to NSTBLE) are punched for this

group. Card Group 12 contains meteorological and model constants; a
detailed description of these parameters (ROTATE, TK, HA, UTMX, UIMY, G,
GAMMA1l, GAMMA2? and DECAY) is given in Section 4.1.2 above. Card Group 13
gives the standard deviation of the wind elevation angle (SIGEPU) for stack
sources only, if ISW(16) equals "1", or for both stack sources and building
and area sources, if ISW(16) equals "0". These values are given by stabil-
ity or time-of-day category and wind speed category. The program reads
NSPEED values from NSTBLE (1 through NSTBLE) data cards in this group.
Default values for this parameter are provided only if ISW(16) equals "0O"
and only if the respective value is zero or not punched. The default values
depend only on the stability category and ISW(17), rural or urban mode
option. The default values for SIGEPU are shown in Table 4-5. Card Group

14 gives the standard deviation of the wind elevation angle (SIGEPL) for
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building and area sources, only when ISW(16) equals "1". This card group
is omitted from the input data if ISW(16) equals "0". The program reads
NSPEED values from NSTBLE (1 through NSTBLE) data cards in this group.
No default values are provided for SIGEPL and if used all values must be
punched. Card Group 15 is the median wind speed for each wind speed
category (UBAR) and there are NSPEED values read from one data card.

The default values for UBAR are shown at the top of Table 4-5. Card
Group 16 gives the wind speed power law exponent (P) as a function of
wind-speed category and stability or time-of-day category. There are
NSPEED values read from NSTBLE data cards (1 through NSTBLE). The
default values for P are shown in Table 4-5. Card Group 17, the last of
the meteorological input card groups, gives the median wind direction
for each wind direction category (THETA). There are 8 values read per
data card in this group up to a maximum of NSCTOR (normally 16, 2 cards)
values. If the first two values of this array are not punched or both
set equal to "0", the program will default THETA to the standard 16 wind
directions (0, 22.5, 45, ..., 337.5).

The last card groups in the input data deck, Card Groups 18
through 18c, consist of source-related information. These card groups
are omitted from the input deck if the parameter NSOURC equals zero.
Card Group 18 (SFMT) provides for an optional input format for Card
Group 18a. Card Group 18 (SFMT) is read by the program only if the
option ISW(12) equals "1", otherwise it is omitted from the input deck.
Card Groups 18a, 18b and 18c, depending on DISP and NVS1l, are read as an
ordered set by the program for each source, 1 to NSOURC. Card Group 18a
contains the primary source information including NUMSQl, TYPEl, DISP,
Ql, DX1, DYl, Hl, HS1, TSl, or Sll, VOLl or S21, RDSl and NVS1. If the
parameter DISP is not punched or is "0", the user must punch all
of the parameters on this card or accept the default value (if any) of any
parameter not set or punched "0". Also, Card Group 18b is not read if
DISP equals "0". 1If the parameter DISP is set to a value of "1", only
the parameters NUMSQl and Ql are read from this card and Card Groups 18b
and 18c are not read. If DISP equals "2'", only NUMSQl is read from the
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card and Card Groups 18b and 18c are not read. If DISP equals "3", the
program treats this card as if DISP equaled "0", but ignores Ql from
this card and reads QSS1 in Card Group 18b. Card Group 18b consists of
NSTBLE*NSEASN data cards (read only if DISP equals "3"). The user must
punch NSPEED values on each data card, 1 to NSTBLE, and there are NSEASN
sets of these cards read (1 through NSEASN). The last card group, Card
Group 18c, is read only if the preceding Card Group 18a contained NVS1
greater than "0". This card group consists of two arrays of a maximum
of 20 values each. The first array gives the settling velocity for each
particulate category used in the calculation of concentration with
gravitational settling and dry deposition occurring. The second array
gives the mass fraction of each particulate category. The last settling
velocity punched is immediately followed by the first mass fraction value
on the punched cards. The user should remember that this program is not
designed to calculate concentration with deposition occurring with
terrain elevation data. Also, the program assumes that all particulates
that reach the surface through the combined processes of gravitational

settling and atmospheric turbulence are retained at the surface.

b. Tape Input Requirements. The LONGZ program accepts an

input source/concentration inventory tape previously created by the

LONGZ program, This tape is a binary tape, UNIVAC FORTRAN written

using the NTRAN I/0 routines, that was created as an output tape in a
previous run of the LONGZ program. This tape contains all of the program
options that affect how the model concentration calculations were per-
formed, all of the receptor and elevation data, all of the meteorological
data, all of the source input data and the results of the seasonal
(annual) concentration calculations at each receptor point. The program
reads the data from the FORTRAN logical unit number(s) specified by
NINFL. The tape data are read only if option ISW(1l) equals "1". The
input tape requires’ the user to omit specified data card groups from the
input deck and makes the input of some parameter values unnecessary.

The omitted Card Groups and unnecessary parameters are indicated by a *,
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*% or *%% in the Card Group and Parameter Name columns of Table 4-4.

The format and exact contents of the input tape are discussed in Section

4.2.4b below.

4.2.4 Program Output Data Description

The LONGZ program generates several categories of printed out-
put and an optional output source/concentration inventory tape. The
following paragraphs describe the format and content of both forms of

program output.

a. Printed Output. The LONGZ program generates 7 categories

of printed output, 4 of which are tables of average ground-level concen-
tration. All program printed output is optional except warning and

error messages. The printed output categories are:

° Input Source Data

° Input Data Other than Source Data

. Seasonal Concentrations from Individual Sources
. Seasonal Concentrations from Combined Sources

. Annual Concentrations from Individual Sources

° Annual Concentrations from Combined Sources

. Warning and Error Messages

The first line of each page of output contains the run title (TITLE) and
page number followed by the major heading of the type or category of out-
put table.

The first category of printed output is the input card data
except for the source data. This output is optional and is selected by
the option parameter ISW(5). Figure 4-2 shows an example of the printed
input data. The example output shown in this section is output generated
from an example problem given in Section 2.6. Figure 4-3 shows an example

of the source input data table. This example shows each input source
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listed down the page. The third through sixth category of output tables
are concentration tables. Figures 4-4 through 4-~7 show an example of
each type of output table. These tables are defined by their respective
headings and are all optional, depending on the parameters ISW(3) and
ISW(4) and NGROUP. Note that, if NGROUP equals "0" or both ISW(3) and
ISW(4) equal "O", concentration tables are not printed. The warning and
error messages produced by the program are generated by data errors
within the LONGZ program and are in general not associated with errors
detected by the computer system on which the program is being run.

These errors are given in Section 4.2.6 below.

b. Master Tape Inventory Output. The LONGZ program will, on

option, generate an output master source/concentration inventory tape.
This data tape is written only if the parameter ISW(2) equals "1" or "2"
and the data are written to the FORTRAN logical unit specified by NOTFL.
The data are written using the UNIVAC 1110 NTRAN binary write routines
and tapes must be assigned with the W option to place a write-ring in
the output tape. The format and contents of the LONGZ input/output tape
are shown in Table 4-6. This table gives the Logical Record, Word
Number, Parameter Name and whether the data are in an integer or floating
point (real) format. The logical record gives the order the respective
data records are written to tape and does not imply the physical (block)
length actually on the tape. The physical block length of each tape
record is 2000 UNIVAC 1110 words. Records 5 through 9 are repeated on
the output tape for as many sources that are processed by the program.
Records 6 through 9 represent the seasonal concentration calculations
for the seasons winter, spring, summer and fall. However, if only
annual meteorology is used by the LONGZ program, only record 6 will
occur on the output tape as annual concentration and records 7 through 9
are omitted. The last output record contains 999999 in the first word
of the record (record 5) and is followed by two consecutive end of file
marks. If the program reaches the end of reel marker on an output tape

prior to the end of the output data, the program will write an end of
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TABLE 4-6

LONGZ INPUT/OUTPUT TAPE FORMAT

Ta?e Word Parameter Integer (I?/
Logical Number Name Floating Point
Record (FP)

1 1 NXPNTS I
2 NYPNTS I
3 NSEASN I
4 NSPEED I
5 NSTBLE I
6 NSCTOR 1
7 NXWYPT T
8-27 TITLE I
28-33 LUNT I
34-36 LKNT 1
37 NSORY I
38-57 ISW 1
58 TOVRSN I
2 1 - NXPNTS X (X-axis) FP
NXPNTS+1 - ,
NXPNTS+NYPNTS Y (Y-axis) FP
NXPNTS+NYPNTS+1 -~
NXPNTS-+NYPNT S+ X (discrete) FP
NXWYPT
NXPNTS+NYPNT S+
NXWYPT+1 -~ .
NXPNTS+NYPNTS+ Y (discrete) FP
24%NXWYPT
3 1 — NXPNTS*NYPNTS 7 FP
+NXWYPT
4 1 TK P
2-37 SIGEPU ¥P
38-73 SIGEPL FP
74 G FP
75-98 TA FP
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TABLE 4-6 (Continued)

L£Z§ial Nword Parameter Fig;:?:; éiiﬁt
gl umber Name (FP)
4 99-242 1M FP
(Cont.) 243-278 DPDZ FP
279-294 THETA TP
295-300 UBAR FE
301-2604 FREQ FP
2605-2640 P FP
2641 ZR FF
2642 GAMMAL FP
2643 GAMMA2 FP
2644 ROTATE FP
2645 DECAY FP
2646 HA FP
2647 UTMX FP
2648 UTMY P
s 1 NUMSQ2 I
2 TYPE2 L-
3-146 Qss2 FP
147 DX2 FP
148 DY2 FE
149 H2 TP
150 TS2 FE
151 VOL2 FP
152 RDS2 FP
153 NVS2 FP
154-173 VS2 FP
174-193 FRQ2 FP
194-195 DATE2 !

*Records 5 through 9 are repeated for each source input to the program.
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TABLE 4-6 (Continued)

Tape Integer (1)/
Logical Nﬂ;;ir Pa;zizter Floating Point
Record (FP)

5% 196 HS2 FP

(Cont.) 197 NEX2 1

6*% NXPNTS#NYPNTS

+NXWYPT CON FP
7%x% NXPNTS*NYPNTS

+NXWYPT CON FP
8k NXPNTS%NYPNTS

+NXWYPT CON FP
9%% NXPNTS*NYPNTS

+NXWYPT CON FP
last 1 999999 1

*Records 5 through 9 are repeated for each source input to the program.

**Records 6 through 9 are concentration calculations for each season and

7 through 9 are omitted if the input data is annual.
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file mark, an end of tape sentinel record and two more end of file marks
and then go to the next specified output tape reel. The end of tape
sentinel record consists of 14 UNIVAC 1110 words, with the first word of
the record equal to an octal 541600000000 and all othexr words in the
record equal to zero. See Section 4.2.2 for the correct tape assign

cards.

4.2.5 Program Run Time, Page and Tape Output Estimates

This section gives approximations to the computer run time,
tape output and page output for the LONGZ program. Because of the
variability of problem runs and input parameters, the equations in this
section are meant only to give an approximation of the time, page and/or

tape usage function.

a. Run Time. The total run time required for a problem run

for the long-term (LONGZ) program is given by

Time (Seconds) = {[N +«. (N «N +N ) N « N « N ] .« £
s X y Xy se st sp

. (4-2)

+ EI +J+K) . (Nx . Ny + ny) . Nse]’ g} > 120

where
N = the total number of sources (card + tape) for which concen-
s . .
tration calculations are to be made

Nx = the total number of points in the grid system X-axis, NXPNTS
Ny = the total number of points in the grid system Y-axis, NYPNTS
N = the total number of discrete (arbitrarily placed) points,

Xy NXWYPT

NSe = the number of seasons, NSEASN
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Nst = the number of stability categories, NSTBLE
NSp = the number of wind speed categories, NSPEED
I = the number of sources read from an input tape
J = the number of sources written to an output tape
K = the summation of the total number of sources in each source
combination printed. For example, if NGROUP were equal to
"4" and three sources were combined for the first group, ten
for the second, thirteen for the third and twenty-six for
the fourth group, then K would be equal to 52
f = L.5x 10>
g = 2.2 x 103

The constants f and g have been calculated from example runs on a
UNIVAC 1108 computer. If the values of f and g given here are not

accurate for your runs, recalculate and replace them with more represen-

tative values.

b. Page Output. The total number of pages of output from
the long-term LONGZ program depends on the problem being run and is given

by:

where®

(4-3)

(4-4)

*The [ ]symbols indicate to round up to the next larger integer if there is

any fractional part.
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where

sC

Nst

|

]

1 ; 4if ISW(5) > 0
go 3 if ISW(5) =0
1 ; 4if ISW(5) > O
go ; if ISW(6) = O
1 ; 4if ISW(7) > O
{0 ; if ISW(7) =0
gl ;  if ISW(2) = 2

0 ; if ISW(2) # 2

1 ; if ISW(8) >

o

and ISW(5) > O

0 ; 4if ISW(8)

]
o

or ISW(5) =0

total number of sources input via data card (NSOURC)

total number of sources input via tape

SREREINE)

number of seasons for which concentration is to be printed.
If seasonal output only, then I=NSEASN; if annual output only,
then I=1; if both seasonal and annual output, then I=NSEASN+l.

total number of combined source concentration tables being
printed (NGROUP).
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N = NXPNTS

X
N = NYPNTS
y

N = NXWYPT
Xy

C = the number of pages expected from the system plus other
processing within the job

The above equations may not cover every option in the LONGZ program
and, if the system the user is using aborts runs that max-page, be generous

with the page approximation.

c. Tape Output. The total amount of tape used by a problem run
depends on the number of sources, whether seasonal or annual data are being
used and the size of the receptor arrays. This section provides the user

with an approximation to the tape length used in feet.

The total number of computer words output to tape is given by

Words = (2692 + Nx + Ny + 2NXy

(4-6)
+ Ny (196 + N O - N+ ny))>

where
Ns = the total number of sources output to tape
NSe = the number of seasons, NSEASN
N_ = NXPNTS
p:S
N = NYPNTS
y
N = NXWYPT
Xy
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The user can approximate the length of tape required by

- Words « 36 Words . _
Length (feet) == ((—g——j—ﬁ———> + 0.75 (—5555> + bJ)) / 12.0 (4=7)
where

B = the number of bits per computer word (UNIVAC 1110 is 36)

D = the tape recording density chosen by the user or required

by the I/0 device, 200, 556, 800 or 1600 bpi

By = "6" for 7-track tape or "8" for 9-track tape

The values 0.75 and 6.0 inches are used assuming the interrecord gap is

0.75 and the end of file is 6 inches.

4.2.6 Program Diagnostic Messages

The diagnostic messages produced by the LONGZ program are associ-
ated only with data and processing errors within the program and should
not be confused with those produced by the computer system on which the
LONGZ program is run. WARNING messages could indicate data errors and
should be examined thoroughly when they occur. A list of the messages

are given in Table 4-7 with the probably cause of the respective message.
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TABLE 4-7
LONGZ WARNING AND ERROR MESSAGES

*%%*WARNING - TAPE SOURCE n NOT FOUND - INPUT CARD SOURCE IGNORED,
DISP = m. !
The user has specified an input card source ID-number with a disposii
tion code DISP that requires an incoming tape source. The program |

[

has been unable to locate the corresponding tape source.

WARNING - FREQ. DIST. IS NOT 1.0 FOR SEASON n, PROG NORMALIZES BY
FACTOR xxx.X.

The sum over all categories of the joint frequency of occurrence of
wind speed and wind direction for season n is not exactly 1.0 and
the program normalizes the frequency distribution by the factor

XXX.X; execution continues.

**%*ERROR INPUT TAPE RECORD n.
The program has encountered an unrecoverable imnput error at tape
record n. Check the accounting sheet or the system log device for

the system error code.

**ERROR OUTPUT TAPE RECORD n.
The program has encountered an unrecoverable output error at tape
record n. Check the accounting sheet or the system log device for

the system error code.

*WARNING Z >HM+HA, SOURCE i, SEASON j, STABILITY k, SPEED £,
X = XXXX.X, Y = XXX.X.
The terrain elevation exceeds the mixing layer elevation for this

combination of source, season, stability and wind speed.

- END-FILE, RECORD n, INPUT TAPE.

The program has encountered an end of file at n on the input tape.

4-115



TABLE 4-7 (Continued)

10.

11.

12.

13.

TOO MANY WARNING MESSAGES PROG STOPS PRINTING THEM.
The program stops printing warning messages 5 above after 50 of

these messages are printed.

#*%*READ ERROR ON UNIT n AT RECORD m.
The program has encountered an unrecoverable tape read error. Check

the accounting sheet or system log for the error code.

#%%*END OF DATA ON UNIT n, m RECORDS READ.

Normal termination of input data.

*%**END OF FILE ON UNIT n, m RECORDS READ.

Normal end of file on input data.

#*%WARNING - MORE INPUT REELS THAN UNITS ASSIGNED PROG. GOING TO
FIRST UNIT ASSIGNED.

The user has specified more tape reels NINTP or NOTTP than héve been
specified in the array NINFL or NOTFL. The program assumes the user
has directed the operator to mount additional tape reels beginning

with the first specified logical unit (NINFL(1) or NOTFL(l)).

*%%END OF OUTPUT REEL ON UNIT n, RECORDS m THROUGH £ WRITTEN.
The program has filled a tape reel, written the end of tape sentinel

record and is going to the next output reel.

*%%*END OF OUTPUT DATA ON UNIT n, RECORDS m THROUGH £ WRITTEN,

xxxx FEET OF TAPE USED.

Message to inform the user that the last of the source/concentration
inventory has been written to tape and giving the amount of tape

used in feet.
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TABLE 4-7 (Continued)

14.

15.

16.

17.

***WARNING -~ NOT ENOUGH ROOM ON REEL ON UNIT n, PROG. STARTS FIRST
OUPUT REC. ON NEXT REEL.

There is not enough room on the first output reel to place the first
record and end of tape sentinel information, so the program goes to

the next sequential output reel.

@ASG, T nnnnnonnnnnn., F/ii/P0S/ii

@USE 12, nnnnunonnnnm.

MASS STORAGE CSF$ REQUEST REJECTED,

STATUS = 000000000000,

TRIED j TIMES

The program has attempted to assign mass storage unit 12 and has
failed. Check the FAC status bits to determine the cause of the

error.

**WARNING - COMPLEX TERRAIN SWITCH SET WITH DEPOSITION (NVS1), COM-
PLEX TERRAIN IGNORED

The user has attempted to calculate concentration with deposition
occurring while using terrain elevation data. The LONGZ program

discards the terrain data for all calculations.

**ERROR - USING COMPLEX TERRAIN WITH DEPOSITION (NVS1) AND NOT
FIRST SOURCE

The LONGZ program attempts to discard all terrain data when con-
centration with deposition occurring is being calculated. How-
ever, the first source input did not have NVS1 set and the pro-
gram allowed invalid calculations for that source. If you have

terrain data in the data set and deposition is occurring, the

- first source input (from card or tape) must have NVS1 set

greater than zero.
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