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Preface

This dser's Guide has boen writ~
ten to assist the potential user of
the LIRAG model to conduct numerical
simulations at the Lawrence Berkeloy
Laboratory (LBL) Computer Center.
Althougn the project to develop and
validate a numerical model was
sponsored by the National Sclence
Foundation as a joint project of the
Lawrence Livermore Laberatory (AG-412),
the NASA Ames Research Center
(AG=411), and the Bay Area Air
follution Control Districe (G1-36390),
primary responsibility for the
numerical modeling rested with LLL.
As such, the numerical codes (with
the cxception of acveral data-
processing codes developed by Mike
Kin and Howard Harawitz of the BAAPCD
and included here in Appendix J) were
developed on the LLL computer systen,
Those ¢ des ossential te LIRAQ
model operation ar LBL have subsc-
quently been tramsferred there.

The scope of the modeling aspect
of the NSF project (scee MacCracken
and Sauter, 1975 for a description of
tie entirc project) is itsclf very
broad, ranging from data storage and
processing to mod:l development and
output presentation. Thus, this task
has involved a team of particlpants

at LLL, and the technical outcome of

this »ffort should be viewed as the
collectfve work of the tisged

participants:

Marvia #, Dickerson
Willtam W,
Kedith E. Grant

Donald M. Hardy
William K.

Michael €,

Diewer

Johnston
MacCracken
Stullich

Waltun

Theodore W,
John .
Donald J, Wuebbloes

During the project av LLL,
scientific administrative support has
been provided by R. Carroll Maninger,
as Project Manager fer the three~
agency cffort, and Josceph B. Kaox,
Division Leader for the Atmospheric
and Geophysical Sclences Division.
Important comments and feedback on the
work undertaken have baen provided by
David Dorn at LLL anu oy the Rescarch
and Planning Section of BAAPCIH.

Although the modeling for this
project has focused on simulation
of afr quality in the Bay Arca, the
models have been desipgned so that
transfer to other regfons depends
almost completely on assembling data
for that regfon. Thus, the focus In
this report on the Bay Area is only

indicative of the particular specific
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region to which the models have been
applied and is not meant to imply
that transfer is pot possible.

This work has been supported in
part by the National Science Founda-
tion and performed under the auspices
of the U.S. Eaergzy Rescarch and
Development Administration.

Because continuing cffore is
being devoted to development and
application of the model in conjunc~
tion with other projects, we recommend

that, prior to using the model on the

LBL. system, contact be made with LLL
in order to receive informacion on any
changes that may alfect the framework
for access to the model.

In addition, we would like to
acknowledge the very helpful manuscript
preparation of this report by the LLL
Technical .afermation Department, wich
technical editing by Robert A Condouris.

Michael C. MacCracken

Prircipal lnvestigator
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USER'S GUIDE TO THE LIRAQ MODEL: AN AIR POLLUTION
MODEL FOR THE SAN FRANCISCO BAY AREA

Abstract

The Livermore Regional Air
Quality (LIRAQ) model comprises a set
of computer programs that have been
integrated into an easily used tool
for the air quality planner. To
assemble and modify the necessary
data files and to direct model execu-
tion, a problem formulation program
has been developed that makes possi-
ble the setup of a wide variety of
studies involving perturbation of

the emission inventory, changes to

the initial and boundary conditionms,
and different choices of grid size
and problem domain. In additiomn to
describing the types of air o= lity
problems for which the LIRAQ model

may be used, this User's Guide provides
detailed information on how to set up
Also

included are descriptions of the for-

and conduct model simulations.
mats of input data files so that the
LIRAQ model may bi: applied to regions

other than the San Francisco Bay Area.

1. Summary

The Livermore Regional Air
Quality (LIRAQ) model is a sophisti-
cated regional air quality analysis
and planning tool that has been
developed to assist air quality
planners. A detailed presentation of
the physical and chemical basis for
the LIRAQ model structure is presented
in the final report on this project
submitted to the Naticnal Science
Foundation (NSF) (MacCracken and
Sauter, 1975).
model, the Final Report should be
This User's Guide is

Before using the

reviewed.

intended only to provide guidance for

-1-

the actual user so that problems of
interest can be formulated, run on the
CDC computers® at the Lawrence Berkeley
Laboratory (LBL) Computer Center, and
output for analysis. A few computer
codes, needed for automated genera-
tion of input data files, are still
only functional on the Lawrence
Livermore Laboratory (LLL) computer
system.

*Reference to a company or product
name does not imply approval or
recommendation of the product by
the University of California or the
U.S. Energy Research & Development
Administration to the exclusiocn of
others that may be suitable.



The User's Guide is divided as

follows:

e bection 2 provides a brief,
descriptive overview of the
physic... basis of the model,
including an introduction to

the range of problems for

which the model has been

designed.

Secticn 3 outlines the
hierarchy
which together form the LIRAQ

model, including a descrip-

of computer codes

tion of how these codes are
structured to provide the

user with a quite simple

procedure for investigating a
variety of complex regional

air quality situations. For
some other types of problems,

resort will have to be made

to the descriptions in the
appendices and indivigual
problems will have to be rua

under direct user control.

Section 4 presents an example,
from the view of the air
quality planner, of one of
the types of regional air
quality problems which the
model is designed to treat.

The appendices (A-K) contain
detailed documentation of the
format of the input needed to
run the model and of the
numerical codes, which
together make up the LIRAQ

model.

The actual code listings are
included in microfiche form
as an attachment to this

User's Guide.

2. Overview

Because of the complex atmos-~
pheric and chemical interrelation-
ships that combine to determine air
quality on an urban and regional
basis, the use of sophisticated
planning and analysis tools is
necessary for developing the informa-
tion that can guide in making
decisions that will affect air

quality. The set of computer codes,
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which together comprise the Livermore
Regional Air Quality (LIRAQ) model,
have been developed as an operational
tool to assist air quality control
agencies in tasks such as assessing
the compliance of present air quality
with Federal ambient air quality
standards, evaluating the impact on
regional air quality of various land

use alternatives, and predicting the



effect on regional air quality of
new sources and postulated emission
control strategies.

The LIRAQ model has been
developed by the Lawrence Livermore
Laboratory (LLL) with the support of
the National Science Foundation
(NSF} and in cooperation with the Bay
Area Air Pollution Control District
(BAAPCD), which has provided a
detailed source inventory and much
of the information needed to compare
the numerical model predictions with
observations, and is the initial user
agency; and the NASA Ames Research
Center, which has used its instru-
mented alircraft to gather data for
model comparison with observation.
The model has been applied to the
San Francisco Bay Area because it is
a region that evidences photochemical
air pollutant concentrations that
exceed the federal air quality
standards and to which reasonably )
complex modeling approaches are only
beginning to be applied (see, for
example, Ludwig and Kealoha, 1974).
The examples given in this User's
Guide are chosen based on model
application to the Bay Area environ-
ment. This should not be construed
to mean that the model is applicable
only to this region, as the intent
from the beginning of the project has
been to allow ready tramsfer to other
air quality regions. Because of the
modular structure of the model and
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of the data input, this should be
relatively straightforward if the
appropriate input data are provided.
The LIRAQ model attempts to treat
most of the important factors that
determine regional air quality as a
function of time. The region of
initial interest, the San Francisco
Bay Area, is characterized by both
its complex topography and its
changing meteorology. As shown In
Fig. 1, the region has quite intricate
gecgraphic features, including
numerous ridges, hills, valleys, the
Pacific Ocean, a central bay, and
major inland flats. Meteorological
systems formed over the Pacific
Ocean are influenced by the complex
Bay Area topography to create com-
plicated, temporally and spatially
varying wind {ields, and inversion
base heights.* The model treats both
the complex topography and changing
meteorology on one of several
available grid scales (1 km or greater)
from which the user may choose to
study a particular air quality problem.
The model does not attempt to forecast
air quality, because that would require
the capability to forecast the re-
gional meteorology, a formidable

problem in itself. Instead, in LIRAQ

*In the LIRAQ model, inversion base

height is treated as being equivalent
to the depth of the layer through
which pollutants emitted at the
surface become well-mixed.
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the meteorology (wind speed and direc-

tion, atmospheric transmissivity, and
mixing depth) must be specified,
either at measurement stations or by
coordinates, Typically, this involves
use of either real or hypothetical
meteorological situations (based on
sets of previously acquired meteoro-
logical observations) that may be
expected to be similar to future
weather patterns.

The air quality region being
studied is based on the boundaries of
the Bay Area Air Pollution Control
District and encompasses all or parts

of nine counties (see Fig. 2).

San Franciscof

San?
Mateok.

Z—

Boundaries of the Bay Area
Air Pollution Control
District (BAAPCD).

Fig. 2.

Within the approximately 14000 km2

of the BAAPCD, the population, and
therefore the emission of pollutants,

is spread in a non-uniform pattern

over the region of interest. The

model deals with four separate types

of pollutant sources:

y Mobile (using emissions
derived from a traffic model
that represents the Bay Area
traffic network using about
13 600 highway links and

simulates hourly loading).

Point (based on a compilation
of major point sources from
the BAAPCD with an hourly
emission cycle and differen-
tiating between surface and

elevated).

Alrport (treated as limited-~
area surface sources with
estimated hourly air traffic

loading).

Area (based on a distribution
of estimated emissions* in
proportion to 1970 U.S.
census tract population

distributions).

The pollutant species of
interest in studying the regional
alr quality in the Bay Area can be
divided into primary and secondary
species. The primary species (mean-
ing those which have identifiable

anthropogenic sources) that the LIRAQ

*For the Bay Area, this is computed

by estimating total stationary emis-
sions from such data as fuel usage,
and subtracting the contributions
from specified point and airport
sources.



model can treat ave carbon monoxide
(€C0), nitric oxide (NO), and hydro-
carbons (HC).

reaction set used in this model to

Based on the particular

treat photochemical air quality,
hydrocarbons are divided into three
characteristic types based on their
HC1 (mainly alkenes),

HC2 (mainly alkanes, simple aromatics,

reactivity:

ethers, alcohols, ete.), and HC4
(mainly aldehydes, some ketones, some
aromatics). In addition, secondary
species (those created through chem-
ical transformation processes in the
atmosphere) including ozone (03),
nitrogen dioxide (NOZ)' and others
must be and¢ are treated by the LIRAQ
model.

Because of the complex and non~
uniform characteristics of the Bay
Area (and to some extent of every
region) and because a regional
pattern is needed instead of a
measure of air quality at a specific
roiat, the mathematical approach
that has been used is based on the
establishment of an Eulerian (fixed)
grid in the two horizontal dimen—
sions. Options for a grid size of 1,
2 and 5 km are available over most of
the area of interest shown in Fig. 3.
All variables and locations are
specified in the Universal Transverse
Mercator (UTM) grid system. Because
the depch of air through which pollu-

tants mix 1s highly variable in space
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and time and in addition may inter-
sect topography, the model has had
to be limited to treatment of a single
The height

of this layer, however, may vary in

layer in the vertical.

space and time.

The LIRAQ model is thus capablea
of simulating the time- and space-
varying concentrations of non~reactive
and reactive pollutants on a regional
basis using prescribed meteorology
and source emissions. The basic
types of questions that the model has
been designed to deal with can be
divided into three categories:

® Assessment of present alr

quality: By inputting to the
moda1l the present regional
pattern of source emissions,
the air quality on several
specific days may be simu-
lated. While observations
from various measurement
systems do proyvide an indica-
tion of present air quality
at a few points (observations
with which the model results
may be compared), the model
also Indicates what the air
quality 1s at locations be-
tween such observation sites.
Such results may thus point
to regions where more extreme
alr pollutant concentrations
may prevail than are Being

measured. Such information
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may then assist in locating
monitoring stations or
indicate where mobile meas—
urement stations should

sample.

Development of emissinn
control strategies: For
regions which do not meet the
Federal air quality standards,
the development of emission
control strategies is an
important consideration. A
variety of model simulations
may prove useful, depending on
the time and spatial scale of
the problem. A first step
might be to identify the con-
tribution made by various
source reglons to the adverse
air quality elsewhere in the
region (e.g., the comparison
of model results for inland
valley oxidant when the emis-
sions in San Francisco are at
present levels - both when
the inland valley emissions
are zero and nonzero - with
results from simulations in
which the San Francisco emis-
sions have been set to zero).
A second step might be to
det- rmine the relative role
played by various types of
sources - mobile, point,
airport, and area ~ in
degrading regional air qual-
ity. A third subject to
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investigate might be the
relative importance of vari-
ous species, as for example
the importance of hydrocar-
bons with different reactivi-
ties, With such information,
short~ and long-range control
strategies could be proposed
and their effect simulated in
order to determine the sense
and magnitude of the effect.
(For example, on episode

days reduce traffic and switch
to cleaner fuels; or, in the
long term, reduce gasoline
service station emissions,
require retrofit controls,
and reduce vehicle miles

travelled.)

Planning for future air
quality: Although control of
emissions is the primary way
to improve present air
quality, proper .planning of
the locations, extent, and
mix of future pollutant emis-
siona is believed to be use-
ful in assuring that future
alr quality meets appropriate
standards. One aspect is
looking at the general coan-
cept of land use (such
questions as the relative
effects on air quality of
growth of pollutant emissions
in the North Bay versus the

South Bay, or the effect on



air quality in various sub-
regions oy different popula-
tion levels and their associ-
ated emissions). More
specifically, the effect on
air quality of a proposed
source of subregional signi-
ficance can be investigated
if the pollutant emissions
can be hypothesized. 1In
addition to investigating
land use, planning aspects of
air guality and planning for
potential changes in fuel
usage can be ur ertaken; for
example the potential effect
of substituting methanol for
gasoline or fuel oil for
natural gas could be simu-
lated, again if emission

data can be specified.

The range of problem= that are
being addressed by air quality plan-
The LIRAQ

model, as outlined above, has been

ners is very broad.

designed to treat problems of
subregional and regional significance
on spat’al scales of more than a
kilometre and time scales upwardz
from about an hour, Because of
assumptions made in its development,
both intentionally and induced by
limitations in our knowledge of the
physics and chemistry of air quality,
there are certain types of problems
for which the model is not suitable,

These include:

e Air quality problems result-
ing primarily from and close
to (less than several
kilometres) from major point
sources (which may be more
appropriately treated using
Gaussian plume or other

models).

e Air quality problems close to
intense line sources such as

highways.

e Alr quality problems affected
by the presence of major
buildings or obstructions

(e.g., street canyons).

® Air quality problems resulting
from emissions from natural
sources, unless they are
included in the source

emission information.

® Air quality problems affected
by species not presently
treated in the model (e.g.,

sulfur oxides, aerosols).

o Afr quality problems that
depend strongly on distribu-
tion of pollutants in the
vertical (e.g., effects uf

varying eiack heights).

To uze the LIRAQ model, the user
must provide input indicating what
problem is to be undertaken. As

described in the next section, most



problems require only interactive
teletypewriter contact with a special
problem formulation processor cole

in order to input the relevant
information. In this mode the user
need only type in straightforward
technical responses to questiloneg
posed by the problem formulator. Use
of this capablility for problem
formulation is described In Appendix
G and sample runs of this type are
described in Sec, 4.
problem is specified, a few additional

Once the

instructions are requlred to initiate
problem calculation.

For some problems, however, the
set of data files available to the
user may not be adequate, and more

involved interaction with the various

input components may be needed (e.g.,
a change in the automotive emissicn
indices of various model vear cars).
For this type of problem, detailed
documentation Is provided, including:
the Final Report, which describes the
physical basis for the varlous codes;
internal comment cards rithin the
codes describing what is belng dones
and this User’s Guide, which outlines
the structure and operation of each
of the codes (sce appendixes) to the
extent needed to run most prablems,
The next section describes the
LIRAQ model structure with the aid
of schematic diagrams in order to
convey a conceptual understanding of
how the model addresses the various

problems it is ~apable ol treating.

3. The LIRAQ Maodel

The LIRAQ model is actually an
assemblage of numerical models and
data processing routines, which have
been designed to treat the variety of
alr quality questions discussed in
Sec. 2.

framework used to interconnect the

This section describes the

various parts in a context oriented to
the air quality planner. In this
general discussion, reference will be
made to the appropriate appendixes
in this guide that contain further

detail,

Figure 4 shows schematically how
The LIRAQ-1
and LIRAQ-2 models are the essence

of the LIRAQ model.
capability of the LIRAQ-1 model is

the model is constructed.
The primary
treating non-~reacting chemical

The LIRAQ-2 model, on the
other hand, treats the photochemically

species.
reacting species, To the typical”
user {1 in Fig. &), however, the
LIRAQ model will appear as a simple,
problem formulation program, called
LIRPRB, which, in the interactive

~10~
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mode, will ask questions about the
type of problem to be run (in order
to select it from a wide range of
typical air quality problems) and
solicit all information necessary to
run the problem. This includes input
on grid size, pollutants of interest,
subregion to be studied, output mode,
meteorclogical pattern to be used,
and source inventory to be used,
including desired modifications.
Examples of input are shown in Sec. 4
and detailed instructions are given

in Appendix G.

The typical user, upon comple-

tion of input to LIRPRB and subsequent

initiation of the created control
deck, does not see any of the other
model operations until tabular and
graphical presentations of the data
are output. Choice of model and
assemblage of needed files from the
data base are handled automatically.
But it is important for the user to
understand the chain of operations
leading to the model output.

The files created by LIRPRB
consist of the system control deck
(2 in Fig. 4) and the PRBLM file,
which contains the information
required to modify the data files
and to set up the run parameter file
(QSRUN).
problem formulation, and Appendix H

Appendix G explains the

describes the program which handles
data file modification and QSRUN

construction.

To then run the specified prob-
lem, the appropriate data must be
assembled, A wide variety of types
of data are needed to simulate
regional air quality including
source, metecrology, topographic-
geographic, initial concentration,
radiation, and photochemical rate
data. For all but the last type of
data, which are presently treated as
being internal to the LIRAQ-2 code,
libraries of appropriate prepared Jdata
sets have been assembled that will
allow the user to address a variety
of (but not all) questions. The
various libraries in the data base
are indicated in Fig. 4. Each will
be discussed in turn, as will the
possible file modifications. For
problems for which data are not
included in the data libraries, the
user may specify a tape containing

alternative data files.

TOPOGRAPHIC~GEOGRAPHIC DATA

The first type of information
needed by the model 1s topographic
and geographic data, which are
conveyed to the model (3' in Fig. 4)
as a data file called QGEO.* A

*The names of data files described.in

this report are given as their
equivalenced names. That is done
because these names generally indi-
cate the function of the Fila. The
numerical designation used within
the codes can be determined from the
PROGRAM card for each code.

12~



single QGEO file has been created
covering the region shown in Fig. 3
with a 1-km grid resolution. The
LIRAQ model then selects data from
this file based on the resolution
specified by the user., From the
QGEO file, inputs of several types

are provided:

L) Thf height of terrain. Data
are specified on a 1-km grid
and then selected from these
data for either the 2~ or
5-xm grid. These data have
been developed for the Bay
Area from data supplied by

the USGS,

e A series of data points out-
lining the land-water inter-
face. These are used to

provide a reference map in

the graphical output.

® UTM locations of all statioms
of ilnterest within the region
and the symbol to be used in
representing them on graphical

output.

The system control routine
transfers the QGEOQ file from its
storage location and identifies it as
input to the LIRAQ model. Appendix E
detaills information on the structure

of the QGEO file.
SOURCE EMISSION DATA

Source emission data are central

to the analysis of air quality
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problems. Substantial effort must be
made to ensure accurate input with a
temporal and spatial resolution com-
mensurate with the problem to be

studied.
effort is detailed in Chapter 6 of

The LIRAQ model

For the Bay Area, this

the Final Report.
typically requires data on a 1-, 2-,
or 5-km grid (depending on choice of
grid size) on an hourly basis and
divided into surface and elevated
enissions. Here elevated emissions
are taken to mean those emissions
which do not substantially affect the
surface pollutant concentrations in
the grid square in which they are
emitted.
to the LIRAQ model (4' inm Fig. 4) in
a data file called QSOR.
of the different grid sizes, differ~

These data must be provided

Because

ent years for which source data may
be needed, and the different domains
over which the LIRAQ model may be
run, a set of QSOR files has had to
be constructed. The domains that
have been selected are described in
conjunction with the meteorological
data description. As shown in Fig.
4, the particular QSOR file that is
to be used by LIRAQ is based on a
file selected from the library of
available QSOR files (4"). This file
is then modified by the MODFILE
routine, which is initiated when the
system control deck is run. The
modification is based on the instruc-

tions given by the user during



problem formulation and made available
to LIRAQ as part of the PRBLM file.
Each of the files in the library
of QSOR files is constructed through
a sequence of operations described in
more detail in Appendix D and shown
gchematically in Fig. 5. VYor the Bay
Arvea, in addition to a variety of
source emission data from the BAAPCD,
additional information on mobile
em'ssions has been prepared by J.
Fennessey* in cooperation with the
Metropolitan Transportation Commission
(MIC), and on population-distributed
area emissions by the Association of
Bay Area Governments (ABAG). Appendix
J describes the codes to handle the
mobile and populatinn distributed enis-
sion information that have been devel-
oped by the BAAPCD. Basically, pro-
cessed emission information is
providoed on a 1l-km UTM grid for
mobile, population distributed,
point, and ailrport sources for five
pollutants: carbon monoxide, nitric
oxide, hydrocarbons, sulfur oxides,
and parriculates.+ Where available,
hourly and seasonal data are
provided. Otherwise, estimates of
fractional emission per hour for a
daily or annual cycle can be imposed,
if desired. It is planned that these

data will later be developed by the

*J. Fennessey is an employee of
Deleuw, Cather and Company.

TThe LIRAQ model presently treats
neither sulfur oxides nor parti-
culates.
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BAAPCD for various years cother than
the base year 1973, which has been
developed as part of this project.**

In developing the sets of files
in the QSOR library, preprocessing
routines agsemble the l-km data inte
data files appropriate for various
l-, 2-, and 5~km domains, with tourly
resolution and provision for elevated
and surface sources. As explained
in Chapter 9 of the NSF Final Report,
the hydrocarbons are divided into
three characteristic types, referred
to as HCl, HC2, and HC4, based on
their general reactivities. Each
QSOR file thus contains hourly
information on seven pollutants for
each grid square.

The QSOR library is the collec~
tion of various QSOR files, and con-
tains current and forecast emissions
for what might be called control
case simulations on a variety of
preselected domains. The problem
formulation/control system link
allows choice of vear and season
from the library of QSOR files.

Based on instructions provided
from the user, the control system
runs a MODFILE program, which can
modify the selected QSOR emission
files in any of several ways. These

options include:

e Setting the reference source
emissions in a grid element
#*%A 1980 inventory for mobile emis-

sions was prepared and is available
from the BAAPCD.
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or over a region to some

fixed value, including zero.

® Multiplying the reference
source emissions in a grid
element or over a region by
some fixed value including

2ero.

®» Augmenting or decrementing
the reference source emissions
at a point or over a region
by some fixed value.

e Any consistent combination

of the above.

The possibilities allow investi-
gation of many air quality problems,
although clearly some very interesting
options are not readily available.

For such thiugs as changing emission
indices, altering the highway network
demand pattern (for example because
of extensive mass transit), or switch-
ing all homes to electric power, it
is much more straightforward to go
back to the basic input data that are
used to make up the QSOR files than
to patch in eack of these changes.
Such an undertaking is relatively
simple if the instructions given in
Appendixes D and J are followed.

One additiomal option provided
for is the desigpation of whether the
source emissions are based on standard
or daylight saving time. The feature
can also be used te study the effects
on alr quality of shifting emissions

by this time interval.
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METEOROLOGICAL DATA

Although the source emission
information determines the mass and
type of pollutants emitted. the
characteristics of the atmosphere
determine the extent of the dispersal
and thus the pollutant concentrations
and air quality tha: will result.
1deally, numerical prediction of the
meteorological elements would be
possible, and such data could be used
to forecast tomorrow's or explain
today's air quality. Unfortunately,
numerical simulation of the temporal
and spatial evolution of the atmos-
pheric boundary layer is still a
research goal whose accomplishment
seems several years off. Thus the
meteorological data used in the LIRA:
model for air quality analysis are
either data sets representing past
days on which extensive effort was
made to collect needed information
(see, for example, Chapters 7 and 8 of
the Final Report and Appendix I) or
are sets constructed for hypothetical
days to represent weather patterns
of interést.* The user then investi-
gates aspects of future air quality
by seeing what change in concentra-
tions a modified source emissions
inventory would induce in contrast
to the present source inventory for

a known or hypothetical day.

*This latter opticn, while feasible,

has not yet been exercised.



The QTRAX library contains
processed metcorological data files
ordered by date (for obscrved data)
or pattern (for hypothetical days)
and by grid size and domain. The
data consist of horizontal transfer
coefficlents describing advection and
turbulent eddy transport, vertical
(through the inversien) transport
cocefficients, mixing layer depths,
surface vertical eddy diffusion
cocfficients, and solar transmissivity
coefficients, all ordered by grid
location on a UT™ grid and available
on a three hourly basis (accurding
to present convention). Within the
limits and options given in the user's
guide for problem formulation
{(Appendix G), the control system
will setect the appropriate metcoro-
logical data file for use by LIRAQ,
as indicated by 5" in Fig. 4, and
make it available to LIRAQ, as
indicated by 5°'.

Figurc 6 shows the method of
generating the various QTRAN data
files from the raw meteorological
data. Rased on techriques and a
program described in Chapter 8 of the
Final Report, data for sclected obscrva-
tion days accumulated from a variety
of measurement systems are entered
in the LIRAQ data bank.
describes the structure of the data

Appendix 1

base and an overview of the data that

are available for the Bay Area.

Processiang routines have been devel-
oped that select, for example, wind
and mixing layer depth data from the
data bank and present them in a form
suftable for transfer to the model.
Experience has dictated, however,
that for a region as topographically
and metceorologically complex as the
Bay Arcva, cvaluacion by a scasoned
meteorologlst has proven helpful in
the selection of the data actually
given to the model as QMET and QCLD
data files. This cvaluation {s
necessary primarfly because the array
of wind and inversion base hcight data
for QMFT and pyranometer data for
QCLD arc usually not as complete,

nor sometimes as representative, as
arc needed to actually define the
atmospheric conditions in adequate
detail for model use. Because sub-
jective processing of this input is
not an option directly available to
the normal user, details on the
structurc and variables needed to
develop QMET and QCLD files for hypo-
thetical or other observation days
have beer limited to a discussion in
Appendix C.
QCLD files for days not already

Development of QMET and

processed requires both accumulation
of appropriate data and, for QMET, an
iterative interaction with the MASCON
model. This process is discussed
more fully in Appendixes 8~1 through

8-3 of the Final Report.
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To develop QTRAN filles from the
evaluated meteorological data in the
input data files, an objective
analysis is performed using MASCON
in order to achieve mass nonsistency
in the regional flow patterns. As
shown in Figs. 7, 8, and 9, however,
a regional, sel€-consisteat ('ow
pattern can be developed from a
rather sparse array of wind observa-
tions., It should be noted that
observed winds are at 3-hr intervals,
and the advective flux* fleld is
centered at a time midway between
observation times. The processed
patterns take account of the topo-
graphy on the grid scale of interest
(either 1-, 2-, or 5-km grid) as well
as the meteorological evolution in
time and space.

Because of computer limitations,
the maximum field of grid elements
that MASCON can treat is limited to
65 by 65.

whole Bay Area can only be treated

This has meant that the

with a 5-km grid, and that for
smaller grid elements, the region
must be subdivided into a number of
subregions. As shown in Fig. 10, the
area can be well covered by three
2-km subgrids, and a QTRAN file has
been developed for each. For the
1-km grid, QTRAN files are developed

for the seven subgrids shown in Fig.

*Flux is the vertical integral of
wind speed from the surface to the
base of the inversion.
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li. This will allow treatment of
essentially all land area in the Bay
region on this scale. The actual
coordinates and designation for each
of these domains are given in Table 1.
The control system selects the
approprilate QTRAN file for the user
based on the specification during
problem formulation.

Actually, because of storage
limitations and to promote ease of
handling, each QTRAN file is actually
a family of files QTRANn where n is
an Integer starting with 0 and running
to a maximum of 9. Each of the
QTRANn files contain meteorological
data for a 6-hr period, the n running
sequentially from the beginning to
end of the period of interest. The
control system and the LIRAQ model
automatically take care of the family

of files.

INITIAL POLLUTANT CONCENTRATIONS

Regional air quality is deter-
mined not only by emissions at the
time of measurement, but also, and
often more importantly, by both
emissions at earlier times and pollu-
tants that have been transported
into the region. Thus, in simulating
a typical or hypothetical day's air
quality it is important to specify
the initial and boundary conditions.

Initial concentration information
is conveyed to the model (as indicated

by 6' in Fig. 4) by the control deck
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Table 1. Domains of regions considered by the MASCON model.
Grid

size UTME® UmME umax® UTMN E-W M-S

Reglon Name (km) (min) (max) (min) (max) zones zones
1 Greater Bay Area 5 490 - 660 4090 - 4300 34 42
2 South Bay Area 2 530 - 660 4090 - 4220 65 65
3 Central Bay Area 2 510 -~ 640 4120 - 4250 65 65
4 North Bay Area 2 490 - 620 4170 - 4300 65 65
5 Santa Clara 1 580 - 645 4090 - 4155 65 65
6 San Mateo 1 540 - 605 4100 -~ 4165 65 65
7 East Bay 1 555 - 620 4140 - 4205 65 65
8 Golden Gate 1 520 - 585 4150 - 4215 65 65
9 Carquinez 1 556 - 615 4180 - 4245 65 65
10 Marin 1 490 - 555 4205 - 4270 65 65
11 Napa~Sonoma 1 505 « 57G 4225 - 4290 65 65

ayT™ easting.

bUTM northing.

based on input either from the library
of QICON flles
thetical QICON

the user and given to the LIRAQ model

(6") or from a hypo-

file constructed by

by the user's instructions during
problem formulation. In LIRAQ-2, an
alternative form of concentration
ipitialization can be carried out
through instruction to LIRPRB; nawely,
a problem may be restarted from a
previous run through use of a restart
file called QREST (6"'). This file
contains concentrations for all
species in all zones, written at each

edit time. Appendix B contains

-25-

further details on QREST and restart
procedures.

Data files of pollutant concen-
tration information corresponding to
the observation days that are avail-
able in the QTRAN library are stored
in the QICON library.

initialize the model are based on

Data to

measured concentrations from either
surface stations or aircraft, as
shown in Fig. 6. For reactive species
that are rot measured, the LIRAQ

model sets initial concentrations to
preselected values. Under most

circumstances the concentrations of



these species rapidly adjust to values
consistent with the concentration of
the specified specles. Concentration
data are available at regular inter-
vals throughout the observation
period, so that the model simulation
may be initiated at any hour during
the period. For "days” for which the
meteorological pattern input is
hypothetical, initial data must also
be based on hypothetical surface
measurements. Such initial concen-
tration values must be specified by
the user through designation of a file
of data to substitute for the avail-
able data, as explained in

Appendix G.

Unlike the other input data
files, QICON does not usually input
initial concentrations at each regu-
far grid point used by LIRAQ.

Rather, the model, after reading the
QICON file, interpolates the vertical
average concentrations (derived from
the observed surface concentrations
nsing the vertical pollutant proiile
assumption as explained in Chapter 4
of the Final Report) to the regular
LIRAQ grid.

Appendix F presents the details
of the structure and content of the

QICON file.

BOUNDARY CONDITIONS

Boundary condition information
is provided te the LIRAQ model in the

QSRUN file. The choice of boundary

conditions is necessarily coupled to
the choice of the region of interest.
The optimal situation is when the
region's boundaries can be so
situated that pollutants tramsported
in through the boundaries have a
negligible effect. 1In that case,
background concentrations typical of
the reglon could be specified for the
major pollutants; namely CO, NO, NOZ’
ozone, and hydrocarbons.

Because computer limitations
force a tradeoff between resolution
and overall size of the region which
can be treated, however, it is some-~
times necessary to situate boundaries
such that an important fraction of
the pollutants affecting a sub-region
may be advected into the sub-region
from nearby source regions. This
situation may result not just from
horizontal boundaries, but from
substantial change in the depth of
the mixing layer during the rum,
slnce entrainment of air initially
above the inversion is one way in
which the mass consistency of the
horizontal wind transport fields
may be achieved. Great caution must
be exercised in such situations,
because the only way to represent
the effects of external sources in
the LIRAQ model is indirectly by
specification of boundary pollutant
concentrations. At present the
options available for specification

in LIRAQ-1 are rather inflexible;



namely, a pollutant concentration for
each of CO, NO, HCl, and HC2 must be
specified on each of the four hori-
zontal boundaries and above the
inversion. This concentration is
presently assumed uniform in time
during the run.

For the LIRAQ-~2 model the
options are slightly more flexible.
This model uses a boundary condition
of the form CB = (Cg + (pCA)2 ,1/2
where CB is the boundary concentra-

tion, C. is a floor value separately

specifigd at each of the houndaries
for each pollutant, CA is the concen-
tration In the grid square adjacent
to the boundary, and p is a parameter
that can be between 0 and 1. 1In the
present formulation of the model, p
is taken as 0.95 for the horizontal
boundaries and is separately fixed
for each species in the vertical.
The user does not have control over
the choice of p during problem
formulation, but can alter the values
by recompilation of one subroutine.
Details of the QSRUN file, which
also provides the models with a
number of other parameters, are
presented in Appendix A for LIRAQ-1

and in Appendix B for LIRAQ-2.

CHEMICAL TRANSFORMATION

The LIRAQ model has been
developed with the capability to

simulate both non-reacting and

reacting pollutants. Extensive test-
ing has been undertaken in order to
ensure that the photochemical mech-
anisms for reactive speciles
realistically represent what has been
observed to happen both in the atmos-
phere and in smog chambers. Thus a
systemn involving 19 species has been
developed, as explained in Chapter 9
of the Final Report. Photodissocia~
tion rates are read from a file QRAD
(8' in Fig. 4), control of which is
transferred to the LIRAQ model during
the system control phase, when the
file is fetched from a library of
QRAD files (8").*

Where possible, the reaction
rates for inorgaiiic reactions have
been taken from the most up~to-date
evaluated rate data, and otherwise
from the best available data. Because
of the variety of hydrocarbons pres-
ent in the atmosphere and the number
of chemical reactions that could be
involved, the hydrocarbons have been
lumped into three basic categories

(essentially alkenes, aikanes, and

*Although the QRAD library provided

to the BAAPCD contains only one file
based on average atmospheric condi-
tlons, the data contained therein are
actually a function of atmospheric
composition to the top of the atmos-
phere above the region and thus
should properly be altitude depend-
ent (i.e., Denver would be different
than San Francisco) and perhaps
seasonally dependent (daily varia-
tions in stratospheric ozone, etc.
would then be ignored, however).
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aldehydes) based on relative rearti-
vity. Reaction rates for reactions
involving lumped orgaaic species have
been calilrated 4against available
experiments, but always within the
bounds of reaction rates for individ-
ual components of the class of
organic species.

Because of the delicate balance
achieved in developing the reaction
set, including provision for the
effects of diurnally varying solar
radiation (i.e., sunrise and sunset),
changing the chemistry or the reac-
tion rates is not an option made
available to the user during problem
formulation. Such changes require
recompilation of tlie LIRAQ-2 code.
Great care should be exercised if any
such change is undertaken. Refer to
the discussion of the LIRAQ~2 model
in Appendix B for detailed
information.

As described more fully in a
later subsection below, two models,
LIRAQ-1 and LIRAQ-2, are provided to
solve regional air quality problems.
The transformation mechanisms in
LIRAQ~1 are limited to provision for
simple decay and surface deposition,
and thus that model should be used
primarily for studies involving CO,
total hydrocarbens (under special
circumstances), and possibly total
nitrogen oxides, (Other inert tracers
or simple species would also be

suitable.) Although not provided for

~28-

at present, extension to include a
simple form of the sulfur cycle and
perhaps simple photochemistry should
be feasible.

The LIRAQ~2 model, on the other
hand, includes provision for 15
active species and 4 species that
are held in equilibrium with the
active species, as listed in Table 2.
The reaction set involves 48 reac-
tions, as given in Table 3. Some of
the equations are not stoichio~
metrically balanced; the rates ace
given for the rate~controlling
reaction with the products deter-

mined by subsequent rapld reactions

Table 2. Species treated in LIRAQ-2.

Active Equilibrium

BCl 0(3P)
HC2 NO,
HC4 HO
HNO RO

RNO2
RCO3
RO
HO2
co




Table 3. Reaction set used in LIRAQ-2.
Reaction Parameter
number Q b C in
as used Arrhenius Arrhenius
Reactions® in LIRAQ-2 A factor expression
1. NO, + hv = NO + 0 Qi1
2. 0+ 02 + M = O3 + ZM 1 1.07 E-34 =-510,
3. 03 + NO = NO2 + 02 2 9.0 E-13 1200,
4. O+ NO + ZM = NO2 + ZM 3 4.0 E-33 =940,
5. 0+ NO2 = NO + 02 4 9.1 E-12
6. 0+ NO2 + ZM = NO3 + ZM 5 3.5 E=-32 -300.
7. O3 + NO2 = NO3 + 02 6 1.10 E-13 2450,
8. NO3 + NO2 = NZOS 7 3.80 E-12
9. NZOS = NO3 + NO2 8 5.7 E+14 10600,
10. NO3 + NO = ZNO2 9 8.7 E-12
11. NZOS + HZO = ZHNO3 10 3.0 E-16 3300.
12. HNO2 + hv = HO + NO QJ2
13. HO + NO2 = HNO3 11 5.0 E~12
14, HO + NO = HNO2 12 5.0 E-12
15. HO + €O = CO2 + HO2 13 1.40 E-13
16. HO2 4+ NO = HO + NO2 14 3.0 E-12 700.
17. H202 + hv = 2HO QI3
18. HCl + 0 = RO2 + OLRCO3 +
(1-a)Ho,° 15 1.0 E-11 360.
19. HC1 + O3 = HO2 + RO + HC4 16 7.0 E-15 1900.
20. HCLl + HO = RO, + HC4 17 5.0 E-11 350.
21. HCZ + 0 = RO, + HO 18 41 E-11 2000.
22. HC2 + HO = RO2 + H20 19 4.0 E-11 900.
23. HC4 + hv = RO, + HO, QJ4
24. HC4 + HO = RCO3 + HZO 20 3.0 E-11 350.
25. R02 + NO = RO + NO2 21 3.3 E-12 300.
26. RCO3 + NO = RO2 + NO2 + CO2 22 6.5 E-12 600.
27. RCO3 + NOZ = PAN 23 2.95 E-~l4
28. RO + 02 = HO2 + HC4 24 1.6 E-13 3300.
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Table 3. (Continued)
Reaction Parameter
number Q o b C in
a as used Arrhenius Arrhenius
Reactions in LIRAQ-2 A factor expression
29, RO + NO2 = RNO3 25 5.0 E~-14
30, RO + NO = RNO2 26 5.0 [E-14
31, HO2 + HO, = H202 + O2 27 3.0 E-11 500,
32, ROZ + H02 = RO + HO + 02 28 6.7 E-14
33. RO + RO2 = 2RO + 0, 29 6.7 E-14
34, HCA + 0 = HO + HO2 + CO 3o 4.0 E-12 900.
35. RNO2 + hv = RO + NO QJ5
36. HC4 + hv = ZHO2 + CO QJ6
37. .‘.‘(J3 + hy = NO2 +0 QJ7
38, HO2 + HC4 = HZOZ + RCO3 k) ] 8.0 E-13 3700.
39. RO2 + HC4 = ROOH + RCO4 32 E-13 3750.
40. 0y + hv : 8 + 02 QJ8
41, O3 + hv 2 02 + 2HO QI9
42, HO, + NO2 = HNO2 +0, 34 1.0 E-12 1200,
43. NO3 + HC4 = RCO3 + HNO3 35 3.0 E-15 900,
44. HO + HO2 = HZO + 02 36 2.0 E-10
45, HC4 + HO = CO + HO2 + HZO 37 3.0 E-11 350.
46. NO3 + HC4 = CO + HNO3 + HOZ 38 3.0 E-~15 650.
47. HCL + HO = RO2 + H20 39 3.0 E-11 350,
48. HO + HNO3 = HZO + NO3 40 9.0 E~14
2The following symbols and conventions are used:

HC1l (alkene-like compounds)
HC2 (alkane-like compounds)
HC4 (aldehyde-like compounds)
RO2
RCO3 (acylperoxyl radicals)
RO  (alkoxyl radicals)

ROOH (organic hydroperoxides)
RNO, (alkyl nitrites)

(alkylperoxyl radicals)
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RNO3 (alkyl nitrates)

PAN

M

(peroxyacyl nitrates)

(total number density of all

molecules)

(assumed constant)

(assumed constant).



Table 3.

(Continued)

bThe Arrhenius expression used was:
Kelvin,

kX = Ae

c/T

, where T is temperature in

“The stoichiometric Factor a is set equal to 0.5.

dThe reaction rate for reaction 32 was accidentally set equal to zero in the
LIRAQ-2 simulation rums reported in Chapters 12 and 13 of the I'Inal Report.
A subsequent experiment has Indicated that this omission had less than 0.1%
effect on the concentrations of any of the observed species.

given as 1if they were direct products.
The column Q indicates the reaction
number used in the model, where the
symbols QJn(n=1,...,11) indicate
photochemical reactions.

The calculated photochemical reaction
rates are dependent on latitude, time
of day, and time of year. Thus a
diurnal solar cycle and its rclated
nighttime chemistry are included.*
Provision is also made for reduction
of photodissociation rates due to the
presence of clouds and aerosols by
multiplying the photodissociation
rates by the transmission coefficient
derived from pyranometer data. In
addition to these reactions, surface
deposition has been introduced for
some of the reactive species. Deposi-

tion velocities are given in Table 4,

*While this allows multi-day simula-
tions, special numerical considera-
tions tend to make such computations
quite demanding of computer time.
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Table 4. Pollutant deposition velocity.
Deposition
Pollutant velocity
No. Pollutant (em/s)
1 HC1 0
2 HC2 0
3 HC4 1.
4 HNO2 3.
5 HNO3 3.
6 H202 1.
7 NO 0
8 NO2 0
9 N205 0
10 O3 0.66
11 RNO2 (o}
12 RCO3 0
13 R02 a
14 HO2 0
15 co 0.1

THE LIRAQ-1 AND LIRAQ-2 MODELS

Because the regional air quality
problem is extremely complex, treat-

ment of as large a region and as



complex a reactlon set as might be
desired are not simultaneously
feasible with present computer
capabilities. As a result, two
models have been developed.

The LIRAQ-1 model is for use
with pollutants subject only to simply
represented decay or deposition
mechanisms. The model can treat four
species over regions as large as 45
by 50 grid squares,* where the grid
interval may be 1, 2, or 5 km. The
transport algorithm is accurate to
better than second ordqr since the
flux-corrected transport representa-
tion has been used. This means that
LIRAQ~1 will better represent
limited area sources than will
LIRAQ~2.

does not have to calculate photo-

In addition, because it

chemical reactions, the time step is
less restricted and the model is
Thus LIRAQ-1

model should be chosen when dealing

usually faster running.

with species for which reactions need
not be treated but for which a quite
accurate transport algorithm is
needed (e.g., for example, for carbon
monoxide in a valley or city).
LIRAQ-2, on the other hand,
treats the regional photochemical
problem., Its treatment of species

and reactions is as complete as

*A larger maximum grid would be
possible if only one specles were
treated at a time.
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present scientific capabilities permit.
The mathematical solution technique
required, however, limits the accuracy
of the transport algorithm to first
order and the arvay of grid squares
to 20 by 20, The first limitation
appears to be acceptable, because
photochemical pollution levels seem
to be less tightly tied to local
sources than are those of the
longer~lasting nonreactive pollutants.
1t does mean, however, that calcula-
tions close to strong point sources
will be less accurate than the
transport calculated by LIRAQ-1.
The second restriction means that
only with a 5-km grid will a substan-
tial fraction of the Bay Area be
covered with a single model run.
With a 2~km grid, only limnited sub-
regions way be treated. For a l-km
grid, boundary ronditions, which are
difficult to properly specify, may
play too important a role to allow
useful results. Another aspect of
the use of LIRAQ-2 is the computation
time required. When used on regional
problems, a 24~hr simulation using a
5~km grid requires on the order of
three quarters of an hour of
CDC 7600 computer time.

Thus, choice of which model to

use must be undertaken with due con-

.sideration, and problems should be

thought through carefully to ensure

that they are properly posed.



RUN PARAMETERS

In addition to the topographic-
geographic, source, meteorological,
initial and boundary condition,
radiation, and photochemical data to
be input to the appropriate LIRAQ
model, certain other information is
asked for in the problem formulation
stage, These data are inputted to
LIRAQ-1 or LTRAQ-2 as a QSRUN file
(indicated by 7 in Fig. 4). In
addition to boundary condition and
pollutant type information described
earlier, data related to the length
of the calculation, the grid size,
the domain of study, and the output
options are also input using QSRUN.

The LIRAQ model is set up so
that it can run from any starting
hour to any ending hour, within the
limits of the meteorological data
avallable in the QTRAN file that is
selected. In choosing the starting
time, the user should allow sufficient
time for the model initial conditions
to settle down before he begins to
interpret the model results as
being representative of the problem
posed. To reduce computer time, the
model should not be run beyond the
length of time for which data are

desired.
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A variety of output options are
available including regional patterns
at regular time intervals for various
species, time histories at particular
specified stations or locations
(which are output as a QSREC file as
indicated by 9 in Fig. 4), and
graphical output. These options are
explained in the problem formulation

stage (see Appendix G).

SUMMARY

The LIRAQ model is structured so
that the typical user does not have
to deal with the several models and
data-handling routines that are
essential to simvlation of regional
alr quality. This section has at-
tempted to provide an introduction to
the essential elements internal to
the model in order both to increase
the understanding and capability of
the air quality planner and to serve
as a basils for deeper understanding
for the researcher interested in pur-
sulng the details of the model
functions.

The next section provides
examples of typical LIRAQ model use
in order to introduce the air
quality planner to realistic applica-

tions of the model.



4. A Sample Simulation with LIRAQ

SETTING UP AND RUNNING THE PROBLEM

The only way to appreclate the
capabilities of LIRAQ is to test it
on a sample problem, or "scenario."
Thus, this section highlights the
sequence of actions that might be
followed in studying a particular
problem, emphasizing the consldera-
tions that leu to the particular
formulation of a problem.

As described in Chapter 13 of
the Final Report, there has been
great interest in the relative
importance of local vs imported con-
tributions to the air quality in some
of the inland valleys. One scenario
carried out with the model to gain
insight into this problem was to
compare a simulation that set to zero
all of the surface pollutant
emissions in the Livermore Valley
with a control (or base) case simula-
tion. As described in Chapter 13,
with the sea breeze meteorology of
July 26, 1973, local emissions in
the valley appeared to have only a
minor (less than 2%) effect on the
oxidant concentrations.

A logical follow-up question is
to ask what would happen if there were
zero emissions everywhere in the
region except the Livermore Valley,
with present levels of emissions

maintained in the Valley. Before

~34-

just setting up and running this

problem (which would be straightfor~-
ward), some thought should be given
to what results might be anticipated
and to any complications that might

arise.

One early consideration is the
question of treatment of background
concentrations, which would prevail
over much of the region if there were
zero emissions. The model is not
particularly well-sulted for treat~
ment of the global background
because, for example, natural concen-
trations of some species are not well
defined, and emissions from natural
causes In the region are not treated
at all. Thus, to maintain some
dominance of the atmospheric chem-
istry by regional sources, a 90%
reduction of emissions outside the
Livermore Valley seems a more
reasonable case to study.

A second consideration is the
choice of initial concentrations
when starting the simulation. Some
types of models, in particular
Lagrangian (trajectory) models, are
very sensitive to the initial con-
centrations specified in the model
run. This is because rather than
sweep air through the grid squaraz,
such models tend to follow an air

parcel, and initial concentrations



will be important until source
emissions along the trajectory have
accumulated to amounts that will
dominate the initial pollutant
charge, Although Eulerian models,
such as LIRAQ, are less sensitive to
initial conditions because the pol=-
lutants are swept through the grid
cell and eventually out of the
domain, such models are, however,
more sensitive to boundary condi-
tions than Lagrangian models.
Because-of this, it is probably

best to start with the same initial
conditions as for the control case so
as to remove this factor as a poten-
tial cause for any difference between
model results. Doing this, however,
means that initial conditions over
much of the region cannot be sus-
tained by the reduced emissions, and
so there will be a general lowering
of concentrations during the run.
Because the initial charge of
pollutants is higher than would be
the case in reality, the results at
early times should not be construed
to be those that would really occur
if emissions actually had been
reduced by 90%.

Given that initial conditions
would be as for the control run for
July 26, 1973, described in Chapter
12 of the Final Report, the actual
times of simulation must be con-
sidered. Although the earlier run

started at 0400 July 26, for reasons
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of economy this run was started after
sunrise at 0600. This may cause

some differences at early times, but
should not affect afternoon oxidant
concentrations significantly.

Figure 12 is a reproduction of
the actual teletypewriter listing
(including mistypes) setting up the
run for an 0600 to 0700 1-hr test to
check that everything is ready for
a follow=-on run (starting from the
QREST file) from 0700 to 1800. The
sequence of operations is started by
logging into the system (LOGIN,...)
loading the program from the IBM Data
Cell (4LOAD,...) and initiating
problem execution (*RUN).

Once the LIRPRB program has
been initiated all responses by the
user follow prompts indicated by the
asterisk symbol (%) in the first
column. Before input to set up the
actual problem is sought, two
responses are sought on how the user
desires to do this. First, a question
is asked about whether full or brief
instructions are wanted, and second
whether the input will be provided
interactively or from a specified
data file. In this case the answers
were #FULL# and #YES#, respectively.
The exciamation symbol (!) indicates
transmittal of the input line to
the computer.

With these choices, answers to
12 questions are sought; the options

are described fully in Appendix G.



FLDGFREs 163 200, 679556 MACCRATHENT
LOSIN CP=31 TTY=077 13.59,.46,¢¢BEVYE1KeBe]) 2575,
FRROOD) LOGGED IN. ZESAME 2.3
QK ~ ZESAME
“LOADY FRECHTLSLIRGLIE!
77
LORD COMPLETEs ENTERING “EDIT
ok - “EDIT
“AUNS
THIS 13 THE eLeleReReie PROELEM FORMULATOR,
00 vYOU WANT FULL HELP PRCEKRGE OR ERIEF FPROMPTS
RESFOND sFULLS orR “BRIEFs

ouFLLLE!
THIZ PROELEM FORMULATOR SETS UP SEVERAL FILES WHICH MAYRE
SUBSEQUENTLY USED TO RUN ONE OF THE eLIRARe MODELS.
THEZE FILES ARE
1+ OCNTLe - THE LEBL 3VITEM CONTROL DECK FOR THE MODEL
RUM DEFINED BY THIZ PROBLEM FORMULATION.
2y eSTAGEe - DNIRECTIVES TO EXTRACT THE REGUIFED DATAH
FROM THE eLIRRAGRe® DATA LIERFARY.
3» eFRRLMe ~ THE FORMAL DESCRIPTION OF THE FROEBLEM.
WHICH I3 READ BY THE eMODFILEe PROGRAM IN
ORDER TO ZET WF THE eQSRUMe AMD MONIFIED
*Q30Fre FILES.

YOUR DATR IMFUT IS BEING HANDLEL BY THE FREE FORM INFUT
ROUTINE FFINP. »THE ERSIC RULES ARE AS FOLLOWS ~
1> THE DATA “NUMEBER OR TEXT>» EXFECTEDs AND ITT DRDERS

IS DETERMINED EBY THE CALLING PROGRAM: SO MAY HOT VRAFY.

2y THE INPUT DATA MUST BE ELANK [ELIMITED: ROTH ZIDES,

3r WHEN TEXT 1% EXPECTED RI DATAs IT SHOULD EE
DELIMITEDs EOTH SIDES, WITH THE FOLLOWING SvyMEOL #
ALL OTHER TEXT «EXCEPT THE SPECIAL SVYMBOLS EXPLAINED IN
THE DOCUMENTATION) IS ISNORED.

IS INTERACTIVE INPUT DEZIRED CYEEX OR WD Y

envESHE

DETRILED INSTRUCTION: WILL BE GIVEN.

THIS 1% THE FIRST 0OF TWELVE SUB-IECTIONS 'R-L) OF INFUT,
TYFE IN PROBLEM eNAMEe® <40 CHAR MAXIMUM -~ TEXT»
SUNDN-L IVERMORE RED-D}]C
H$NON-LIVERMORE REDUSED Ev 10T

Fig. 12, Listing of teletypewriter exchange when setting up LiRAQ
calculatious.
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ENTER CHDICE OF eMODELe.

E.
L =H

INDICATE FOLLUTANTS OF INTEREST eFOLNUMSe

MAKE 1 TO 15 ENTRIESs TERMINRTE THE LIST WITH R ¥
[

o1 & 37V 2 10 15 3!

TFECIFY THE eREGIONe OF INTEREST.
D.
el!

CHODOSE A ZUB-AREA IN THIS REGION OF IMNTEREST
WITHIN WHICH MODEL CALCULATIONS ARE TO BE MRADEs BY ZFECIFYING
®EMINe:y eEMAXes oNMINe» RMD eNMAXe» IN THAT ORDER.

530 B30 4120 42208

CHOOSE A BASIC ZOURCE eEMIS:e FATTERN «EY YERARD).
THE <SERSONe OF YERRs AND oTIMEe FLAG.

E.

€137 3 18

DO YOU WISH TO CHANGE OR AUGMENT THE BASIC ZOURCE
FPATTERN FOR ELEVATED SOURCES YEZ-NO»

F.

einOn?

DO vOU WISH TO CHANGE OR AUGMENT THE BRIIC ZOURCE
PATTERN FOR SURFACE SDURCES ¢ YEX DR ONO D

e yvESHY

IMNFUT R ZEQUENCE OF CHANGES IN SURFACE SDURCES,

GIVING eFOLe» ¢FOLVAL®» RAMND eCHGOFPTe ON THE FIRST FROMFT,
SLITMEL ey oLITMES®: ¢LITMN1®y AND ¢LTMM2e DN THE SECOND PROMFTS
AND ¢3ITART® AND oITOFe DN THE THIRD PROMPT.

ZET eFOLe EQUAL TO 0 TO TERMINRTE THESE CHRANGES,
el .1 9!
€530 B30 $1EZQ 220¢

»0 248

* 400000
Wmy ) e
- “

*e
2
-

el 10 9!
330 530 4185 $4135¢
PO

Fig. 12 (Continued)
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SFECIFY METEDRDLDRIZAL DRTH ZET eMETEDRe TOD EBE WIED,
B,
e 1!

EHMTEF HOUR AT tWHICKH FUM 1L TO ZTAFTs eRUMITRFes AMD

THE NUMEER OF MOURT v0U WISH TO RUMe eMUMHR:e,
H.
5 12

DO vOu WisH 7O ZPECIFY IMITIAL CONCENTRARTIONMS LYEZoHO- BREST
I.
eupot

00 vOu WIZH 7O IMFLZE POLLUTANT BOUNMDARY COMDITIOMS

OTHER THAM THE ZTAMDARD SET  CVET-NO2

d.
et

MADEL DOUTFUT WILL TOMTARIN FLOTE OF FDLLUTANT COMCENTRATION
BV TIMS AND TTATID! FOFR A ZTANDARD ZE€ET OF LOCATIOMES
FROVIDED THEY ARE JITHIM THe REGION OF IMTEREST ZELECTELD.

IF vOu WISH TO AUGMEMT THIZ ZETs ENTER eITRTIOH> MNUMEERT HOU
CLIMIT IS 10y, ZET eTATIOMe EQUAL TO 0s IF MO ADDITIONS.
[ :
73 143 133 103 SE 2 187 140 294 §!

IF Y00 WANT SFECIFIC UTM LOCATIOME MOMITORED FOF

FOLLUTANT COMCENTRATIONS EY TIMEs SIWE eUTMEe AMD eHTMHe FOF
EACH ZUCH LOCATION <LIMIT I% S».  TET eUTMEe ECLAL TO U.s IF
HO ENTRIE:.
€TI0 10 TR

et 15 $1a58
e515 130!
o1 |2

Fig. 12 (Continued}
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FLEAZE ENTE® THE LEL TAFE LIEBRARY NUMEER FOR THE TAFE
THAT WILL EE UZED TO IAVE A COFY OF THE GUTPUT FORM THE
MODEL FRUN. IN THE CH OF eLIFARces THE FESTART FILE
TOREZTe) WILL EE WRITTEN BETWEEN THE THIRD EMD-OF-FILE
AMD THE END-OF-INFORMATION MARK: ON THE THFE.

NIREC-RREST TAFE

1 0S0%e
ENTER e_ODEe FOF LEZIRED FORM OF MODEL OUTFUT.

!

THIZ IE THE FINAL ZECTION OF UZER INFUT.

ENTER THE MUUMBEF OF COMFUTE LNIT SECONDE eCLize EXZTIMATED FOR THIZ FUN,
L.

LI
SFECIFY THE FRIORITY oFRIORe FOR THIZ JOE.

EIVE THE RCCOUNT eRCINTe TO EE CHRARGED.

50

HET N ]
ENTEF 5OUR NAME eUNAMe (TEXT -~ MAX 10 CHARIY.
SUMRCIRATHENS!

GIVE ROUTING INSTRUCTIONS FOUTe FOR DUTPUT
(TEXT - MAx SO CHARRI)
SENONEH?

FLERSE GIVE THE FSS<DATA CELL) LIERARY SUEZET NAMES THAT
WILL COMTAIN EACH OF THE THREE FILES <eFRELMe .« oCHNTLe .
AND STAGE®Y +REZULTING FROM THIZ PROBLEM FORMULATION. WHEN
THI: FROGRAM IS COMFLETEs THOSE THREE FILES MUST BE WRITTENM
TO THE DATR CELL USING THE NAMES THAT ¥OU ARE WEOUT TO SFECIFY,
SEE THE USERS GUIDEX

THE NAMES ZHOULD BE ENTERED RS DELIMITED TEXT. NOT LONSER
THAN 7 CHARACTERS AND THE NAMES SHOULD BE FAIRLY UNIGUE,

GIVE EACH NAME RS IT 1S REQUESTED.

SUBSET MNAME FOR eFRELMe

SUFLIMTIN!
ZUBSET NAME FOF eCNTLe

enCLIMTINY

ZUBSET NAME FOR eSTHGEe
ensLIMTS N

ZUB-SECTION INFUT IS COMPLETE. DD yOU WISH TO
DISPLAY THE FROBLEM FILE YES-MO»

*uVvESH?
Fig. 12 {(Continued)
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A.

NON-L IVERMORE SEDUCED BY 10
E.

MODEL TO BE USED IS LIRAA-2
C.

MUMEER OF POLLUTANTS FOR THIZ PRDBLEM = 7
FOLLUTANTS SELECTED =

1. HCL 2. HCE 3. HC4 7. NO 2, NO2 10. 03
L.
REGION OF INTEREST = ¢ 1» GREATER ERY ARER
GRID SIZE = S
E -
LOWER LEFT CORNER LITM COORDIMATES ARE 490G, 0 4090.0

HMILMBER OF ERST-WEST ZOMES = 24

MUMBER OF MORTH-SOUTH ZOMES = 42

MODEL CALCULATIONS WILL BE MARE BEGINNING FROM THE
EOUTHWEST CODRDIMATES: S0 4180, 0

WITH 20 ZONES IN THE ERST DIFECTION

AND 20 ZONES IN THE NORTH DIRECTION.
E.

BARIIC SOUPCE EMISSION PATTERN YERR TO EBE USED = 13732
SERION OF vEAR CODE = 3

TO

FT<-FDT COOE = 1
F.
CHRM3ES IN ELEVATED SOURCES
FPOL YALUVE  CHANGE-DOFTION HTME" UTmMN FROM
0
CHANGES IN SURFACE SDURCES
FaL YALUE CHANGE-DPTION UTME1L UTMEE UTMML  UTMNZ
1 - 100E+0Q0 3 30,0 B3I0,0 4120.90 4380.0
2 «100E+0Q 3 S30.0 830,00 4120.0 4220, 0
3 L 1O0E+DND 4 30,0 BE0.0 41230.0 4280.0
h - 1OUE+OD 4 30,0 B30.0 4120.0 4220,0
is - 1ONE+00 L] SR0.0 B30.0 4120G.0 4220, 0
1 10DE+DZ 4 S0, 0 520, 0 4185.0 4185, 0
N - 100E+Q2 3 SN0 A20.0 4165.0 4155.0
3 «100E+QR L) SAD. 0 &20.0 4165.0 4185.0
v « 1ODE+Q2 4 30,0 &20.0 416%5.0 4185, 0
15 +100E+O2 4 S0, 0 B20.0 4165.0 4185, 0
0
(A
METEOROLOGICAL SCEMARIO =  {1» QLY SH~27s 1973,
H.

FROBLEM IS TO BEGIN AT & HOURS PST» AND
RUN FOR 1 HOURS.
I.
IMITIAL CONCENTRATIONS WILL BE THAKEN FROM A
STANDARD QICON FILE,yRESIDING ON TAPEMNUMBER
Jde.
POLLUTAMT BROUNDARY CONDITIONS RRE MAODIFIEDR AS
FOLNUM WEST S0UTH ERST HORTH
]

Fig. 12 (Continued)
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K.
THE FOLLOWING STATIONS WILL BE SPECIFICALLY INCLUDED
IN MODEL GRAPHICAL OUTPUT OF POLLUTANT CONCENTRATION BY
74 143 139 103 56 & 128% 1440 24
THE FOLLOWING UTM LOCATIONS WILL BE MONITORED FOR
POLLUTANT CONCENTRATIONS WITH TIME

590.0 4180,0
590.0 4165.0
615.0 416%5. 0
615. ¢ 41:30.0
0. .

FORM OF MODEL QUTPUT WILL RE

3y  TABULAR OUTPUT- MF AND LP ~GRAFH OUTPUT-MICROFICHE
L.

THE MAXIMUM ALLOWED COMPUTER USAGE IS 2000 CUS,

THE JOE FRIORITY IS 3 - DEFERRED.

ACCOUNT TO BE CHARGED IS &73656

LISERE NAME - MRACCRACKEN

ROUTING INSTRUCTIONS ARE - NONE

DO vyOU WISH TO DISPLAY THE CONTROL CARD DECK c<YES~NO»

*uvESH!

LIRGEs 3» 2000.567965¢ MACCRACKEN.

<NONE

*PSS

DIZKHOG, 20000,

SCPsA= 1800,

LIECOPYsLIRQLIR y STAGE s SLEMTE .
[3AN

THPEs DUMMY» XsNTs Ry 141005 I=STRGE.

TAPE s DUMMY + XsNTeRs 14350 I=STRGE.

TAFE s DUMMY» Xs NTsRs 15724 I=STRGE.
TAFEs DUMMY s XsNT:Rs 15724 I=STARGE.
TAFPEs DUMMY s Xs NT2Rs 15724y I=STAGE.

CRIT.

ENIT.

END.

FIN.

LIBRCORYsLIRQLIE sMODFILE +MODFILE .
LIBCOPYsLIRQLIE *FRELM +FPLEMT2 .
LINKs F=MODFILEs LO=EERXs X.

RETURNs @SOR.

FENAME » @SOR=0SORM.

COFPYsQ20OR <RR»MODRSOR “PR.
DISPOSEs MODGSDR SMFs T=[LIRAR ~MODRSOR 1.
EXIT,

FIN.

LIRCOPYsLIRGLIE s RINARY sLIRQEEN .
REWINDs FINARY .

Fig. 12 (Continued)
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CHIT.

END.

FIN.

GET» BINARY s MARIN. REL-L IRAG2
REWINDs BINARRY .

REWIND» MRIN .

WRITEF» TAPER .

WRITEF» TAFELZ .
WRITEF»GSTEP .

REWIND» TRPE3 .

REWIND» TAPE12 .

REWIND, USTEP .

FRSIZE s QSRUN=4, "RAD=4, QAICON=34,
RFL» 141000, Be7OD0.

TiM.

LINKs F=MAIN»F sINARYsLO=BERX» X.

SCPy»A=Q.

EXIT.

DUMP» 170000,

ICPsA=0Q,

TIM.

FIN.

RENAME» TSTARGE=STAGE.

COPY» TRPES ~RRs QFXF»NULL 1F» TRPEQ .
COPY» RETEP “RRs OFXFs NULL  21F ¢ TRPEQ .
COPYs TAPELIZ RRs OFXFaNULL» 1F» TRPEQ .
COPYsQREST <RRs TAPEQ .

STRGE» TRPEQ s 1USOTNTs b,
RENAME » STAGE=TSTRAGE.

COPY» TRPES ~RR» TAFE3R ~“RR.

DISPOSEs TAPER =LFy T=ILIRAGS ~TRAPER
DISPOSEs TRPE2A =MF s T= [LIRARE “TRAFE3A
COPYs QSTEP “RRsQSTEFA SRR
DISPOSEsRSTEP =LFs T=ILIRRG2 ~QSTEFP
DISPOSEs»QSTEPA =MFs T= [LIRARE ~RITEPA
COFPYs TRRE12 ~RR» TRAPE12R “RE,

DISPOSEs TAPELS =LP» T=ILIRAGS “TAPE12

DISPOSE» TAPELZAR =MFs T=[LIRARE ~TAPE1&R
EXIT.

CXIT.
FIN.
REWIND» STRGE .
REWINDs INPUT .

COPYSEF» INPUT»OUTPUT.
COPYSEF» STRAGES OUTPUT.
*REWIND

oFILE»@SOR

SREAD, 1

SREWIND

*FILEY RTRAND

SREAD, 1

Fig. 12 (Continued)
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oFILE» QTRAN1
*READ» 1
oFILE» QTRAN2
*READ: 1
oF ILE» GTRAN3
*READs 1
®REWIND
oFILE»QRICON
*READ, 1
SREWIND
*SKIPFy 1
*SKIPFs1
¢IKIPFy1
*FILEs QRAD
*READ: 1
SREWIND
*3SKIFPFsy 1
SSKIPF» 1
*SKIPF»1
*SKIPF» 1
*FILE»QGED
SRERADS 1
THE PROBLEM DECK IS NOW COMPLETE.
IF YOU REQUIRE FURTHER MODRIFICATIONS IN THE PROELEM SPECIFICATION»
USE A TEXT EDITOR TO ALTER THE PRCALEM FILE ON THE DATR CELL.
IT IS ESSENTIALs HOWEVER: THRT FILE FORMAT BE PRESERVED.
YOU MUST NOW WRITE THE ePRELMe » oCNTLe »RAND oXTAGEe FILES
TO THE DATR CELL. THIS IS DONE BY ENTERINS THE FOLLOWING
COMMANDS WHEN THE PROBLEM FORMULATOR TERMINATES, -
~CC» SESAME.
LIERITE»LIROLIEBs FRBLMsFLEMTE » 239 I=BRAPCD.
LIBRITEsLIRGLIBsCNTL sCLEMTE » 2394 W=RRAPCD.
LIBRITEsLIRGLIB: STAGEs SLEMTE 1 239 W=BRAPCD.

oKk - “EDIT

“CCr SESAMES

ILLEGAL SESAME COMMAND - SETRY
“CCySESAME. !

OK - SESAME

LIBRITESLIRRLIEY PRELMYPLEMTE
0K - SESAME

LIERITESLIRRLIES CNTL Y CLEMTE » 23Dy WSEARFCD. ¢
OK - SESRAME

LIERITE'LIRRLIEY STASES SLEMTE s 23Ty WSERAFPCD. !
OK - SESAME

QEENC

“ZC» DISPOSES CNTL=IN. !

0. - SESAME

3V WEERAPCD, !

Fig. 12 (Continued)
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The following considerations apply to

the choices made here:

Section A ~ The initial attempt
to enter the name led to some
mistypes; the second try was

successful;

Section B ~ The LIRAQ-2 model 1s
chosen. Note that one could
have entered "MODEL=2", but

just "2" is sufficient.

Section C = In choosing the
pollutants, only those pollu-
tants whose concentrations can
be compared with observations
are selected in order to
reduce less important output.
Note that a "$" is needed to
terminate a sequence of input
variables if the number of
variables input is not equal
to the maximum number of
varlables that may be listed
(in this case 15).

Section D - Reglon 1 is chosen
as the overall region of
interest (for source and
meteorological data) since
that 1s the region treated
previously. The second set
of input indicates the subarea
of that region to which the
LIRAQ-2 model will be applied.
Note that for LIRAQ-2, the
domain must be 20 by 20 grid
squares (by selecting region

1, each grid square is 5 km on
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a side). Input may be integer
or floating point and the order
of variables input is

important.

Section E - The source inventory
chosen is as for the control,
the summer (season = 3) of 1973
with a time shift to account

for daylight savings time.

Section F - Because elevated
sources are relatively unim-
portant and mdast be changed
individually, no change 1s
going to be made for this
category (entry is {NO#).
Surface sources are to be
reduced by 907% however, so a
#YES# is entered to the second
prompt. For ease in making
the change, rather than reduce
the emissions in four rectangu-
lar areas surrounding the
Livermore Valley, we choose to
reduce emissions everywhere by
multiplying by .1 and then
multiplying those sources in
the Livermore Valley by 10.
This cuts the amount of input
to be done in half. The
response to the next prompt
(1 .1 4) indicates emissions
for pollutant 1 are to be
multiplied (since CHGOPT = 4)
by .1; the next line indicates
this is to be done over the

entire region; and the mnext



line that this is to be done
for the whole 24-hr period.
The choice of time could have
been from 5 to 7 and had the
same effect on a run from 0600
to 0700; choosing 6 to 7
however, would not have been
the same because of the inter-
polation of source emissions
between hours causing some
emissions from hour 5 (0500 to
0600) to actually be emitted
up to 0615, The fourth line
(2 ' ') indicates that the
change applies to pollutant 2
with the other variables
(POLVAL and CHGOPT) unchanged.
Using the apostrophe to permit
continuance of an existing
specification saves retyping.
The second sequence of changes
begins with the line (1 10 4),
which multiplies the pollutant
emissions by 10 in the region
specified by the UTM coordin-
ates (590 620 4165 4185).
Again the apostrophe indicates
continuation of a previous
variable specification. The
input "0 $" ends the input

of source changes.

Section G - Input of a "1" indi-

cates the meteorology of July
26, 1973,

Section H - Input of "6 1"

indicates a start time of 0600

-45~

and run for 1 hr. For the
longer run to 1800, input would
be "7 11",

Section I - To use the same

initjal conditions as in the
control, the standard set is
chosen by inputting #NO#. For
the longer run to 1800, the
input would be #QREST# in order
to continue from the end of

the previous run.

Section J - To use the same
boundary conditions as in the
control, the standard set is

chosen by inputting #NO#.

Section K - The first change in
model output that can be made
is to augment the stations at
which concentration time
histories are kept. Because
there is a particular subarea
we are studying in detail,
this has been done. The
second part of this section
allows up to five locations to
be specified by UTM coordinates
at which time histories of
pollutant concentrations will
be kept. The final two parts
of this section ask for a tape
number on which to store the
model results and the code for
the form (hardcopy or micro-

fiche) of output desired.

Section L - This section

solicits information governing



model operation. First is the
number of compute unit seconds
(CUS) to be allowed.

should be allowed for the model

Enough

to complete its calculaticn
since LBL does not provide
restart or recovery options.
But the number should not be
so long that 1f a problem
arises, an excessive amount of
computer time would be sacri-
ficed, The next four requegts
are for job priority, account
number, name, and special
handling instructions for the
output (#NONEf indicavas user
will pick up the output).
The final request 1s for sub-
set names of files created by
this program for the storage
in the IBM Data Cell. It is
advisable to establish some
system that uniquely identifies
the files so that successive
model runs are not confused.
Once interactive input has been
completed, the user is asked 1if the
problem file that has been created
should be displayed. Responding
#YES# allows one to review the input
to assure that all variables are speci-
fied as desired. An option is also
provided to output a listing of the
control and stage decks that have
been created. The final output of

LIRPRB is a set of instructions to

be followed to write the files which
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have been created to the IBM Data
Cell in the proper way.

Once all of this has been done
the problem may be initiated by typing
in

+CC,DISPOSE,CNTL=IN.

The next interaction with the user
should then be appearance of the
output per the instructions input to
LIRPRB,
LIRAQ model is shown in Appendixes A
and B for the LIRAQ-1 and LIRAQ-2

models, respectively.

Sample output from the

ANALYZING MODEL RESULTS

Once the model run has been
made, the results must be analyzed.
Without attempting to completely
analyze the particular problem that
wag run {including the follow-on
from 0700 to 1800), a number of
insights can be gained by a brief
analysis.

July 26, 1973, was a high
oxidant day, and the day on which the
1973 Bay Area oxidant high was
measured at 1600 in Livermore (22
pphm prior to correction for calibra-
tion error, 17.6 pphm after correc-
tion). The meteorology indicated
light west winds in the morning with
the onset of,a stronger sea breeze in
the afternoon, presumably carrying
pollutants emitted in the central Bay

Area into the inland valleys in the



afternoon. The LIRAQ-2 model had
accurately calculated oxidant in
Livermore and over the region as a
whole on that day (see the Final
Report).

Previous to the simulation that
reduced non-Livermore surface source
emissions, a numerical experiment had
been carried out to determine the
effects of locally generated pollu-
tants on Livermore-Amador Valley
oxidant for the July 26, 1973
meteorology. In that experimen:
(more fully described in Chapter 13
of the Final Report), all emissions
in the Livermore Valley had been set
to zero, leaving all initial and
boundary conditions the same as in
the control case. There was no
significant change in calculated
concentrations of any pollutant
except in the Livermore Valley and
points downwind (east). In the
Livermore Valley, all primary pollu-
tants were reduced in concentration
and calculated oxidant concentrations
in the morning were reduced by 1-2
pphm. However, in the afternoon and
at the peak of the calculated oxidant,
concentrations were actually increased
by 0.3 to 1 pphm. Thus, the calculated
oxidant maximum in the Livermore
Valley was increased slightly (about
2%) .

oxidant dose, however, was decreased

The calculated integrated

hy about 1% with local emissions set

to zero. The increase in oxidant
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calculated in the afternoon resulted
because in the base case locally
generated NO destroys oxidant to a
greater extent than late afternoon
emissions in the Valley generate it.

Because oxidant formation is
highly nonlinear, it was still
possible, however, that local
sources might generate significant
oxidant i1f there were no external
sources. Thus, in the experiment
described earlier in this section,
all surface emissions outside the
Livermore Valley were reduced by
907% while leaving the Valley sources
at their standard values. Based on
input to LIRPRB, the boundary condi-
tions and initial conditions
differed only slightly from the
earlier experiments, the earlier
simulation experiments having started
at 0400, whereas for reasons of
economy, this simulation had started
at 0600. This resulted in slightly
higher initial pollutant concentra-
tions than in the other experiments.
Because of the initial conditions,
the boundary conditions were also
such as to lead to slightly higher
concentrations of ozone, NO,, and
primary pollutants than in ;he
earlier simulations. Finally,
emissions from elevated point sources
outside tﬁe Livermore Valley were
not reduced in this simulation.

In spite of these differences,

all of which would be expected to



cause the model to estimate slightly
higher oxidant levels than would a
model starting at 0400, the simula-
tion from 0700 to 1800 predicted very
low oxidant concentrations throughout
the Bay Area (the calculated high of
4.5 pphm was in Livermore at 1300).
Figure 13 contrasts the results for
the control simulation, the zero
emissions in the Livermore Valley
case, and the 90% reduction outside
the Livermore Valley case for several
stations.

These results indicate the

following:

o The model does respond to a
major emissions reduction
with a major reduction in
predicted concentrations of
both primary and secondary

pollutants,

® Local sources in the Livermore
Valley do not in themselves
cause calculated oxidant to
exceed the 8 pphm standard
for the meteorology of July
26, 1973,

o The model predicts that tke
oxidant measured in Livermore
must be primarily a result
of up-wind sources in the
Bay Area for meteorology
like that of July 26, 1973.

However, note the following
caveat in addition to the normal

cautions about use of any model. Only
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\./‘0_
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4
2,
L 12 L(3)
-g_lo-(c) T J 1 i
L gl 1,2)
2 6 !
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Fig. 13. Time history of concentration
of oxidani at the (a)
Livermore, (b) San Francisco,
and (c¢) San Joge BAAPCD
monitoring statiomns for

(1) the control case, (2)

no emissions in the
Livermore-Amador Valley,

and (3) a 90% reduction in
surface emissions outside

the Livermore-Amador Valley.

one set of meteorclogical conditians
has been fully lnvestigated. Conclu~
slons valid for the meteorology of
July 26, 1973, may not be valid for

other wind patterans.

SUMMARY

The sample model calculation
described in this section 1s one of
many types of studies that might be
performed. With this description,

the information provided in the
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appendixes, some thought in preparing be useful in addressing a wide

possible scenarios, and some variety of questions that pertain to

experience, the LIRAQ model should regicunal air quality.

5. Conclusion

The LIRAQ set of models is a
"tool" with which many complex
questions concerning the causes of
poor alr quality may be studied. The
LIRAQ model uses specific meteorolog-
ical and emissions information to
simulate air quality. It will
respond to real-time changes in the
input information in carrying out
various scenarios. With judicious
choices of model parameters, LIRAQ
can provide relevant responses to a

wide variety of problems; if care is

not exercised in setting up a model
run, however, results may be
unsatisfactory. Thus, although
LIRAQ has been made easy to apply

to complex problems., such sophisti~-
cation cannot replace the proper
exercising of care in formulating
problems and in interpreting results
that aiv quality planning has
required in the past. The model
is only a tool; the successful
application of which 1equires

care and discretion,
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Appendix A
The LIRAQ-1 Model

M. C. MacCracken
K. E, Grant

W, E. Johnston

INTRODUCTION

As described in the main sections
of this User's Guide and in the Final
Report, the LIRAQ-1 model simulates
the evolution of regional air qualicy
as a result of the effects of trans-
port and simple source-sink processes.
The model uses as input information
on topography, meteorology, initfal
pollutant concentrations, and source
emissions that have been gathered and
processed prior to being input to the
LIRAQ model.
the regional pattern of air quality

The output provided is

including its spatial and temporal
variations. The output is in both
tabular and graphical form to provide
both the detailed numbers and a

The model is

available on the Lawrence Berkeley

regional overview.

Laboratory (LBL) computer system.
The model may be used either by
itself or as part of the LIRAQ
system controlled by a program that
helps in formulating the problem
(described in Appendix G). In
either case, the basic operatiomnal
requirements of the model are the
same ~ the difference is whether
LIRAQ~1 is run automatically or by
the individual sitting at a teletype-~

writer., In both modes a number of
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input data files must be provided, as
listed in Table A-1. Detailed
descriptions of the sources and struc-
ture of ecach of the needed input data
files except QSRUN are contained in
the following appendixes. The struc-
ture of the QSRUN f{le, which
governs model operations, is descrlbed
later in this appendix.

Once the data are read Into the
model, the model initiates the
problem and then simulates the
temporal and spatial evolution of the
pollutant concentrations. This
involves treatment of horizontal and
vertical advection, horizontal
subgrid scale eddy transport, deposi-
tion velocity at the surface, simple
species decay, and poliutant source
emissions. Data are output period-
ically in tabular and graphical form;
the types of data output in each
mode are given in Table A-2. All
tabular output, except the station
history information, is given to the
normal output file TAPE3, Station
history data are output in a QSREC
file so that they may be used for
pest processing. fraphical output is
given to a file named TAPE 100.

Figure A-l shows the input and

output relatioauships for rhe LIRAQ-1



Table A~1. Input files nceded by LTRAQ-1.

Tape Appendix
veference in which
Filename Quantity No. described
QSOR Source emission data 5 D
QICON Initial pollutant concentrations 8 F
QGEO Topographic and geographic data 9 E
QSRUN Miscellaneous code running 10 A
information for LIRAQ-1
QTRANn Meteorological data 22 C
Table A-2. Output from LIRAQ-I.
Filename Variables
TAPE3 (tabular) Run parameters (initial time)
Specles characteristics (initial)
Initial conditions
Surface average concentrations (periodic)
Vertical average concertrations (periodic)
Ratlo of surface to vertical average
concentrations (periodic)
Pollutant mass balances (periodic)
Meteorological data (periodic)
Pollutant fluxes (periodic)
FILM (graphical) Inversion base height (periedic)
Surface concentration (periodic)
Vertical average concentrations (periodic)
Station and UTM history concentrations
QSREC (tabular) Station and UTM history concentrations
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b topography and
conc :nfrations

s e o st ot e e

Advection
Eddy tronsport
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b et e e e e o]

1

Fig. A-1.

model. The next section describes in
detail the computer structure of the
LIRAQ~2 code (the theoretical consid-
erations are described in the Final

Report). The following sections give
a desnription of the QSRUN file, some
examp.les of model output, and a state-

ment sbout model availability.

STRUCTURE OF LIRAQ~1 MODEL

The LIRAQ-1 model has a modular
structure with different tasks

separated into subroutines or

Flow of information into and out of LIRAQ-1.

functions. One subroutine, LIRAQL,
operates not only as a controller that
calls other subroutines in the
appropriate order, but also performs
th. actual advancing in time and
space of the pollutant concentrations,
the increments for which are usually
computed in subroutines.

Figure A-2 and Table A-3
together provide detailed information
on actual model structure. Figure
A-2 is a task-oriented flow chart of
the LIRAQl routine, indicating where

the calls to each of the various
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Table A-3. Tasks of subroutines and functions used in LIRAQ-1.
Routine(s) Routine(s)3d
calling this called by this
Subroutine Task subroutine subroutine

LIRAQL Main program that governs model - DTOUT
operation, increments pollutant GENR
concentrations, and controls HINVR
output ICON

POLBAL
POLDIF
POLTR
RECORD
RECSET
SOUF
SOURIN
STAPLT
TRCFIN
\/¢

BAYMAP Plots the contour of the shore- CCONTR -
line, grid scale legend, UTM
coordirates, and selected
station symbols

BMAPI Reads in and initializes data GENR -
fields for topography, shore-
line and station locatiomns

BNX Calculates correction factor POLTR VG
relating mean~horizental
transport (u*c) and vertically
integrated mean-horizontal
traasport (uc)

CCONTR Plots graphical output in DTOUT, TITLE,
contour form for surface and TRCFIN BAYMAP,
average pollutant concentrations CONTLAB,
and inversion base height CLOCKI

CLOCKI Prints the time on the graphical CCONTR -
output

CONVRT Provides conversign of units ICON, VG
between ppm, g/cm”, and total DTOUT

pollutant mass in a grid cell

aSystem—related and normal librarv subroutines are not included in this list.
Graphics-related interface routines, which convert calls to LLL graphics

routines to calls to LB. graphics routines, are also not referenced here but
are listed in the micrc.iche attachment.
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Table A-3. (Continued)

Subroutine

Task

Routine(s)
calilng this
subroutine

Routine(s)
called by this
subroutine

DTOUT

GENR

HINVR

ICON

POLBAL

POLDIF

POLTR

RECORD

RECSET

SFKZAG

SOYF

Directs output of pollutant
concentrations and stores
station time histories

Sets up initlal parameter
defining grid of interest

Updates in time the array of
inversion base heights that are
linearly interpolated between
meteorological update times

Sets up- initial pollutant
concentrations by interpolating
from station observations; sets
up stations where time historiles
will be kept

Outputs periodic flux totals
and mass balances of pollu-
tants for each grid cell

Calculates increment to pollu-
tant concentrations because of
horizontal eddy transport

Calculates increment to pollu-
tant concentrations because of
horizontal advection using
flux-corrected transport

Entry point in DTOUT

Initializes bookkeeping for
station and UTM locations at
which time histories have
been requested

Linearly interpolates the
surface vertical diffusion
coefficient Kz in time

Returns pollutant source emissions
from surface or surface plus
elevated sources, interpolated

in time.
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Table A-3. (Continued)
Routine(s) Routine(s)
calling this called by this
Subroutine Task subroutine subroutine
SOUFVG Entry point in:SOUF - -
SOURIN Initializes and updates LIRAQ1L -
surface and elevated source-
emission data arrays
STAPLT Plots the time histories of LIRAQL TITLE
pollutant concentrations at DTOUT
specified stations
TITLE Writes title on graphical STAPLT -
output CCONTR
TRCFIN Reads in all meteorological LIRAQL CCONTR
data from QTRAN
VG Calculates surface, vertical ICON, SFKZAG,
average, and inversion height BNX, SOUF
concentrations given vertical CONVRT
average or surface LIRAQ1

concentrations

major subroutines are made. Table
A-3 contains a brief description of
the function of each subroutine,
leaving the details on how each
operation is carried out to comment-
card documentation and the coding in

the listing.

INPUT DATA FILES

As listed in Teble A-I, the
LIRAQ-1 model requires five input
data files. The other appendixes
describe how all but one of these
files are generated from more basic
data sources. The 2ne exception,

QSRUN file, contains the running
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parameters for model operation
When the model is operated un. er the
interactive control system, the
QSRUN file is generated automatically
from data input by the user during
problem formulation (see A pendix H).
When the LIRAQ-1 model is run by the
user directly, this file must be
generated by the user.

Figure A-3 presen:ts a listing of
a sample QSRUN file, ind Table A-4
gives the formats of the data cards.

A few other variables that
control various phvsical procecses
are defined in da:a statements internal
to the code. Processes dealt with in
this fashion are listed in Table A-5.
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Fig. A-3. Sample QSRUN file for LIRAQ-I.

Changes in the variables governing
these processes would require recom~

pilation of the FORTRAN deck.

SAMPLE OPERATION OF LIRAQ-1

The LIRAQ-1 model is operational
on the LBL computer system and is
programmed in FORTRAN IV,
available for LIRAQ-1 operation are

The optlons

mainly related to those offered
through QSRUN options. The 1 wblem
formuiation process, described in
Appendix G, also provides descrip-
tions of most of the possible options.
The sequence of control cards
that are created by LIRPRB during
prodblem formulatlion to run the
LIRAQ~1 model is shown in Fig. A-4.
When running LIRAQ-1 77 ectly rather
than automatically using the
executive control svstem (see Appendix
H), a similar sequen:e of operations
would have to be followed in order

to provide accesS to the necessary
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files, run the model, and output the
results,

Sample output from LIRAQ-1 is
shown in Figs. A=-5 through A-10.
Figure A~5 is a sample of tabular
output of pollutant concentrations,
given with UTM coorvdinates as a
framework. Figure A-6 is the start
of the output on the poliutant mass
balance for the various grid cells.
Flgure A-7 shows outnut of horizontal
mass fluxes across grid intervals
shown by the UTM coordinates.

Figures A-8 and A-9 show graphical
output of reglonal patterns of
vertical average and surface pollutant
~oncentrations, respei rively.*

figure A~10 shows a station history
plot that indicates the temporal
evolutlon of the vertical average and
surface pollutant confentrations.*

*The figures show pramhical output
from the LLL computer system.
fimilar output is also available
¢ microfiche from LBL.
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Table A-4,

Format of QSRUN data cards.

Limit of (UTME2-UTMEL)/DX is 45.

bLimit of (UTMN2-UTMN1}/DX is 50.

Card
No. Columns Format Symbol Units Value limits Typical value Description
1 1-40 4A10 NAME _— - BAY AREA 2 KM Problem name
SIMULATION
2 7-8 12 DX km 1, 2, or 5 2 Grid size
2 19-24 F6.0 UTMEL km 490 to 660° 540 UTM easting coordi-
nate of west edge of
domain
2 25-30 F6.0 UTME2 km 490 to 6602 610 UTM easting coordi-
(> UTMEL) nate of east edge of
domain
2 31-36 F6.0 UTMN1 km 4090 to 4300b 4130 UTM northing coordi-
nate of south edge of
domain
2 37-42 F6.0 UTHMN2 km 4090 to 4300b %210 UTM northing coordi-
(> UTMN1) nate of north edge
of domain
3 2-3,5-6, 3(1Xx,12) TIN day:hr:min Depends on 00:04:00 Start time of model
8-9 meteorological simulation
data file
4 2-3,5-6, 3(1X,12) TFIN day:hr:min Depends on 00:10:00 Final time of model
8-9 meteorological simulation
data file



Table A-4, (Continued)
Card
No. Columns Format Symbol Units Value limits Typical value Description
5 2-3,5-6, 3(1x,12) TDLITE day:hr:min 00:00:00 or 00:01:00 Shift from daylight
8-9 00:01:00 time to standard
time
6 2-3,5-6, 3(1X,12) TPINT day:hr:min 00:00:30 to 00:01:00 Time jinterval between
8-9 00:03:00 printed output of
data
7 2-3,5-6, 3(1x,12) TRECI day:hr:min 00:00:15 to 00:00:30 Time interval between
8-9 00:03:00 keeping of data for
station histories
8 2-3,5-6, 3(1X,12) TMBAL daythr:min 00:01:00 to 00:03:00 Time interval between
8-9 00:24:00 mass balance calcula-
tions
9 - - - - - - Descriptive card
10,11  1-80 2014 VSTHL - Station Nus. 43 Station numbers
1 to 1463 0 indicating stations at
indicates no which to keep time*
further data histories
12 - - - ~ - -~ Descriptive card
13 1-80 10F8.0 LOCHST Set of pairs 490 to 660, 520 4160 UTM location at which
of UTM 4090 to 4300 station history is to
coordinates be kept
14 1~4 14 NPL - 1 tod 1 Pollutant number
14 5~44 4A10 NTIT Hollerith - CARBON Pollutant name
(NMPOL) MONOXIDE
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Table A-4, (Continued)
Card
No. Columns Format Symbol Units Value limits Typical value Description
15 51-54 14 KLMSOR - 2, 3, 4, 5, 7 Column in QSOR file
or 7 in which pollutant
emissions to be found
15 55-66, 2E12.54 SORMUL - none 1.0 Source multipliers to
67-78 convert units or
modify source
16 20-27 F8.0 AMOL grams per depends on 28 Molecular weight of
mole pollutant pollutant
17 20-79 5(2X,E10.3) PBKGL ppm none, but 1.0,1.0,1.0, Boundary concentra-
must not 1.0,1.0 tions for pollutant
create exces- on west, east, south,
sively sharp north and above
gradients domain
18-21  Repeat of cards 14 to 17 for second pollutant (optional)
22-25 Repeat of cards 14 to 17 for third pollutant (optional)
26-29 Repeat of cards 14 to 17 for fourth pollutant (optional)
30 - - - - 0 0 Indicator at end of

QSRUN File




Table A-5. Processes governed by data-loaded variables.
Routine in which
Process Symbol data loaded
Deposition velocity DEPVEL? TRCFIN
Decay rate DECAY TRCFIN

9alues of DEPVEL used in LIRAQ~] are given in Table 4.

AVAILABILITY OF L1RAQ-1 CODE

A subroutine by subroutine
listing of the LIRAQ-~1 model, with
internal comment cards included to

provide guidelires to what processes

{a) Control deck

are belng treated in each sectfon of
the coding, {s provided in microfiche
form as an attachment to the User's
Guide.
UPDATE program library format on the
data cell at LBL.

The code is stored in an

LIR@1s 3 1000,673556»MACCRACKEN.
TNOMNE
*F3S
DIZKHDGs 20000,
SCPs A= S00.
LIBCOPYsLIRQLIE s STAGE s SLIMTL .
TAPEs DUMMY s Xs NTsRs 14100 I=STRAGE.
TAFE» IUMMYs Xs NTsRs 14360s I=STRGE. *
TAPE» DUMMY s Ks NTs Ry 157249 I=STRGE.
TARPE» DUMMY» X2 NT Ry 15724+ [=STARGE.
CHIT.
END.
FIN.
LIBCORPYsLIRGLIB s MODFIIE sMOLGFILE .
LIRCOPYsLIRQLIB s PRELM sPLIMTI .
LIM&s F=MODFILE » LO=BERR» 1,
RETURN: @S0OR.
RENAME s 3OR=0Z0RM.
COPYs Q20OR ~<RR» MODRSOR AR,
DISFOSE s MODGSOR =MFs T=[LIRAR <MOIQE0R 1.
EXIT.
FIN.
LIBCOFYsLIRGLIB s BINARY sLIFQ1EN .
Fig. A-4. Example of LIRAQ-1 (a) control and (b) stage decks generated as

a result of problem formularion.
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FEWINIDs BINARY

CxIT.

END.

FIN.

SET» BINARYs MAIMN. REL <L IRRGL
RPEWIND» EINRARY .
FEWINDsMAIN
WRITEF s TRPES
WRITEFs TRFELL
WRITEF TRPELS
FEWINDs TAPEZ
REWIND, TAPEL 1
REWIND: TRAFELS .
FEZIZEs @SRUN=4:QICON=24,

FFEL» 1442004 10370006,

TIM,
LINKsF=MAINs F=BINAFY « LO=BERY s ¥,
ICFPe A=,

EXIT.

DuMFry 17 0Q0A.
SCPs A=,

TIM.

FIN.

RENFMEs TETRGE=STRGE.,

COPYs TAPER <Ry TAPER

COPY» TAPELL <REs TAFEQ .
L0FYs TRAPELZ <FR» TAFEQ .
ZTRAGEs TAPER s 10S03sNT b,
RENAME» STRAGE=TSTASE.

COPYs TRPELS ~REs» TAFE1EA ~“RR.
DISPOSE» TATeME =LPsT=[LIRAM

DIZPOSEs YRPELEH =MF s T=ILIRAGL
CAOPYs TAFELL “RRs TAPELIRA “RE.

DISPOZESTRFELL =LPs T=ILIRRR1
DNISFOSEs TAFEL11A =MFs T=[LIRAR]
CORYs TRAPEZ SRR TAPE2A ~“RE.
LIZFOZEs TRFES =LPs T={LIRARL
D1SFOSEs TAFESA =pMFs T=[ILIRAQL
EXIT.

THIT.

FIN.

FEWINDs STRAGE .

REWMIND INPUT .

CORYSEF « INPUT QUTRUT.
ZOPYSEF» STAGE»QUTPUT,

Fig. A-4. (Continued)
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(b) Stage deck

SREWIND

*F ILEs RSOR
*FERLD 1
SREWIND
SFILEs RTRANY
+REAL 1
SFILEDTRANL
SREAD, 1
»FILE» RTRANZ
*READ L

oF ILEs ITRANG
SRERDS 1
SREWMIMD
SFILEyRICON
*FERADs 1
*REWIND
*SEIPFs 1
TEIFFs1
IPFs 1
*SKIPFs 1

oF ILEs GISED
*READ 1

Fig. A-4 (Continued)
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MASS BALANCE IN GRAMS OF
6,0000 HOURS UNTIL

(s) (b)
£ N
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€3,
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535.
540 .
545 .
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555,
560 .
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570.
575«
580,
585.
590.
595.

Fig. A-6.
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-+368E¢06
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+237F+07
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«781£+407

CARBCN MCNCX IPE

(d)

= YADY

- 22997407
~e3835¢07
= 3526407
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«4343407
« 9293407
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2826407
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~eBA2T 406
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—~e% 795 406
04247 407

(a) UTM easting,
(e) y:advection,
through base of inversioa,

9. 0100 HOUKS

(e)

¢ Yany

«124E¢07
b IYE +OT
OQTTFe00
“213Er L6
—e472E407
- 79TE4DT
-e3(2E2¢07
~.585E¢+06
2 34S5E¢ 00
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o 3E40Q7
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~olE9E+OT
$2925407
-.3015¢05
-~ 1875403
JIBOF+D2
«613E +0%
D LTE4DG
+b53F+U5
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+1264E4C6
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-.114c 408
s 145E4CT7
- +289E+06
- J20F ¢ 06
+1C2E+uB
«213E+07
ZelEeQT
-elUzE+07
—LZ 158407

(j) surface sink of pollutants,

+

(k) sources,

(f) (g)

XPIF & YOIF

«12E+01 «TOE+ 00
«JTE+ O]} « 19E 401
«16E+03 -TBE+02
~e STE+ 02 14E¢03
~»20E+03 «66E402
«B4E¥G2 ~.7BE+OY
+TBE*Cl ~.59E~01
«2TE+01 ~.3&E+O1
+SUE+O01 «23E+01
o 25F ¢02 = 94E+ Q2
«26E U2 o 12E+03
»S5LE+02 «BYE+02
-e116403 = 29t¢02
-« 26E+Q2 «3TE+02
~-+31E+03 o 39 Ee02
+26E+03 ~30E¢+01
266 E+02 ~8F4+01
« 126401 ~4%3E+0L
«OaTEFCL  -a26F¢00
«62E-01 ~-.176+00
« IE+VY -4 245-02
-15€-Cl »64E-01
o14b+01 - THEHQV
«29E+0l  -.16E+QL
-24F+C1 «29E400
—223E+01  -L.77E+00
«11E¢01 «12F+00
«G49F+02 «25E+01
“11E#03  «.24F 402
-« 156403 ~.47E+492
~+93F¢02 —-.26E402
= 12E¢02 +l0F+02
»55E+01 +95£+01
<11E%02 «81E+Q2
«45E+02 «l95E+03
lup 03 » 1BF#03
~e12E+03 - S5TF¢0L
#10€%¥02 ~.22E+407
—~«51E402 ~.58E%Q2
-s4S5E402 -.T78F+02

*

(h)

TOPCUT +

~+22E¢+07
0.
0.
~ . 29F + 06
0.
0.

0.
-e59E+03
-« 16E497
—21E¢07
-, 215407
Q.
U,
-o BAE+ 6
~a52E+LH
~+29E406
0.
Q.

(i)

TOPIN

+»16E+07
+15F+07
935 ¢06

0,

0.

D.

0.

0.

d.

0.

0.
+I8E¢+04
223E+06
«SUF+06
«T2E¢06
- T3E +06
+ TQE ¢ 08

O

0.

0.

e

0.
40 E+O6
« IBE+ 06
«2554U6
-175e27
185407
«123407

0,

-49E+05
=31E+06

+

Sample aoutput of mass balances of CO by UTM coordinates for a LIRAQ-1
(b) UTM northing,
(f) x—diffusion,

I (¢) net change of pollutant mass,
(g) y-diffusion,

(i)

8OTAUT +

-.29£406
-+ 3iE+006
-« 31E+06
-.33E¢06
-e36E+d6
-a32E4+06
~e29E+06
= ZTE+JS
-.18E+0s
~el9IE+O6
-« Z5E+06
~.86FE+u5
13E+07
~«11E+ 07
~290E+I5
~e45E+06
~e2TE+OS
-~ 19F¥06
-«18E+00
-o 18E ¢+ 06
-« 18E¢006
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~e1BE+DG
-« ZDE+VE
-2 21E4+ 08
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-+ 2TE+0b
-« 30E+ 06
= 32E¢06
—s34E+06
-« 35E4006
—a32E406
~o28E+36
- 1BE+06
-« 19E+06
-+40E+06
~»13F+07
-, 145407
~+18E¢07
-+ 18E+07

(k) (n
SOURCE + CHEMLDSS
a. 0.
G, 0,
0. 0.
0. 0.
+a1F+05 O,
« 205404 0.
=13E+405 0.
b4F40e 0.
o. o,
O. 0.
«SUE+05 0,
«16F 07 0.
«38E+07 O,
«27E+07 0.
«21E+07 0Q.
«BlE4O6 O,
«21E+05 0.
0. 0.
0. 0.
0. 0.
0. (i
0. 0.
[+ 2% 0.
Oe 0.
0. 0.
0. O
1Y 0.
0. O.
0. 0.
0. 0.
«13E406 O.
«27E405 0.
678405 0.
0. 0.
C. 0.
«36E406 0.
«2BE+07 0.
«3TE+0T 0.
«6TE+0T 0.

¢ 72407 0.

simulation. Column headings

(d) x-advection,

(h) fluxes out of well-mixed layer

(i) fluxes in to well-mixed layer through base of inversion,
(1) chemical loss.
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Fig. A~8. Sample graphlcal output from LIRAQ-1 showing contours of vertical
average pollutant concentrations.

-76-



LIRAQ-1 JULY REGION | VERIFICATION

f3 L.
LOENG? , casm 'L 032790
L el AMC
. AR i
. - ANt |
oM .
U A
A A P
e b Lvby  APNA:
RS -
- SANA
. p
JRY 3 \/p "

I
*HRE e .l“ 49,‘::;,\!

Fig. A-9.

5.5
6.5
6.6 breo s

A m W & B 8 0 v v
SURF CONCEN CONTOURS OF
LARBON MONOXI1DE

CONTOUR: MINIMUM $.0000€-01 LABEL SCALING 1 .00QOE DO
MAXTHUM “.5000E +00

INTERVAL  5.0000£-01

SCALE® 5.0 KM

Sample graphical output from LIRAQ-1 showing contours of surface

pollutant concentrations.
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Fig. A-10. Sample graphical output from LIRAQ-1 showing time history of
vertical average and surface concentrations of CO in ppm at a

particular station (+DSJ indicates San Jose). Time scale is in
hours.
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Appendix B
The LIRA{}-2 Model

J. J. Walton
D. J. Wuebbles
W. E. Johnston

INTRODUCTION

The LIRAQ-2 model gives the user
the capability of siqulating air
quality conditions when photochemical
processes are of primary interest.

In developing LIRAQ-2, as much use as
possibie has been made of LIRAQ-1
subroutines and data files. Just as
for LIRAQ-1, LIRAQ-2 may be run
directly from a remote terminal or by
the executive control system as
directed during problem formulation
(see Appendix G). Therefore, in
addition to the information here,
refer also to Appendix A, which
describes general model use and some
of the common subroutines and data.
In this Appendix those parts of
LIRAQ-2 are emphasized that are
different from those in LIRAQ-1.

The data files required, as
shown in Table B-1, are identical to
those for LIRAQ-1 with the exception
of QSRUN and with the addition of a
photodissociation rate file (QRAD)
and a restart tape (QREST), all of
which are discussed later in this
Appendix. After initializationm,
LIRAQ-2 calculates the evolution of
each specles as a result of the
combined effects of sources, advective

and diffusive transport, deposition,
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and atmospheric chemiciry. At
specified times the results of these
calculations, in tabular and graphical
form, are written into output files
listed in Table B-2.

run, time-history records of surface

At the end of a

and vertical average concentration
at specified locations are printed
in a special file, QSREC, which can
be used in post processing. Since
the time steps used by the integrator
in LIRAQ-2 provide information con-
cerning the functioning of the
program, the length of the time steps
and significant events, such as
sunrise, sunset, and meteorological
updates, are recorded on a separate
file called QSTEP. QSTEP is dis-
cussed frrther in the output section
of this appendix. QREST is a binary
file.providing the user with average
concentration in molccules/cm3 at
the time of each edit and at the
problem beginning and end, in order
that a problem may be restarted at
these times. The flow of information
from data files through integration

to output is shown in Fig. B-1.

STRUCTURE OF LIRAQ-2 MODEL

As with LIRAQ-1 an attempt has
bzen made to keep a modular struc-

ture. In LIRAQ-2 the main routine



Input Output

Tabulor

LIRAQ-2
Graphical

Initialization of
topography, meteorology
concentrations, and
photodissociation
Computation
Sources
Transport
Deposition
Chemistry

Qutput

QTRAN

Fig. B-1. Flow of information into and out of LIRAQ-2.
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Table B-1. Input files needed by LIRAG-~2.
‘fape Reference Appendix in

Filename Quantity No. which described
QGEO Topographic and geographic 9 E

data
QICON Initial pollutant 8 F

concentrations
QSOR Source emission data 5 D
QSRUN Miscellaneous code-running 10 B

information for LIRAQ-1

and LIRAQ-2
QTRAN Meteorological data 22 c
QRAD Photodissociation rate 13 B

coefficlents as a function

of cosine of the solar zerith

angle
QREST Concentrations of all species 6 B

at each grid point

LIRAQ2 sets up and identifies the
tabular and graphical output files,
printing out parts of the problem
identification. After calling the
major input routine (INPUT), a loop
within LIRAQ2Z calls the GEAR package
driver, the output, and the meteorol-
ogical update routines in the
appropriate sequence. Figure B-2
details the logical flow within
LIRAQ-2, and Table B-! describes the
function of the varilous subroutines.
It should be mentioned here that by
the nature of the GEAR package, when
a sharp discontinuity occurs in
conditions (e.g., sunrise, sumset, or

meteorological update), it is neces-
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sary to reset the parameters governing
the integration. This logic is ¢lso
included in the LIRAQ2 subroutine.

The package of subroutines,
called GEAR, used in the 1L.IRAQ-~2
code, was designed for the numerical
solution of initial value problems
for systems of differential equations.
For a detailed description of the
techniques used in GEAR see Hindmarsh
(1974) or the Final Report. A flow chart
depicting the structure of GEAR is
also given in Fig. B-2. 1In Table B-4
is a description of each of the sub-
routines used in CEAR. The subrou-
tines DIFFUN, JCHEM, and TSET were

developed for LIRAQ-2 and designed to



Table B=2. Output from LIRAQ-2.

Filename Variables

TAPE3 (trabular) Run parameters (initial)

Specles characteristics (initial)
Initial conditions

Reaction rate coefficients (periodic)

Verrical average concentrations in mol/cm3
(periodic)

Vertical average concentrations in ppm (periodic)
Surface concentrations in ppm (periodic)

Time steps and special messages (periodic)

FILM (graphical) Inversion base helght (periodic)

Surface concentrations in ppm (periodic)
Vertical average concentrations inppm (periodic)
Station history and UTM conceuntrations

QSREC (tabular) Station history and UTM concentrations

QREST (binary) Vertical average concentrations (periodic)

Special messages and time step size (nearly

QSTEP (tabular)
every time step)

The (n} in

meet the specifications necessary for

use in GEAR.

Input Data Files

LIRAQ-2 requires six data files
(see Table B-1) with a seventh, QREST,
being optional. Files QGEO, QICON,
QRAD, and QSRUN are needed only for
Files QSOR and
QTRANn are meeded throughout the

initialization.

problem run since they contain source

and meteorological data that is
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updated periodically.
QTRANNn denotes integers, begirning
with (0), for the sequeuce of 6-hr
periods making up the meteorological

data.
The QGEO, QICON, QSOR, and

QTRANn data files are identical for
LIRAQ~1 and LIRAQ-2, and the user is
referrad to Appendices E. F, D, and
C, respectively, for discussions of
these.

The file QSRUN (Fig. B-3 and

Table B-5) is essentially the same



Table B-3. Tasks of subroutines and functions used in LIRAQ-2.
Routine(s) Routine(s)?
calling this called by this
Subroutine Task subroutine subro: ©ine
LIRAQ2 Controls the input, initializa-~ - INPUT
tion output, and main logic RESTART
lcop for the model Yout
DRIVBIL
TRCFIN
RATES
BAYMAP Plots the contour of the shore- CCONTR -
line, grid scale legend, UTM
coordinates, and selected
station symbols
BMAPI Reads in and initiates data GENR -
fields for topography,
shoreline and station locations
CCONTR Plots graphical output in YOUT TITLE
contour form for surface and TRCFIN BAYMAP
average pollutant concentra- CONTLAB
tions and inversion height CLOCKI
CLOCKI Prints the time on the CCONTR -
graphical output
COEF Calculates from meteorological DIFFUN -
data the transport coefficients
used in the program
DIFFUN Calculates the species chemical GEAR SOUF
derivatives and adds to them HINVR
the transport derivatives COEF
SFKZAG
PHODIS

aSystem—related and normal library subroutines are not included in this list.
Graphics-related interface routines, which convert calls to LLL graphics
routines to calls to LBL graphics routines, are also not referenced here but
are listed in the microfiche attachment.
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Table B-3. (Continued)

Routine(s) Routine(s)
calling this called by this
Subroutine Task subroutine subroutine
DRIVEBIL The main routine of a package LIRAQ2 DIFFUN
(GEAR of routines developed at LLL SOURIN
package) by Hindmarsh. Performs the JCHEM
Integration of the differential HAX
equations with error controls COEY
HINVR
PHODIS,
plus other
GEAR
routires
GENR Sets up initial parameters LIRAQ2 BMAPL
defining grid of interest
HAX Determines a maximum permissible DRIVBIL -
time-step based on a simplified
Courant condition
HINVR Updates in time the array of DIFFUN -
inversion heights that are ICON
linearly interpolated between
meteorological update times
ICON Sets up initial poliutant INPUT VG
concentrations by interpolating SFKZAG
from station observations, sets HINVR
up stations where time histor-
ies will be kept
INPUT Initializes the problem by LIRAQ2 GENR
defining fixed parameters, TRCFIN
reading input tapes, and RATES
calling routines that generate SOURIN
other initial conditions ICON
RESTART
JCHEM Calculates the variation cf GEAR SOUF
chemical derivative with
varliation of species; for
error control
PHODIS Carries out a table look-up to DIFFUN -

obtain photodissociation rates
for photochemical reactions
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Table 3-3. (Continued)

Routine(s)
calling this

Routine(s)
called by this

Subroutine Task subroutine subroutine

RATES Given temperature and water LIRAQ2 -
concentration, calculates INPUT
chemical reaction rates

RESTART Stores and retrieves species con- YOUT -
centrations throughout reglon, INpPLT

SFKZAG Lincarly interpolates the INPUT -
surface vertical diffusion DIFFUN
coefficient K? in time

SOUF Returns pollutant source emis- A4 -
sfons from surface or surface DIFFUN
plus elevated scurces, tnter- JCHEM
polated in time

SOURIN Init{alizes and updates surface DRIVBIL. -
and elevated source emission INPUT
data arrays

STAPLT Plots the time histories of YOUT TITLE
pollutant concentrations at
specified stations

TITLE Writes title on graphical output STAPLT -

CCONTR

TRCFIN Reads in all meteorological LIRAQ2 CCONTR
data from QTRAN INPUT

VG Calculates surface, vertical ICON SOUF
average and inversion height con- DIFFUN
centrations given vertical JCHEM
average or surface concentrations

YOUT Prints out average concentration LIRAQ2 VG
in molecules/cm” sets up for out- CCONTR
put in CCONTKR average and STAPLT
surface concentrations in ppm RESTART

for selected species
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Table H-4. Subroutines and functions uscd by GFAR,

Subroutine
ur
funceion

Purpe,e

calling this

Rout ine(s)

subrout ine

COSET

DDSET

BECOMP

DIFFCN

DRIVBIL,

NTRPL

JCUHEN

OMEGA

SULYIL

SOLVE

Sets coefficients for the
intepration step and Jor
error vantrol

Pecornines the block diagonal
part of thwe Jacobian matrix
and processes it tor wse by
STIFFBIL

Porforms aatris triangulation
by Gaussian clinination: pro-
vides triangularized matrix A
for SOLVE

Caleulates the species chemfeal

derivatives and adds to them
the transpoeri derivatives

Mada calling routine for CEAR;

{3 ¢alled once for cach desired

outp. ¢ time

Computes output values at
destred times by lnterpolation

Caleyiates the variation of

chemical derivative with varia~

tion of species; used for
error control

Sots over-relaxation parameter
used fn SOLBIL

Caleulates successive aver-
relaxation solutlion of
licear system

Determines solution to lincar

system A®X=8, where X is the
solution vector

-B6~

STIFVRIL

STIFYBIL

DDSET

STIFF8ilL

LIRAG2

DRIVBIL

POSET

SOL.818,

STIFFRIL

SOLBIL

Rout ince(s)
called by this
subrout {ne

JCHEM
DECOMP

SOUF
HINVR
CUEF
SFRZAC
PHODTS

SOURIX
TSET

HAX
STIFFBIL
INTREL,

sQU¥

SOLVE
OMEGA
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Table B-4.

(Cont fnued)

Subrout fne
ar

function Purpose

Routine(s)
called by this
subroutine

Routinc(s)
calling this
subroutine

STIFFBIL

local error for that st

TSET Determines of f=diagona

of Jacobian matrix

Core integrator routine;
purfurms a siogle time step
of integration and controls

°p

terms

DRIVBIL DIFFUN
COSET
DDSET
TSET
SOLBIL

DRIVBIL

STIFFBIL

for LIRM=1 and LIRAM=2. The first
card is for problem ldentification,
The scecond card carries prid sfae
fnformation and region locatjon.
Cards 3 chrough 8 carry data about
intervals in the

tioe limits and

problem.  Cards 9 through 13 give

those locatlons at which concentra-
t'on histeries are to be kepl.

Cards 14 through 73 carry {nformation
relating to the 15 species treated In
LIRM=2 and will always be present
since all species must be calculated.
Card 7% indicates the end of species
data. Card 75 provides sentinels to
fndicate which species will have
contours and station histories plotte
Card 76 comtains a restart sentinel.
iIf this fs 0, initfal concentrations
will be obtained from QICON. If it
is non-zero, the user will have the
option of modifying concentrations
read from QREST for his new starting

conditions. The last set of cards

d.
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contain an integer (i) followed by
two floating-point numbers Ai' Bi'
and Bi 1.0

1f c? is the

Default values for A are

and 0.0, rospcctivcl;.
concentration of species i read from
QREST, the initial concentration c?

of this species that will be used by

the model will be

1{ a zero is read for i, no further
data follows.

The file QRAD is a table of
photodissociation rates as a function
of the cosine af the solar zenith
angle (*ig. B-4 and Table B-6). This
file is generated by a special LLL
program (QRADGEN), which carries out
a calculation described in Appendix
5-3 of the Final Report. The photo-
dissociation rate coefficients for a
purely absorbing atmosphere are

evaluated for 50 equally spaced
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Table B-~5.

Formats of QSRUN data cards.

Card
No. Columns Format Symbol Units Value limits Typical value Description
1 1-40 5A8 NAME - - BAY AREA 5 KM  Problem name
SIMULATION
2 1-18 6X,12,10X DX km 1, 2or 5 5 Grid size
2 19-24 F6.0 UTMEL km 490 to 660 540 UTM easting coordinate
of west edge of domain

2 25-30 Fo.0 UTME2 km 490 to 660° 640 UTM easting coordinate
(> UTME1) of east edge of domain

2 31-36 F6.0 UTMN1 km 4090 to 4300b 4130 UTM northing coordinate

of sauth edge of domain

2 37~42 F6.0 UTMN2 km 4090 to 4300b 4230 UT.: northing coordinate
(> UTMN1) of north edge of domain

3 1-9 3(1X,12) TIN day:shr:min Depends on 00:04:00 Start time of model
meteorological simulaticn
data file

4 1-9 3(1%,12) TFIN day:hrimin Depends on 00:10:00 Final time of model
meteorological simulation
data file

5 1-9 3(1X,12) TDS day:hr:min  00:00:00 or 00:01:00 Daylight savings time
00:01:00 shift

6 1-9 3(1X,12) TPINT daythr:min  00:00:30 to 00:01:00 Time interval between

2 (UTME2-UTMEL) /DX must be 20.
(UVIMN2~UTMN1) /DX must be 20.

b

00:03:00

printed output of data
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Table B=5. (Continued)

Card
No. Columns Format Symbol Units Value limits Typical value Description
7 1-9 3(1x,12) TRECL day:hr:min  00:00:15 to 00:00:30 Time interval between
00:03:00 keeping of data for
station histories
8 1-9 3(1%,12) TIMBAL day:hr:min 00:01:00 to 00:03:00 Time interval between
00:24:00 mass balance calcula-
tions, not used in
LIRAQ-2
9 - - - - - - Descriptive card
10,11 1-80 2014 LOCHST - Station Nos. 1 42 Station Nos. indicat-
to 146; 0 in- ing stations at which
dicates no to keep time
further data histories
12 - - - - - - Descriptive card
13 1-80 10F8.0 LOCHST Set of pairs 490 to 660, 520 4160 UTM location at which
of UTM 4090 to 4300 station history is to
coordinates be kept
14 1-4 14 NPL - 1 to 15 1 Pollutant No.
14 S5-44 4A10 NTIT Hollerith - CARBON Pollutant name
(NMPOL) MONOXIDE
15 51-54 50X, 14 KLMSOR - 2, 3, 4, 5, 7 Column in QSOR file in
or 7 which pollutant

emissions to be found
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Card
No.

Columns

Format

Symbol

Table B-5.

Units

(Cont inued)

Value limits

Typical value

Description

15

16

17

75

76

77
77
77

78

55-~78

20~-28

29-79

1-30

1-2

1-5
6-15
16-25

Same as
77

2£12.4

F8.0

5(2C,E10.3)

1512

15
E10.2
E£10.2

SORMUL

AMOL

PBKGL

MPLT

NEST

18
SCIN
sCup

ppm

molecules/

cm

None

Depends on
pollutant

None, but must
not create
excessively

sharp gradients

0 or !

Oor

[ to 5

1
[.QE+00
0.00E+00

Source multipliers to
convert units or
modify sources

Molecular weight of
pollutant

Boundary concentration
for pollutant on west,
east, south, north,
and above domain

MLPT=1 specles con-
tours and station
records are kept;
MPLT=0 none are kept

Ni8T=0 run is started
from data on QICON,
NEST=] run is re-
started from concen~
trations stored on
QREST

Initial concentration
of SPECIES

IS will be SCIN times
the value from QREST
plus SCUP

1f no more data,
18=0
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Flow chart for LIRAQ2

Stort

l

Symbal indicotes

machine
readgble file.

-
(]

Run
parameters

(\1

Header, grid
information

/\/

Errar
messages

Fig.

B~2.

!
Program initiation LIRAQ2
Symbol indicetes
tebuiar ond ‘c-
Set up files, LIRAQ?2 graphical output.
stor. ;e areas, etc.
Input run LIRAQ2
parameters QSRUN
Set parameters INPUT
Read anc write GENR QSRUN
grid information i
Initialize topography BMAPT QGEO
and geogrophy
GENR

L Continue

&)

]

Flow charts for LIRAQ-2, GEAR, YOUT, and RESTART routines.
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1 iNeuT
—

" T—
Read stotion and UTM INPUT
¥ locations at which
Locations concentration histories ™ QSRUN
are to be kept B
Pollutant Read poltutant INPUT QSRUN
parometers poiometers
INPUT
Read & QRAD

photodissociation rates

Reod poflutents fo be INPUT
edited.
—~

Calculate edit intervals.,

Read initial

(" —
times

Times

Molecular weight
of oir, pollutants,
edit times
Reod restart sentinel.

|
:8
Fig. B-2. ({(Continued)
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NP
Set up restart TNPUT

TREST = 1

s
this run o

TREST = TR{100)
T

restart

o
RESTART RESTARY
flow chart

Reod:
Scaling factors, From
Times, RESTART
Concentrations flow chart < |
-~

| ineur

L Contirve

TRCFIN

TRCFI

QSRUN)
—omn)
\\_/
{Initiol set of tronsport

Initialize eddy diffusion,
t, and inversion

height coefficient

&/

Fig. B-2,

Mass fluxes

N
QTRAN coefficients and eddy
diffusion coefficients. )

(Continued)
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Time

@

inversion
heights

PLOT

(’\—4

Time

inversion
heights

PLOT

F\\A

Trversion height CCONTR
above topagraphy
Continue ] TrReFIn
{nversion height CCONTR
above sea {evel
Read in next step TRCFIN
of eddy diffusion
coefficients

[ Continuve j TNPUT

Reaction rote
coefficients

(TS

Sources

{ aman

Colculate reaction RATES
rote coefficients
Initiol source SOURIN
rates

Fig. 2. (Continued)
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INPUT

Continve

L

1
iCON

Gaussian inter=
polatian coefficient,
referenice heights

Input of Gaussion inter~
polation coefficient
and reference height

SFKZAG

Calculote surface K,

/

If

RESTART

a restart
don't read
QICON

New prablem,
no restart

Read ond print pallutant praperties
and station concentration informa-
tion for each pollutant and each

station

Pollutant
properties,
station inforination

ICON -

:E
Fig. B-2. (Continued)
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Set up initial con-
centration on grid
by interpolating

observed data

1com

TNPUT

Sunrise,
sunset time

Calculate sunrise time.

Store initial concentrotion.

Set boundary conditions.
Scale ozone for day or night,

Times

QUTPUT

LIRAQ2

J5 =
NEC (100)= G

{ YOUT sentinel }

LIRAQ2

&/

Fig. B-2.

(Continued)
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r Continue J LIRAQ2

Fuli output and
store time histories since
NEC (100) =0

Save initiol
concentration

STEP
@ IRESY = 2,

/ TREST = TOUT

RESTART

To YOUT flow chort

YOUT
From YOUT flow chart

Set GEAR parameters

INDEX =1
HQ = HIN

LIRAGI2

Fig. B-2. (Continued)

( Start of moin logic loop)
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LIRAGQ2

TOUT = TP(1)
Edit *ime

LIRAQ2

TO is set
initiolly to initial r——
time and is reset at Edit time option EXIT
meteorological Error exit
update and
sunrise/sunset,
No error
LIRAQ2
Set dummy edit time
Yes between metearologicol
updotes ond sunrise
TOUT = HALE

LIRAQ2

Fig. 2. (Continued)
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LIRAQ2

1TYP = 1
Next TOUT is on edit ¥me

Is the

/ next edit

Yes .
before a metearologicol
update or

sunrise”?

LIRAQ?2

1f o meteorological updote and o
sunrise both occur between two
edit times, they cause a dummy

edit to occur between the
meteorological update and the

sunrise

>

Fig. 2. {Continued)
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LIRAQ2

LAF =}
IHALF = midwoy time D""“'"_
between the edit time
updote and sunrise

TNDEX =2 ~ Integrate up to meteoro-

1TYpP =2
TOUT =

logical update time
= Next edit time is @ mete-

arological update
~ Meteorological update

time

Metearological

LIRAQ2

1TYp =3

update correyp
o synrise

Fig. B-2,

(Continued)

QSTEP
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Te GEAR T
package
From GEAR
package

LIRAQ2

Call GEAR package with

TO = initial time

TOUT = stop integrat-
ing time

INDEX

If
TOUT is
close to edit
time, force

an edit

LIRAQ2

Close

TOUT = closest edit time

TNDEX = 0
(F0>

something wrong

in GEAR package),

Fig. B~-2.

{(Continued)
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I NDEX

LIRAQ2

Time of
QREST write

Qutput

~—

TOUT = TP{1)
{Next edit time)

Set sentinel for YOUT
to ask for full edit, partial
edit, or store concentrations,

{ NEC ! 100}]

I

LIRAQ2

Coll YOUT
RESTART

/ concentrotion

Output

P=1+1

To YOUT fow chart

"/

From YOUT flow chart

Fig. B-2. (Continued)
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Problem exit = no

{oter edit time
LIRAQ2

LIRAQ2

Yes
L E——

EXiT

No

Sunrise/sunset

Is thisa
meteorological update
or sunrise/sunset

Meteorological update
LIRAQ2

INDEX =1

HO

T = TT1 { Meteoro=
logical update time)

I TRCFIN
Read next set of
meteorological
data
(Continued)

Tig. B-2.

LIRAQ?2

IINDEX =1
HO

T0 = TSUN
{ Sunrise/sunset time)

OTRAN

&
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9
update message

QSTEP

RATES
T1RAQ2
Colculate new LIRAQ
reaction rate
coefficients
LIRAQ2
TP = TT1 + TTRAN Sunrise Sunset
TTDRIV = TT1
LIRAQ2 LIRAQ2Z
LIRAQ2
Output QOutput
Outpur
Sunset
message

Sunrise
message

L

Fig. B-2. (Continued)
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(b} Flow chort for GEAR pockage

ENTRY

GEAR parometers
{ See DRIVBIL documentation)

INDEX =0 = cortinuous integration

HO
T0

first call (reinitiolize integration)

=1 = continve integration with
porameters reset

=2 = integrote to o particular fime

< GEAR time step
- Integrotion start time

TQUT = Integratian stop time

LAF

« Meteorological update, sunrise/sunset,
edit-time proximity indicator

%

Fig. 2. (Continued)
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{¢) Flow chart for YOUT package

YOout

ENTRY

NEC (100) is the control parameter
for this routine,

NEC (100) =0 = full output and
store time
histories

> 0= store time
histories only

< 0 = output only

SFKZAG
Obtain surface Kz

for conversion to
surface concentrotion

Continue 1 YOQuT

QREST Store
concentrations
:x

Fig. B-2. (Continued)

RESTART 88 To RESTAR  "'aw chart

.
\—@ From RESTART flow chort
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/ _\\_/‘
Time,

H
NQ

NEC (100)
>0

( Store time histories)

NFE
NSTEP

Photodisso~iation rates

Equilibrium and
dynamic s er;i]es in

zone (1,

Concentrations

No
YOout
Qutput
YOut
Qutput for
each polfutant
species
Your

YOut

NCONL = NCONL + 1

Fig. B-2, (Continued)
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YOur

Convert to average
concentrotion

CCONTR

Output coverage and

surface

ions

(Don't
store time
histories)

NEC (100)
<0

Your

Store
time histories

Fig. B-2.

s

Grid
information

BAYMAP

[ Continue

—
|
|
I
‘ ond inversion heights
I
[
|
[
|
|
|
]

] cconm

(Continued)

Ccacentration,
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History
array
foll

Output
station history

Station
histosies

YOuTt

RETURN

@

Fig. 2. (Continued)
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(d) Flow chort for RESTART package

i in QREST

@

Fig. B-2

RESTART

New problem or

Yes (conrinued new problem)

RESTART

Call OPENMS
(Sets up the RESTART files)

No

RESTART

Yes

ENTRY
IREST =1 = restart
=2 = new problem or con-
tinuation ofter restort
RESTART
No
— [REST =2
( Resturt)
RESTART
Scaling Input
factor scaling foctor
RESTART
LOCT =1
(Record}
RESTART
Call OPENMS -
Wipe out the old Loct =1
restart file and
set up @ new one 5
(Some disk filename)
[ RESTART
Get times
which then
Call ]- are concen=
READMS|  yration records

o

. (Continued)

&

RESTART

LOCY = LOCT + 1
Index record pointer

RESTART

Call WRITMS

Write time record
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RESTART

Find the record
containing the
concentration needed
for restars

RESTART

Read
concentration

RESTART

RETURN

RESTART

@

RESTART
Coll WRITMS
Write
concentrotion
record
RESTART
Index time pointer
LOCT = LOCT+1
RESTART
{ime
Qutput
RESTART
T
QSTER Calt CLOSEMS
pratect the
restart file
agoinst aborts
RESTART
RETURN

Fig. 2. (Continued)




NON-L IVERWORE REOUCTL OY 10-CONT
LIRAQ S xN GRIO S30. 630. 4120. 4220.
00307100 INITIAL TVEIME
00310500 FINAL TINE
00:01:00 DAYL IGHY TINE SHIFY
00301300 PRINT INTEAVAL
00100130 TIME WISTORY RECORD INTERVAL
00100300 MASS BALANCE INVERVAL
THE FOLLOWING STATIONS WILL NAVE FINE MISFORIES KEPT)
L 4 & 8 9% 10 11 12 13 14 15 1T 25 34 57 61 63 &0 129 14
T4 143 139 103 56 & 129 140 24 -D
THE COLLOWING UTR LOCATIONS NILL HAVE TIME WISTORCES XEPT)

$90.0 4180.0 $90.0 4145.0 415.0 41635.0 413.0 4180.0 0.0 0.0
1 ALXENES

SOURCE COLUMN AND WMULTIPLLERS 3 «1000E+D} «1000€e01

MOLECUL AR WETGHT 44.00

BACKGROUND VALUES ¥ ,100€-01 £ .100€-01 § .100€E-01 N .100E-01l &4 .100€-01
2 ALRANES

SOURCE COLUMN AND WULTIPLIERS H +»1000E¢01 «1000E¢01

MOLECULAR WETGMT $9.00

BACKGROUND VALUES W .500€~01 € .SO0E-OLl S .300E~OL N .500€~0% A .500E-0L
J ALDEMVOES

SOURCE COLUMN AND MULTIPLIENS L] «1000E¢01 «1000€901

COLECULAR WETIGHT 38.00

BACKRGROUND VALUES W .200E-02 € .2008~-02 § .2008~-02 N .200E-02 A .200€-02
4 NE{TROUS ACIOD

SOURCE COLUMN AND WULTIPLEERS o 0. 0.

NOLECULAR Wi 1 GNT 47.00

SACKGROUND VALUES W  A08E-0T7 € 408E-07 S .406F-0T N .406E-OT A .A08E-0O7
5 NETRIC ACHID

SOURCE COLUMN AND MULTIML IERS o O 0.

MOLECULAR WEIGHTY 43.00

RACKGROUND VALUES M  .A08E~0T E .608E-0T S .40HE-OT N .406E-07 A .40LE-O7
& HYDROGEN PEROXIOE

SOURCE COLUNN AND MULTIPLIERS o o. 0.

MOLECULAR WETGHT 34,00

BACKGROUND VALUES N . A00E-0T7 E .406E-07 S .404E-OT N .408E-O0T A .&AD&E-O7
T NLTRIC OXIOE

SOURCE COLUMN AND MULTIPRLIERS S +1000€901 «1000E+01L

MOLECULAR WE1GHT 30.00

Fig. B~3. Sample QSRUN file for LIRAQ-2.
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0.
N
0.
N
0.
N
0.
N
0.
N
0.
N
O.
N

«%00€E~02 A .400E-02
0.

«400E-02 A .400E-02
0.

«122€-10 A .122E-10
0.

+100E-01 A .100€E-0O1
0.

«&%06E~-0T7 A .%06E~07
0.

+1226-10 A .122E~10
a.

«1226-10 A  .122E-10
0.

«122E~10 A .122€E-10

» 1000401 +1000E+01

N

«100E+0L A .100E+01

QUTPUT SELECTION

BACKGROUND VALUES W L400E~02 «400€-02 § L400E-02
8 NITROGEN DIOX1DE
SOURCE COLUMN AND MULTIPLIERS 0
MOLECULAR WEIGHT §6.00
BACKGROUNO VALUES W .400E-02 «400€-02 § L400E-02
9 NITROGEN PENTOXIODE
SOURCE COLUMN AND MULTIPLIFRS 0
HMOLECULAR WEIGHT 108.00
BACKGROUND VALUES W .122€-10 «122E-10 S ,122€~10
10 QXONE
SOURCE CNLUYMN AND MULTIPLTERS ]
MOLECULAR WETGHT 48.00
BACKGROUND VALUES W .100€-01 «1006-01 § .100E-01
31 ALKYL NITRITES
SOURCE COLUMN AND MULTIPLIERS [+]
MOLECULAR WETGHY 100.00
BACKGROUND VALUES W .406F-07 «&06E-07 § ,406E-07
L2 PEROXYALYL FREE RADICALS
SOURCE CNLUMN AND MULTIPLIERS 0
MOLECULAR WETGHT 100.00
RACKGROUND VALUES W .122€-10 «122€~10 5 .122E-10
13 PEROXYALKYL FREE RADICALS
SNURCE COLUMN AND MULTIPLIERS 1]
MOLECULAR MEIGHT 100.00
BACKGAOUND VALUES W +122E-10 »1226~10 5 .122€-10
14 HYOROPEROXYL FREE RADICAL
SOURCE COLUMN AND MULTIPLIERS [}
MOLECULAR WEIGHT 33.00
BACKGROUND VALUES W .122E-10 #»l122€-10 S .122E-10
15 CANBON WMONOXIDE
SOURCE COLUMN AND MULTIPLIERS T
MOLECULAR WEIGHY 28.00
BACKGRAOUND VALUES ¥ .100E+01 +100E+01 S +100E+01
]
1110301102100001 POLLUTANT
t RESTART FLAG
0 -0. -0.
Fig. B-3. (Continued)
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-CT1-

2.04082E-02
1.00000E+00
9.79592E-01
9.59184E-01
8.38776€-01
9.18367E-01
B8.97959E-0!
B8.77551E~01
8.57143E-01
8.36735E~01
B8.16327E-0!
7.95918E~01
7.75510E-01
7.55102E-01
7.34694E-0i
7.14286E-01
6.93878E-0!
6.73469E-01
6.53061E-01
6.32653E-01
6. 12245E-01
5.91837e-0!
5.7:429€-01
5.51020E-01
5.30612E~01
5.10204E-01
4.89796E-01
4.69368E~01
4.48980E-0!
4.28571E-01
4.08163E-01
3.87755E-01
3.67347E-01
3.46939E~01
3.26531€-01
3.06122E-0!
2.85714E-01
2.65306E~01
2.44898E-01
2.24490E-01
2.04082e-01
1.83673E-01
1.63265€~01
1.42857E~-01
1.22449E-01
1.02041€-01
8.16327e-02
6.12245€-02
4.08163E-02
2.04082E-02
Q.

O E == NN NNWFEFOOONOOON NN IO OOD YWD OW = = e oo = e e e

. 18952€-02
.17920E~02
. 168BBE-02
. 15641E~-02
. 14218E-02
.12816E-02
.11587E-02
- 10356£-02
.09000E-02
.07574E-02
.06071E~02
.04259e-~-02
.02446E-02
.00344E-02
.81460E-03
.594B1E~-03
.37504£-03
. 15530E-03
.91927€-03
.68041E-03
.41865E-03
.12258E-03
.82670E-03
-867286£-03
.30983E-03
.04300E-03
-76683E-03
.48893E-03

17527E-03
86193E-03
57158E-~03
29659E-03
0133BE-03
68270E-03

.35259€-03
.03616£-03
.72592€E-03
.41172E~03
.0B446E-03
.75823E-03
.46236E-03
. 17478E-03
.88831E~03
.60319E-03
.31975€-03
.03845E-03
.60084E-04
.B6057E-04
. 19772E-04

30940E~04

.23134E-04

15324E -04

.07510E-04

99691 E-04
91771E-04
B82976E-0%
T4176E-04
65058E ~04
55766E-04
46228E -04

.357212-04
.25209E-04
. 13609E~04
.01845E~04
-89534E-04
.77082E-04
-64629E-04
.49927E ~04
. 34828E-04
. 19637E-04
. Q4302E-0%
-88968E ~04
.7340BE-04
.57839E-04

40959E -0
22775E~04
04S87E 04
86184E-04
67791E-04%

.48131E-04
-27639E~04
.07064E-04%

B5914E-04

-B4796E£-04

42404E-04

- 19502E~04
- 96369E -04

72443E-04
48612E-04
26549E-04
05020E-04
53058E-05

.88167E~-05
.24835E~05

95049E~05
70623E~05

.62148E-05
.27180E-06

INCRE*(.NT

1

10691E~-06

-95100E~06
. 79867E-06
.65155E-06
.51485E-06
.38338E-06
.25221E-06
. 12228E-06
-98859E-07
.8280BE~07
-73433E~07
.72130E-07
. 78380E-07
.81793E-07
. 13869E-07
-42605E~07
. 76419E-07
-16953E-07
1.65328E~-07
1.
1

21812E~07

. 55645E-08
.71834E-08
.53897e~-08
.9B131E-08
-70144£-09
.73432E-09
.93402e-10
.21079E-10
2.28252E~1¢2
3.
a.

03908E-17

Fig.

IN THE CQS OF
5.5273BE-06
5.34053E~06
5.15563E-06
4.96726E~06
4.77674E~06
4.58868E -06
4.40312E-06
4.22011E-06
4.03393E-06
3.84763E-06
3.66279E-06
3.47466E~06
3.29025E-06
3.11198E-06
2.93822E-06
2.76692E-06
2.59661E-06
2.43055E-06
2.26661E-06
2.
1
1
1
]
1
H
1
9
8
7
6
5
Y
Y
3
2
2
8
5
3
9
3
9

2.71285E-05
2.65965£-05
2.60658E~05
2.55107€-05
2.49363£-05
2.4364BE-05
2.38038E-05
2.32448E-05
2.26523E-05
2.20436E-05
2.14359E-05
2.08243E-05
2.02158E-05
1.95779€-05
1.89331E~-05
{.82925E-05
1.76563€E~05
| . 70245E-05
1.63617€-05
1.56981E~05
1.50401E~05
1.43880E~05
1.37417€-05
1.304}5E-05
1.23458E-05
1.16623E-05
1.09906E-05
1.03254E-05
9.633391E-06
8.95258E-06
8.27753E-06
7.61087£-06
6.95401E-06
6.29837E-06
$.65665E -06
S.02540E-06
4.40872E-06
3.80570E-06
3.21024£-06
2.63897E-06
2.15378E- 08
1.70781€E-06
1.30920€E-06
9.73749E-07
6.69055€~07
4.37171€£-07
2.44942E~07
1.07792€E-07
2.87893E-08
0.

THE ZENITH ANGLE

1.91250E~03
1.,90391E~03
1.89533E-03
1.88373E-03
1.86968E-03
1.85516E~03
1.83643E-03
1.81769E~-03
1.80099€-03
1,78538E-03
1.76571E-03
1.72980E-03
1.69389e-~03
1.65857€-03
1.62344E-03
1.58761E-03
1.55014E~-04
1.51267E~-03
1.47188€E-03
1.43051E-03
1.38758€-03
1.34230€-03
1.29703E-03
1.24730E-03
1.19734€-03
1. 1454uE-03
1.08571E-03
1.02791E-03
9.69364E-04
9.10818€-04
8.54%146E-04
7.98722E-04
7.43299E - 04
6.
6
S
S
Y
M
3
3
2
2
e
1
1
]
6
3
0

87876E-04

. 32452E - 04
.79214E-04
.26913E~-04
. 75588¢ - 04
.27190E~04
. 78792E - 04
.32892E - 04
.87617€-04
LH42S4E -0
L0444 2E-04
.B64631E-04
.29738E-04
.53908€E-05
.24490E-05
. 1224SE-05

2.

1
1

2
2
2
2
2
2
2
e
2
2
2
2
1
1
1
1
1
1
i
1
!
1
i
1
1
1.
1
9
8
8
7
B
6
S
S
u
3
3
2
e
e
6
Y

2

1.
2.
0.

712B85E-05
65965E -05
60658E-05
55107E-05
49363E-05
4364BE-05
3803BE-05
32448E-05
26523E~-05
20436E-05
14359E-~05
08243E-05S
02158E-05
95779E-05
89331E-05
82925E-05
76563E-05

.70245£-05
.B3617E-05
.56981E-05
.50401E~05
.43880E-05
.37417E-05
. 3041SE-05
.23453E-05
.16623E-05

09906E - 05

.03254E-05
.63391E-06
.95258€ -06
.27753E-06
.61087€-06
.9S401E-06
.29837e-06
.65665E - 06
.0254GE-06
.40872E-06
.80570E-06
.21024E-06
.63J497E-05
. 15378F -06
.707RiE-06
. 30320E-06
. 73749€E~-07
.69055€-07
.37171E-07
S44942E-07

07792E-07
87893E-08

B-4. Listing of QRAD file.

[B974E-03
B?616E-03
B86253E-03
84731E-~03
83076E-03
81417E-03
79752E- J3

.78081E-03

76221£~03
74257€-03
72323E-03
70532E-03
68732E-03
66714E-03

-64616E-03
.62480E-03
.60267E-03
.580%5E-03
.557,1E-03

S53589E-03
S5(920E-03
48268E-03
45599€-03
42559€-03
39480E-03
36240E-03
32836E-03

.29363C-03

25076E-03
20756E-03

. 15962€E-03
. 10836E-03
.05529€-05
.99404€- 03
.93222:-03
.86650E-03
.7C139€-03
. 1256SE-~03
.64621E-03
.56543E-03
.46648E-03
.36162E-03
.24504€-03

10861E-03

.68660E - 04

9034 1E-04
03789L - 04
T1632E-04
18202E-04

. 1764BE-04
. 12557E-04
-07454E -0y
.02340E-04
-97212E-04
.92072E-04
.86918E~-04
.81750E-04
. 76567E-04
. 71368E~04
.66153E-04
.60920E- 04
-S5670E~04
.50400E -0y
.45109E~04
-39552E -0y
. 33404E-04
.27239E-04
.21056E-G+

148S4E-04
0831 1E~04
01272E-04

-94216E-04
.871%0E-04
.80043E-04
.72319e-0y
.65766E -04

H58578E-04
S51350E-04
Y4075€~04
35849E-04
26982E-04
18172E~04
0991 0E -04

.01S48E-0y
.92967E - 04
.83233E-04
.73204E-04
.BI434E-04
.49433E-04
. 35548E-04

2091 0E-04

. 04888E -04
.86599E - 04
.67327E-04
.39757E-04
-09930€ - 04
.73393E-05
.92930E-05

23030E-05
11081E-05

-99530€-05
.87948E-05
. T64S7E-05
.65414E~-05
.54813E-05
.4464BE-05
.35114E-05

26086E-05
17389E-05

. 0B864E-05

007%0E~05
31899€-06
60636E-06
91618E-06
23385E-06
59027€-06

-99965E - 06

4Y4647E -06
92080E -06
4201 6E-06

.95356E -06

51998E ~-06
11837€-06
T4768E -06
40685E -06
09476E-06
81031E-06
55236E -06
31591E-06
10221E-06
13541E-07
S1342E-07
09534E-07

.82063E-07

72521E-07
82138E-07
10742£-07
52763 -07
07719E-07
29258E - 08

-67526E~08
.78861E-08
.504S4E-08

00661E-09
59353E - 09
37347E-10
S4079E-11



Table B-6.

Format of QRAD data.file.

Card No. Columns Format Symbol Units
1 1-12 El2.5 DCoS -
2-51 13-120 9E12.5 QT s

values, from 0.0 to 1.0, of the
cosine of the zenith angle. A
correction for scatteriry is then
applied, and the coefficients are
written into the data file QRAD,
This file then provides the table of
values used by PHOD1S in the LIRAQ-2
calculation. The first card contains
the increment of DCOS, the cosine of
the zenith angle, and the remaining
50 lines contain a list of the
cosine of the zanith angle and the 9
photodissociation rate coefficients
appropriate for that angle. The sub-
routine PHODIS then performs a table
lookup from this list.

The file QREST is a binary file
(aat is both a receiver of data and a

potential input file. Vertical

. . 3
average concentrations in molecules/cm

are written to the file at the time
of each call to YOUT and at the
beginning and end of each model run.
If a terminated problem is to be run
(with possible modifications), QREST
may be used to provide the initial

conditions. The first 97 words on

this file are reserved for a record
of those times at which concentrations
have been written on it. The
remainder of the space is available
for storing concentrations of all
species at all grid points at the
times recorded. When a problem is
restarted at time TIN, the variable
TP(100) is set, and the RESTART sub~
routine determines where on QREST the
concentrations corresponding to that
time are stored, buffers them in, and
scales them as described in the dis~
cussion of the restart portion of
QSRUN.

Although provision is not made to
change the chemical reaction rates by
use of input files in order to empha-
size the care that must be given in
undertaking such changes, all of the
reaction rates are calculated in the
subroutine RATES., The variable Q(J) is
the reaction rate for reaction J, as
identified in Table 3 in main text,
and the values of the variables A and
C given in that table have been in-

serted into the calculation of Q(J).
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Thus, changing the reaction rates
requires only the altering of the
values presently being used. Also
specified in subroutine RATES are
1) the absolute humidity (H20) and
2) the air temperature (TEMP). If
sufficient information was available,
both of these variables could be a
function of meteorological condition.
The remainder of the information
required to run LIRAQ-2 is contained
within the program itself, primarily
within subroutine INPUT. A descrip-
tion of these data will be found in

Table B~7.

Output Files

LIRAQ-2 makes use of the same
tabular (TAPE3) and graphical
(TAPE100) files as those described in
Appendix A for LIRAQ-1 and shown in
Fig. B-1. Two additional files
unique to LIRAQ-2 are QREST and
QSTEP.

described in the section on input

QREST has already been
files because of its dual role. The
second, QSTEP, contains brief mes-
sages relating to the problem that is
running. Problem identification is
given followed by information con-
cerning sunrise time, and the initial
times at which source and meteorolog-
ical data are read. Subsequently,

the occurrences of sunrise and
meteorological updates are also
recorded along with error messages, if
any. The remaining information con-

sists of lines containing three

floating-point numbers that are,
respectively, current time step,
current time, and maximum permissible
time step based on a Courant-like

condition, all in seconds.

SAMPLE OPERATION OF LIRAQ-2

The LIRAQ-2 model is operational
on the LBL computer system and is
programmed in FORTRAN IV.

avallable for model operation have

The options

been outlined in the preceding sec-
tions, being mainly related to options
using QSRUN parameters. The problem
formulation process, as described 1in
Appendix G, also provides descriptions

of most of the available optionms.

The sequence of control cards
that are created by LIRPRB during
problem formulation to run the LIRAQ-2
model is shown in Fig. B-5. When
running LIRAQ-2 directly rather than
automatically using the executive
control system (see Appendix H), a
similar sequence of operations would
have to be followed to provide access
to the necessary files, run the
model, and output rhe results.

Figure B-6 is a sample of tabular
output of pollutant concentrations
(in units of mol/cma) from LIRAQ-2,
given with UTM coordinates as a
framework. Output is also given in
ppm as shown in Fig. A-5. Because of
its advection and solution scheme,
LIRAQ-2 does not output mass balance

or flux information as does LIRAQ-1,
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Table B-7. Variables specificd in subroutine INPUT,

Name Description
NAMTYM Labels for problem time limits and intervals. (Hollerith)
MONTH Month labels used (o coding to determine time of sunrise,
(tHiollerith)
DAYS Day on which each month starts; used also in determining
sunrise.
23
AVNO Avagadro's number (6.0247 - 1077)
NP Number of specles (always 15)
PLN Wind power taw {(0.143). Not used in LIRAQ-2 at present.
ALRMUT Molecular weight of air (28.88)
. -3 K]
RHOAR Air density (1.18 - 10 7 gm/cm™)
NAMES Chemical formula for species.
MM Minimum value for each speciles ro be used by GEAR in its

error control.

DEPVEL Species deposition velocity

M Afr density (moleculeslcm3)

02 Oxygen density (mo]ecules/cna)

ALP,OMA 4, L= used in chemical rates (see Final Report. Ch 9)

EPS GEAR error control parameter (10—3)

HIN Initial GEAR time step (1078 sec)

FRC Parameter used Iln JCHEM in calculating a Jacobian
numerically.

TSUNIN Time of first sunrise in the current problem run.

FRIC Ratio of concentration just outside of boundary to that just
irside. Defined in COEF (0.95).

YERC A species and location dependent number (0.0 - YFRC < 1.0)

related to the boundary condition (see Appendix 5-3 In the
Final Report).

-118-



Graphical output from LIRAY=2 is iden-~ microfiche attachment. The comment
tical in tormat to that for LIRM)-1, cards included in the programs
shown in Figs. A-8 through A-10, provide guideposts to understanding

the model design and operation,

CUDE LISTINGS LLIRMW=-2 code 1s stored in an
A listing of the LIRAQ-2 code is UPDATE program library format on
included with this User's Guide as a the [BM Data Cell.

(o) Control deck

CIRG2e 2012000, 672556 MACCRACKEN,
¢ H[lNE

HOG, S00n0o,
ICFsA= 11200,

LIBLDFY;LIPOLII »ETAGE s ILEMTE

sMTsFs 10509 I=STAGE.
sNTsR» 14100, I=5TRSE,
sHTsRy 14250, I=STAGE.
sHTsFy 15734 I=ETRGE,
sHTs Ry 4+ [=STRGE.
TR FSds [=ZTAGE.

TAFE « DIMMY' s
TAFE s DUMMY
TAFE s DUMMY
TAFE » DUMPIY «
THFE » DUMPy
TAFE s DLIPIPTY !
CaIT.

EWIT,

END.

FIN.

LIECOPYsLIREGLIE +MODFILE sMDDFILE .

LIBCOPYsLIRGLIE s PRELM sPLEMTZ

LIME s F=MODF 1LE s LO=EEFXs ¥,
FETURN. 2=0F

M.
SRR MODEE0R <Rif#a
=MF s T=IL IRAR
. DATA CELL S 1% DOwN
EXIT.
FIH.

SMODRE0OR 1.

LIEBCOPYsLIRRLIE s BIMARY s LIREZEMN .

INDs BEINRR"Y .

IT.
EMD.
FIM.
GETs BINARY: MAIN. REL-LIRARZ
REWMIMDs BEINARY .
REWIMNDs MATIN .
WEITEF» TAFES .
WREITEF» TRFELZ .
WEITEF s BZTEF

The

Fig. B-5. Example of LIRAQ-2 (a) control and (b) stage decks generated

as a result of problem formulation.
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FEWINDs TRFES .
. 25 NOV O pE.432 DRTAR CELL S 1% DOwN
REWMINDY TAFELS .

FEMIND RITEF .

FESIZE s QERUN=4 QRRD=9 s RICON=24,
FFLs 141000 SV 00,

TIM.

LINE « F=MRINe F=EINARY y LOSEBERY .
ZCPsA=0.

< 26 MOV 03,432 IDATA CELL S IE DO
EXIT.

DUMFs 170000,

IRy A=0,

TIif.

FIM.

-=ENHP1E TETRSE=LTREE,

sMLLL s 1F s TRRED .
F'HHLL-IF THFF“ .

CUFY S WRETT
ITREG -TH»&!

,-THFEJH ~RE,

=LFPs T=ILIRA <TRAFEZ
=MFs T=ILIRAGRE “TRAPE3ZA
~REs RETEFA ~RR.
=LPs T= (L IRARE “BETEP
5 =piF s T=[L1RABE EZTEPR
’UPH THFEI‘ <RFs TAFEL12A <RR.

DIZFOSEs TRPELE =LFs T=ILIRARE <TAFE1Z

DIZPBZES TRAPELZA =MF s T=ILIRAGE “TAPE128

E=XIT.
CHIT.
FIN.
REWIND» ZTAGE .
REWINDs INPUT .

CORYIEF« INPUT. DUTPUT.
COPYEZEF « STAGE QUTPUT .

Fig. B-5. (Continued)
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ftp://ftp.OF

(b} Stage deck

eREWIND
eIKIFFs 1l
¢ZKIPFa 1
*ZKIFPFs 1
«FILE» QREZT
¢READ> -0
eREWIND
+FILE» 220K
«FERD: 1
eREWINL
FILEs QTRAML
*RERIs 1
oFILEs RTRANI1
eRERDs 1
oFILE» @TRRNE
oFERDs 1
*FILEsQTRANZ
eFREADs 1
oRELIMD
oFILEs@ICON
eREFAD» 1
eREWIND
*SKIFFs 1
KIFFs1

o= IFFs1

oF ILEs QRAD
*FEADs 1
SeFEEWIND

2K IFF«~1
oZKIFF 1

ek IFFy1
*oSEIFFs1
oFILE»GRED
«RERD 1

Fig. B-5.

(Continued)
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-tel-

20

19

18

17

1&

15

14

13

12

11

10

HCt CONCENTRATICNS {RNL/CM3IY

1
12

0 232F 612
«STAES]L2

«232F¢12
5695412

22326412
+556E412

«239E¢12
04635412

s 27T5€+12
«395F+12

«4D2E¢12
«4175e12

+372€+12
»3025¢12

«272F+12
«269F+12

2268%R+12
«3122+12

«291E+412
«26TF#12

23235¢12
«526E¢12

«353E¢12
«69TE+]12

v363E412
«f94F*12

«352E412
= CeHEFL2

Fig. B-6.

2
13

« 2796412
o ThGES12

2726412
2 796€¢12

A265E412
+TOTEs12

oELIEHL2
«69TE#L2

+589E¢12
«615E¢12

«5226¢12
« 5876412

«309€+12
«A6TE#LZ

+284E¢12
«318E+12

<195k +12
«3A3E+12

«260E 412
$ 4667 ¢12

«3NRE#12
GGOF 412

337812
«538E¢12

+345%¢12
«6BLEFL2

«338F+12
«TO65+12

3
14

«428Es12
+FT9E#1 2

«5648E¢12
»105E+13

«542E¢12
=115€+413

«T17E412
«168E¢13

+600E+12
«107E+13

«527F¢12
«678E¢12

«305E412
5630412

«205F+12
«415E¢12

« 2658412
«3TTE]12

«303E+12
+4BIE#12

«361E+12
+537C+12

«374E+12
+502k 12

#3T1EFL2
490E+12

«361E+12
«Selfe12

AT Y =
15
«537€212

«115E¢13

« 715412
«131E+13

+6T1E#)2
+142€¢13

+68lE¢L2
«1£58413

«E658E+12
«111E+13

+490E+12
«T13E¢12

«391E+12
«539E¢12

+398E+12
«451E+12

4518412
+403E+12

+47T0E+12
«433E¢12

We64E412
sL2¢E€12

«432E+12
«459E+12

«450E¢12
v362E+12

«401E+12
«400€+12

«TOGO00E+01 HAYRS

5
1s

«SETFe12
«139F+13

«699E+12
«155€213

«60TE412
2 164E¢13

«6TOE¢12
«177E+13

«T11F#12
«132E+13

hT9E+12
+878E¢12

+3B0E+12
. 560E+12

oh43Fe12
«4%2VE*12

«4b62F ¢12
«39T7F+12

+485E+12
«449E¢12

o 544E+12
«410F+12

«558F+12
«317E+12

«596F ¢12
«263E+12

24327 ¢12
«303E+12

&
17

~462E012
»152F¢13

4535412
«173c¢13

«411Ee12
«Ll79E+13

H56E+12
«173E+13

«379€+12
«135F¢13

+320E¢12
«915e+12

«311F412
+555£+412

«270E412
«401E+12

«339E+12
«397€+12

«541E+12
«453Eel2

«546E¢12
+349E+12

«6235412
«2B4T+12

«566E412
244E412

6208412
22328412

?
18

2 439E+12
e149E+13

4i1Ee12
«181£413

«383E+12
«182E+13

+354F+12
+164E+13

«362E+12
«130E+13

«406€ +12
906812

«372E+12
«552€+12

»306£+12
«384F+12

«320E+12
«381E+12

«4B88E+12
«3607+12

»625E+12
«329E412

- 731E412
«280£+12

«809E+12
«245€+12

«922E+12
«231E412

A
19

2457E¢12
«137E¢13

+433E¢12
+172£413

«332€212
1702413

2237€412
+146E+12

«236E+12
+110E¢13

«296€+12
«T06E+22

+366F+12
«419E412

«3647E+12
+360E+12

«25BE+12
«321E412

«419E+12
+313E¢12

«654F+12
+301E+12

+889E+12
«2T0E+12

» 1028+i3
«231£+412

+105E+13
«231E+12

9
20

«422F12
«993E+12

«4L0E+12
+130E+13

«330F+12
«13Q0E+13

«234E+12
«107E+13

22335412
«TV3E+12

«234€412
«439E+12

«255€+412
«302E+12

+301F+12
+283E+12

+»306F+12
«2T8E+12

«509E+12
«271E¢12

«T22E+12
«243F+12

«102E+13
«238E+12

«116F+13
«231E+12

+116E+13
231E+12

10

«390E+12

«419E¢12

«387F¢12

«259E+12

«256E+12

«2726+12

«253E¢12

«239E+12

«217E+12

«516E+12

«699E¢12

2Q20E+12

«113E4)3

»124E+13

11

2H4TESL2

veb6EL12

4 T0E+12

+3228412

«294E+12

«2T6E#12

«266E+12

«251€412

«326E+12

“4T2E+12

«651E+12

«854E+12

«101E+13

«104E+13

Sample tabular output of pollutant number density from LIRAQ-2, orderxred by grid square.



Appendix C
Meteorological Data Analysis

T. W. Stullich

INTRODUCTION

To run an air quality problem
with LIRAQ, regional meteorological
information must be specified so that
the processes of advection and diffu-
sion (as well as other processes) are
modeled in a realistic manner for the
calendar day selected. As pointed
out in the introduction to this
User's Guide, this is done by the
meteorological data-processing model,
MASCON, which processes observed or
hypothetical meteorological data so
that the advection and diffusion
vrocesses are treated in a mass-
consistent manner. (Refer to Chapter
3 of the Final Report for details of
the MASCON model.)

we provide the information needed to

In this appendix,
onerate ihis model. In doing this,
we give brief descriptions of the
input files that the LIRAQ user must
supply to run an air quality problem.
During the course of this pro-
ject, data for a number of meteorolo-
gical case studies have been
assembled. The processed data files
are available to the user for use
with LIRAQ at the Lawrence Berkeley
Laboratory (LBL) Computer Center.
These case studies were carried out at

LLL using the MASCON meteorological
submodel, which was not developed for

use at Berkeley for the purposes of
this contract. Thus, additional
meteorological case studies that the
user may wish to construct, must, at
present, be run at LLL.

In carrying out meteorological
analyses with MASCON, the user must
provide input files that describe the
meteorologfcal evolution in time (at
some hourly interval) of the atmos-
phere over the region of interest in
terms of wind speed, wind direction,
inversion base height, and atmospheric
transmissivity (LIRAQ-2 only).
Supplementing these files with other
standard input files (containing run
parameters, topographic data, station
lists, etc.), the MASCON model can be
run at LLL on a CDC 7600 computer
over a maximum 65 by 65 mesh (the user
selects the grid interval: 1, 2, or
5 km) in5to 40 min of computer time,
depending primarily on the amount of
raw data to be processed, the number
of mesh points in the grid selected,
and the number of hours being simu-
lated, Computer graphics, tabular
output, and the required output files
for LIRAQ (compatible with the LBL
operating system) are output to the
user.

Figure C-1 is a diagram of input

and output files in relation to MASCON.
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Ovutput

Input
DnMASCNxyz
Graphical output
(Flow fields +
isopleth analysis. )

QMRUN
Run
specifications Model HMSCXY Zn
Tabular output
QGEO
Topographic
mapping, and \
station data QDIAG
MASCON Timing ond error
diagnostics
QMET /
Meteorological
data N QFLXCK
Mass consistent:
acn flux statistics
Transmissivity
data QTRANN
Grid mass fluxes
(Input to LIRAQ)
Fig. C-1. Schematic flow chart of input and output files used by MASCON.

-124-



The structure of the QGEO file is
described in Appendix E, and the other
input files are described in this
appendix. In terms of output files,
the key link between MASCON and LIRAQ
are the QTRAN files. The QTRAN family
of files contain information as to
vertical eddy diffusivities, horizontal
and vertical transfer coefficients,
inversion base heights, atmospheric
transmissivities, and source
multiplier flags. These files are
described in greater detall below.
The other output files are treated
more briefly.

Because the MASCON model is not
available at LBL, detailed documenta-
tion of the model, including a flow
chart, are not included with this
User's Guide. It may be useful,
however, to review briefly the
philosophy embodied in the MASCON
model used in treating the
meteorological data.

As explained more fully in the
Final Report, because of the almost
constant presence of a subsidence
inversion and its importance as a 1lid
to vertical mixing upwards from the
surface, we have modeled the air
quality of the Bay Area by considering
only the subinversion layer. This
led naturally to the consideration
of a one-l.yer model.

Since the vast majority of the
observational data available now (and

probably in the foreseeable future)

in this area is for the surface, it
was also most natural to select the
surface as the primary data level

and to approximate vertical variations
through the subinversion layer by
suitable prescriptions. Wind has
been assumed to remain constant in
direction but with a power-law
increase in speed with altitude
above the ground. The inversion base
height, another critical factor, is
generally observed only twice a day
at the Oakland radiosonde station.
This occasionally led to use of a
nomogram to estimate inversion base
heights at other locations from
surface temperature data and the
Oakland observation (see MacCracken
et al,, 1972).

having surface sources or sinks

Because pollutants

would not be expected to instantane-
ously mix uniformly through the
subinversion layer, an exponential
profile was adapted relating the
vertical variations in concentration
to the sirength of the surface source
or sink and to the surface vertical
eddy diffusion coefficient. And
because atmospheric chemistry is
dependent on the amount of light
present, information on the radiation
reaching the subinversion layer was
needed.

Because even the special
observation network used during our
study days to monitor these meteoro-

logical variables (wind, inversion
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base height, eddv diffusivicy, and
atmospheric transmissivity) is
inadequate to provide a comprehensive
regional pattern for the Bay Area,
especially in view of the complex
topography, a computer program has
been developed that interpolates and
extrapolates the data throughout the
area of interest. For the coupled
wind and inversion base height fields,
this could only be done in a phys~-
ically meaningful way by adopting the
constraint that the mass flow between
the surface and the inversion base
must remain constant along a stream-
line. 1t was, however, found
necessary to modify this constraint

to account for the following facts:

e The inversion base height

changes with time.

e Increases of inversion base
be1ght with diurnal heating
are accompanied by entrain-
ment of air from above the

inversion.

e Lowering of the inversion
base height in the afternoon
and evening is generally a
discontinuous process (i.e.,
a new lower inversion usually

forms).

e Observational data are neaither
ervoy—free nor consistently
representative of the scales

of motion of concern.

As described in the Final Report, the
mass consistent flux field program,
MASCON, was designed with all of
these considerations in mind.

In dealing with the limited
amount of data usually available in
t'w Bay Area, it was found that even
these constraints were insufficient
to provide a satisfactory wind field
without additional observations. It
had been anticipated that for the
model validation episodes these would
be supplied by aircraft, but they
never became available in the quantity
desired. It was, therefore, found
necessary to supplement the objective
analysis with considered meteorological
judgment in the form of supplemental
synthesized data. Some of the consi-
derations involved in doing this are
described in the Appendixes 8-1
through 8~3 of the Final Report. Such
synthesized data were found to be
most helpful around the boundaries of
the analysi. area.

The following sections discuss
the input files needed for operation

of the MASCON model.

INPUT DATA FILES

Four input data files are needed
by MASCON: QMET, QCLD, QMRUN, and
QGEO. The first three are specific
to this model and are discussed
below; the fourth, QGEO (also used by
LIRAQ) is discussed in Appendix E.
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Of most importance is the QMET file
that contains all of the meteorological
transport information (wind speed and
direction, inversion base height) for
the particular period to be studied.

In all of our studies to date, these
data have been based on observations,
although the potential for developing
hvpothetical days or meteorological
situations can be treated.

The second input {ile, €}CLD,
contains information on the radiative
properties of the atmosphere, and
again may be based on observed or
hypothetical data. Of most impor-
tance, the values in this file are
intended to provide a representation
of the regional cloudiness.

Finally, the QMRUN file provides
MASCON with such parameters as grid
size and domain, which are needed to
develcp the QTRAN file that is

desired.

The QMET File

The QMET file structure has the
capability for treatimg a number of
slightly different forms of input
meteorology to provide flexibility in
handling observed data from different
sources and to allow refinement of
data in regions of sparse observa-
tions for the purposes of inter-
polation to a grid. The time of all
data is referenced to Pacific Standard

Time (PST) and input data are expected

to be of a time-~averaged nature cen~
tered on the hour. In the Bay Area
case studies, these data are entered
at 3-hr intervals. MASCOX has been run
on sets of data of up to 48-hr
duration. The mass-consistent calcu-
lations are then centered at the mid
periods between the three hourly input
sequences and are considered applicable
over the 3-hr period, interpolation of
the resulting variables in time being
done in the LIRAQ model.

There are six possible subsec-
tions of input data in every three

hourly input cycle:

(1) MSL inversion base height
(metres above sea level) by

station location.

(2) MSL inversion base height
(metres above sea level) by

UTM coordinate location.

(3) Surface vector wind (m/s and
whole degrees) by station

location.

(4) Mean layer vector wind and
inversion base height (m/s,
whole degrees, metres above
sea level) by station

location.

(5) Surface vector wind (m/s and
whole degrees) by UTM

coordinate location.

(6) Mean layer vector wind and
inversion base height (m/s,

whole degrees, metres above

-127-



sea level) by UTM coordinate

location.

The MASCON code, presently
configured to run on a CDC 7600
computer over as large a grid as
possible, requires nearly all of
avallable small- and large-core
memory, primarily caused by large
array sizes. Array size restrictions
led to the following input limita-

tions regarding the above forms of

input:
Input data Maximum allowable

type no. of records

1 150

2 575

3

4 150

5

6 575

Stations for which various types
of input data were potentially avail-
able are indicated in Table C-1. (See
Appendix I, Table I-1 for definitions
of codes used in this table.) For
most of these stations, the potential
was not realized and, typically, there
were 20 to 30 data points during each
3-hr interval. Mean layer vector
winds were derived frowm vertical
profiles taken from pibals, radio-
sondes and specially instrumented
aircraft. To establish the validity
of these data over a thickness of an

air column, inversion base height

information was also required for
this type of input. Inversion base
heights entered on these cards must
alsoc be input in subsections (1) and
(2).
portions of a QMET file, and Table

C-2 gives a description of card

Figure C-2 gives an example of

format.

The QCLD File

As described more fully in
Appendix 8-3 of the Final Report,
Eppley pyranometer data provide an
indication of atmospheric transmis-
sivity for use in calculating photo-
chemical dissoclation rates. The
Bay Area Air Pollution Control
District (BAAPCD) operates Eppley
pyranometers at nine stations:
Redwood City, Vallejo, San Jose, San
Rafael, Pittsburg, Napa, Richmond,
San Francisco, and Livermore.

The task of developing input
data for MASCON (and thus LIRAQ) from
these instruments involved a sequence
of special operations. At each of
these stacions a continuous indicating
recorder is used to record the data
on strip charts. The mean ordinate
for each hour beginning at 0400 PST
and ending'at 2200 PST was read from
the strip charts and then summed
every 3 hr, this interval correspond-
ing to meteorological update times
in the LIRAQ codes.
cessing program developed by the

A special pro-

BAAPCD was used to integrate
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Table C-1. Surface observation stations

used in field data collection program.

o - .
. & C
s ®
= 8 g £ ” g
E W » » 3 8 A w3
o 1 U i) © e o o
o o o E H 1 ] Q @ >
© Q [ 2 U g o
Station name a = 2 8 2 E E N 89
SAN FRANCISCO I DSF BA SF 25 4181,8 55).F 2] 570
SANTA RQSA 2 DSA BA SN 50 4254.7 525.! 24
PETALUMA 3 DPE BA SN Y 42324 532.7 24
SAN RAFAEL Y DSR BA MA 6 u202.7 542.3 24
NAPA 5 DNA BA NA 13 4240.7 561.6 23
VALLEJO 6 DVA BA SL 6 wl?7.4 567.1 23
RICHMOND-JADE ST 7 DRI BA CC 3 4201.0 555.4 24
PITTSSURG 8 DPT BA CC 2 4208.4 597.3 2Z¢2
L 1 VERMORE 8 DL! BA AL 150 4171.2 608.6 2Z2
FREMONT 10 DFR BA AL 12 4i54.6 6581.8 21
SAN JOSE 11 DSy BA SC 25 4133.0 S§88.5 2!
MOUNTAIN VIEW e DMV BA <SC 23 4138.8 583.3 21
REDWOOD CITY 13 DRC BA SM 4 4148.5 570.%5 21
BURL INGAME H 0BY BA 5SM 10 4159.! 557.8 21
CONCORD-TREAT BLVD 15 DCO BA CC 25 4199.3 5B85.7 22
BENICIA 16 DBE BA SL 40 421!.8 574.3 22
RICHMOND-13TH ST 17 DORM BA CC 12 4200.4 556.€ 24
MARTINEZ-FIRE STA 18 DMF BA CC S 4e07.4 §76.1 22
POINT RICHMOND i9 DOPR BA cCC S5 4)97.6 55:.1 24
SONOMA CO ARPT 20 ASN FA SN 36 u4eee.0 517.2 24
HAMILTON AFB 21 AHA AF MA I u213.2 542.4 24 40
NAPA CO ARPT 22 ANA FA NA 4 4229.0 563.1 Z3
TRAVIS AFB8 | 23 ATl AF SL 14 4235.4 594.4 23
LIVERMORE ARPT 24 ALI FA AL 122 4172.% 604.5 zZ2
BUCHANAN FIELD 25 ABF FA CC 6 4204.5 5B3.0 2Z2¢&
OAKLAND [INTL ARPT 26 AGA FA AL t+v172.7 569.3 Zi 31
ALAMEDA NAS 27 AAN NV AL 2 uwigt.2 580.5 2t 4.6
HAYWARD ARPT 28 AHKW FA AL 9 wi183.5 577.8 21
SAN JOSE ARPT 29 ASJ FA SC 4 4135.4 595.1 21
MOFFETT FIELD NAS 30 AMN NV SC 8 4140.5 584.1 2ZI
REID HILLVIEW ARPT i ARH FA &C 38 4132.4 B04.7 ZI 46
SAN FRANCISCO ARPT 32 ASF NW SM ! 4163.2 556.2 2ZI
SAN CARLOS ARPT 33 ASC FA 5SM 1 4151.8 566.2 2Z1
HALF MOON BAY ARPT 34 AHM FA SM 16 4151.9 5S44.6 2]
SAC'TD METRO ARPT 35 ASM FA SA 5 4284.6 622.2 Z3
SAC'TO EXEC ARPT 36 ASE FA ©SA 5 4263.6 631.1 2Z3
MATHER AFB 37 AMT AF SA 5 426B.6 6&47.8 23
MCCLELLAN AFB 38 AMC AF SA 5 4280.6 63B.9 2Z3
STOCKTOM ARPT 39 AST FA SJ 7 4195.1 654.4 22
ANGEL |SLAND 40 MAG CG MA 3 4i89.4 55!1.2 24
POINT REYES 41 MRE CG MA 73 4205.1 488.1 2Z4
BODEGA BAY 42 MBO CG SN ! 4242.7 495.2 2Z4
POINT ARENA 43 MPA CG ME 1 4311.9 435.9 2Z4
R10 VISTA Y4 MRV CG SL 2 4223.t bl4.6 22
PORT CHICAGO 45 MPC C€G CC 15 4210.8 5B6.3 22 9.1
P1GEON POINT 46 MPP (CG 5SM 12 4115.0 S53.9 21
PILLAR POINT 47 MPI CG SM B0 415C.0 S44.4 21
POINT BONITA 48 rMPB CG MA 24 4185.3 541.5 2Z4
SONOMA-1ST ST WEST 49 DSO BA SN 29 4238.6 547.5 24
MT JACKSON s FMJ FO SN 500 4265.5 503.5 2Z4
51 FBL FO Na 930 4279.6 570.5 23

BERRYESSA LO

3Sensor elevations are taken to be 6.1 m above ground level, except as

indicated.
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Table C-1. (Continued)
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Station name Pt = < S o =) 2 N o
ALLEN LO 52 fFAL FO SM 710 4137.9 562.5 2!
LOMA PRIETA 53 FLP FO SC 1160 4107.6 602.8 Z!
EAGLE ROCK 54 FEA FO S2Z 760 4l1).3 S571.6 2
MOUNT 0S0 55 FMO FO ST 976 u4152.2 639.5 2Z2
PLEASANT HILL 56 OPH 8A (C 26 4197.9 5B1.1 22
SAaN LEANDRO 57 DSL BA AL 4 4174v.7 573.9 Z)
LOS GATOS 58 O0OLG BA SC 116 4)20.3 590.6 2ZI
FATRFIELD 59 DFa BA SL 5 u4233.3 &B2.6 Z3
MORGAN HILL ARPT 60 NMH MS SC 193 4111.8 619.9 21
SHELL ,MARTINEZ 61 ISH CM CC 30 4208.0 577.1 Z2 30§
SMITH ARPT,S RAFAEL 62 NSR MS MA 3 4208.4 542.4 7%
PHILL IPS,MARTINEZ 63 IPH CM C(CC 4 4208.6 582.4 22 50.3
ANT[OCH ARPT 84 NAN MS CC 893 4202.7 605.4 22
PG & E,PITTSBURG 65 EGP PG CC 2 4218.2 596.7 22
UNION,OLEUM 66 [UN CM CC 4 4210 7 567.1 22 3.1
STD OIL,GARDEN TRACT 67 IGT CM CC 2 4202.! 554.B 24
STD O!IL,GERTRUDE ST 68 165 CM CC 3 4200.7 554.7 Z4 9.1
ALL iED.RICHMOND 69 lAaC CM CC 2 4199.2 554.9 Z4 19.8
PG & E MOSS LANDING 70 EGL PG MR I 4074.@! 608.7 2ZI 76.2
CSuUsy 71 uUSJ DM SC 27 4l132.2 89.1 Zi
HAYWARD ST COLLEGE 72 UHW M5 AL 137 4167.7 583.6 ZI 229
U. C. BERKELEY 73 UCB MS AL g4 4(91.7 565.3 2!
LLL. KWEST TOWER 74 LLT LL AL 177 4172.3 6i3.89 22
LLi., SITE 300 75 LLH LL SJ 360 4168.2 630.4w 22
SAN JOSE EMSU 76 GEM OM  SC 32 4131. 600.3 21
OAKLAND RADIOSONDE 77 GOA NW AL 2 4177.4 568.3 Z1i
SAN FRANCISCO BEACH 78 NSB ™MS SF Q0 4176.1 543.6 2]
MT SUTRO TOWER 79 UMS DM SF 277 4178.9 547.9 ZI
S. J. CIVIL DEFENSE 80 GSO ™MS SC 20 413w.0 597.2 2ZI
MT TAMALPAIS 81 TAM FO Ma 785 %197.8 537.2 24
MT DIABLO 82 DIA FO CC 175 +i93.t 595.6 22
SUNOL FORESTRY 83 FSU FO AL 73 4161.2 S8B.6 22
OAKLAND SEWAGE PLANT 84 OQSW M5 AL 3 4186.5 562.1 21
AL CHEM,PORT CHICAGO 85 (AP CM CC I 4211.3 589.0 22
CHABOT REG[ONAL PARK 86 PCP OM AL 122 4i75.3 581.1 22
MODESTO ARPT B7 AMO FA ST 28 4166.2 679.6 22
HAYWARD 88 OHW BA AL £53 4187.8 585.2 !
SUNNYVALE B9 DSY BA SC 31 4136.7 585.9 ZI
GILROY 90 DGL BA 5C 50 4086.8 627.2 2ZI
EAST SAN JOSE 91 DEJ BA SC B4 4138.8 602.5 2ZI
BUCHANAN FI1ELD 82 PBF BA CC 6 4204.5 583.0 22
EAST SAN FRANCISCO 93 DFC BA SF 5 4%178.7 553.9 71
OCEANICS CONCORD 9% VCO NO CC 6 4204.5 583.0 2z2
OCEANICS OAKLAND 85 VOK NO AL 1 4172.7 568.3 2Zi
OCEANICS GNOSS FIELD 96 VGF NO HMa e ue2l.6 539.8 24
OCEANICS NILES CANY. 97 VNC NO AL 73 4160.7 597.9 22
SAN RAFAEL, 4TH ST 98 ORA BA MA 6 4202.6 542.5 24
RICHMOND, NEVIN AVE 99 DRH BA CC 9 4188.8 55B8.7 24
FREMONT, UNION ST 100 OFM BA AL 15 4154.4 592.}1 27}
SAN JOSE, ALMA AVE 10t DJO BA SC 33 w130.:1 599.6 ZI
BURL INGAME, BAYSHORE 102 0BG BA SM 2 4i61.1 B56.1 2Z
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Table C-1. (Continued)
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s 8 g 3 2 E E E 52

Station name a o 2 8 = 5 s N v o
OAKLAND, JACKSON ST 103 O0AK RB AL 11 41B83.7 564.7 21
NAPA, 1ST ST 104 DNP BA NA & u4238.8 562.5 23
SANTA ROSA, 4TH ST 105 DSS BA SN 48 u4254.5 525.0 2Zu
VALLEJUO TRAJLER 106 DvT BA St 5 4217.3 566.9 23
POINT MONTARA 107 MPM CG SM 17 4154.3 5u42.6 2]
SAN CARLOS 10B VSC MS SM 2 4l49.7 567.6 ZI
MARTINEZ 109 VMA MS CC 2 ue208.4w 5B72.4 Z2
ANT JOCH 110 VAT MS CC N 4208.2 605.1 2Z2
RIO VISTA 111 vRv MS &L 23 u4eew.6 613.9 22
TRACY lle vIy MS sy 20 4i76.6 637.6 22
ALTAMONT PASS i13 VAP MS AL 174 417%.4 6ilv.8 22
DUBL IN 114 vDu MS AL 89 4173.6 59%.1 z2
WALNUT CREEK 115 VvWC MS CC 50 4194.2 582.9 Z2
WINTERS 116 VWT MS YO 38 ugfBy.0 590.6 23
DIXON 117 vDXx MS SL 17 42%56.0 604.1 23
CACHE 118 VCH MS SL 0 4232.3 613.3 Z3
BENICIA 119 VBE MS SL 5 42i4.2 876.1 2Z2
VALLEJO 120 VvvA MS SL 36 u4218.6 S567.6 Z3
NAPA 121 VNA MS NA 10 4239.1 561.8 23
BODEGA BAY 122 vBO MS§ SN 0 4238.0 496.4 74
SANTA ROSA 123 VSA MS SN 52 u4253.5 526.4 74
SONOMA 124 VSN MS SN 24 4238.B 545.5 Z4
RICHMOND HARBOR 125 VRD Ms cC 0 4195.2 557.6 Zu
BOL INAS BAY 126 VBY MS MA 0 wi93.2 S527.4 74
PETALUMA 127 VPE MS SN 17 u4233.9 533.8 Z4
SAN RAFAEL 1e8 VSR MS MA 9 u420l1.8 542.3 Z4
NILES CANYON 129 PNC DM AL 73 4160.7 %597.9 22
DUMBARTON BRIDGE 130 RDB DM SM 3 4150.7 577.% 21
CSuUsy 131 RSJ DM SC 32 4131.0 600.4 21
R10 VISTA 132 RRV DM SL 0 4ee2.3 olu.6 2Z2
TRAVIS AFB 133 RTR DM SL 17 u4235.5 6592.7 23
SANTA ROSA 134 RSA DM SN 4l u4253.6 523.3 Z4
FRESNO ARPT 135 VFA RB FR 100 4074.7 793.%1 27
SAL INAS ARPT 136 vSS RB MR 23 4058.4 624.6 27
SACRAMENTO ARPT 137 VSM RB SA 5 u42B4.6 622.2 Z7
OCEANICS SAN JOSE 138 vSJ NO SC 1+ u4i35.4 585.1 Z1
OCEANICS L JVERMORE 139 VLV NO AL 12 4172.5 60u.5 22
HAYWARD 140 PHW DM AL 76 4172.1 584.3 Z1
GILROY 4] PGY DM SC 58 4095.4 627.9 21
TRACY iue PTY DM Sy I 4177.9 638.1 ze
PLEASANTON 143 PPS DM AL 95 4168.2 597.8B 22
MARE [SLAND 4y  PMI DM SL 6 u216.0 563.9 Z3
DAVIS 145 PDV DM YO 13 u4266.4 609.4 73
PETALUMA 146 PPE DM &M 3 4231.9 6532.0 24
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AUG 20 1973

1873
1973
1973
197%
1873
1973
1973
1973
1873
1873
1973
1973
1973
1973
1973
1973
1973
1973
(973
1973
1973

100.

100.
20 {973
20 1373
20 1973
20 1973
20 1973
20 1973
20 1973
20 1973
20 1973
20 1973
20 1973
20 1973
20 1973
2D 1973
20 1973
20 1973
20 1973
20 1973
20 19732
20 1973
20 1973
20 1973
20 1973
20 1973
20 1973
20 1973
20 1972
20 1973
20 1973
20 1973
a0 1973
20 1873

STAT, CM/SEC MUL BY 180.

1973
1973

*eTHE INVERSION AND W ND DATA FOLLOWING WAS TAKEN AT o400
THE FOLLOWING OATA 'S INVERSION HGT BY STATION, FOR CM MULT BY
+ABF 25 300. 0400 PST AUGUST 20
+NAN B4 0. 0400 PST AUGUST 2a
+PTY e 350. 0400 PST AUGUST 20
+NSR &2 125. 0400 PST AUGUST 20
+NHH 60 300. 0400 PST AUGUST 20
+AHM v 750. 0480 PST AUGUST 20
+AL1 ek 450, 0400 PST AUGUST 20
*AHH 28 S00. 0400 PST AUGUST 20
+ASJ a9 S00. 0400 PST AUGUST 20
+ASC 33 475. 0400 PST AUGUST 20
+NSB 79 400. 0400 PST AUGUST 20
+RARV 132 0. 0400 PST AUGUST 20
+VFA §135 0. 0400 PST AUGUST 20
+VSH 137 160. 0400 PST AUGUST 20
+VSS 136 325. 0400 PST AUGUST 20
+AST 29 650. 04d0 PST AUGUST 20
+ASE 36 750. 0400 PST AULGUST 20
+PPE 146 200. 0400 PST AUGUST 20
+RSA 134 300. 0400 PST AUGUST 20
+ASN 20 225. Qwg0 PST AUGUST 20
+DMF 18 i00. 0400 PST AUGUST 20

1] 0.
YHE FOLLOWING DATA S INVERSION HGT BY UTMC, FOR CM MULT BY
0. 0. a.

THE FOLLOMWING DATA [S SURF VECT WIND BY STAT, FOR CM/SEC MUL 8Y
+DRC 13 Q. Q. 0400 PST AUGUST
+0SF 1 3. 270. 0400 PST AUGUST
+DSJ 1 0. 0. QuDO0 PST AUGUST
+MPP 46 5.0 320. Q400 PST AUGUST
+USJ n 2. 340. 0400 PST AUGUST
+AOA 26 2. 340. 0400 PST AUGUST
+ASJY a9 2. 360. 0400 PST AUGUST
+GSD 80 a. 0. 0400 PST AUGUST
+NMH 60 6. 300. 0400 PST AUGUST
+uce 73 2. 180. D400 PST AUGUST
+AAN a7 b. e60. 0408 PST AUGUST
+AMN 30 1. 20. 0400 PST AUGUST
+ASF 32 S. 300. 0400 PST AUGUST
+EGL 70 0. 0. 0400 PST AUGUST
+0L ! 9 0. G. 0400 PST AUGUST
+ AP 85 5. 230. 0400 PST AUGUST
+[PH €3 6. 280. D400 PST AUGUST
+1SH 61 3. 310. 0400 PST AUGUST
+lUN 66 a. 0. 0400 PST AUGUST
+AST 39 L N0. 0400 PST AUGUST
+EGP 65 6. e8o. 0400 PST AUGUST
+AMC 38 3. 150. 0400 PST AUGUST
+AMT 37 2. [40. g4n0 PST AUGUST
AT 23 7. 240, 0400 PST AUGUST
+DNA S 0. 0. 0400 PST AUGUST
+0OVA 6 3. 270. 0400 PST AUGUST
+DRH 17 4. 180. 04a0d PST AUGUSY
+0SA 2 1. a30. 0400 PST AUGUST
+DSR 4 0. a. 0400 PST AUGUST
+1AC 69 3. 160. 0409 PST AUGUST
+1GS &8 7. 170. 0400 PST AUGUST
16T 87 Y. 180, 0400 PST AUGUST

0 0. 0.

THE FOLLOWING DATA IS MEAN LAYER VECT WIND AND HGT BY
+PPS 143 . 130. 345, 04a0 PST AUGUST 20 1973
+PTY 1we 1.0 070. 265. Q400 PST AUGUST 20
+RRV 132 8 a0 220. 150. 0400 PST AUGUST 20 1973
+GOA 17 3.r 300. 350. 0400 PST AUGUST 20

0

0 . . 0.
THE FOLLOWING DATA 1% SURF WIND COMPNTS BY GRD PT.FOR CM/SEC BY
0 c. 0.

Fig. C-2.
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AUG 20 1973
100
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1873
1973
1973
1973
1973

100.
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973

100.
20 18973
20 1973
20 1972
20 1973
20 1973
20 1973
20 1973
20 1973
20 1973
20 1973
20 1873
20 1873
20 1973
20 1973
20 1973
20 1973
20 1973
20 1873
20 1973
20 1973
2C 1973
20 1973
20 1973
20 1973
20 18973
a0 1973
20 1973
20 1973
20 1873
20 1973
20 1973

THE FOLLOWING DATA |5 MEAN LAYER VECT WIND AND HGT BY UTMC, CM/SEC MJUL BY 100.
a. 0. 0. 0. 0.

THE INVERSION AND WIND DATA FOLLOWING WAS TAKEN AT 0700
THE FOLLOWING DATA 3 INVERSION HGT BY STATION, FOR CM MULT BY
+ABF 25 475. 0700 PST AUGUST 20
+NAN 64 75. 0700 PST AUGUST 20
+PTY 142 y00. 0700 PST AUGUST 20
+NSR 62 175. 0700 PST AUGUST 20
+NMH 60 350. 0700 PST AUGUST 20
+AHM 34 700. 0700 PST AUGUST 20
+AL I oy 550. 0700 PST ALGUST 20
+AHW 28 600. 0700 PST AUGUST 20
+AS5J 29 400. 0700 PST AUGUST 20
+ASC 33 400. 0700 PST AUGUST 29
+NSB 78 375. 0700 PST AUGUST 20
+RRY 132 150 0700 PET AUGUST 20
+VSS 136 325. 0700 PST AUGUST 20
+AST 39 850. 0700 PST AUGUST 20
+ASE 36 800 0700 PST AUGUST 20
+PPE 146 250. 0700 PST AUGUST 20
+RSA 134 400. 0700 PST AUGUST 20
+ASN 20 450. 0700 PST AUGUST 20
+DMF 18 2ao0. 0700 PST AUGUST 20

0 Q.

THE FOLLOWING DATA 15 [NVERSION HGT 8BY UTMC, FOR CM MULT BY
4143.5 583.4 121 . 0700 PST AUGS 20
4175.7 619.1 Bee. 0700 PST AUGS 20
4171.5 637.7 1127. 0700 PST AUGS 20
4176.4 636.4 975. 0700 PST AUGS 20
4172.0 640.1 79¢2. 0700 PST AUGS 20
4185.7 628.3 883. 0700 PST AUGS 20
Yyeeu. ) 622.7 1036. 0700 PST AUGS 20
4225.0 619.0: iBe. 0700 PST AUGS 20
4226.8 615.8 182. 0700 PST AUGS 20
4227.0 620.2 426. 0700 PST AUGS 20

0. 0. 0.

THE FOLLOWING DATA 1S SURF VECT WIND BY STAT, FOR CM/SEC MUL BY
+DRC 13 0. 0. 0700 PST AUGUST
+DSF 1 2. 270. 0700 PST AUGUST
+DSJ 1t Q. 0. 0700 PST AUGUST
+MPP 46 7. 320. 0700 PST AUGUST
+USJ A 1. 350. 0700 PST AUGUST
+AHW 28 2. 360. 0700 PST AUGUST
+AOA 26 3. 360. 0700 PST AUGUST
+ASJ 29 2. 350. 0700 PST AUGUST
+GS0 80 1. 360. 0700 PST AUGUST
+NMH 60 8. 290. 0700 PST AUGUST
+OSH a4 1. 200. 0703 PST AUGUST
+uCcB 73 1. 180. 0700 PST AUGUST
+UHW 72 0. Q. D700 PST AUGUST
+AAN 27 3. 260. 0700 PST AUGUST
+AMN 30 0. 0. 0700 PST AUGUST
+ASF 32 5. 290 0700 PST AUGUST
+EGL 70 0. 0. D700 PST AUGUST
+0L1I 9 1. g0, 0700 PST AUGUST
+MPC 45 6. 250. 0700 PST AUGUST
+MRV Yh g. 250. 0700 PST AUGUST
+ AP 85 6. c40. 0700 PST AUGUST
+ISH 61 5. 300. 0700 PST AUGUST
+IUN 66 3. 240. 0700 PST AUGUST
+ABF a5 e. 360. 0700 PST AUGUST
+AL1 o4 2. 110. 0700 PST AUGUST
+AMD 87 Y. 340. 0700 PST AUGUST
+AST 39 Y. 360. 0700 PST AUGUST
+EGP 65 6. 270. 0700 PST AUGUST
+AMC 38 Y. 180. 0700 PST AUGUST
+AMT 37 1. 170. 0700 PST AUGUST
+AT1 23 6. c40. 0700 PST AUGUST

Fig. C-2. (Continued)
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261

<DNA 5 1. 320. Q700 PST AUGUST 20 1973
+0v2 6 3. 230. 0700 PST AUGUST 20 1975
+ANA ae 3. 330. 0700 PST AUGUST 20 1972
+ASE 36 3. 150. 0700 PST AU™IST 20 1973
+ASM 35 Y. 180. 0700 PST A . T 20 1973
+AHA 21 2 340. 0700 PST AUGUST 2D 1973
+DRM 17 2. 180. 0700 PST AUGUST 20 1973
+DSA e 1. 230. 0700 PST AUGUST 20 1973
+0SR t 0 0. 070Q PST AUGLST 20 1873
+MAG 40 8 230. 0700 PST AUGUST 2C 1973
+MBD 42 3 140. 0700 PST AUGUST 20 1973
+MPA 43 4 20. 4700 PST AUGUST 20 1973
+MRE 41 LN 200. 0700 PST AUGUST 20 1973
+[AC 69 3. 160. 0700 PST AUGUST 20 1973
+1G6S 68 5. 16( 0700 PST AUGUST 20 1973
+16T 67 3. iBG. Q700 PST AUGUST 20 1973
o] 0. 0.

THE FOLLOMWING DATA IS MEAN {LAYER VECT WIND AND HGT BY STAT, CH/SEC MUL BY 100.
+RSJ 2.0 320. 33e. 0700 PST AUGUST 1973
+PPS 143 1.5 080. uys. 0700 PST AUGUST 20 1873
+AHA 21 2.0 320. 100. 0700 PSYT AUGUST 20 {873
+RRY 132 4.0 240. 150. 0700 PST AUGUST 20 1973
+LLH 75 1.5 280. 1050. g700 PST AUGUST 20 1973
+PTY we 1.0 i60. 400. 0700 PST AUGUST 20 1973

1] D. 0. 0.

THE FOLLOWING JATA IS SURF HlND COMPNTS BY GRD PT,. "R CM/SEC BY 100.
0 0.

THE FOLLOWING DATA (S MEAN LAYER VECT WIND AND HGT BY UTMC, CHM/SEC MUL BY 100.
- 0. ag.

THE INVERSION AND WIND DATA FOLLOH]NG WAE TAKEN AT 1000 AUG 20 1973

THE FOLLOWING DATA 1S INVERSION HGT BY STATION, FOR CM MULT 8Y 100.
+ABF 25 ©290. 1000 PST AUGUST 20 1873
+NAN B4 i300. 1000 PST AUGUST 20 1973
+PTY e 1300. 1000 PST AUGUST 20 1873
+NSR 62 325. 1000 PST AUGUST 20 1973
+NMH 60 .400. 1000 PST AUGUST 20 1973
+AHM 3y 500. 1000 PST AUGUST 20 1873
+ALl 24 20Q. 1000 PST AUGUST 29 1973
+AHH 28 700. 100y PST AUGUST 20 1873
+ASJY 29 1000. {000 PST AUGUST 20 1973
+AS5C 33 300. 1000 PST AUGUST 20 1973
+NS8 78 400. 1000 PST AUGUST 20 1573
+RRV 132 325. 1000 PST AUGUST 20 1973
+AST 39 1400. 1000 PST AUGUST 20 1873
+RSA 134 1300. 2240 PST AUGUST &0 1973
+ASN 20 1500, 2£00 PST AUGUST 20 1973
+DMF 18 350. 2200 PST AUGUST 20 1973

0 0.
THE FOLLONIN) DATA 15 INVERSION HGT BY UTMC, FOR CM MULT BY 100.
n. 0.

THE FOLLOHING DATA 1€ SURF VECT WIND 8Y STAT, FOR CM/SEC MUL BY 10Q.
+DRC 3 {. 360. 200 PST AUGUST 20 1873
+05F 1 3. 230. 2200 PST AUGUST 20 1973
+0S5J 11 1. 320. 2200 PST AUGUST 20 1973
+MPP 46 7.0 320. 2200 PST AUGUST 20 1973
+USJ 71 4. 320. 2200 PST AUGUST 20 1973
+ADA 26 5. 270. 2200 PST AUGUST 20 1973
+6SD 80 1. 320. 2200 PST AUGUST 20 1873
+NMH 60 6. 2e8g. 2200 PST AUGUST 20 1973
+uce 73 0. a. 2200 PST AUGUST 20 15873
+AAN a7 1. 260. 2200 PST AUGUST 20 1973
+AMN 30 0. 0. 2200 PST AUGUST 20 1973
+ASF 3e2 5. 320. 2200 PST AUGUST 20 1873
+EGL 70 2. 160. 2200 PST AUGUST 20 1873
+0L | 9 3. 234. 2200 PoT AUGUST 20 1973

Fig. C-2. (Continued)
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262 +NPT B 3. 270. 2200 PST AUGUST 20 1973
263 +«1AP 85 3. c2l0. 2200 PST AUGUST 20 1973
264 +[SH 61 B. ce4o0. 2200 PST AUGUST 20 1973
265 +IUN 66 4. 200. 2200 PST AUGUST 20 1973
266 +A8F 25 S. 190. 2200 PST AUGUST 20 1973
267 +AMO 87 Y. 350. 2200 PST AUGUST 20 1973
258 +AST 39 Y. 290. 2200 PST AUGUST 20 1973
269 +EGP 65 6. 260. 2200 PST AUGUST 20 1973
270 +AMC 38 4. 150. 2200 PST AUGUST 20 1973
271 +aMT 37 2. 120. 2200 PST AUGUST 20 1973
272 +ATH 23 6. 240. 2200 PST AUGUST 20 1973
273 +0ONA S 2. 140. 2200 PST AUGUST 20 1973
274 +0VA ) 3. 270, 2200 PET AUGUST 20 1973
275 +4ANA ec 4. 210. 2200 PST AUGUST 20 18973
276 +ASE 36 S. 150. 2200 PST AUGUST 20 1873
277 +ASM 35 3. 180. 2200 PST AUGUST 20 1873
278 +AHA a1 0. 0. 2200 PST AUGUST 20 1873
279 +ORM 17 4. 180. 2200 PET AUGUST 20 1973
280 +0SA e c. 230. 2200 PST AUGUST 20 1973
281 +DSR 4 D. 0. 2200 PST AUGUST 20 1973
282 +IAC 69 5. 140, 2200 PST AUGUST 20 1973
283 +]6S 68 7. 160. 2200 PST AUGUST 20 1973
eB4 +|GT 67 Y. 160. 2200 PST AUGUST 20 1973
285 0

0 . 0.
286 THE FOLLOWING DATA IS MEAN LAYER VECT WIND AND HGT BY STAY, CM/SEC MuL BY 1Q0.
0 0

287 0 . 0. .
288 THE FOLLOWING DATA 1S SURF HIND COMPNTS BY GRD PT,FOR CM/SEC BY 100.
0 0

288 . 0.
290 THE FOLLOWING DATA IS MEAN LAYER VECT WIND AND HGT BY UTMC, CM/SEC MUL BY 100.
0 0

291 0. a. a. . .
282 ALL SETS OF WIND AND INVERSION DATA HAVE BEEN READ [N ~-10 AUG 1973

Fig. C-2. (Continued)

Table C-2. Card-by-card format of the QMET file.

Reference line in
example, Fig. C-2

(card no.) Description Variables Format
1 First card of deck. IACHK,IHR,IMN, AZ,58X,A6,A6,A3,
Presence of ** in first IDAY,IYR A5

field indicates load

point for processing.
(Processing can start
from a full deck at a
later point in time).
Observation hr,

mo, da, yr.

2 Start of subsection WK2 69X,F11.6
(1); scale factor.

3-24 Station symbol, staticn TK3,IK1,¥1 X,A3,16,F10.5
no. and inversion
base height. Note
zero fields to signal
end of subsection
input.
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Table C-2. (. mtinued)
Reference line in
example, Fig. C-2
(card no.)} Description Variables Format
25 Start of subsection WK2 69X,Fl11.6
(2); scale factor.
26 UTM-north, UTM~east, UTMNN,UTMEE,WK1  3F10.0
inversion base
height.
27 Start of subsection WK2 69X,F11.6
{3); scale factor.

28-60 Start on symbol, IK3,IK1,WK1, X,A3,16,2F10.5
station no., wind THETA
speed, wind
direction,

61 Start of subsection WK2 76X,F4.0
(4); scale factor.

62-66 Station symbol, IK3,IK1,WK1, X,43,3%X,13,
station no., wind THETA,HTB 2F10.0,5X,F5.0
speed, wind
direction, and
inversion base height,

67 Start of subsection WK2 69X,F11.6
(5); scale factor.
68 UTM-north, UTM-east, UTMNN,UTMEE,WK1  4F10.0
wind speed, wind THETA
direction.
69 Start of subsection WK2 76X,F4.0
(6); scale factor
70 UTM-north, UTM-east, UTMNN,UTMEE, WK1, 4F10.0,5X,F5.0
Te wind speed, wind
. direction, inversion
. base height.
591 Same as card No. 1. Same as card Same as card

Note use of negative
hour to signal end
of QMET inout.

No, 1.

No. 1.
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numerically Milankovitch's formula
(List, 1968) at 3-hr intervals for a
range of transmission coefficients
from 0.55t00,97 for each of the nine
stations and for each of the case
study days. By comparing the pyranom-
eter data with the appropriate numeri-
cal integrations, those tranpsmission
coefficients that most closely fit the
observations were identified. The
nine transmission coefficients so de-
termined for each of the 3-hr periods
were plotted on topographical maps of
the Bay Area and then isopleths were

drawn over the region.

Table C-3.

The isopleth data for the
case studies were then digitized
in sufficient density to allow an
interpolation scheme in MASCON
(inverse Gaussian weighting) to
approximate the analysis at the
mesh points. The maximum
allowable number of input records
for any given time period is 500.
The digitized data so developed
become the QCLD file, a sample
portion of which is shown in Fig.
C-3 using the format shown in

Table C-3.

Card-by-card format of the QCLD file.

Reference line in
example, Fig. C-3

{card no.) Description Variables Format
1 First card of deck; 1BCHK,IHR1B, A2,50%X,14,4X,14,
load point flag, 1HR2B, IMNB, 5X,A3,1X,12,1X,14
initial hr, final hr, IDAYE,IYRB
mo, da, yr. Note:
position of Ioad point
flag must agree with
position of similar
flag in QMET.
2-2069 UTM-east, UTM-north, UTMEE ,UTMNN, 3F10.0

transmissivity value. CLDGP
Zero field card used
to signal end-of-time
section.

2071, 2073 Note use of negative Same as card Same as card No.

values to signal hours

No. 2. 2.

of low light intensity.

MASCON assumes 0
values for these
periods.
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1
c
3
Y
S
&
7
8
9

10

8572.2 4090.1 0.

569.0 4093.1 0.84
565.7 4095.0 0.84
563.7 4097.4 0.8y
561.7 4100.0 Q.84
558.8 4103.4 0.84%
557.7 YWiogw.7 0.84
555.8 4110.0 0.84%
553.9 B4y 0.8%
552.6 4119.9 0.B4
552. | Y124.7 0.8y
550.9 4130.2 0.84
549.6 4135.0 a.84
549.1 4136.8 G.84
S47.7 4139.8 0.84
546.0 Yiu5.) D.8Y%
544.9 4150.0 0.84
543.9 4155.1 0.84
S44. 1 41532.5 0.84
544.3 Yieu.7 0.84
S44.6 4169.5 a.84
S44.0 417e2.7 0.84
543.3 4175.0 0.84
541.0 4:79.2 0.84
539.1 4181.5 0.84
536.0 4184.5 0.84
534.3 4“186.5 0.84
529.8 4i89.8 0.84
524.8 4193.7 0.84%
523.4 “jo4.8 0.BY4
519.9 4]198.9 0.84
516.9 4206.1 0.84
516.2 4209.6 0.84
5i4.8 w214.8 0.84
Stu.y 4219.8 0.84%
513.6 Y2k . 4 0.84
Sit.e 4229.9 0.84
508.9 4231.8 0.BY4
505.0 4234 .4 0.84
500.2 4235.4 0.84
494 .7 4236.2 0.84
490.% 4239.6 0.84
624.€ 4090.6 0.88
623.3 4092.7 0.88
621.9 4095.0 0.88
61B.7 4099.9 0.88
615.2 Y104.3 0.88
613.6 %106.2 g.688
609.¢2 4109.9 0.88
603.8 Yity .t 0.88
60c.2 %115.0 0.88
599.3 4117.0 0.88
595.0 %119.3 0.88
589.4 4123.8 0.88
587.6 4124.9 a.88
S84 .4 4“§{27.9 0.88
581.8 %129.9 0.88
578.8 %133.0 0.88
975.9 4134.6 0.88

Fig. C-3.

Sample section of a QCLD file.

*sTHE FOLLOWING DATA 15 TRANSMISSIVITY VALUES VALID
N
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400 TG 700

550
530
530
530
S30
530
530
530
S3a
530
530
530
530
5§30
530
S30
530
530
530
530
530
530
530
530
530
530
530
530
5320
530
530
5320
530
530
530
530
530
530
530
530
530
530
530
5390
530
530
530
530
530
530
530
530
530
530
530
530
530
530
§30

PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
P5T
P57
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PsT
PST
PST

JUL
JuL
JUL
JuL
JuL
JuL
JuL
JuL
JuL
JuL
JUL
JUL
JuL
JuL
JuL
JuL
JuL
JUL
JuL
JuL
JUL
JuL
JUL
JUL
Juu
JUL
JUL
JUL
JuL
JUL
JUL
JuL
JUuL
JuL
JUuL
JuL
JUL
JUuL
JUL
JuL
JuL
JuL
JuL
Jul
JuL
JuL
<UL
JUuL
JUL
JuL
JuL
JUL
JUuL
JUL
JUL
JuL
JuL
JuL
JuL
JuL



755
756
157
758
759
760
761

762
763
764
765
766
767
768
769
770
771

772
773
774
775
776
777
778
779
780
781

782
783
784

786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
a02
803
804
805
806
807

809
810
811
812
813
BlY

505.6 4299.7
509.4 429t. 7
S511.0 4294 9
Siu.4 4a29e.2
517.5 4289.7
518.9 4288.9
Se4.9 4285.5
S26. 1 4284.8
529.1 42ee .5
S53u4.1 4280.2
538.8 4w277.7
Su2.8 4276.2
544.9 4277.0
Suy. | 4280.0
Sue.7 4283.1
S41.4 4asy.
538.9 4289."
536.5 4291.0
635.2 4289.e
533.7 4287.8
531.6 4287.5
528.8 4288.7
527.4 4289.6
Se4.2 4ao4 .2
a. 0.
THE FOLLOWING DATA
569.3 %184.5
569.5 4189.4
563.9 4194.7
563.8 4197.6
S66.2 4199.6
564 .1 4203.2
559.7 4203.9
556.7 4203.9
554, | 4204.9
550.3 waou.7
549.3 4200.]
554 .0 4197.5
559.3 4195.0
559.6 43§Sc.7
560.2 4189.6
563.6 4184.5
568.9 4183.2
558.9 ya41.8
558.2 4239.1
559.% 4236.6
561.7 4235.9
564.5 4239.3
S64. | 4a42.5
S63.0 Yeuu.7
560.7 4aul.3
578.0 “196.3
580.2 4199.€
580.0 4203.¢
578.9 4206.7
574.0 4209.1
569.1 4209.9
563.9 4209.5
559.0 4209.3
554.0 4209.1

0000000000000 O00OODDODO
[+
o

830
830
830
830
830
830
830
830
830
830
830
830
830
830
830
830
830
830
830
830
830
830
830
830

1S TRANSAISSIVITY VALUES vALID 1000 TO {300

CO00O0O0000000OO0DDODOOOOOOOODD 2000000
o]
o

Fig. C-3. ({Continued)
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1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
+130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130
1130

PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
25T
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST

PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
ST
PST
PST
PST
PST

JUL
JuL
JuL
JuL
JuL
JUL
JUL
JUL
JUL
JUL
JUL
JuL
JuL
JUL
JuL
JuL
wuL
JuL
JuL
JUL
JUL
JuL
JuL
JuL

JuL
JuL
JuL
JUL
JuL
JUL
JUL
JUL
JuL
JuL
JuL
JuL
JuL
JuL
JUL
JuL
JuL
JUL
JUL
JuL
JuL
JUuL
JuL
JuL
JuL
JUL
JuL
JUuL
JUL
JUL
JUL
JUL
JuL
JuL
JuL

18973
1973
1973
1973
1873
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973

1873
1973
1973
1973
1973
1973
1973
1873
1973
1973
1973
1973
1973
1973
1973
1973
1873
1973
1973
1973
1973
1973
1973
1973
1973
1973
1873
1973
1973
1973
1373
1973
1973
1973
1873



2003
2004
2305
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
apa2
2023
202k
2025
2026
2027
2028
2029
2030
2031
2032
2033

2035
2036
2037
2038
2039
2040
a4l

2042
2043
2044
2045
2046
2047
aa48
2049
2050
2051

2063
2064
2065
2066
2067
2068
2069
2070
2071

2072
2073

Blk.4 4156.¢8
610.6 4154.3
609.0 4152.9
607.3 wiug.d
608.3 Yiuww.C
610.6 4139.32
613.y4 4133.9
615.0 4%4130.9
616.4 4129.0
619.3 4123.7
E2e.6 %118.9
624.0 4116. 7
628.3 4109.4
631.5 4103.9
635.3 4100.1
636.0 4104.6
634.y4 4110.0
63u.1 4lty.2
635.7 4120.1
839.0 4je2.4

€39.5

639.3 4114.5
638.7 4108.8

639.5
643.7

643.5 4104.5
6u3.2 4109.8
642.5 41iu.6
gua.2 4119.4
644.7 4icu.5
€49.56 4129.7
644 .3 4134.8
640.0 4138.7
644 .3 4143.6

646.7 4

649.6 4148.8
644.6 4151.9
Bue.4 4148.5
639.0 4151.4
637.7 4154.6

634.1 4159.1
628.7 4162.8
B24. 1 4163.4

618.5 4159.9
531.4 4299.7
530.2 4297.5
526.3 4295.9
527. 4% 4293.9
530.6 4289.3
523.3 4289. |
520.7 y230.2
515.9 4292.5

512.9 4294 .5

510.9 4296.7
508.0 4299.3

Q.
THE FOLLOWING
1]

THE

FOLLOWING
-1.0

1.0
-1.0

0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0,84
0.84
.84
U, 84
0.84
0.84
0.84
0.84
0.84
.84
g.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
.84
0.84
0.84
0.84
0.84
0.84
0.84
0.84
D0.84
0.84
Q.84
Q.84
.84
0.84
0.84
0.84

-1

0. 0.
DATA IS TRANSMISSIVITY VALUES VALID 2200 TO 100
-f. 0
DATA IS TRANSMISSIVITY VALUES VALID
00

Fig. C~3. (Continued)
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2030
2030
€030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2020
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030
2030

2330
100 TO 400
230

PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
pST
PST
PST
PST
PST
PST
PST
PST
PST
PSY
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PSTY
PST
PST
PST
PST
PST
263
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST
PST

PST
PST
PST
PST

JUL
JUL
JuL
JUuL
JuL
JUL
JUL
JUuL
JUL
JuL
Jut

JUL
JUL
JUL
JuL
wUL
JuL
UL
JuL
JUuL
JuL
JuL
JUL
JUL
JUL
JUuL
JuL
JuL
JuL
JuL
JuL
JUL
JUL
JuL
JUL
JUL
JuL
JuL
JuL
JUL
JuL
JUL
JUL
Jut
JuL
Jut
JuL
JuL
Jut
JUL
JuL
JUuL
JuL
Jue

JuL
JuL
JUL
JUL

1973
1973
1973
1973
1973
1873
1973
1973
1973
1873
1973
1973
1973
1873
1973
1873
1973
1973
1973
1873
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1573
1973
1973
1973
1973
1973
1973
1973
1873
1973

1973

1973
1973
1873
1973
1973
1873

1973
1972



The QMRUN File

The QMRUN file identifies the
problem being run in space and time
according to the following

specifications:

(1) A textual title or problem

name,

(2) The beginning and ending

dates and times.

(3) The number of grid zones,
the size of a zone, and the
physical coordinates of the
southwest corner of the

modeling area.

These are key parameters that
directly affect the running time of
the MASCON model. While actual
running time depends on many other
factors as well (e.g., initial
meteorology, boundary conditions,
topography), the following run-times
were typically encountered in
assembling the library of QTRAN files
developed for the San Francisco Bay
Area.

Here, run time is defined as the
total computer time (CPU+ I/0+ SYSTEM).

Note that the current state of the

No. of zones

Case study date

MASCON code is diagnostic, in that
many calculations and graphical
displays (contour plots, streamline
analyses) are generated in order to
assist the user in developing a con-
sistent treatment of meteorological
data. 1If the code were stripped of
its auxiliary coding, it is estimated
that the above times would be cut in
half or better.

MASCON is presently designed to
run problems up to 48 hr (simulation
time) on grids as large as 65 by 65
with grid sizes of 1, 2, or 5 km.

The area being modeled need not be
square, but grid size must be con-
stant in the x and y directions,

with no rotation of the mesh allowed.

An example of a QMRUN file is
glven in Fig. C-4 and a3 card format
description in Table C-4.

OUTPUT DATA FILES

As shown in Fig. C-1, there are
five output files from MASCON. The
family of QTRAN files provide the
results of the processing of data by
MASCON to the LIRAQ model. As such
they are both fmput files for LIRAQ

Simulation time CDC 7600 run time

July 26-27, 1973 4225
August 20, 1973 4225
September 26-28, 1973 1428
September 26-28, 1973 4225

(hr) (min)
24 24-30
18 21~23
48 15
48 36-40
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! BAY AREA PROBLEM - QMETJUL3

2 INITIAL TIME = 04:00 26 JULY 1973 FINAL TIME = 0%:00 27 JULY 1973
3 ODATA ON GO 65 BY 65 WITH OX= 2.000E+05 AND OY= 2.000E+05 CM

% THE FOLLOKING CARD GIVES PARAMETERS SWE AND SWN FCR UTM CONVERSION

5 510.000 4120.000

Fig. C-4. Sample of a QMRUN file.

Table C-4. Card-by~card format of the QMRUN file.

Reference in
example, Fig. C~4
(card No.) Description Variables Format

1 User's name or NAME 4A10
description of his
problem. Limited
to 40 characters.

2 Initial and final ITINT,ITFIN 16X,A10,A10,A4,
time/dates for the 15X,A10,A10,A4
problem. Data must
be left-justified
within its fields,
without abbreviation.

3 Numbers of grid NGX,NGY,DX,DY  15X,15,5%,15,10X,
squares in the x E10.3,10X,E10.3
direction, y direc-
tion and grid sizes
(in centimeters ...
model is in CGS

units).
4 Fixed comment. None. None.
5 UTM coordinates of SWE, SWN F10.0,10X,F10.0

southwest corner of
modeling area.
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and indicators of how the meteorolog-
ical patterns are being represented.
Because they are so important, their
structure is described in a separate
subsection belaw.,

0f the other output files, the
next most important prevides the
graphical output. The DnMASCNxyz
files present the input data, the
time and space interpolated fields,
and the mass consistent flux fields
(in the form of streamline analyses).
(For each model run, a random-
character assigament is inade for the
X, ¥, z field of the filename to
identify each run uniquely where n
represents a file sequence digit.)
These graphical presentations are use-
ful in understanding whether the input
meteorological scenario desired and
are excellent tools in the iterative
process generally required to develop
adequate input meteorology. The
HMSCxyzn files contain primarily
numerical information about key
parameter fields at various stages of
the mass consistent adjustment. The
specific types of data available are
listed in Table C-5. The QDIAG file
is a diagnostics file containing
information on the timing of sections
of the code as well as any error
conditions detected in the run.
QFLXCK is another iterative diagnostic
tool that shows how flux direc-
tions and magnitude: change from input

through the interpolation process to

their eventual state after mass con-
QFLXCK
is helpful in understanding pollutant

sistency has been achieved.

spatial distributions, after mass
consistent alterations of input

fields have been made.

CONTENTS OF QTRAN AND FORMAT

The QTRAN files actually consist
of a family of files: QTRANO, QTRAN1,
QTRAN2, ... with (after two lines of
identification in the first file)
data covering two complete time cycles
per file. The data within a time
cycle consist of basically three

sections:

(1) Surface vertical eddy

diffusivities,

(2) Vertical and horizontal
transfer coefficients in and

out of a grid volume.

(3) Inversion base heights,
atmospheric transmissivities,

and source multiplier flags.

Of these variables, ali except the
"source multiplier flags" are described
fully in chapter 8 of the Final Report.
The source multipiier flags are used

to indicate that an individual grid
cell is isolated from transport
mechanisms acting in the sub-inversion
well-mixed layer. This occurs when
the inversion base descends below
topography and thus puts the region

in the above inversion layer. Under
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these conditions, the LIRAQ model Figure C-5 shows sample sections

does not emit the pollutant source of a QTRAN file and Table C-b6 gives a
emissions into the isolated air detailed breakdown of each section.
volume (maintained at a 50-m thick- (Refer to Appendixes A and B for
ness) associated with that grid further information concerning the
square. use of these files.)

Table C-5. Data output to file HMSCxyzn.

Item No.

Description

10.

i1.

Domain identification.

Meteorological data (wind speed, direction, inversion base height)
input to QMET.

Spatially interpolated inversion base height (above mean sea level
and above topography) at input time.

Spatially interpolated surface wind components (eastward, north-
ward) in cm/s at input time.

Repeat of items 2-4 at next input time.

Surface wind components interpolated in time to mid-time between
time for which last two input data sets are valid.

Information indicating status of internal boundaries (created by
inversion base height intersecting topography) for each grid cell
and integral of total boundary fluxes of air.

Inversion base height above topography and above sea level,
interpolated in time to mid-time between time for which last two
data sets are valid.

List by grid square of inversion base height at start and end
time of interval, volume of grid box at mid-time of interval,

and surface vertical eddy diffusivity at mid-time of interval.
Mass consistency check on adjusted fluxes for each grid cell in
units of relative error per second.

Recycle output for items 5 through 10 for each following time

interval.
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1.JULY CASE STUDY
2. FOLLOWING CARDS ARE TRAN COEFF AND INVR HGHTS FOR 4225 GR!D SQUARES
3

4.

s. 4100.
4100.
%100.
4%100.
4100.
4100.
4100.
4100.
. 000
4100.
4100.
4100.
4100.
%100.
4100.
4100,
4100.
4100.
4100.
%100.
%100.
4100.
4100.
4100.
4100.
4100.
4100.
4100.
4100.
4100.
4100.
4100.
%100.
4100.
43100.
4100.
4100.
4+100.
4100.
4100.
4100.
4100.
%+100.
4100.
4100.
4100.
%100,
4100.
4100.
4100.
4100.
4100.
4100.
4100.
%100.
4J00.

~ REGICN &

THE FOLLOWING DATA [S VALID FROM

4100

000
000
000
000
000
000
a00
000

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

S41

542.
543.
Suy .
S545.
546.
547,
S48,
549.
550 .

551

552.
553.
554,
555.
556 .
557.
558.
559.
560.

561

562.
563.
S64 .
565.
566.
567.
568.
569.
570.

571

572.
573.
S74.
575.
576.
577.
578.
579.
580.

581

S58e.
S583.
58y,
586,
586.
587.

589
589
590
59
592
593
594
595

000  “.00000E+0]
.000  4.00000E+U1
000  4.00000E+0!
000  4.00000E+01
0C0  4.0Q0O00E+0!
000 1.79639E+02
000  7.36010E+02
000 1.20650E+03
009 1.26079E+03
000 i.26132E+03
000 i.26133E+403
.000 1.261336+403
000 1.26133E+403
000 1.26133E+03
000 1.2€133E+03
000 1.26133E+03
000 1.2E133€+03
000 1.26133E+03
000 1.26133E+03
000 1.26133€+03
000 1.26133E+03
.000 1.26133€+03
000 1.26133E+03
0G0 1.26133€+03
800 1.26133€+03
000 1.26133E+03
000 1.26,33E+03
000 1.26133E+03
000 1.26133E+03
000 1.13903€+03
000  B.94439E+02
.000  5.89107E+02
000  4.06072E+02
000  2.23036E+02
000  4.00000E+0]
000  %.00000E+01
000  %.00000E+01
000  %.00000E+01
000  4.0000QE+OT
000  %.00000E+01
000  2.29734E+02
.000  5.09762E+02
000  3.55492E+02
000  7.5464SE+01
000  %.00000E+0]
000  4.00000E+0!1
000  6.02847E+01
000  8.29323E+01
.000  9.56480E+0!
.000 1.180SBE+02
.000 1.30014E+02
.000 1.29368E+02
.000 1.27525€+02
.000 1.99445€+02
.000 1.91138€+02
.000  9.74497E+0!
Fig. C-5.

+MSC/AMO

14400 TO0 25200 SEC
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. FOLLOWING CARDS PROVIDL. K(SURF) TO USE FOR VERT PROFILE DETERMINATION
S40.

Sample section of a QTRAN file.



“4164%.
$164%.
Y164,
4Y16%.
“Yi164.
“W164.
Yi64.
“W164.
Y164.
4Yi64.
4164.
43164,
4Y164.
4164 .
416%.
4YiB4.
Y164.
“Wib4.

Q.
. FOLLOWING
. 4100.

4100.
4100.
4100.
4100.
4“100.
+100.
v100.
4+100.
4)00.
%100.
4100.
4100C.
4160,
4160.
wing.
4100.
4100.

4100

4100.

000
009
000
Q00
000
000
000
000
000
000
ooc
000
000
000
600
000
000
ooo
000
000
000
000
000
000
0go
000
000
000
ao00
000
000
000
600
ouo
goo
000

Joo

000

587.000
588.000
589.000
590.000
591.000
592.000
593.000
594.000
595. 000
596.000
597.000
598.000
598.000
600.000
601.000
602.000
603.000
604.000

0.
CARDS ARE TRANSFER COEFFICIENTS--UNITS ARE GM/SEC

540.000
541.000
S42.000
S43.000
544.000
545.000
S46.000
547.000
548.000
549.000
550.000
551.000
552.000
553.000
§54.000
555.000
556.000
557.000
558,000
558.000

t . 0NONOE+O0!
4.J0300E+01
4.00000E+0D!
4.05000E+0}
4 .0uD00E+C)
4.70000E+0!
4%.30000E+01
4.00000E+Q!
%.00000E+D)
S.%7294E+01
7.25995€E+01
65.40917E+01
5.21250E+901
5.06422E+01
7.329398E+01
9.65964E+0!
8.768668E+0!
1.07461E+02
1.0625730E+07
0.
1.1746015€E+07
0.
1.4319970E+07
0.
1.9122415E+07
0.
2.7671152E+07
0.
4.4318249E+07
0.
1.886!307E+08
0.
4.84431|3E+08
0.
5.7708874E+08
0.
5.8861242€ +08
0.
6.143176SE+08
0.
6.28107v4E+08
0.
6.4362434E+08
0.
6.6652144E+08
0.
7.0416802E+08
0.
7.6678479E+08
0.
8.5243332E+08
0.
S.49396175E+08
0.
| .0638594E+09

0.
1.1369335E+09
Q.

Flg. C-5.
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108257308407
2. 2371 B <07
3.6691708E+07
5.5813263E407
8. 3373480407
. 1324938E+08

(=K =)

~1.1839769E +08
0.

-5.4366912E+08
0.
-15.8508652€+08
2

=7.u843244E+08
-4.6089997€+ 04
-8.0324532€+08
-1.45514B1E+05
~8.4255464E +08
-2.2324585E +05
-8.7706657E+08
-2.8139703E+0%
-9.0655739E+08
-3.1711651€+05
~-9.3358661E+08
-3.2016774E+0S
-9.8169438E+08
-2.7513473E+05
-1.0622475E+09
-2.2721522E+05
-1.1930156E+09
-1.9183611€+05
-1.3717™65E+09
-2.5278372€+0S5
-1.4759622E+09
~-3.3483912E+08

(Continued)
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2.1685164E+04
1.8007494E+06
4. 5656624E +04
t . 9039536E +06
7.4881050E+04
1.9158836E+06
1.1390615E+05
1.9577996E +06
{.7034931E+05
2.0778634E +06
2.5716197€E+05
2.8179573E+06
3.6911662E+05
7.1155146E+06
2.1177770E+09
8.0784823E+06
7.2568327€ +04
8.18423B1E+06

8 2410408E +06
8. 2695526 +08
8. 3220524 +06
842071265408
g 6225307E+06
e - 966356 1E+06
9 6910072€+06
- 0554869E+07
. 1845066 +07
.2492034E+07
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4165.000
4165.000
4165.000
4165.000
4165.000
4165.000
4165.000
4165.000
0.

. FOLLOWING
. 4100.000

4100.000
4100.000
4100.000
4100.000
4100.000
%100.000
4100.000
4+100.000
$100.000
4100.000
4100.000
4100.000
4100.000
4100.000
4100.000
%100.000
4100.000
4100.000
4+100.000
4+100.000
4100.000
%100.000
4100.000
4100.000
4100.000
%100.000
%100.000
4100.000
4100.000
4100.000
4100.000
+100.000
4100.000
4100.000
4100.000
4100.000
4100.000
4100.000
4+100.000

L]

L]

.

598.000
599.000
600.000
601.000
602.000
603.000
604.000
605.000
0.

ARE [NVERSION
S40.000
S41.000
S542.000
543.000
S44.000
545.000
546.000
547.000
S48.000
549.000
550.000
551 .000
552.000
553.000
554.000
555.000
556.000
557.000
558.000
559.000
560.000
561.000
562.000
563.000
564.000
565.000
566. 000
567.000
568.000
569.000
570.000
571.000
572 000
573.000
574.000
575.000
576.000
577.000
573.000
579.000

CO00DO0ORODLOODOOOU W

HEIGHTS(CM)
10009. 31
10034.97
10130.55
10471.42
11504, 31
13688.60
16437.36
1By22.29
19289.96
19627.76
19813.01
1999) .06
20339.u8
20991 . 4
22143.70
24323.42
26760.23
agu72.22
29465.85
29821 .67
29935.89
29977 .54
29992.15
29997.20
23998.97
29999.59
28449.81
25424.89
22024.92
18399, 94
11599.94
7049.93
57389.89
5499.93
5000.00
5000.00
5000.00
5000.00
5000.00
5000.00

Fig. C-5.

o.
8.0415806E+07
0.
S.7759478E+07
0.
u.0244361E+07
0.
4.4805705E+07
0.
Y4.27695%0CE+07
0.
1.8684783E+07
0.
3.8030913E+07
0.
0.
0.
0.
0.

. IF NOT GIVEN ASSUMED
10000.90 0.84
10000.00 0.84
10000.00 0.84
10000.00 0.8Y4
10000.00 0.84
10000.00 0.84
10000.00 0.84
10000.00 0.84
10000.00 0.84
10000.00 0.84
10000.01 0.84
10000.08 0.84
10060.59 0.84
10004. 35 0.84
10032.00 0.84
10228.86 0.84
11374.64 0.84
14625.96 0.84
18163. 38 0.84
19670.13 0.84%
19953.11 0.84
19993.57 0.84%
19999. 12 0.84
19999.88 0.84
19899.98 0.84
20000.00 0.84
18450.00 0.84
15425.00 0.684
13025.00 0.84

8025.00 0.84
5475.00 0.84
5000.00 0.84%
5000.00 0.84
5000.00 0.684
5000.00 0.8u4
5000.00 0.84
5000.00 0.84
$000.00 0.84
5000.00 0.85
5000.00 0.88
{Continued)
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4164 .000 584.000 5000.00 5000.00 0.83 0.9
4164.000 595.000 500u.00 5000.00 0.8% 0.9
4164.000 596.000 5:28.75 5000.00 Q.84 0.9
4164.000 9S97.000 3935.46 5323.16 0.85 1.0
%i164.000 588.000 t16852.02 7549.33 0.88 1.0
4164.000 598.000 19017.792 9268. 42 0.87 1.0
4164.000 600.000 17559.69 7650.27 0.87 1.0
4164.000 601.000 t3704.58 5608.03 0.88 t.0
4}64.000 602.000 11505.78 5000.00 0.88 .o
4}B%.000 6&03.000 16344 .50 7616.19 0.88 1.0
4164.000 604.000 26634 .56 12416. 19 0.38 1.0
0

THE éOLLONING DATA IS VALID FRCM 25260 TO 36000 SEC JULY 26 1973
FOLLOWING CARDS PROVIDE K(SURF} TD USE FOR VERT PROFILE DETERMINAT{ON

4100.000 540.000 4.GOOQ0E+01
4100.000 S41.000 4.00000€+01}
4100.000 542.000 4.00000E+0!
4100.000 543.000 4,0000E+D)
4100.000 544.000 4.00030E+0)
4100.000 545.000 1.01780E+02
4100.000 546.000 3.64048E+02
4100.000 547.000 5.90862E+02
4100.000 548.000 6.1 74u4BE+02
4100.000 549.000 6.17712E+0e
4100.000 550.000 6.17715E+02
+100.000 551.000 6.'7715E+02
%100.000 552.000 6.177§SE+02
4100.000 553.000 €.17715€+02
4100.200 554.000 6.17715E+02
4100.000 555.000 6.17715€+02
4100.000 556.000 6.17715E+02
4100.000 557.000 6.17715E+02
%100.000 558.100 6.17715E+02
4100.000 659.000 6.17715E+02
%100.000 560.000 6.17715E+02
4100.000 561.000 6.17684E£+02
4100.000 562.000 6.35835€+02
4100.000 563.000 6.66655E +02
%100.000 564.000 6.7946)E+02
4100.000 565.000 6. 79468E+ 0
4100.000 566.000 6.79469E+02
4100.000 567.000 6.79469E+02
4100.000 568.000 6.79469E+02
4100.000 569.000 5. 19602€+02
4100.000 570.000 1.99867E+02
4100.000 571.000 4.00000E+01
4100.000 572.000 4,00000€E+01
%100.000 573.000 4.00000E+D1
4100.000 574+.000 4.00000E+01
%100.000 575.000 4.00000E+01
4¥100.000 576.000 4.00000£+0!
4100.0060 577.000 %,00000€E+01
%100.000 578.000 4.30000E+01
%100.000 579.000 %.20000E+01
4§00.000 580.000 4.00000€E+0Q1
4100.000 581.000 1.34019E+02
%100.000 582.000 2.28379E+402
4100.000 583.000 7.43586E+01
4100.000 S64.000 4.00000E+01
4100.009 585.000 4.00000€+01

Fig. C-5. {(Continued)
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4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4+164.000
4164.000
4164.000
4164.000
4164.000
4164.000
%164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
4164.000
416%.000
4164.000
4164.000
4164.000
4164.000
4164.000
416%.000
416%.000
4164.000
4164.000
4164%.000
4364.000
4164.000
4164.000
4164.000
416%.000
4164.000
4164.000
4164.000
4164.000
4164.000
“164.000

0.
THE FOLLOWING DATA [S VALID FROM

547.000
542.000
549,000
5%0.000
551.000
552.000
553.000
554.000
555.000
556.000
557.000
558.000
559.000
560.000
561.000
562.000
563.000
S64.000
565.C00
566.000
557.000
568.000
569.000
570.000
571.000
572.000
573.000
574.000
575.000
576.000
577.000
578.000
579.000
580.000
581.000
582.000
583.000
S84.000
585.000
586.000
587.000
588.000
589.000
590.000
591.000
592.000
593.000
594.000
595.000
596.000
597.000
598.000
599.000
500.000
601.000
602.000
603.000
604,000

i9012.61
17928.78
20965.80
24066 .20
£5743.98
25412.05
Z4155.11
2?2616.86
Li1wl3.42
20751.05
20381 .59
20188.23
20111.67
20098.71
20112.15
20084 .51
20020.93
20000.00
20000.00
20332.62
20708.84
20776.08
a0822. 11
20867.01
20913.30
20962.02
21013.61
21019.95
21012.73
21015.71
21110.39
21566 .46
22830.47
25389.70
28087. 32
23647.99
29436.62
27143.40
23018.81
16698. 15
10165.21
6510.11
5309.80
5000.00
5000.00
5000.00
5000.00
5000.00
5300.94
10637.27
20496.68
27358.65
29205.24
27495.41
2312e.82
18944.10
16988. 37
17035.53

i4338.98
15056. 17
19822 .46
23357.08
23568 . 44
22161.23
21264 .48
20663.01
20304 .80
20140.69
20063.89
20028.12
20011.75
20004.15
20000. 82
20000.00
20000.00
20000.00
20000.00
20000.90
20000.00
20000.00
20014.90
20041 .58
20078.80
20138.47
20271 .92
20454.76
20847.87
21653. 04
22867.29
24386.29
25898. 30
27200.17
28110.45
28584.19
27926.08
26138.48
a4626. 19
21386.99
15617.17
10025.0C
625¢.00
5000.00
5000.00
5000.00
5000.N0
5000.00

5000.00
9579.10
19022. 14
25595. 10
26570.37
23857.51
18645.77
14635.50
13246.79
13822.12

-1000 TO -1000 SEC

Fig. C-5. (Continued)
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Table C-6. Card-by-card format of the QTRAN file.

Reference line inm
example, Fig. C-5

(card No.) Description Variables Format
1 Textual information NAME, 1D 4A10,5%,A10,3X,
identifying the run, 2A10
name, date, time,
etc...
2 Indicates the number NGDBXO 51X,15,13X

of grid squares or
zones over which prob~
lem was run. The first
two cards appear

once; the rest of file
format repeats on a

3-hr cycle.
3 Starting and ending TDT1,TDT2,IMN, 34X,17,3X,17,
hours and mo/da/yr IDAYIL, IYR 6X,A6,13,A5

between which aext
cycle of data is
valid.

4 Text description. None None
Begins surface K
data secrion.

5 tu 6 UTM=-north, UTM-east UTMN,UTME,SFKZG  1X,2F9.3,E15.5
lower left coordin-
ates of zone where
the given surface
diffusivity coeffi-
cient applies. Note
0 fields for UTM
coordinates to signal
end of this section.
SFKZG is given in
em“/s.

6 Text description. None None
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Table C-6. (Continued)

Reference line in
example, Fig. C-5S

(card No.) Description Variables Format
7 to 8 Begins transfer coef~ UTMN, UTME , TRAN 1X,2F9.3,3E20.7/
ficient data section. 19X,3E20.7

UTM-north,UTM-east,
lower left coordinates
of zone of following
transfer coefficients,
Note there are six TRAN
values (two lines) per
zone. Zero field UTM's
signal end of section.
Units of TRAN are g/s.

8 Minimum inversion HINMIN 65X,F15.2
height of a zone...
applies if a zone has
been omitted from the
list. Units are em.

9 Begins section contain-~ UTMN,UTME, 1X,2F9.3,2F15.2,
ing UTM~north, UTM-east HINVRIG,HINVR2G, 5X,F5.2,2X,F5.1
coordinates of zone of  WOIK2,SRMTC
applicability; average
inversion base height
(cm) at center of zone
at beginning of period
and end of period,
atmospheric transmis-
sivity value, and
source multiplier flag.

Note zero UTM-north
value signals end of
this section.

10 Negative hour values Same as Card Same as Card
signal end of QTRAN No. 3. No. 3.
data.
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Appendix D
Processing Routines for Source Emissions Data

D. M. Hardy

W. E.

INTRODUCT1ON

The primary factor in determin-
ing air quality is the quantity of
pollutant emissions. Although
meteorological factors can intensify
or dilute the concentrations, without
sources of undesirable species,
there would be no anthropogenic con-~
tribution to air quality problems.
And although ambient levels of
various species resulting from
natural processes or emissions can
be important, in the urbanized
region that this air quality model
has been developed to treat, emis-
sions from man-made devices are of
primary importance.

To study air quality, therefore,
it is important to develop a compre-~
hensive inventory. The general
approach is described in Chapter 6
of the Final Report. This appendix
focuses on the methods used so that
the codes developed to treat the data
may be applied both to keep the
source inventory up-to-date and to
develop 'inventories for other times
(for example; other seasonms or other

years) or for other regioms.

Johnston

The appendix is organized into

several sections:

® General information about the
source emissions data and the
manner in which such data

files are produced.

® The general method used to
process data for a given

source-origin.

e The combination of data for
all source-origins to yield
a data file (QSOR) for use in
the LIRAQ model.

® A description of the separate
processor codes which are
required for each source-

origin.

A TORTRAN listing of the processor
codes on microfiche is included in
this User's Guide as an attachment.
The six source programs (FGEN,
POINT, AIR, POP, VEHIC, and ADD) are
stored in card image format on the
IEM Data Cell at LBL.

By defining a few terms in Table
D-1, we can greatly simplify the dis-

cussion in the remainder of this
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Table D-1.

Definition of terms for Appendix D.

Term

Definition

x and y coordinates

The location in Universal Transverse Mercator (UTM)

coordinates of the lower left-hand corner (LLHC) of

a square,

assignment square

A 1-km by 1l~km square to which emissions are assigned

in the input files of the processor codes.

emission grid square

A combination of one or more assignment squares to

form another square (n km by n km) in size, where n
is usually 1, 2 or 5.

emission period
are valid.
0059:59.
2359:59.

basic pollutants

The period of time for which specified emission rates
The first period extends from 0000:00 to
The 24th period extends from 2300:00 to

Particulates, organics, nitrogen dioxide, sulfur
djoxide, and carbon monoxide.

These pollutants are

associated with assignment squares.

final pollutants

Particulates, alkanes, alkenes, aldehydes, nitric
oxide, sulfur dioxide, and carbon monoxide.
pollutants are associated with emission grid squares.

These

appendix. Three conventions employed
by the Bay Area Air Pollution Control
District (BAAPCD) in reporting data
for basic pollutants should also be
noted. Rates are usually reported in
units of tons per day. Emissions of
NOx (largely NO) are reported as

emissions. All hydro-

2
carbon emissions are designated as

equivalent NO
organics. One function of the
processor codes, then, must be to
formulate the inventory in terms
appropriate for LIRAQ. Thus, those
processor codes convert emission

rates to g/s, normalize the equivalent

NO, emissions to represent NO

2

emissions (which may subsequently be

converted to NO2

processes in LIRAQ-2), and subdivide

by photochemical

the hydrocarbon emissions into three
classes:
aldehydes.

alkanes, alkenes and

DATA PROCESSING REQUIREMENTS

Source emissions data for the
LIRAQ model are needed for each hour
of the day as area emissions in g/s.
Such emissions must be based on
emission grid squares defined by
Universal Transverse Mercator (UTM)
coordinates, and separated into

elevated and ground-based sources.
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Sets of source emission data, each
component represented by a QSOR
file,* have been constructed for
different subregions within the Bay
Area and for different size emission
grid squares (1 km by 1 km, 2 km by
2 km, and 5 km by 5 km).
these files compose the QSOR

The QSOR files contain data

Together,

library.
for seven pollutant types: partic-
ulates, alkanes, alkenes, aldehydes,
nitric oxide, sulfur dioxide, and
carbon monoxide. The current version
of LIRAQ does not, however, use the
sulfur dioxide or particulate emis-
sions data.

The QSOR files are obtained by
separatelv processing input data files
for four source-origin types:
airport, major-industrial, population-
dependent, and vehicular. These
processor codes exist primarily to
transform basic data files into the
appropriate form. The files processed
can be very large, and for ths coding
as presently written, use as much as
750K 60-bit words of memory. All
codes are written for a CDC 7600
computer and operate on the LBL
Computer Center system. All coding

is written in standard FORTRAN IV.

*The separate data files are identi-
fied by adding additional numbers

to the filename, such that QSORabbcc
means that this file is applicable
to quarter a (1 = Jan-March) of year
19bb for region cc, where the region
designation is given in Table 1 of
the main section of this report.

Execution time is quite rapid, so
that computer time to construct a
typical QSOR file is not a major
concern. Construction of the various
laput data files that are used to
generate the QSOR files, however, can
be time consuming in terms of machire
and personnel time, A flow chart
summary of the procedure used to
create a QSOR file is given in Fig.

D-1.

SOURCE-ORIGINS

Four pollutant source-origins
are treated. The primary data for
each differ in content and format.
In each case, however, data for the
five basic pollutants are input.
The orgauic emissions are always
then subdivided into three types:
alkanes, alkenes, and aldehydes. This
results in output of data for seven,
rather than five, pollutants. In
addition, emissions of nitrogen
dioxide, the chemical available in
the BAAPCD data, are multiplied by a
scaling factor to convert them to
equivalent anitric oxide for use in
the LIRAQ-2 model.

All pollutants are assumed to
be emitted at ground level except
some of those from major industrial
operations, Ground level emissions
are intended to include all emis-
sions that will affect air quality in
the range of several kilometres from

the emission site. For this study,
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Standardized Source
Input data files Processor codes data files Processor code emissions data

l I NPARM
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-]
VEHIC @
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=]
-
[0
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Schematic flow chart of steps followed in generating a QSOR file.
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this has been defined as including
those emissions 30.5 m (100 ft) or
less above local topography. Using
this criterion, emissions from some
of the strong point sources must be
divided into both ground-based and
elevated emissions.

For each source-origin, a file
in a standardized format is generated.
These files contain 24 blocks of
information, each arranged into 9
Each block is associated
with an hour of the day, the first

columns.

block corresponding to the first emis-
gion period {(from 0000:00 to L259:59)
The nine columns of information
contain the x and y coordinates of
the emission grid square and the
emission rates for the seven pollu-
tants in g/s. Data for the seven
pollutants are listed in the following
order, proceeding from left to right:
particulates, alkanes, alkenes,
aldehydes, nitric oxide, sulfur
dioxide, and carbon monoxide. A data
line in which two zeroces are substi-
tuted for the x and y coordinates of
the emission grid square followed by
seven blank columns of Information is
used to mark the end of each hourly
block.

The format for these data is
(1X, 14, 1X, I4 7810.3), so that each
data line represents an 80-column card
image. The individual processors used
to create these standard~format files

are described in a later section.

Figure D-2 shows a portion of such a

standard-format file.
COMBINATION OF SOURCE-ORIGIN DATA

The standard-format files
described in the previous section are
combined to form a final QSOR file.
There are only two differences in
form between a QSOR file and the
standardized source-origin files.
First, the QSOR file contains alpha-
betic and numeric "header" information
to describe the file contents and to
identify the period of time for which
the data are valid. Second, for each
hour of the day, the clevated emis-
sions data are first presented and
then the ground-based emissions data. A
(zero,zero) record is inserted in
columns 5 and 10 to mark the end of
each emission period for ele~ted and
ground~based data, so that there is a
total of 4B such records in the com-
plete 24-hr QSOR file. The LIRAQ
model uses these (zero,zero) records
to determine the end of the data
records for each emissjon period.

The format for the emissions
data in the QSOR file is (1X, I4, 1X,

14, 7E10.3). A portion of a final

'QSOR file is shown in Fig. D-3.

PROCESSOR CODES

Five individual processor codes
AIRPT, POINT, POPUL, VEHIC,

Each processor code

are used:
and ADDIT.

requires input values for some or all
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10+36€2"
10-36€2"
20~-386€ "
00+3502°
#0-3E 4"
€0-368L°
20-311¢°
10+3191°
00434l 1"
1043212
10+316¢€°
19+3121°
20~-3269"
00+3208°
00+3421°
00+31 49"
00+3911"
00+3311°
10+3292°
00+32221°
10+368¢"
10+3962°
20~3615"
00+3218°
10+31L9°
10+302¢"°
10+3EL&°
00+3568°
00+36E€8°
10-3€11°
00+30€2°
20-3801°
20-3882°
00+3266"
10+30€2°
10+3109°
10+3912°
20-32E1°
00+3ZhE"*
00+7929°
€O-3hbn"
10+3106°
10+3462°
10+322S°
10+308¢°
10+3H2E°
10+30H2°
10+3hhl’
00+3291°
10+35€2°
00+3L16°
00+316E°
10-31€€"
20-3411°
10-3n01°
10-398¢°
1o-3122°
00+3421°
20-3LE1°
20-3692°
10+312h°
10+3624°

€0~-3026"
20-3181°
¢0-31e1°’
€0-386L°
h0-36h1°
§0-3984°
b0-3661°
20~-30#9°
¢0-3262¢°
10-3182°
10-3h62°
10-3201°
h0-3192°
¢0-381¢°
€0-3116"
<0~31ne”
20~381¢°
20-3818°
10-3612°
20-31€8°
10-3612°
10-3881°
20-3061°
10-3401°
10-32EH°
10~3062°
10-361€°
20-3869°
T0~-3289°
»0-31€9°
€0=-3hil"
$0-3999°
ho=-3LL1°
10-3¢01°
10=-3hd1"
10-38E#°
10-32¢E€°
€0-3586°
Z0-3z212°
20-31EE"
€o-314€"°
10-32sE°
10-3102°
10-319¢°
10-302h°
10-3042°
10-30€2°
20-3196°
20-32€9°
10-3141°
20-3540°
20-386¢E°
€o-3121°
$0-3€Eh°
€0-3LE1°
€0-3042°
€o-31s1°
€0=-3t8L°
§0-25h8°
h0=3641"
10=-306€°
10-3LhE"

00+3cee"
10-358¢2°
20-32.14°
10-3181°
b0-38€&°
€0-32¢1”
€0-382§°
00+39n1°
10~3p469°
00+3465"
00+3226°
00+362¢°
€0-3585"
10-3821°
19-3419°
10~31hs"
10-3661"
10-3661"
00+3nlL”
00+3261°
00+3565°
00+312Zh"
€¢0-3989°
00+3912°
10+3E11°
00+35€L°
10+3901°
00+391¢°
10-3€26°
20-3591°
10-388¢°
€0-3081°
€0-3004"
10-35€6°
00+3262°
10+3EE1°
00+3819°
20-3201°
10-39218°
10-3869°
€0-318¢°
10+3€01°
00+3185°
Q0+30¢4°
10+3401°
00+3891°
00+3129°
00+3281°
10-3hEH’
00+30h4"
0o+32.1°
10-3014°
20~-3%82°
h0=-3116°
20~-3841°
20~-308§°
20-3h6t "
10-3212°
€0-3622°
€0-31¢H’
10+3K01°
10+3601°

10-32s1°

[-X-}

20-3621"

§0-38HS"
h0-3022"
10-3201°
€0-3h8hH"
10-3961°
10-3862°
20-3818°
#0-3EEH"
20-30808"
€0-3lhbk"
20-3104°

00+3011°
10-3E41°
20-3€52"
€0-35£6"

0 h0-3882°

[-¥-]

10-3601°
¢0~-32¢s°
10-3192°
10-3961°

20-3h1 5"
10~3Gh”
10-3522°
10-3162°
¢0-39€9°
20~32€9°
h0~-3021°
20-32s1"
$0-3064°
#0-3002°
2¢0-3129°
10-36m1"
10~3h2h°
10-3961°

20-31€2°
20-361h’

10-3182°
10-3¢02"
10-394¢°
10-326¢"°
10-3622°
10-32.1°
20-31€6°
¢0=-3101°
10-3191°
20-3649°
20-35€2°
c€o-atiez:
§0-3612°
#0~3€69°
€0-3192°
€0-3681°
£€0-3888°
§0-3€56°
h0-3641°
10-320¢°
10-301¢°

=1

o

#0-3L6€°
€0-3651°
10=31he"
10-316¢°
00+3LbH1"
0043281
10-39¢9°
€0-3IHlE"
10-389¢€°
10-300¢°
10-3162°
10-3851°
10-3851"
00+3551°
10~3626°
00+3061°
00+38h1°
20-389¢°
10-3h6h"
00+39¢¢°
00+346L1°
00+3€22"
10-3194k°
10-3064°
€0-3659°
10-3011°
h0=-3Ihhg"
€0-3Shl"
10-3104°
00+311 1"
00+380¢°
00+3ES1°
€0-3218°
10-3211°
10-3€0€°

0 €0-390¢€"

00+3K12°
00+3Lkl"
00+3L92°
00+13862°
00+3121°
00+32€1°
10-3e€L"
10-3621"
00+3121°
10-3224°
10-3022"
[{ o 51
h0-3125°
€0-3659"
¢0-3002°
¢0-3EE1"
20-3049°
h0-13169"
€0-30¢€1"
00+3422°
00+3522°

00+3652°
10-311¢€"
20~-3nl 5°
10-3912"
0~3586"
w0-3116"
€0-389¢"
00+3121°
10-3118"
00+36E€ "
00+3EEH"
00+3Lhl"
€0-3621°
10~-3148°
10-3£99°
10-3119°
10-353¢"
10-0.8"
00+ 5y"
10~-3296"
00+38Eh"
00+31hE"
€0-38ht°
00+3211°
00+3621°
00+396¢ °
00+3nlSs"
00+3101°
00+3201°
20-3621°
10-3642°
€0-3921°
€0-3nEE"
00+3911°
00+3952°
00+3112°
00+326¢°
20~-3£91°
10~306€°
10-3104°
20-3129°
00+326h"
00+304E"
0Q+3a15°
00+3689°
00+3h6t "
00+320¢"
00+3891°
10-3¢8¢"
00+30842°
00+3021°
10-3564°
20-3E5E°
€0-3021°
20~3841"
20-365h°
20-360¢"
10=-3041°
€0-3091°
€0-310¢"
00+311§°
00+3615°

10-3i52"
10-3011"
20-3¢81°
¢0-3102°
0-3802°
¥0-3921°
#0-3505"
10-3991°
€0-355L"
10~3955"
10-30921"
10-3n92-
h0-3509°
20-3¢20°
10-3611°
20-3%29°
10-3222°
10-3212°
10-3118°
10-3.81"°
10-319%°
10-3lhh°
20-399¢2°
10-322¢"
00+3201°
10-3%99°
10-3126°
10-3181°
10-32e1°
€0-3€91°
20-3962°
b0-32L1°
¥0-365h°
10-3861°
10--321¢°
00+3h11"
10-3909°
€0-3E12°
20=-38hs"
20-3858°
£0-3692°
10-38.19°
10-312¢°
10-3L68"
00+3101°
10-3029°
10-3244°
10-3912°
70-3166"
10=3L1%°
10-3181°
Z0-3921°
€0-362¢°
h0-3211°
£0-3642°
€0-32€9°
€0~306¢°
¢0-3€02°
Hh0-3612°
#0-321h"
10-3906°
10-3868°
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IN?UY FORMST FOR 7 COLUMNS OF ELEVATED

INPUT FORMAT FOR 7 COLUMNS OF

SURFACE

THE FOLLOWING DATA SET 1S VALID BETWEEN

ELEVATED SOURCE DATA
580 4130 .262E+00 0.
583 4152 .875E-01 0.
584 4162 0. 0.

0.

593 Hl35 L437€-01  .293-01

0
SURF“CE SOURCE DATA

42 4154 6E~02 .468E-01
5“2 415% *395-02 WL 32E-01
542 4156 .314E-02 .309E-01)
543 4152 .659E-02 ,332€-01
543 4153 .689E-02 .551E-01
543 4154 .434€-02 .117E-01
543 4156 .202E-0z .198E-01
543 4157 .61BE-02 .607E-01
543 4)58 .618€-02 .697E-01
543 4159 .632E-02 .610E-01
543 9160 .106E-01 .BI4E-O.
543 4161 .915E-04 ,900E-03
544 4151 . 198g-02 .192E-01
544 4152 .241E-02 .237E-01
5494 &]156 .640E~03 .109€-02
S4u 4160 .244E-01 .417E-01
544 4161 .BISE-02 .THTE-OI
544 4162 .235E-02 .232E-01
Sha 144 _313E-02 .540E-02
545 &.%G .132€-02 .130E-01
545 4:51 .216E-02 .311E-01
545 4158 .358E-05 .63I1E-05
545 4159 .S47E-02 .162E-01
545 4160 .111E-01 .191E-01
545 4162 .)}55E-01 .820€E-01
515 4163 .355£-01 .312E+00
55 4164 _3B0E-01 .235E+00
546 4149 .24BE-02 .244E-01
546 4150 (324E-02 .318E-01
546 4160 .113E-01 .193E-0Q}
547 4148 (374E-02 .367E-01
547 4149 .198g-02 .195€-01
547 4150 .541E-02 .926E-02
547 4152 (216E-02 .370E-02
547 4158 .282E-02 .484E-02
547 4164 .242E-02 .414E-02
548 4146 .792E-03 .6TOE-02
548 4147 446E-02 .439E-01
548 4148 _T29E-03 .717E-02
548 4164 .795E-02 .136E-01
549 4142 (555E-02 .40%E-01
549 4143 | 5656-02 .412E-01
549 41448 _BOIE-02 .63BE-01
549 4145 _T45€-02 .S7TE-01
549 4146 .191E-01 .158E+00
549 4147  _304E-02 .246E-01
549 4161 .221€~04 .3T8E-04
549 4163 .101E-01 .1T73E-01
549 4164 _333FE-01 _149E+400
550 4137 .112e-02 .817E-02

0

[-X-X-]

144E-01

.203E-01
L187E-01
.134E-01
. V48E~01
L240E-01
S4TE-02
.859E~02
.263E-01
.26 3E-01
.264€E-01
.363€-01
.3B9E-03
.832E-02
.102E-01

SOURCE DATA
SOURCE DATA

0

0.
0.
0.

.539E-03 0
.205E-01 O

.332e-01
.100E-01

.26€E-02 0

S64E-02
.135E-01

.311E-05 0O
0.
0.

.800E-02
.940E-02
.364E-01
.135E+00
.102E+00
-106E-01
.138E-01
.953E-02
.159E-01
-844E-02
456E-02
.182E-02
.238E-02
.204€-02
.290E~02
.190E-~01
.310E~02
.6T2E-02
.175€E~01
-178E-01
L2T4E~0)
.. TE-O01
.65 3JE-01
.106E~01
. 186E~04
.852E~02
.658E~-01
.353E~02

.280E-02
.258E-02
185E-02
.159€E-~02
.313E-02
.312E-03
.118E~02
.363E-~02
LA63E-02
-363E-02
478E~02
.537E-04
-114E-02
L141E~02

458E~02
J128E~02

STT8E-C3
1B6E~02

L401E-02
.183E-01
.138E-01
-146E-02
-190E-02

0.

.219E-02
.116E-02

-X-X-X-)

400E-03
.262E-02
.428E-03

0.

.242E-02
.24 6E-02
.381E-02
.344E-02
.942E-02
147E-02

0.
(]

[736E-02
488E-03

C1x,14,15,7€10.3
(1X,14,15,7€10.3
THE MOURS OF O T0 1

0.

STIE+01

.285E~0)
0

L696E~01
265E-01

42TE-0)
.394E~01
.282E-01
.2T9E~01
493E-01
.838E-02
J1BlE-01
554E=-01
.554E-01
.555€-01
.832€-01
.820E-03
A75€-01
.216E-01
.609E-03
.232E-01
.TT9E-01
.211E-01
.299E-02
-119€-01
-283E-01
. 349E-05
.901E-02
.106E-01
L694E-01
.299€E+00
.420E+00C
.222€-01
.290E-01
.107E-01
-335€-01
.178E-01
515E-02
.205E-02
L269E-02
230E-02
ITTE-02
400E-01
.654E-02
.I57€-02
.581E-01
.591E-01
.808E-01
.T63E-01
-18%E+400
.300E-01
.210E-04
.962E-02
-226E+00
-17g-01

0
0.
0.
0
0

.1B4E-02
ATOE-02
.122E-02
L221E-02
.253E-02
.135E-02
.TT9E-03
.238E~02
.238E-02
.27 E=02
.395E-02
.35 3E-04
LT61E-03
.930E-03
.192€E-03
LT34E-02
.323E-02
.910E-03
.946E-03
512€-03
.122€E-02
-110E-05
.285E-02
.335€-02
.524E-02
.135e-01
L145E-01
.959€-03
-125E-02
-340E-02
. 144E-02
-T66E~03
-163E-02
.650E-03
.851E-03
.T28E-03
-306E-03
J172-02
.282E-03
.240€-02
-214g-02
.218g-02
.309e-02
-288E-02
-13%€e-02
-117E-02
.664E-05
-304€-02
JA16E-01
.433e-03

-437e-01

o0 oo

.435E+00
.401E+00
.2BTE+00
.253E+00
J4B89E+00
S44E-01
.184E+00
564E+00
.564E+00
564E+00
.732E+400
L835E-02
.178E+00
.220E+00
.996E-03
.380E-01
.699E+00
.215E+00
.490E-02
121E+00
.289E+00
573E-05
JAHTE-O1
JATHE-O1
.63TE+00
.281E+01
.195E+01
L226E+00
.296E+00
AT5E-01
.341E400
.1B1E+00
.BHHE-02
_336€E-02
LHHOE-02
.377E-02
.602E-01
.40BE+00
.665E-01
.125E-01
.348E+400
LISHE+00
.563E+00
.507E+00
-139E+401
L.211E+00
.34 3E-04
L157E-01
.107E+01
.TO3E-0O1

Fig. D-3. Example of a partial listing of a final QSOR file to be used with

the LIRAQ model.
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of the following parameters: ESW,

NSW, DELTA, IMAX, JMAX, 1HI, 1H2,

ORG2, ORG3, ORG4, and SEASON. Code
ADD1T does not use the values specified
for ORG2, ORG3, and ORG4, and the only
code that uses SEASON is POINT. These
data are given in the input file
INPARM and are read free-form by the
subroutine FFINP, which is included
with the codes. For use by FFINP, the
parameters must be punched, one per
card, anywhere in columns 1 to 72.
These cards must be in the order
indicated by the above list of param-
eters. The data punched on these
cards must be blank delimited (both
sides), but may be punched using a
fixed-point (integer), floating-point,
or exponential format. Descriptive
text may be punched with the data.
Such text is optional and will be
ignored, but may not contain the
following characters:
0123456789 .+=%"/#.
The parameters ESW and NSW are the x
and y values in UTM coordinates of
the lower left-hand corner of the
region to be processed. DELTA is the
grid size to be used (usually 1, 2,
or 5 km).

number of grid intervals to be used

IMAX and JMAX give the

in the east-west and north-south
directions, respectively. A maximum
of 65 is allowed
a region of size (IMAX*DELTA) km

by (JMAX*DELTA) km is processed,

for each. Therefore,

with upper right-hand corner coordin-
ates of ESW + (JMAX#DELTA), NSW +
{JMAX*DELTA). IHl and IH2 are the
teginning and ending emission periods
to be processed (where period 1 = 0000
hr to 0100 hrs and period 24 = 2300

to 2400). ORG2, ORG3 and ORG4 are

the fractions into which the organic
emissions will be divided to yleld
alkanes, alkenes and aldehydes.
SEASON specifies the season of opera-
tion for the major point sources,
usually assumed to be season three.
INPARM is common to all processor
codes. Different values for ORG2,
ORG3, URG4 are, however, used with
the code VEHIC.

Code AIRPT

Code AIRPT processes alrport
emissions data into the standard
format described earlier. Part of an
input file (INAIR) for AIRPT is
shown in Fig. D-4, along with the
INPARM file.

Each group of records in INAIR
contains all of the data needed to
describe a single airport. Each data
record for a given airport begins with
four alphabetic characters that
identify the data with that airport.
The first record of each group of
records gives the number of assign-
ment squares to which the emissions
will be assigned, followed by the

emissions, in tons per day, of the



ALAM 07 0.33 0.74% 0.4I

ALAM 0.63 0.83 0.83 0.83 0.

ALAM 7.5) 7.90 7.50 0.83 G.

ALAM S5 4181

ALAM S60 418!

ALAM S6! %18}

ALAM 553 4182

ALAM S60 4182

ALAM 561 4182

ALAM 559 4183

BUCH O4 0.04 0.28

BUCH 0.00 0.00 0.00
6.66 6.66 6.66

BUCH 582 4204

8UCH 583 4ag4

BuCH

0.09 0.
0.00 3.33
3.33 3.33
Se2 =205
583 +205

7.50 7.50 7.50 7.50 7.50 7.50

6.65 6.66 6.66 6.66 6.56 6.66

{a) AIRPT data input file INAIR (partial listing)

MODEL AREA UTM LOWER'LEFT CORNER{ ESW COORD)= 540 (DATA CARD
MODEL AREA UTM LOWER LEFT CORNER(NSS CQORD)= %100 (DATA

MODEL SQUARE SIZE= 1
NUMBER OF MODEL SQUARES
NUMBER OF MODEL SQUARES
STARTING PERIQD= 1|
STOPPING PERIOD= 24
ORGTWO= 0.67

NSS DIRECTION=

ESW DIRECTION= 6S

ONESREGION S5{X)
CARD TWOSREGION SIX)
CARD THREESREGION SIX)
CARD FOURSREGION S1xX)
CARD fIVESREGION SIX}
CARD SIXSREGION S1X)
CARD SEVENSREGION S1X)
CARD EIGHTSREGION SIX)
CARD NINESREGION SIX}
CARD TENSREGION SiX} =

(DATA
(DATA
(DATA
(DATA
(DATA
(DATA
(DATA
(DATA

65

(b) AIRPT parameter file INPARM (complete Jisting)

ORGTHREE= 0.33
ORGFOUR= 0.00
Fig, D~4.

five basic pollutants [FORMAT (6X,
12, 5F6.2)].
give the percent of the daily total

The next two records

emitted for each hour of the day
[FORMAT (5X, 15F5.2/5X, 9FS.2)].
following records list the x and y

The

coordinates of each assignment square
[FORMAT (5X, I4, 1I5)].

The AIRPT processor converts the
emissions from tons per day to grams
per second, divides emissions equally
among the specified assignment squares,
adjusts emissions for variation

Listing of sample data for input to code AIRPT.

throughout the day, assigns and totals
these emissions for emission gri&
squares as defined by ESW, NSW, and
DELTA, and outputs the results for all
periods between IH1l and IH2 in the
standard format as file AIR.

Code POINT

Cod-- POINT processes major
industrial emissions. Part of an
input file (INPOINT) for POINT is
shown in Fig. D=5, along with the

INPARM file.

-160~



S64% 4235 1 0.20 100 a0
S64 4235 4 0.40 100 20
607 4207 1 0.10 100 a5
602 w188 2 2.2 100 10
602 4wi28 5 0.7 100 10
562 w181 1 0.3 100 a5
562 w1Bl 2 0.5 100 a5
562 w181 3 0.3 100 25
§62 4181 S 0.9 100 25
S69 w22t 0.4 100 25
669 4212 3 2.4 100 25
566 4208 1« 1.2 20 80 25
S66 4208 3 1.0 100 25
666 4208 4 4.6 100 25
598 4141 & 7.4 100 as
595 w121 2 0.1 100 10
595 4121 5 2.0 100 10
568 4180 ! 0.6 100 2%
568 4180 3 4.7 100 a5
568 4180 4+ 0.3 100 25

30 30 20 55 § 5 0817 0817 0817 0817
30 30 20 5 55 5 0817 0817 0817 0817
25 25 25 & 55 S (316 0816 0816 0816
“0 40 10 5 55 5 0817 0817 0817 0817
40 40 105 55 5 0817 0817 0B17 08!7
25 85 e5 777 7 0618 0518 0618 0618
25 2525 7 7 7 7 0618 0618 0618 Q618
25 2525 7 7 7 7 0618 0618 0618 0618
25 25 25 7 7 7 7 0618 0618 0618 G618
25 85 25 5 55 5 0024 0024 0024 0024
25 25 25 5 5 5 § 0024 0024 0024 QO2Y4
@5 25 25 7 7 7 7 0024 0024 0G24 G024
25 25 a5 7 7 7 7 0024 0024 0024% 0024
25 25 25 7 7 7 7 0024 002% 0024 Q024
25 25 25 6 6 6 6 0624 0624 0524 0624
40 40 10 5555 1113 0915 0915 1113
40 40 10 55 55 1113 0915 0915 1113
2852852 77 77 0024 0024 0024 Q024
25 @8 25 7 7 7 7 0024 0024 0024 Q024
a5 25 25 7 7 7 7 Q024 0024 0024 0024

(@) POINT data input file INPNT {portial listing)

MODEL AREA UTM LOWER LEFT CORNER( F$W COORD)= 540 (DATA
MODEL AREA UTM LOWER LEFT CORNER(NSS COORD}= 4100 (DATA

MODEL SQUARE SIZE= 1

NUMBER OF MODEL SQUARES ESW DIRECTION= &5
NUMBER OF MODEL SQUARES N3$S DIRECTION= 65

STARTING PERIOD= 1
STOPPING PERIQD= 24
ORGTWO= 0.67
ORGTHREE= 0.33
ORGFOUR= 0.00

SEASON= 3 POINT

CARU ONESREGION €Ix)
CARD TWOSREGION ' 1X)
CARD THREESREGICN SIX)
CARD FQURSREGION SIX)
CARD FIVESREGION SIX)
CARD SIXSREGION SIX)
CARD SEVENSREGION SIX)
CARD EIGHTSRECION 51X)
CARD NINESREG.ON S1X)
CARD TENSREGION SIX)
CARD ELEVENSREGION SIX)

(DATA
(DATA
(DATA
(DATA
(DATA
{DATA
(DATA
(DATA
(DATA

(b} POINT parameter file INPARM {complete listing)

Fig. D-5.

more data records are used
Each

One or
to describe each major source.
data record inciudes the x and ¥y
coordinates of an assignment square,
an index to identify the basic
poliutant, the quantity emitted in
tons per day, the percent emiited in
each of six successive 30.5-m (100-
ft) intervals above ground, the
percent emitted during each quarter

of the year, the number of days per

Listing of sample data fur input to code POINT.

week of operation by quarter, and the
start and stop hours f the emissions
during a day, using “ORMAT (1X,I3,1X,
14,1X,11,1X,F4.1,1X,113,25%,12,8%,11,
13X,212).

of January, February, March.

The first quarter consists

The POINT processor uses these
parameters to normalize emissions
for quarter, day-of-the-week, and
hour-of-the~day variations and to

assign and total emissions for
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{a) POPUL data input file INPOP (partial listing)

4090622
481625
4092631
4094628
4094649
4095627

4096627
4097625

a
1
I
H
1
1
4096626 3.
e
3

.39E-02
.87E-0e
.28E-01
.05E-02
.59E-02
.98E-~01
11E-01
.75E-01
.B4E-0!

2.1BE-0!
1.71€-01
1.17€+00
9.58E-02
1.45E-01
1.81E+00
2.84E+00
2.52E+00
3.51E+00

5.

Y4,
3.
2.
3.
Y.
7.
6.
9.

70E-02
4Y7E-02
0BE-01
50E-02
80E-02
72E-G1
43E-01
S3E-01
19€-0t

!
7
S
4
6.
8
1
!
1

.01E-02
.BBE-03
.4QE-02
4ee-03

71E-03

.33€-02
.31€-01
LIBE-01
.62E£-01

(b) INPUT data file INVARY (complete listing)

1.65
8.28
0.75
9.01
2.73
6.!9
2.79
6.20

1.21
7.98

=W FuNg——

.65 1.65 1.65
.99 1.73 1.73
.75 0.75 0.7%
7+ 0.98 0.98
.73 8.1 2.73
.29 3.00 3.00
.79 2 19 2.79
.84+ 2.06 3.06
.21 t.a1 t1.21
.77 1.30 1.30

.65
.73
.75
.98
.73
.00
.79
115}
2l
1.320

NN WO G — -

1.
1.

0.

Q
I3
3
2.
3
.
.

~ DO E WD

(c) POPUL parometer file INPARM (complete listing)

MCDEL AREA UTM LOWER LEFT CORNER( E$W COORD)= 5.0 (DAT
MODEL AREA  UTM LOWER LEFT CORNER(NSS COORDI= 4100 (DAT

MODEL SQUARE S1Z2E= |

NUMBER OF MCDEL SQUARLS ESW DIRECTION= 65
NUMBER OF MODEL SQUARES
STARTING PERIOD= |
STOPPING PERIOD= 24
g.67
ORGTHREE= .33

ORGTWO=

ORGF OuUR=

0.90

Fig. D-6.

.08E-02
.55E-02
.80E-01
. HIE-02
.72E-02
.86E-0!
.23e-01
.1BE-01
. 14E+00

1.70 1.70 8.28 8.28 B8.28
1.65 1.65
2.49 2.49 9.01 9.0} 9.0!
0.75 0.75
3.05 2.05 6.19 6.19 6.9
2.73 2.73
2.51 .91 6.20 6.20 6.20
2.79 2.79
3.30 3.30 7.98 7.98 7.98
1.2 1.2l
A
A
(DATA
(DATA
N$S DIRECTION= 65 (DATA
(DATA
(DATA
(DATA
(DATA
(DATA

N o m v o

©
4 o o v @

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

.28 B.28 8.28 8.28
.01 9.01 9.01 9.01

'96.19 6.19 6.19

.20 6.20 6.20 6.20
.88 7.98 7.98 7.98

ONESREGION SIX)
'WOSREGION SIX)
THREESREGION SIX)
FOURSREGION SIX)
FIVESREGION SIX)
SIXSREGION S1x)
SEVENSREGION S1X)
EIGHTSREGION SiX}
NINESREGION SIX)
TENSREGION SIX) =

Listing of sample data for input to code POPUL.

appropriate emission grid squares.

The data are also converted to units

of grams per second.

Emissions are

divided into elevated and ground-

based, where elevated emissions are

taken to be those at least 30.5 m

(100 ft) above ground.

These data

are output as two separate files,

SKY and PNT, each

form.

emissions data.

the standard

File SKY contains all elevated

Code POPUL

dependent emissions.

INVARY, INPOP, and INPARM are used

by POPUL.

thesc fjles.

of a single data record.

Code POPUL processes population-—

Input files

Figure D-6 shows parts of

A record group in INPOP consists

The first

file shown (INVARY) gives the varia-

t on by period of rhe day in percent

tuor the five basic pollutants [FORMAT
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(16r5.2/8F5.2) 17,

givzs the y and x coordinates,

The second file

respectively, of the assignment
square and the emission rates for the
five basic pollutants in grams per
second (FORMAT 14, I3, 5E9.2).

The POPUL processor assigns an
hourly variation to the emissions
based upon the data given in INVARY,
assigns and totals emissions for the
appropriate emission grid squares,
and produces a standard format file

POP containing these results.

Code VEHIC

Code VEHIC processes vehicular-
dependent emissions, which have been
generated as described in Appendix J.
Five input files corresponding to the
five basic pollutants are merged into
one file.
names PART, HC, NO2, S02, and CO.

These files contain data for particu-

The input data files are

lates, hydrocarbons, nitrogen dioxide,
sulfur dioxide and carbon monoxide,
respectively. Part of such a filo is
shown in Fig. D-7, along with the
INPARM file used with the code VEHIC.
Each input file has the same form
and contains the results of extensive
traffic modeling and vehicular emis-—
sions calculatiens. An input record
group contains data for the x and y
coordinates of an assignment square
and the total emissions in grams for
that square for each period of the

day [FORMAT (//11X,13,5X,I4,8E12.3/

23X,8E12.3/23X,8E12.3)].
the data labeled VM and VH give the

In addition,

total number of vehicle-miles and
vehicle-hours assigned to the square,
respectively.

The VEHIC processor assigns and
totals data for appropriate emission
grid squares and produces a standard
format file CAR.
VEHIC for all 24 hr of the day at

Data are input into

once, but output in hour-by-hour
blocks.

ment squares for which data of five

The large number of assign-

tyses are stored for 24 hr of the day
rezults in very large data storage

requirements.

Code ADDIT

Code ADDIT combines the standard-
format files produced by AIRPT, POINT,
POPUL, and VEHIC into a single file
of similar form named QSOR for use by
the LIRAQ models. Emissions from the
four source-origins thar occur in the
same emission grid square are added
for each emission period. Elevated
and surface emissions remain distinct.
Alphabetic descriptive information
is also written into the QSOR output
file.

of a final QSOR file, and Fig. D-8

Figure D-3 gives an example

shows the INPARM parameter file used
with ADDIT.
Code FGEN

Code FGEN reads the binary tape
TOTHIST (which is the primary

=163~



=491~

(a) VEHIC input data file PART {partial fisting). There are five such files, one for each basic
pollutant type. These files are created by the code FGEN. The first part of the PART file
is illustrated. This file contains data for particulate emissions.

EMISSION HYDROCARBONS

STUDY YEAR

Xz 629 V=
Vaz 5037 VH=

K= 429 V=
V&z 10307 VH=
Va2

Xz 629
VA= 10307 VN=

628 V=
VAz 2994 VH=

A= 629 V=
V= 8118 VH=
X= 632 v=

YAz 634 WMz

620 V=
A= 5121 ¥VH=

x= 429 V=
VA= 6327 VA=

X= 631 ¥=
Rz 3609 VN=

1973

4006
T8

4087
139

2090
159

4089
56

4009
132

4089
16

4090
a3

4090
103

4090
9?2

1.8392+02 1.103€+02
1.140E+403 6 ,435E+02
1.584E+02 1.471E+03
3.T62E+02 2.257E+02
2.332E+03  1.317€E+03
3.160E+03  3.010E+03
3.762e+02 2.257€+02
2.332E+403  1.317E+03
3.160E+03 3.010E+03
1.098€+02 6.564E+01
6.T85E+02  3.B3TE+02
9.193E+02 8.755E+02
3.083:~02 1.826E+02
1.807E+03 1.065E+03
2.556E+03  2.434E+03
3.035E+0? 1.821E+01
1.801E+02 1.062€202
2.549E+02 2.428E+02
1.919£+02 1.152£+02
1.190E+03 6.7T10E+02
1.612E+63 1.536E+03
2.3T2E402 1.823E+02
1.4T0E+03 8.301E+02
1.992E+03 1.897€+03
1.7T66E+02 1.060E+02
31.095E+03 6.181E+02
1.483E+03 1.813€+03
Fig, D-7.

5.516E+0)
8.273E+02
1.2087€E+03

1.129E+02
1.693€+03
2.633E+03

1.1298+0%
1.693E+03
2.633E+03

3,203E+01
4.925E+402
T.660E+n2

9.129E+01
1.369€+03
2.130E+3

9.104E+00
1.366E+02
2.124E+02

5 .750E+01
8.63TE+02
1.388E+03

7.115E+01
1.067E+03
1.660E+03

5 .290E+01
T.947E+02
1.236E+03

1.839E+01
9.928E+02
1.4164E+03

3.762E+01
2.03)E+03
2.097E+03

3.762E+01
2.031E+03
2.097E+03

1.094E+01
5.909E+02
§.426E+02

3.045e~01
1.643E+03
2.383E+03

3.035E+00
1.639E+02
2.337E+02

1.919E+01
1.034E+02
1.8T78E+02

2.372E+0}
1.281E+03
1.826E+03

1.T66E+01
9.536E+02
1.360E+03

5.516E+01
1.066E+03
9.376E+02

1.129€+02
2.182E+403
1.919E+03

1.129E+02
2.182E+03
1.919€+03

3,283E+01
$.387E+02
5.501E+02

9.129E+01
1.T65E+03
1.552€+03

9.109E+00
1.760E+02
1.548E+02

5.758E+01
1.113E+03
9.789E+02

7.115F+01
1.376E+03
1.210£+03

5.290E+01
1.029€+03
9.007E+02

5.516E+01
9.T48E+02
7.354E+02

1.129E+02
1.994E+03
1.505E+03

1.129E+02
1.994€+03
1.505E+03

3.283E+01
5 .800E+02
4.37TTE+02

9.129€+01
1.613E+03
1.217E+03

9.104E+00
1.600E+02
1.214E+02

5.7508E+01
1.017E+03
7.6T8E+02

7.115E+01
1.257E+03
9.88TE+02

5.298E+01
9.360E+02
T.068E+02

Listing of sample data for imput to code VEHIC.

3.125€+02
1.158E+03
4.964E+02

6.395E+02
2.370E+403
1.0:6E+03

6.395E+02
2.370E+03
1.016E+03

1.860E+02
6.094E+02
2.955E+02

5.173E+02
1.917E+03
8.216E+02

$.159E+01
1.912E+02
8.193E+01

3.263E+02
1.209€+03
5.182E+02

4.032E+02
1,49%E+03
6 .404E+02

3.002E+02
1.113E+03
4 .T68E+02

1.005€+03
1.471E+03
3.493E+02

2.220E+03
3.010E+03
7.148€+02

2,220E+03
3.010E+03
7.148E+02

6.45TE+02
8.755E+02
2.079E+02

1.795E+03
2.4ME+03
5.T01E+02

1.790E+02
2.420E+02
5 .T66E+01

1.132E+03
1.536E+03
3.68TE+02

1.399E+03
1.897E+03
4 .506E+02

1.042E+03
1.413E+03
3.355E+02



rom—
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2 = 632 Y= %090
VA= 1841 VH=- 46

H X= $28 Y= 409}
VM= 9868 yn= 166

2 X= 629 Y= 4091
VA= 7918 VH= 161

8.789E«0}
5 .449E+02
T.383E402

3.766E+02
2.335E+03
3.164E+03

3.35TE+02
2.081E+G3
2.820E+03

5.273E+01
3.076E+02
7.031E+02

2.260E+02
1.318£+03
3.013€+02

2.014E+02
1.175€+03
2.686E+03

2.637€+01
3.955E+02
6.152E+02

.130E+02
.695E+03
.836E+03

-007TE«02
.S11E+03
.350E+03

N -

(b) VEHIC parameter file INPARM (complete listing)

MODEL AREA UTM LOWER LEF1

CORNER( E$W COORD)= 540

8.789E+00
4 . TH6E+02
6.T68E+02

3.766E+01
2.034E+03
2.900E+03

3.357E+01
1.813E+03
2.585E+03

2.63TE+0}
5.098E+02
4_482E+02

1.130E+D2
2.18%E+03
}.921E+03

1.007€+02
1.9%7€+03
1.712E+03

(DATA CARD ONESREGION 51X}

MODEL AREA UTM LOWER LEFT CORNER(N$S COORD)= 4100 (DATA CARD TWOSREGION S1X!

MODEL SQUARE SIZE= |

NUMBER OF MODEL SQUARES ESW DIRECTION= 65

NUMBER OF MODEL SQUARES

STARTING PERIQD= |
STOPPING PEHIOD= 24

ORGTWO= 0.67 VEHIC
ORGTHREE= 0.29 VEHIC
ORGFOUR= 0.0Q4 VEHIC

N$S DIRECTION= 65

(DATA CARD THREESREGION SIX)
(DATA CARC FOURSREGION SIX)
(DATA CARD FIVESREGION S1X)

(B4TA CARD SIXSREGION SIX!

(DATA CARD SEVENSREGION SIX)
(DATA CARD EIGHTSREGION SIX)
(DATA CARD NINESREGION SIX)

(DATA CARD TEN$REGION SiX)

Fip. D-7.

(Continued)

w N

-

- -

-63TE+D}
.658E+02
.516E+02

130E+02
996E+03

.S07E+03

.007E+02
.T79E+03
.383E+03

- > N VA

L

HIE+02
.53TE+02
.ST3E02

L403E+02
. 3T3E+03
-C17E+03

i .T0TE+02
-“15E+03
(65E+02

5.186E+02
7.031E+02
1.67T0E+02

.2228+01
.013E+01
-156E+402

~wn

.981E+03
.686E+03
.379E+02

N -



MODEL AREA UTM LOWER LEFT CORNER( E£$W COORC)= 540
MODEL AREA UTM LOWER LEFT CORNER(N$S COORD)= 4100

MODFL SQUARE SI1ZE= t

NUMBER OF MOBEL SQUARES _SW DJIRECTION=

NUMBER OF MODEL SQUARES N$S DIRECTION= 65

STARTING PERIOD= !
STOPPING PERIOD= 24

Fig. D-8.

vehicular emissions data file), re-
formats it and writes the five BCD
coded files, PART, HC, NO2, 502, and
CO, which are read by code VEHIC.
Code FGEN requires no parameter file.
Figure D~9 shows a schematic flow

chart of files related to FGEN.

CODE LISTINGS

The codes given in this section
are for use with the LBL CDC 7600
computer system. Notes concetrning
file handling and control cards for
that system are given below.

The two primary data storage
facilities at LBL are magnetic tape
and IBM Data Cells.
data files are kept on the IBM Data

Small input

Cell (e.g., the input files for

AIRPT, POINT, and POPUL). Large data

65 (DATA

(DATA
(DATA
(DATA

CARD
CARD
CARD
CARD
CARD
CARD
CARD

ONESREGION SIX)
THWOSREGION SIX)
THREESREGION S1X)
FOURSREGION SIX)
FIVESREGION SIx)
SIXBRCGION SI1X)
SEVENSREG:ON SIX)

(DATA
(DATA
(DATA

List of the ADDIT parameter file INPARM (complete listing).

files and all output files, including
those intermediate files that serve
as input to the ADDIT code, are kept
on magnetic tape. The output data
files from those programs that
generate more than one output data
file are combined with the LBL
utility routine GATHER before they
are written on tape. Such files are
subsequently reconstructed with the
routine SCATTER.

All files, whether they reside
on the IBM Data Cell or magnetic tape,
are compressed with the utility
routine COPY67 before writing, and
expanded after reading with the
routine COPY76.

Sample control card docks and
code listings are given in the micro-

fiche attachment to this User's Guide.
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TOTHIST FGEN
Message
file
Fig. D-9. Schematic flow chart of the files related to FGEN.
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Appendix E
Topographic Data

K.

INTRODUCTION

In order for the mass consistent

flux model (MASCON) and the LIRAQ
models to realistically treat
complex air~flow patterns in the
Bay Area, it Is necessary for
topography data to be input for

the domain of interest. These data,
contained in file QGEO, are based
on a l-km UTM (Universal Tranverse
Mercator) grid covering the entire
area of interest (i.e., the region

1 domain given in Table 1 ia the
main section}. During a model run,
topegraphy data points are selected,
without averaging, for the region
and grid scale (1, 2, or 5 km) of
interest., Because of the lack of
averaging, subgrid scale features
are not necessarily wellrepresented
on the 2- and 5-km grids.

In addition to topography
data, QGEO contains Bay Area
shoreline data (consisting of 369
ordered x~y points obtained by
digitizing the shoreline in UTM
coordinates) and station definition
data. The shoreline data are used
in graphical output to produce a
shore outline of the coast and bay.
A1l of the observation and monitor-

ing stations are also input by

E. Grant

specifying station plotting symbol,
station number, and UTM caoordinates
to provide the reference points for
observed concentrations and
concentration time histories.

Tte detalled format of QGEO
is given in Table E-1, and a sample
listing of the first 360 cards in
QGE0 is provided in Fig. E-1.
QGEO is read by the subroutine
BMAPL, which is common to LIRAQ-1,
LIRAQ-2 and MASCON.

PREPROCESSING OF TOPOGRAPHY DATA

Topography data for the San
Francisco Bay Area were taken from
the California torography tape
released by the U. S. Geologlcal
Survey (Robins et al, 1973).

These data, covering all of
California, are logically blocked
into 15~ by 15~min quadrants, each
quadrant preceded by a record
specifying the USGS quadrant name
and the geographical coordinates
(latitude and longitude) of its
northwest corner. Each gquadrant
is further subdivided into 225 1~
by 1-min compartments, with the
average elevation of each compart-
ment given at its center. A

MASTER CONTROL (Hampel and Wade,
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Table E~1. Format of the QGEOQ file.

Item No. Columns Format Description

1 1-5 15 The number of stations to be plotted on contour
maps

2 1-80 2014 List by station number of stations to be plotted
on contour maps

3 1-5 15 The number of stations for which to read defining
information

4 Station information, one station per card, as
follows:

4a 1-4 A4 Station plotting symbol

4b 5-14 F10.0 UTM easting . station

b4e 15-24 F10.0 UTM northing of station

4d 25-30 16 Station number

5 1-5 15 The number of shore outline UTM coordinate pairs

6 1-80 8F10.3 A list of shore outline UTM easting-northing pairs
to satisfy item 5.

7 1-80 Comment card marking start of topography data

8 Topography grid boundary card

8a 3-5 not read Central meridian of UTM projection

8b 6-15 F10.3 Westmost easting of grid

8c 16-25 F10.3 Southmost northing of grid

8d 26-35 F10.3 Eastmost easting of grid

8e 36-45 F10.3 Northmost northing of grid

9 Topography data cards; each card gives UTM

coordinates for the first data point on the card
followed by eight or less elevations in metres.
There is an increment of 1 km in UTM easting

between successive data points on a card.
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Table E~1.

(Continued)

Item No. Columns Format

Description

9a 2-9
9b 10-18 F9.3
9¢ 21-76 8F7.0

not read UTM easting of first point
UTM northing of all points on this card

Elevation data points

1969) data base was created to
contain and facilitare handling
of these data.  This allowed the
extraction of desired quadrants
cither by USGS name or by specifving
the minimum and maximum latitude
and longitude of a desired region.
The quadrants containing topographic
data for the Bav Arca study region
were obtained by exctracting from
the data base all quadrants with
latitudes between 37° and 39°
north, and with longitrudes between
123° 15" and 120° 13" west. A
sample listing with the names and
coordinates of all extracted
quadrants and with the actual
data for the {irst several
quandrants is provided in Fig. E-2.
After extracting the Bay Area
quadrants from the topographic
data base, the data were trans—
farmed from 15- by 15-min quadrants
onto a Cartesian grid more suitable
for model input. A processing
roatine, TGC (Topographic Grid

Converter), was developed for thes

purpose. TGC uses a combination
of UTM projection and bilinear
interpolation to obtain topography
on a 1-km UTM grid. For purposes
of interpolation, each 15- by 15-
min quadrant is approximated as

a trapezoid with 225 1- by 1l-min
trapezoidal subquadrants. A
particular subquadrant is specilied
by superimposing a cotrapezoidal
i-j grid within each quadrant.
Such a trapezoidal approximation
accounts for the skewness in the
vertices of a quadrant (because of
conformal transformation of a
curved surface onto a plane), but
neglects the slight curvature in
the joining edges. The operation
of TGC can be summarized as

follows:

(1) Initialization. Set up pro-
cessing specifications from
data-directed control cards.
Read in all supplied
quadrants. To eliminate
the need for adjoining

quadrants when a point
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62 NUMAER OF STATIONS TO BE PLOTTED ON EAY MAP
1 =4 3 4 5 & a g J0 1l 12 13 14w 15 17 20 21 22 23 24
25 27 2B 29 3] 32 33 34 35 36 37 38 39 40 4| 42 w4 4B 48 50
51 54 655 57 58 59 60 6] 62 6% 73 75 77 78 B2 BE 87 88 90 12w
129 143
144 NUMBER OF STATIONS TO BE PEAD IN
1

+0SF 551.1 +igl.8

«05A 525.1 ek . 7 =4
+DPE 532.7 423e. 4 3
+0SR S4e.3 4202.7 4
+DNA 561.8 4e4w0.7 5
+DvA 587.) 4217.4 6
+DR| 55%.4 4201.0 7
+DPT 597.3 4209.4 a
+DL I 608.86 4wl71.2 9
+DFR 53].8 4154.6 10
+DSJ 598.95 4133.0 1l
+DMV 583.3 4138.8 12
+DRC 370.9% 4|l48.5 13
+DBU 557.9 4159, | 14
+DCO 585.7 %199.3 15
+DBE 574.3 w2l .g 16
+DRM 556.86 4200.4 17
+DMF 576.1 4207.4 18
+DPR 554 . ) 4197.6 18
+ASN 5:7.2 4262.0 20
+AHA Suc.4 ucl3.e 21
+ANA 563.1 4229.0 ee
+AT] 8%4.4 4235.y4 23
+AL | 604.9 Y172.5 o4
+ABF 583.0 ¥204%.5 25
+AQA 569.3 4172.7 26
+AAM 560.9 Yisgt.2 27
+AHW 577.9 4168.5 28
+ASJ 595.1 4135.4 29
4+ AMN 584.1 4i140.5 30
+ARH 604.7 “132.4 31
+ASF 556.2 4163.2 32
+ASC 566.2 4151.8 33
+AHM S544.6 %151.9 34
+ASM 6ee.e 42R4 .6 35
+ASE B831.1 4263.6 36
+AMT 647.8 4268.6 37
+AMC 638.9 4280.6 38
+AST 654 .4 4195.1 39
+MAG s51.2 4189.4 40
+MRE 498. | 4205. ! Yl
+MBO 495.2 Yeue.7 4e
+MPA 435.9 43t1.9 43
+MRV 614.6 4223.1 44
+MPC 586.3 42j0.8 4s
+MPP 553.9 4115.9 46
+MP] S44 .y 4150.0 47
+MPB S41.5 4185.3 ug
+DS0 547.5 4238.€ 49
+FMU 503.5 4265.5 50
“+FBL 570.5 4278.6 St
+FAL 562.5 4137.9 52
+FLP 602.8 4107.6 53
+FEA 57t.6 Yit:.3 S

Fig. E-1. Partial listing of the QGEO data file.
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+FMO
~DPH
+0SL
+0LG
+0DF A
+NMH
+1SH
+NSR
+ IPH
+NAN
+EGP
+1UN
+1GT
+1GS
+1AC
+EGL
+USY
+UHW
+UC8
+LLT
+LLH
+GEM
+G0A
+NSB
+UMS
+GS0D
+TAM
+DlA
+FSU
+0SK
+1AP
+PCP
+AMO
+DHW
+DSy
+DGL
+DEY
+PBF
+0OfFC
+VCO
+VOK
+VGF
+VNC
+VvQsg
+VCF
+ VAN
+VAQ
+VSL
+VAV
+VGY
+VLG
+VSC
+VMa
+VAT
+VRv
+VTY
+VAP
+VDU
+VRWC
+VRT

639.

567.
575.
605.
613.
637.
Biy4.
595.
582.
590.

DU~ DOP—~FOOONODNTAODORDEONUDNDN e O =PI DND DN N F D NP~ diD dD e dFEFeDNDGD 0

4152,
4197.
Y74,
w120.
14233,
411l
4208.
4+208.
+208.
4202.
4210.
4210.
420e.
4200.
4199.
4074,
4132,
4167.
4191,
Yi72.
4168.
%131,
4177,
w176,
4)78.
4134,
4197.
%193,
4[B!,
4186,
4alt.
4175.
4166.
4167.
4136.
4096.
i3t
4204,
4178.
4204 .
w172.
wael.
4160.
“178.
4183.
4181,
4161 .
4161.
LALT-
4099.
w121,
449
4208.
4208.
“aay .
4176.
4175.
4173,
YiOu.
L4264 .

— OO~ ONWILdU~NVJ—=JUNJRAFODWW-IOMN

CNALNOINF NIV WOUVONUND A JUROD IOV WWAN

Fig. E-1.

(Continued)
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+VvOX
+VCH
+VBE
+VVA
+VNA
+vB0
+VSA
+VSN
+VRD
+vay
+VPE
+VSR
+PNC
+R08
+RSJ
+RRV
+RTR
+RSA
+VFA
+VSS
+VSM
+VSJ
VLV
+PHW
+PGY
+PTY
+PoS
+PMI

+PDV
+PPE

604. }
613.3
576.1
567.6
561.8
496.4
526.4
545.6
557.6
527.4
533.8
542.3
597.9
577.5
600.4
614.6
592.7
523.3
793.1
624.6
6ee.2
595. 1
604.5
584.3
627.9
€38. |
597.8
563.9
609.4
532.0

455.973 ue87.
461.629 u4asa.

467.330 u4a7e.
470.524 4268.
+92.056 4255.

491.382 4251

492.817 4a47.

493.569 4241

499.209 4239.
503.136 u230.

504.553 4229

506.671 4e28.
515.558 u214.
506.339 4225.

503.178 4225

502.224 4213.
503.347 u204.

S06.121 4208

503.988 u2ie.
506.090 y4212.

506.104 4210
508.566 4210

519.18! 4200.
S24.151 4194,
527.288 4197.
S42.143 418u4.
546.699 4185.
S41.715 wi93.
S4g9.456 u4192.

4285.
4e80.
4a7!.
Y2€3.
4253.
4248.
4243,
4238.
4e33.
4230.
42a9.
4216.
4aie.
423) .
u223.
4205.
4208.
yail.
yele.
4213.
4209.
4207.
4196.
4194.
4189.
4184 .
4187.
4193,
4199,

4eS6.0 117
423z .3 118
42i4.2 119
4219.6 120
4239.! 12l
4238.0 1ee
4eg3.5 123
4238.8 124
4195.2 128
4193.2 126
4233.9 127
420).8 128
4]60.7 129
4150.7 130
4]31.0 131
4eee.3 132
4235.5 133
4253.6 134
4a74.7 135
4058.4 136
4esy .6 137
4135.4 138
wi?2.5 139
yl72.1 [4o
4095.4 L}
4177.9 14e
4i68.2 143
4216.0 144
4266.4 145
4231.9 146
369 BAY AREA SHORE OUTL INE POINTS - UTM COORDINATES
560 458.446 4285.790 459.:u8
970 461.997 u4280.870 463.051
800 468.740 4272.090 469.800
580 476.523 4265.030 476.888
139 493.462 u4255.120 491,365
.640 491.744  4250.240 491.755
780 493.887 4245.680 494,253
.490 494.999 4238.330 495.699
000 501.687 4236.530 503.117
930 $03.488 4230.930 504.190
.520 $05.609 4229.160 506.312
110 507.390 4226.000 S13.434
760 515.566 42!3.710 515.9¢9
660 501.018 4232.340 $00. 32!
.890 S04.237 u4224.980 Sd4.248
1i0 499.469 4206.150 498.421
370 501.925 4206.480 504 .365
.890 503.645 ct1.010 503.994
0S0 503.975 4213.800 505. 042
730 $507.139 4213.430 507.490
.990 507.169 4209.580 507.520
.620 508.580 4208.870 509.993
750 519.546 4199.000 523.781
a7¢ 525.916 4193.01" 527.661
190 527.993 4196.840 $36.836
150 542.835 4185.540 S43.89v
510 546.690 4186.560 547.387
930 S43.839 419}.820 544 .530
130 543.44) 4197.760 545.883
Fig. E-1. (Continued)
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459
467

49}

.867
.67%
470.
.gos8
.609
.806
.64
.337
.777
.20l
-660
.Buy
.172
. 161
5.811
647
.067
.698
.071
.498
.863

516

.792
.299
.e87
294
.428
.708
Suy.

823

4283.690
4273.490
4269.620
4254% .440
4253.750
4249, 180
4242.530
4240.080
4231.980
4229.520
4229.500
4216.160
4a22.160
4227.780
va22. 1980
4204.030
4208.900
4211.000
4215.180
4212.370
4210.620
4205.670
4195.120
4195.790
4189.420
4185.520
4192.530
4191.090
4200.550



Suk,
545.
Siy.
.835
.645
.25e
463
431
.912
.870
.859
.347
L7148
.631
.4893
.62l
475
.137
647
. 087
.997

561

554

551

4Bl
775
334

5.410
. Q48
.736

. 109
.608
.620
.250
.BS6
4e3
547,
.665
556.
555.
.905
555.
557.
.a78
Su&.
543,
sS4,
543.
E49,
553.
553.
557.
56¢2.

656

Ti4
238

577
31y

710
g4k
779
088
B35
116
196
w72
420

4201!.950
4213.470
4218.030
4218.940
4218.820
4210.100
4220.480
421%.160
4211.350
4219.230
4224, 750
4223.740
“214.360
421:.880
4215.290
4208. 940
4210.760
4207.620
4205.600
4209.£570
4211.040
4211.440
4213.870
4206.750
4201.520
%+199.450
4194 .480
4186.780
4184.010
4178.010
4176.940
4174.860
473,440
4158.420
415C.290
4¥148.499
4146.770
4145.700
w14y . 330
4146.470
4152.460
%151.070
4154.580
4155.990
4i58.480
4162.720
4164.120
4169.370
4173.210
4175.640
4184.420
4184.110
%“178.540
4161.76C
4152.340
w14 . 250
4129.200
4119.0F"
Y11'.240
%107.460

545. 164
545.415
548.549
565.097
567.202
576.352
588.285
592.136
597.076
614.551
626.087
613.541
606.583
616.003
625.150
629. 392
625.545
622.743
609.4G1
586.036
587.8943
574.623
561.983
555.666
552.551
553.995
560.697
560 .387
568.519
568.878
568. 260
567.155
575.292
578.542
58i.745
587.330
586,696
586,353
583.554
577.184
571.550
570.159
567.343
565.919
560.948
557.07!
554.230
554.891
555.563
554%. 138
550.574
544 . 268
543.972
544,088
545.227
549.855
552,781
554.637
559.590
564 .89%

4201 .940
4214.520
¥217.990
4212.970
4213. 300
4211.130
4219.070
¥213.810
4210.970
4222.0e0
4228.920
4216.430
4210.550
4216.060
w21l4.250
4210.770
4208.650
4207.633
42en7...0
4209.230
4Y2i1.040
4207.650
4207.050
4206.400
4200.490
4185.530
4{92.040
4186.800
4180.100
4179.040
Y175%.540
4174.3860
4167.460
4156.250
4150.990
4147.800
4146.750
4145.710
Yiuy, 330
4150.324
4152.120
4]50.380
4151.100
4153.560
4160.240
%162.010
4165.880
4171.120
%174.960
4177.760
4184 .080
4%182.030
4175.050
4160.370
5149.530
4141.800
“127.100
4114.510
4109.930
4105.340

Fig. E-1.

548,
407
.951
443
.020
.656
497
.187
.569
.333
.449
. 550
.920
.10
.559
L34
.B43
.649
647
. 864
428
.73}
.875
556.
551.
. 754
. 357
.339
.B19
.581
482
.809
.323
.205
.807
.e20
L4
.853
.B46
.27
.609
. 105
.978
.905
.895
.19
624
.532
.271
. 184
463
.24
443
.059
.630
428
.797
.ou2
.950
572.

303

036
135

352

4Y20u,
4215,
4218,
4els.
.230
4220.
42i6.
waly.
1213,
422es.
4e27.
4els.
4209.
4216.
4208.
4210.
4208,
4205,
4206.
4210,
420
wetl.
4207.
4203.

w2ie

4alt

4201

Y15y
41i49

4150
%151

4152

4155,
.240

4160

4162,
4167.
4172
.250
4178.
%50
wl82.
.65y
.230

Y17y
w18y

4166
4157

4i49.
K13y,
y125.
.500

Y1y

“108.
4095.

(Continued)
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720
570
330
670

160
300
150
330
450
511
380
850
050
990
380
660
890
730
660

180
070
960

.800
4195,
4190.
4186.
%178,
4179.
4176.
4174,
4163,
.510
.930
4148,
Y147,
Y145,
4145,
.680
410
4150,
.850

220
640
110
750
o040
610
170
620

870
100
370
040

390
300
700
270
170
450
040
87¢
090
010

870
150

Buy

571

605

6cl
611

624

591

584 .
584 .
589.
586.
581 .
574%.
572.
571.
568.
566.
556.
555.
554.
554 .
557.
o95%.
547.
543,
54y .
543.
548.
553.
552.
557.
558.
578,

L4l
540.
552.
563.
.069
585.
S80.
585.

783
380
302

061
380
646

. Buk
621.

208

.571
.802
606.
62e.
634,

936
317
313

.815
62Y%.
616.
597.
461
5B83.
567.
557,
554 .
550.
556.
561.
S81.
559.
570.
S66.
569.
576.

140
078
790

aes
567
779
291

4208.

w2ea

4207

4217.
4210.
“2ie.
4208,
4206.
4208.
4210.
4210,

Y211

4205,
4202,
42Q1!.
4195.
4189.
4185.

4181
4177

Y176,
Y172,
4162,
4150.
4150.
Y147,
wlus,

u LUy

Yliuy,
Yiug,
4150.
w153,
4155.
4157.
4162.

4164

4168.

4173

Y17,

4182

4184.

4180

Y162,
4155.
4Wi47.
wl132.
4120.
wliie.
4107.

4090

240

.950
Yazae.
4217,
wele.
weaqg.
4213,
4214,
42le.
Y422y,
yeeea.
“wely.

160
880
820
150
820
130
650
060
660
250
.750
060
330
150
660
630
570
320
730
.550
690
570
560
910
590
050
.920
.640
260
050
2io
650
270
820
390
.G60
700
930
0l0
860
280
a40
020
470
680
.210
590
.650
100
.290
810
830
750
340
470
o40
480
.210



SB4.34@ 4088.420

582.067

4089.400

604.765 4082.6680
607.637 u4067.260
THE FOLLOWING CARDS GIVE BAY ARCA

123 450.000

+90.300
+98.000
506.000
S14%.000
522.000
530.000
538.000
546.000
554,000
562.000
©£70.000
©78.009
186.000
594,000
02.000
610.000
613.070
626.000
634.000
642.000
650.000
658.000
480.000
498.000
506.000
514,009
522.000
530.000
538.000
546.000
554 .000
562.000
70.000
578.000
586.000
594.000
602.000
610.000
618.000
626.000
634.0C0
64&.000
650.000
658.000
+30.0C0
438.000
506.000
514%.000
522.000
530.000
538.000
546.000
594,000
562.000

4090.0C0
4+090.000
4030.000
4(90.000
4090.000
40g0.00r
4090.0C0
4090.n00
4090.000
“090.060
4920.000
4030.000
4Q90.900
4090.00C
4090.000
4090.CC0
4090.000
4090.000
4090.000
“090.000
4290. 000
4030.000
409:.000
408! .000
4(3!.000
40%1.000
4081.000
409!.000
4091 .000
4091.000
4091.000
4091.000
4091.000
4091.000
4091.000
4091.000
4091 .000
4091!.000
409..000
4091,000
4091.000
4091.000
4C9!.000
4091.000
4092.000
4092.000
4092.000
4992.000
4g92.000
4092.000
“092.000
40g92.000
4082.000
“092.000

£86.098

595.560 409

607.633

4080.000

£ ©
¥

425.

n
o
(]

o
DO 3 F
PN 1)

o000 0O0O0O0OO0

_NO00000CO0O0O0ODOOO

n
oo oO0Coo000O00

6640.000
J.

[ R(e]
WNoOMoOoODDOLODO0O0O O

w
£
v

154,

w
o-JL
~@owum

651.

~— W
OfFOoOoOOMNMoOLOoOO0OOOOoO

COoO0OO0OO0QOOOO

4089.100 587.155

1.820 597.671

4075 300 609.404

"OPOGRAPHY ON A

4300 000
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
a. 0.
9. 16.
9. 0.
Q. Q.
i0l. 93.
27. 38.
324, 264.
104 . 66.
49, L5,
76. 86.
365. y4e,
596 .
0. 0.
0. 3.
0. a.
0. 0.
0. 0.
0. 0.
0. 0.
a. a.
0. 0.
0. a.
Q. Q.
47, ug.
7. 5.
0. 0.
103. 7.
35. S0
318, 234
121 80.
43 43
94 100
37g. 451,
73y .
0. a.
0. 0.
a. Q.
0. 0.
0. a.
0. g.
D. 0.
0. g.
0. 0.
0. 0.

Fig. E-1. (Continued)
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4088.740
4081 .460
4073.540
1 KM GRID
0.
Q.
0.
G.
0.
0.
0.
0.
Q.
a.
Q.
13. 1
0.
Q.
E9. 58.
58. 88.
218, 207.
45, 4s .
47, 48,
129 146,
517 589
0. 0.
0. a.
0. 0.
0. 0.
Q. 0.
a. Q.
0. G.
a. 0.
0. 0.
0. a.
0. Q.
43, 43,
7. .
6. 23.
79. 67
BS. 138.
2e5. 225,
47. 46.
45, u7.
167, 174
S50t 520
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

DO FOOLOOO0OO0OOQO

COoO0O000OVLOO

588.246
601.5€62
608.712

DNOO0OO0OQODOO0OO

w
~3

[V X8}
~ o

2ee.
uy,

176
601.

fFooocooocgoooo

COoO00O0OCDOO0O0O

4080.820
4087.930
4072.150
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nmooooooooooo

»
Wy o w
wno

236.
uy .

245.
585.
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570.000
578.000
586.900
594.000
602.C00
610.000
618.000
626.000
634.000
642.000
650.000
658.000
490.000
498,090
S506.000
$14.000
522.009
530.004
538.000
§46.000
554.300
562.000
570.000
578.000
586.000
594,030
602.000
610.000
618.000
626.000
634.000
642.000
650.000
658.000
490.000
498.000
506.000
S14.000
522.000
530.000
538.000
546.000
§54.000
562.000
570.000C
578.000
586.000
524,000
602.000
610.600
619.000
626.000
634.000
642.000
650.000
658.000
490.000
498.600
506.000
S14.000

4092.000
4092.000
wGga, 000
4082.000
4082.300
4092.000
40982.000
4092.000
#052.000
4092.000
4082.000
4092.000
4093.700
4093.500
4093.000
4093.000
4093.000
4093.000
40983.000
4093.00C
4083.000
4+093.000
“%093.000
4093.000
:393.0C0
4093.000
42893.060
4093.000
4693.000
4095.000
4093.000
4093.000
4093.000
4093.000
4094 .000
409v.000
4094 .000
4094 .000
4094.000
4094 .000
4084 .000
4094.000
4094 .000
4024.000
409\ .000
4094 .000
409%. 000
4094.000
4094.000
4094.000
4094 .000
4084.000
4+09%.000
4084 .000
4094 .000
4094 .090
4095.000
4085.000
4095.000
4095. 000

D.
83.
i6.
9.
115,

290,
Tuy .,

£
£

~ b=
[
[

0OO0OO0O000O0O000O

Fig. E-1.

0. 0.
ge. 81.
8. 17.
12. el.

109. ag9.
56. 73.
350 3it.
g7. 68.
4y, 44,
113, L
4ou,  4BI.
788.

0. 0.

a. 0.

a. 0.

0. a.

0. 0.

0. 0.

0. 0.

o. Q.

g. g.

0. 0.

0. 0.

136. 129,
30. 3.
33, 45

118, 107
Bl1. 108

368. 374
74, 56
ug. 5.

133. 128

439. 471

725.

a. 0.

0. 0.

a. 0.

0. a.

a. a.

0. 0.

0. g.

a. D,

a. a.

a. a.

0. a.

180. 183.
L4y, 46.
56. 70

130. 1ee
114, 163

341. 387
&6. 66,
au. 72.
129. 1298

463. 476

668.

9. 0.

0. 0.

a. 0.

0. a.
(Continued)
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! MASTER CONTROL

MC-"%5-36G

{a} Quadrants of interest
INDEX OF QUADRANTS

HOPLAND

3g

STROS LAND 3 38
STROS LAND | 38
STRS OCEAN 2 38
KELSEYVILLE 39
LOKWER LAKE 358
MORGAN VALLY 39

GUINDA

339

HEALDSBURG 38
CALISTQGA 38
ST. HELENA 38
LAK BERRYESA 38
SEBASTOPOL 38
SANTA ROSA 38

SONCMA 38
MT. VACA 38
POINT REYES 38
PETALUMA 38

MARE [SLAND 38
CARQUINEZ 38

DUNNIGAN 39
KNIGHTS LAND 39
LINCOLN 33
AUBURN 38
~NOODLAND 38
DAVIS 38

FAIR OAKS 38

FOLSOM

38

VACAVILLE 38
COURTLAND 38
FRANKL IN 28
SLOUGHHOUSE 38
P1TTSBURG 38
RIO VISTA 38

LoD1
BELLQTA

38
I8

SF OCEAN 4 28
SF QCEAN S 38
MT TAMALPALIS 38
RICHMOND 38

CONCORD

38

SF OCEAN 1 L
SAN MATEO 37

HAYWARD

37

SF OCEAN 2 37
HALF MOON 8Y 37
PALO ALTO 37
SF CCEAN 3 37
ANO NUEVO 37
REN LOMOND 37

Fig. E-2.

123
123
123
123
123
lea
iea
1e2
123
122

VOV s v () om mm )+ 5 s o e bt s T e e s R b S b R ek e et T g — e A et A et Pt s e o e o e e Ao e e

CALIFORNIA 1X1 MINUTE TOPOGH

. LIBRARY

wisting of (a) quadrants of interest for the Bay Area and (b)

topographic data available for several quadrants.
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(a) Quodrants of interest cont'd

MT DIABLO
BRENTWOOD
STOCKTICN
MANTECA
LI VERMORE
AL TAMONT
TRACY

38
38
38
28
37
37
37

MODESTO WEST 37

SAN JOSE

37

MT HAMILTON 37
MT BOARDMAN 37

GREST [MBA
LOS GATOS

37
37

MORGAN HiLL 37

GILRQY HT

SP 37

PACHECQ PASS 37

SC OCLEAN |

37

SC OCEAN 2 37
SC OCEAN & 37

CAPITOLA

37

SN JUAN BauT 37

HOLLISTER

37

QUIEN S4Bt 37
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(b) Topographic data
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(b) Topographic data cont'd
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{b) Topographic data cont'd
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falls on a quadrant
boundary, shift cach
quadrant by haif a mi-ute
of jatitude and longitude,
converting vlevations {rom
a 15~ by l15~element-
ventered grid to a 16-by-
16 intersection grid.
Projesct the corners of
wvinch quadrant into UM
coordinates, and set up
directories of quadrant
coordinates and relative

focations.

Interpolation of a4 leam U'TM
prid.  For cach desired grid

puint:

a) bDetermine the gquadrant and

subquadrant in which the
2rid point lies.

ever quadrant

to be the curreatly active

quadrant, attempt to
interpolate the sub-
the

r

quadrant in which

prid point lies, the
grid point is actually
inside the quadrants, the
interpolation will
succeed.  Othervise,
iterative application of
the interpolation scheme
will provide information
for a directed watk to

the correct quadrant.

. interpolate the UTYH

cuordinates of the sub=

quadrant into which the

prid point talls, using

the tabulated coordinates

of the quadrant corners
and the trapezoidal
approcimation and i-j
conrdinate

SVsten

discussed above.

Interpotate the elevation

in metres to the wrid

point, using the kaown

clevations at the corners

of the subguadrant and

the results of (13 b,

stuep
Trapezeidal approsisation

Is again uscd,

In which=

(1) vptional interpolatioa of
| i

is considered

anoarbitrary rectangular grid.
From the I-km UM grid pro-
duced by steps (1) and (2),

a rectangular x-y grid of
arbitrary orientation and
arid scaling (grvater than

or equal to | km) can be
interpolated.  This grid
must be completely contained

within the original l-kmgrid.

TGC has been coded for use

avt LLL. Thas, the listing of the

code is not included In the microfiche

attachment of codes availuable at LBL.
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Ferormitled §uto thelr preacnt Tops The gredatess Joss oy representa-~

At e dalive elevations Gocean depths) tional aceuraey results from (he

selection of grid points off the

0 oo,
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Ponesent i Tin "fed by the teaclot fon o obtadw a 9=km oprid, 7o provide
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uf replon 1 (g werst -case Geir

sceurate to B on for pmost
wfocentral and northern Cal{foraia wrid) are shown In Figs, ¥-3

(Robbins ot al., 1973}, Hlevations and E-d,

Fiao E~3. Perspective view of repion Fip. B=4. Perspoctive view ol 1
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The we
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Appendix F
Initial Condition Data

K.
. W.
1. 1

INTRODVCTION

Che programs LiRA=1 gnd LIRAD=C

indlude subrontlpes Uhat can generate

recional patteras ot odnjtial cotcen-

tratioons ter cach species throush

Gatins dan interpolation from observa-

ticne al specitiv pofnts witbiin the

reslan ol interest.s These obServi-

Tivnal data are org: fn time and
By shaervalion point e the 2ICON
tiles that are input to the LIRAO
zodelss Thene T{les are the result

ol g twossloep process. The tirst

Step uses MASTER CONTROL o sedareh

RIS 3

appropriate data Trom the raw

dats pase madntafioned at (4L, These

AT thed ortmized as input 1o

that reads the

the program QIC
data, perforns preseribed sealings,
and further organizes the inpul

to Torm the QICON Tile.

DATA PREPROCESSING

The petlutant data used to

fnftiatize concencrations for the
LIRAY models are contained within

the data base of afr quality and

Grant
Atuilivh

Kalton

meteorological data maintained at

LLL (see Appendix 1), Using the

MANSTER CONTROL data management
the data base wis scarched

SVELen,

Yor il records  available over the

time period selected containing
potiutants and monitoring statioos
interest.  Pollutants for

ot
which cbscervational data werce
aviilable and which are directly
applicable o the LIRAY models

are: carbon nonoxide, hydrocarbons

(with methane), nitrogen dioxide,

nitric oxide, and oxidant.  The

resules of the search are then

ordered, using MASTER CONTROL.,

by pollutant, station, and date,
and made available as an inter-
mediate digitized data file for
lurther processing into an ingut
T{le (JICONY Yor the LIRAQ models.
irtermediace

F-1.

An example of the

data file §s shown in Fig.

CODE. QICGEN

The progeam QECGEN takes
vhservational data on species

concenlrat tons and creates a file
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Fartial listing of available data at various stations for

various pollutants.

F-1.

Fig.
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QICGR in a form chat can be read
by the LIRAQ models. Figure F-1
contains an example of the data
input to QICSEN. The first

column contains the species symbol.
The sequence of species is ordered
alphabetically with all data {or a
siven species being comrieted before
beginning data on the next pollutant.
The symbuls are: CO for carbon
monoxide, HM for total hydrocarbon,
N2 for nitrogen dioxide, NO for
nitric oxide, and 06 for oxidant
(which is used to initialize the

ozone concentratjon in LIRAQ-2).%
Observation station svmbul and station
number appear in the second and third
data columns. The remaining 24
columns of data are the hourly
observations of the species con-
centvation, a 99 denoting the lack
of an observation,

The program processes data
over any time interval desired,
usually the full period over which
data are available, A certain
amount of manipulaticn of the
numerict' values of these data must
also be performed. For example,
whereas observations of carbon

munoxide and total hydrocarbon are

in the desired units (ppm), those

mighttime oxidant
obs~rvations are rescaled downward
in order to initialize the czone,
as explained in Chapter 12 of the
Final Report.

*In LIRAQ-2,

for nitrogen dioxide, nitric oxide
and ozone are in pphm and so must
be scaled by a factor of 0.01 since
QICON requires all inpuyt to be in
ppm. 1ln addition, since LIRAQ-2
deals with alkenes, alkanes, and
aldehydes, total! hydrocarbon
concentration is partltioned into
these species classifications
based on the prescription described
in Chapter 9 of the Final Report.

So that the "knowledgeable user”
may, through his insight, make up

for deficiencies In the observational

data, before readi.: any of these
observations, a series of interroga-
tions and resnonses are permitted
whick an add synthesized observa-
tions at stations and UTM locatioas.
When, for a given hour, all data
are assembled for a species, this
information, with the appropriate
header lines, is written into a
QICON file in the format required
for input to LIRAQ. Tra program then
passes on tc the aext spo.ies,
continuing to the end of the da o
file. Since at this point initial
conditions have been provided
for only seven species, the program
supplies default data for the
remainder. The defoult data are
an indicator to LIRAQ that the
boundary value concentrations of
these species should be used in
establishing the initia) concentra-

tions. The program then returns to




the beginning of the data filv and
processes observations for the next
hour. This continues until the Ltime
interval of interest has been fin-
ished. Figure F=2 contains an
example of the form ot the resulting

NICON file.

INTERPOLATION OF INITIAL CONCENTRA-
T10X BY THE LIRAQ SUBROUTINE [CON

To appreciate the final use
of these data, it is usetful to
understand how the LIRAQ mode) uses
them,  The LIRAQ subroutine [CON
searches through the observation
data sets in QICON until the set
valid at the initial medel run
time is found. Data for the
poslutants of interest arce then
extracted. If surface observations
have been inputted, thev are con-
verted to vertical average concen-
trations before interpolatine .o
4 regular grid covering ¢ region,
Grid clements where " ae inversion
base height is "wlow topography and
where the evation is alse above
100 «wo added as pseudo-observation
points at the concentration
specified in OQSRUN for background
above the inversion. These
inversion points, treated identically
to real observations, act as
barriers to interpolation of
observations across such topographic

obstructions as the coastal hills.

For a grid clement Py the

initial concentration is given by

4
c(r) = b3 Hm th ) +
m=}
b o3 (M /W,
A n'n
n=t

where Bm (for m varving trom 1 to
are the backgreand valoes at the
west, edst, south, and north
boundarics of vae domain, respectively.
The other terms are given by
2
C Py = v~9| dm(P)

]

s a

boundary welight ing tunction,

Cn; o=l...., N e the abserva-

tions and pscado-observations,
2

: TPy

i3 Py =

“a (r) n

observ ron weighting function,

Is an

and
4 N
W= 0 (P)+ N E(py,
m=1 n=1 "
where

¢ is the Gaussian welghting

factor read Urom GICON,

dm (P) is the perpendicular
distance (in grid increments)

from P to the mth boundarv, and

Yn (P) is the distance (in grid
increments) between P oand the

nth observation point.

To ensure continuity at the
boundaries, the boundary values have
been included in the interpolation.

1f no observations are given and
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USE 0.1000 AS THE GAUSSIAN DISTANCE CONSTANT FOR INTERPOLATION
REFERENCE HEIGHT OF OBSERVATIONS IN CM 100.

THE FOLLOWING DATA SET IS VALID UNTIL 00: 4:00 (DAY:HOUR:MINUTE)
*POLLUTANT CARBON MONOXiDE

SURF ACE OBSERVATION DATA FOLLOWS

STATION OBSERVATIONS

+0OPT 8 5.00E+00
+DSR L} 2.00E+00
+DRC 13 3.00E+0C
+0SA I4 4.00E+00
+DRM 17 1.00E+00
+0VA 6 3.00€E+00
+0SF 1 1 .00E+GO
+0BY 4 3.00E+400
+0L 1 9 2.00E+00
+DNA 5 3.00E+00
+DFR 10 3.00E+00
+DSJ i 4.GO0E+00
+AHM 34 1.00E+00
+TAM 81 1.00E+00

0
UTM OBSERVATICNS

o

*POLLUTANT ALKENES
SURFACE  OBSERVATION DATA FOLLOWS
STATION OBSERVATIONS

+DRM 17 1.00E-02
+DSR Y 7.00E-02
+DSA e 1.00E-02
+DVvA 6 1.00E-02
+DSF ! 1.00E-02
+0ORC 13 9.00E-02
+OPT 8 +.00E-02
+DBU 14 7.00E-02
+DNA 5 1.00E~02
+0SJ 11 9.00E-02
+DL 1 ] 5.00€-02
+DFR 10 5.00€E-02
+AHM 34 1.00E-02
+TAM 81 1.00E~-02

0
UTM OBSERVATIONS

0.
*POLLUTANT  ALKANES
SURF ACE OBSERVATION DATA FOLLOWS
STATION OBSERYATIONS

+DRM 17 B.S0E-02
+0SR L] 6.23¢--01
+0SA e 8.90E-02
+0vA 6 8.90E-02
+DSF i 8.90E-02
+DRC 13 8.01E-0!
+DPT 8 6.23E-01

Fig. F-2. Partial listing of sample QICON file.
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+DBU 14 6.23E-01
+DNA 5 8.90€-02
+DSJ 1) 8.91E-01
0L 9 4.45€~01
+DFR 10 4 . 4SE~D!
+AHM 34 B8.90c-02
+TAM 81 8.90€-02

0
LUTM OBSERVAT[GNS
1]

*POLLUTANT  ALDEHYDES
SURFACE  OBSERVATION DATA FOLLOWS
STATION OBSERVAT |ONS

+0RM 17 1.00e~-03
+DSR Y 7.00€-03
+DSA a2 1.00E-03
+DVA =} 1.00E~-03
+DSF 1 t.00E-03
+0RC 13 8.00E-03
+DPY 8 7.00E-03
+0BU 1Y 7.00E-03
+0ONA S5 1.00€E-03
+DSJ ! 9.00€E-03
+0L 9 5.00€-03
+DFR 10 5.00E-03
+AHM 3y 1.00E-03
+TAM 21 i.00E-C3

(]
UTM OBSERVAT IONS
o]

*POLLUTANT NITROGEN BICXIODE
SURFACE  OBSERVATION DATA FOLLOWS
STATION OBSERVAT]ONS

+ORM 17 1.00E-02
+DNA 5 2.00e-02
+OSR Y% 1.50e-02
+DvA B 2.50E-02
+0SF 1 1.50E~02
+DRC 13 1.00E~02
+0SA = 1.00E~02
+DPT 8 2.00E~-02
+0L | 9 2.00e~-02
+0COo 15 1.50E-02
+DSJ 11 2.00e-02
+AHM 34 1.00E-03
+TAM 81 1.00€E-03

0
UTM OBSERVAT JONS
0

*POLLUTANT NITR:iC OXIDE
SURFACE  OBSERVATION DATA FOLLOWS

Fig. F~2. (Continued)
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STATION OBSERVATIONS

+DRC 13 ©.00.-02
+DVA 6 2.00E-us3
+DSA e 1.00E-0¢
+DSF 1 3.00E-0c
+DSR 4 5.00E-02
+DNA S5 2.00E-03
+DSV 11 5.00E-02
+DPT 8 1.00E-02
+AKM 34 2.00E-03
+TAM 8t 2.00E-03
0

UTM OBSERVAT|ONS
a

*POLLUTANT  OZONE
SURFACE  OBSERVATION DATA FOLLOWS

STATION OBSERVATIONS

+0ORC 13 1.00E-02
+DMV 12 1.00E-02
+DPE 3 1.00E-02
»DPH 56 1.00E-02
+0SL 57 1.00E-02
+DLG 58 1.00E-02
+DF A 59 1.00E-02
+DRM 17 1.00E-02
+DSA 14 1.00E-02
+DVA 6 1.00C-02
+DSR b 1.00E-02
+DSF 1 1.00E-02
+0CO 15 1.00E-02
+DPT 3 1.00E-02
+0L 1 9 1.00E-Q2
+DSJ i I .00E-02
+0BU 4 1.00E-02
+0ONA 5 2.00E-03
+DFR 10 I.00E-02
+AHM 34 2.00E-02
+TAM 81 2.00E-02

0
UTM OBSERVATIONS
0.
¢POLLUTANT NITROUS ACID
SURFACE OBSERVATION DATA FOLLOWS
STATION OBSERVATIONS
0
UTM OBSERVATIONS
0.
*POLLUTANT NITRIC ACID

SURF ACE OBSERVATION DATA FOLLOWS
STATION OBSERVATIONS

Fig. F-2. (Continued)
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V]
UTM OBSERVATIONS

0.
*POLLUTANT HYDROGEN PEROXIDE
SURFACE OBSERVATION DATA FOLLOWS
STATION OBSERVATIONS

[i]
UTM OBSERVATIONS

0.
*POLLUTANT  ALKYL NITRITES
SURF ACE OBSERVATION DATA FOLLOWS
STATION OBSERVATIONS

0
UTM OBSERVAT|ONS

0.
*POLLUTANT NI[TROGEN PENTOXIDE
SURFACE OBSERVATION DATA FOLLOWS
STATION OBSERVATIONS

"]
UTM OBSERVATJONS
[{]

*POLLUTAN% PEROXYACYL FREE RADICALS
SURFACE OBSERVATION DATA FOLLOWS
STATION OBSERVAT {CONS

V]
UTM OBSERVATIONS
a.
SPOLLUTANT PEROXYALKYL FREE RADICALS
SURFACE OBSERVATION DATA FOLLOWS
STATION OBSERVATIONS
[s]
UTM OBSERVATIONS
0.
*POLLUTANT HYDROPEROXYL FREE RADICAL
SURFACE OBSERVATION DATA FOLLOWS
STATION OBSERVAT [ONS

Q
UTM OBSERVATIONS
a.
*ENDSET *

Fig. F-2. (Continued)
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no pseudo-observations added, the
boundary values alone are used

to determine trhe initial concentra-
tion field. To minimize the effect
of the boundaries on the interpoia-
tion interior to the grid, the
buoundary points are arbitrarily
weighted so that their effective
distance frem the point being
interpolated is three times their
actunl distance (thus the factor 9
in the exponential of the bouandary

weighting funcrion).

CODE LISTINC

Because the QICGEN code has
not been transferred to LBL, nor
is the MASTER CONTROL data base
system with which QICGEN interfaces
available at LBL, a listing is not
contained in the microfiche attach-
ment to this User's Guide. Thus, for
model operation on scenarios not in
the QICON library at LBL, the QICOX
file must be generated in the format
specified by using an alternative

approach.
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Appendix G
Problem Formulation for the LIRAQ Model

T. W. Stullich
W. E. Johnston

INTRODUCTION

Because of the complexity of the problem of regional air quality,
aumerical simulation of the problem is in itsélf a complex task, both iun terms
of the physics and chemistry (discussed in the Final Report) and in terms of
the computer-related operations necessary to assemble the models and data in
the prover way., To simplify the use of the modeis, an automated problem
formulation program (LIRPRB) has been developed. This program provides a
straightforward option for simple operation as an alternative to the still
available - and sometimes necessary and involved - task of assembling the data
files and running the model as an individual code. Examples of setting up
problems interactively are given in Section 4 of the main text of this User's
Guide.

In taking advantage of the problem formulation approach, the use of

the LIRAQ models is reduced to two phases:

(1) Problem Formulation: The user runs LIRPRB in an. interactive mode

and responds to a series of queries that allows him to select a
variety of options (described in this appendix) to run a specific
problem of interest. This is done on the LBL CDC 6600 computer,
remotely if desired, and an instruction file called PRBLM is
created that will contain all necessary specifications for running
the given problem of interest (i.e., scenario). The files contain-
ing the control card staging information are also created at this

time.

(2) Execution: The user initiates the control deck that has been created
to execute the problem of interest. The control deck wiil select
appropriate codes and data files from a library of tapes, modify
them as specified by the instruction file, run the problem according
to user specifications in batch mode on the CDC 7600 computer, and
provide for the form and delivery of model output. This sequence of

operations is described in Appendix H.
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Because there may be a future need to augment the number of source,
meteorological, and initial condition files in the data libraries and tha:
are to be considered bv LIRPRB, the instructions to do this are also given in

Appendix R.

LIRPRE OPERATION

As mentioned above, the problem formulation stage (using program LIRPRB)
is used to set up the specific problem and the control deck required to run it.
The problem formulation stage may either be run interactively, in which case
the user will be queried about each detail of the rroblem, or a file contain-
ing the essence of the problem may be constructed beforehand and the
interactive steps bypassed. Details on operating the model on the LBL
computer system are presented in Appendix H. A microfiche listing of the code
is attached to this User's Guide.

411 of the input to LIRPRB is done via a "free~form input" routine,
FFINP. The input is either numbers (in integer, decimal, or exponential
format) or text strings delimited by the # character, or # character (see
Table G-1). Each individual input item (either number or text string) must be
preceded and followed by one or more blanks (e.g., the data are blank
deliminated). Certain characters (given in Table G-1) have special signifi-
cance, but all other characters are ignored and may be used, or not, at the
user's convenience. The FFINP routine traps many kinds of errors and will
request you to retype the line 1f it detects an error. Figure G-1 provides
a listing of scme comments that may be useful in using FFINP.

Normally FFINP will continue to request input until the variables required
by the program have been set. However, in some cases the number of data items
required by a particular question will vary, in which case you will be
requested to terminate the data 1list with a $. For a specific example, see
Section C ("Pollutant of Interest") below.

The data required for a particular prompt are described in the section on

detailed input.
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Table G-1. LIRPRB special-case characters. The input record is anzlyzed for
significant characters on the basis shown here.

Character name Keypunch TTY
Group (on TTY) character character Significance

Number Decimal point . . May occur only as a
construction decimal point in real
numbers

Plus sign + + Indicates the sign of
Minus sign - ~ integers, real num-
bers, or exponents

Asterisk * * Denotes replication of
a number. e.g., N*X
places X in the next
N words

Apostrophe ' ' Leave whatever
quantity is in this
word alone

Special Right slash / / An editing character:
symbols used to delete the
last number entered

At sign = @ An editing character
used to delete all
numbers input in
this record

Pound sign ¢ [ Text delimiter

Dollar sign $ $ Terminates the input
(this overrides the
specification iz the
mode array when typed
before the end of the

list.)

Numerals Numerals 0123456789 (Same) Except in text strings,
may appear only in the
context of a number
being input

Others All other Ignored (except in
characters text strieg)
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MISC USER NOTES .- memee e

EXAMPLES-=--~--==~
CONCIDER THE FOLLDWING INPUT LINE -
MN=3 TIMED 15.42 DIR COS=-.672 ENERGY=+3.T1E~3 DATEY 1 & 73
sFFINPs MOULD INTERPERATE THE DATA AS -
3. 16.42 -.672 .00371
1 6 73

PLUS SIGNS ARE OPTIONAL IN ALL POSITIVE QUANTITIES.

SPECIAL CHARACTERS ~-=n-=o==--
THE ASTERISK (») IS A REPEATER. IF  THE OSAME NUMBER 15 VO BE
ENTERED N CONSECUTIVE TIMES, THE » MAY BE USED AS FOLLOWS]
3.47+3 1S EQUIVALENT TO 3.47 3.47 3.47
THE APOSTRDPHE (’) MEANS LEAVE THE VALUE GF K{(N) UNCHANGED. FOR
EXAMPLE, SUPPOSE THIS INPUT WAS TO FILL AN ARRAY #X», WHICH WAS
PREVIOUSLY GIVEN THE VALUE ZERQ, THEN THE +FFINP» INPUT LINE -~
8 ' 2} ' 6.4
WouLD PRODUCE THE RESULT]
X{1)=8. X(2)=0. X(3)=21. X(4)=0. X(5)=6.4
THE SLASH (/) ERASES THE PREVIOUS NUMBER. CONSECUTIVE SLASHES
ERASE NUMBERS IN REVERSE SEQUENCE, FOR EXAMPLE]
t 2 3 4 /4 5 6 T
WOULD PRODUCE THE #FFINP+ DUTPUT]
1. 5. 6. 7.
THE COMTENTS OF DELIMITED TEXT STRINGS ARE COMPLETELY PROVECYED, AND

AMY CHARACTER (EXCEPT THE TEXT DELIMITER) MAY APPEAR IN THEm. BECAUSE
OF THiS THE EDITING CHARACTERS ARE INOPERATIVE INSIDE A TEXT STRING.

SYNTAX ERRORS ~=-m===-e-

IF 1LLOGICAL NUMBERS ARE ENCOUNTERED (1E NUMBERS WITH ALPHABETIC
CHARACTERS, OR SIGNS QUT GOF CONTEXT) FFINC WILL ASSIGN THE MOST
LIKELY VALUE TO EACH VARIABLE AND RETURN -WITH A POSITIVE ERAOR
SENTINEL, OR RECYCLE, ASKING FOR THE INPUT TD BE RETYPED.

OO0 OOOOOOOOOOO0OCOOOOOOANOOOOOOOOOONOOOAOOMEMOOIOCOOOOOO )

Fig. G-1. Listing of notes taken from the free~form input routine (FFINP).
Comment statements give some examples and rules for interactive
data.
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DELIMITERS —==-ovon=-

THE »FFINP» INPUT NUMBERS MAY BE BLANK OR COMMA DELIMITED. EACH
NUMBER MUST BE FOLLOWED IMMEDIATELY BY THE SYMBOL CHOSEN]

BLANK DELIMITED} 1 2 27.% 3E-% 61.2 00 0
COMMA DELIMITED) 1,2,27.4, 3E-4, 61.2,0,0,0,

BOTH LINES ABOVE ARE EQUIVALENT. NOTE THAT WITH COMMA DEL ImITED

INPUT, A STRING OF COMMAS 1S5S READ AS ZEROS WHEREAS SUPERFLUOUS

BLANKS ARE IGNORED BY BOTH OPTIONS.

NOTE TH%;NIN COMMA DELIMITED MODE, THE LAST NUMBER MUST BE FOLLOWED
BY A MA .

THE MODE (REAL OR INTEGER)OF A NUMBER IS CONTROLED COMPLETELY BY
WHAT MODE WAS REQUESTED BY THE PROGRAM, THE PRESENCE OR ABSENCE
OF DECIMAL POINTS IN THE INPUT IS5 NOT SIGNIFICANT.

QOMOOOOOOOOOOOOONOOOIOOOOO0

Fig. Grl. (Continued)

Preliminary Input

Before subsection input is requested, the problem formulator (LIRPRB) will
ask you to respond to several general queries. If detailed descriptions of
expected input are desired, enter the response #FULL# when asked for;
otherwise encer #BRIEF#. In the latter case, only brief prompts such as
"A." or "#" will be given. If an input logic error is detected, the question
will be recycled with a detailed prompt. You should then consult the detailed
instructions in this appendix before proceeding. You will also be asked if
LIRPRB will be used in a conversational (i.e., interactive) mode. The possible
responses are #YES# or #NO#. 1f #NO#, it is expected that a previously
prepared file (which has been named INPT) is available on disk that contains
the user's instructions. All instructions within this file must be in the
formats described within Sections A through L, and must be in sequential
order. Specifically, the instructions given will, in general, require a
variable number of input lines dependent upon the logic implicit within your
instruction set. If insufficient information is given, or if information is
given out of order, the results are unpredictable and no recovery is possible,
short of restarting LIRPRB. It is suggested that the interactive mode with
full help package be used initially, until familiarity permits the use of the
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simplified options. Note that each input is followed by a "RETURN" (carriage
return on the teletypewriter) and that the order of the numbers entered when
multiple variables are being initialized must be the same as thai given in the

detailed input desecription.

Brief Guide to LIRPRB Responses

Tables G~2 and G~3 are abbreviated examples of sample regponses that
those familiar with the input to LIRPRB may find useful. (The slight
differences from the Final Report are a result of more recent updates.)

Table G~2 shows an example of input responses for a carbon monoxide scenario,
and Table G~3 shows an example for zero emissions in the Livermore Valley. A
detailed description of the meaning of the input is presented in the next
section of this appendix. Full examples are given in Section 4.

Table G-2. Brief guide to LIRAQ~1 problem formulation for treatment of
rzglonal CO concentratiouns with some source modifications.

Section Description
A, Problem name
NAME=
#BAY AREA CARBON MONOXIDEf#
B. Selection of model
MODEL= 1
c. Selection of poilutants
POLNUMS= 15 §
D. Selection of region of interest
REGION= 1
EMIN= 530, EMAX~ 630, NMIN= 4120. NMAX= 4230.
E. Selection of emission source

EMISSION= 1973 SEASON= 3 TIME= 1

F. Changes to elevated sources
, PYES#
Input of changes
POL= 15 POLVAL= 10,1  CHGOPT= 3
UTME= 592. UTMH= 4137.
START= 8 STOP~ 17
POL= 0 §

-197-



Table 6~2. {(Continued)

Section Description
Changes to surface sources
fIYES#
Input of changes
POL= 15 POLVAL= 0,25 CHGOPT= 4
UTMEl= 560. UTME2= 570. UTMN1= 4145. UTMN2= 4155.
START=4 STOP=21
POL=0 $
G. Selection of meteorological scenario
METEOR= 1
H. Selection of start time and problem duration
RUNSTAR= 4 NUMHRS= 24
I. Specification of initial concentrations
#NO#
J. Specification of pollutant boundary conditions
#YES#
POLNUM= 15 WEST = .05 SOUTH= .075 EAST= .04 NORTH= .(75
ABOVE= .1
POLNUM= O $
K. Selection of specific stations to be followed
STATION=1 4 75 101 120 §
Selection of specific UTM coordinate positions to be followed
UTME= 550. UTMN= 4150,
UTME= 595. UTMN= 4200,
UTME= 0 §
Specification of tape number for QSREC and QREST output
11811
Specification of IBM Data Cell subsets to save the problem files
{iPRBSV#
#CNTSV{#
#STGSV#
Selection of output options
CODE= 4
L. Specification of computer usage and priority
CUS= 5000
PRIOR= 5

ACCNT= 123456
UNAM= #ROBINSON#
ROUT= #SEND TO EXPEDITER SERVICES#
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Table G-3. Brief guide to LIRAQ-2 problem formulation for case of setting

Livermore Valley emissions to zero.

A, Problem name
NAME= #{LIVERMORE VALLEY EMISSIONS EQUAL ZERO#

B. Selection of model
MODEL= 2

C. Selection of pollutants
POLNUMS= i 2 37 8 10 15 §

D. Selection of region of interest
REGION= 1
EMIN= 530. EMAX= 630, NMIN= 4120. NMAX= 4220.

E. Selection of emission sources
EMISSION= 1973 SEASON= 3 TIME= 1

F. Changes to elevated sources
#NO#
Changes to surface sources
#IYES#
Input of changes
POL= 1 POLVAL= G CHGOPT= 1

UTMEl= 590. UTME2= 620. UTMN1= 4165. UTMN2= 4185.

START= 0 STOP= 24

POL= 2 ' '
L S S
L §
POL= 3 ' !
L A I
L.
7l|
L I A
11
5!
L I I ]
LA |
0s$
G. Selection of meteorologlcal scenario
METEOR= 1

H. Selection of start time and problem duration
RUNSTAR= 6 NUMHRS= 12

I. Specification of Initial concentrations
#QREST#
Specification of input tape
CONTPE= 10509
Specification of QREST multipliers
#NO#

J. Specification of pollutant boundary conditions
#NO#
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Table G-3. (Continued)

Selection of specific stations to be followed
STATION= 24 139 129 97 75 $

Selection of specific UTM coordinate positions to ke followed

UTME= 590. UTMN= 4180.
' 4165,
615, '
' 4180.
0s$
Specification of tape number for QSREC and QREST output
RESTPE= 10508
Selection of output options
CODE= 3

Specification of computer usage and priority
CUS= 12000
PRIOR= 3
ACCT= 123456
UNAM= #MACCRACKEN{#
ROUT= {INONE#

Specification of IBM Data Cell subsets to save the problem files

#PRBL2#
#CNTL2#
#STGL2#
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DETAILED SUBSECTION INPUT FOR PROBLEM FORMULATION

The followiﬁg pages describe in detail the available input options that
are acceptable responses to queries from the problem formulation program. Not
"only is a description given of the viriable requeste, but also included are
the name of the variable used in the program, the mode (or format) that must
be adhered to, value limits for the input, the units the model requires of any
numerical input, an exsmple of an icceptable input, and some remarks indicat-
ing limitationms and offering advice.
One general convention used in model input is in referring to the UTM
coordinates of a grid square. A grid square is referenced by the coordinates
of its lower left-hand (southwest) cormer. However, a boundary, such as the

edge of a domain, is referenced by the UTM coordinate of the line.

Section A
1. Description: Name of the problem
2, Variable: NAME
3. Mode: Delimited text
4, Value limits: Any 40 alphanumeric characters
5. Units: No.e
6. Examples: NAME= {#iSOUTH EAY REFINERY PROBLEM#
7. Remarks: None
Section B
1. Description: Selection of model
2. Variable: MODEL
3. Mode: Number
&, Value limits: lor2
5. Units: None
6. Examples: MODEL = 1
or
1
7. Remarks: 1 = LIRAQ-1 (conventional pollutants)

2 = LIRAQ-2 (photochemistry)
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Section C

1. Description: Selection of puilutants

2, Variable: POLNUMS

3. Mode: Number

4. Value limits: Integers between 1 and 15 according to

the following table:

POLNUMS Symbol Pollutant name

1 HC1 Alkenes*

2 HC2 Alkanes®

3 HC4 Aldehydes*

4 HNO2 Nitrous acid

5 HNO3 Nitric acid

6 H202 Hydrogen peroxide

7 NO Nitric oxide

8 No2 Nitrogen dioxide

9 N205 Nitrogen Pentoxide
10 03 Ozone
11 RNO2 Alkyl nitrites
12 RCO3 Acylperoxyl radicals
13 RO2 Alkylperoxyl radicals
14 HO2 Hydroperoxyl free radical
15 co Carbon monoxide

5. Units: None
6. Examples: POLUMS =12 37§
or
12375$

*The correspondence of HC classes to t&pes of organic compounds is inexact.
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7. Remarks: Acceptable choices of pollutants for
LIRAQ-1 are 1, 2, 3, 7, and 15. Limit
is four pollutants. Acceptable choices
of pollutants for LIRAQ-2 are 1-15,
inclusive. Limit is 15 pollutants. If
you want a standard set of pollutants
(co, No, N02, HCl, HC2, HC4, and O
output under LIRAQ-2, POLNUMS =
#STANDARD# may be entered.
Terminate the list with a §.

3

Section D

(Part 1)
1. Description: Selection of region of interest
2. Variable: REGION
3. Mode: Number
4. Value limits: Integers between 1 and 11 according to
the following table:
Grid size UTME UTME UTMN UTMN E-W N~8
REGION Name (km) (min) (max) (min) (max) zones zones
1 Greater Bay Area 5 490 - 660 4090 - 4300 34 42
2 South Bay Area 2 530 - 660 4090 - 4220 65 65
3 Central Bay Area 2 510 ~ 640 4120 - 4250 65 65
4 North Bay Area 2 490 -~ 620 4170 - 4300 65 65
5 Santa Clara 1 580 - 645 4090 - 4155 65 65
6 San Mateo 1 540 ~ 605 4100 - 4165 65 65
7 East Bay 1 555 -~ 620 4140 - 4205 65 65
8 Golden Gate 1 520 ~ 585 4150 - 4215 65 65
9 Carguinez 1 550 - 615 4180 - 4245 65 65
10 Marin 1 490 - 555 4205 - 4270 65 65
11 Napa-Sonoma 1 505 - 570 4225 - 4290 65 65
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5. TUnits: None

6. Examples: REGION = 1
or
1
7. Remarks: Each of the atove regions defines the

domain of a QTRAN file. (LIRAQ-1 and
LIRAQ-2 are then able to use parts of
these grids as their domain.) As
indicated in Section G, QTRAN files do
not exist for all regiéns for each
meteorological scenario. The user must
choose a region for which a QTRAN file
is available or be prepared to supply a
QTRAN file of his own selection in part
2 of Section G.

(Part 2)

1. Description: Selection of subarea within region of

interest to be treated by LIRAQ-1 or

LIRAQ-2.
2. Variables: EMIN, EMAX, NMIN, NMAX
3. Mode: Number
4. Value limits: Selection of EMIN and EMAX must be within

the UTME window selected in part 1 of

this section; similarly, NMIN and NMAX
must be within the UTMN window. Values
will be truncated to whole kilometres,

and the grid will be established at the
next lowest UTM grid line evenly divisible
by the grid size.

5. Units: UTM coordinates, kilometres
6. Examples: EMIN = 490. EMAX = 520. NMIN = 4100. NMAX = 4150.
or

490 520 4100 4150
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7.

Remarks:

Section E

1.

2.
3.
4.

Description:
Variables:

Mode:
Value limits:

Units?

This subsection provides for specification
of the air qualit& study subgrid for the
LIRAQ~1 or LIRAQ-2 models within the
allowable meteorological data domain
specified in (a) below. Certain restric-

tions exist on this choice, including:
(a) EMIN must be less than EMAX.
(b) NMIN must be less than NMAX.

(e) For a 5-km grid size, each UTM
coordinate must be divisible by 5.

For a 2-km prid size, each UTM
coordinate must be divisible by 2.

For all grids, UTM coordipates must

be specified in whole kilometres.

(d) The number of zones determined by
your choice of coordinates and grid
size are limited according to model

and direction as:

LIRAQ~1: maximum of 45 FEast~West

maximum of 50 North-South

LIRAQ-2: must be 20 in both
directions

Choice of emissions pattern and season
(actually quarter) of the year

EMISS, SEASON, TIME

Number

Present restrictions require that EMISSION
be set to 1973 only, and SEASON be set to
summer only; TIME should be set to 1
during the summer to indicate that source
pattern is on daylight savings time.

None
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6. Examples: EMISS = 1973 SEASON = 3 TIME = 1
or

1973 3 1

7. Remarks: The BAAPCD plaus to expand the available
choices to include other years, such as
1980, as available. Choices for SEASON
and TIME are according to the following
tables:

SEASON
1 = Winter (Jan-March)
2 = Spring (April-June)
3 = Summer (July-Sept)
4 = Fall (Oct-Dec)

TIME
0 = PST
1 = PDT

Note: All model output will be in PST.
Source input is provided in local time
("watch" time), which is PDT for some
mor.chs and PST for other months. During
months when PDT is in use {e.g., during

the summer), TIME should be set equal to 1.

Section F

(Part 1)
1. Description: Modifications in the elevated source
pattern
2. Jatrjable: None. Respond #YES# or {#Nuff.
3. Mode: Text
4. Value limits: YES or NO
5. Units: None
6. Example: HFYESH#
7. Remarks: The user is asked if he wants to change

elevated sources.

-206~



(Part 2)

1.
2.

3.

Description:
Variables:

Mode:

Value limits:

POL

15

[P EN S

CHGOPT

W N

Changes in elevated point sources
POL, POLVAL, CHGOPT, UTME, UTMN, START,

STOP

Number

(a)

Symbo}l
co
NO
HCl
HC2
HC4

U

(c)

POL; integer values according to the
table:

Pollutant name

Carbon monoxide
Nitric oxide
Alkenes
Alkanes
Aldehydes

PCLVAL; none (user's choice of scaling
factor on quantities in units of g/s)
CHGOPT; integer values O through 4,
according to the table:

Function

No change (terminates this part)

Emissions set to O
Emissions set to POLVAL
POLVAL (positive or negative) added to current

enlssions

POLVAL (positive) multiplied times current

emissions

'CY

UTME, UTMN: UTM coordinates must be
within the subregion specified in
Sectfon D. Values will be truncated
to whole kilometres and applied to

the zone in which the point lies.
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5.

6.

7.

Unita:

Examples:

Remarks:

{e) START, STOP: beginning and ending
times (does not include the upcoming
hour) for change to take plncé within
the daily emissions cycle. Values
must be between 0 end 24, inclusive.
Note: these times are not problem
times, but source emission times.

MOLVAL (none); UTME, UTMN (UTM coordinates,

kilometres); START, STOP (whole hours);

other variables (not applicable).

POl = 3 POLVAL = 1.5 CHGUFT = &4

UTME = 500, UTMN = 4150.

START = 6 STOP = 9

or

31.5¢&

507 4150

69

or
zll

T 1

LI

Variable assignments may be entered on one
line or spread over a number of lines, but
the groups {POL, POLVAL, CHGOPT), [UTME,
UTMN], [START, STOP}, may not be fntermixed
on one line. Each group is handled by a
separate call to the input routine, FFINP.
Multiple changes will be made in the order
submitted. To terminate these changes in
elevated sources, enter "POL =0 $" Drop-
through value assignments are permitted.
For example, if, after the change in the
example above, one wishes to apply the
same changes to pollutant 2 (HC2), type
"2" followed by two space-delimited
apostrophes after the prompt, two after

the second prompt and two after the third
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(Part 3)
1.
2.
3.
4,
5..
6.
7.

Description:
Variable:
Mode:

Value limits:
Units:
Example

Remarks:

prompt (see example above). Changes may
only be made within the subarea of the
region specified in Section D. A maximum
of 50 change lines are allowed. Note that
in the example the change will be made for
the emission periods 6 to 7, 7 to 8, and

8 to 9. Because the LIRAQ model interpo-
lates the hourly emission rates from 15
min before an hour to 15 min after an hour
in order to maintain continuity, changes
made between hours indicated are thus not
exactly reflected in the LIRAQ hourly
results. Note also that in the modified
QSOR file (described in Appendix D),
changes made in a gvid element already
having emissions are made in the line
already present for that grid square. If
there ére no prior emissions shown for
that grid square, a new line for that grid
square is introduced at the end of the
emissions section for the particular hour.
If all emissions in a grid square are
zero, that line is removed from the QSOR
file for that hour.

Modification of surface sources

None. Respond #YES# or #NO#

Text

YES or NO

None

{NO#

The user is asked 1f he wants to change

surface sources.
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(Part 4)

. Description: Changes in surface sources
2, Variables: POL, POLVAL, CHGOPT, UTMEl, UTME2, UTMN1,
UTMN2, START, STOP
3. Mode: Same as in Part 2
4. Values limits: Same as in Part 2
5. Units: Same as in Part 2
6. Example: POL = 1 POLVAL = 1,E-02 CHGOPT = 2

TTMEL = 500 UTME2 = 510 UTMNL = 4150 UTMN2 = 4160
START = 0 STOP = 12

or

1 1E-02 2
590 510 4150 4160
0 .12

7. Remarks: Changes in surface sources are analogous
to cha'ges in elevated sources (see
remarks for Part 2), except that changes
to surface sources are over an area rather
than at a point location. The area speci-
fied must be within the subarea selected
in Section D. (UTME1l,UTMN1) represents the
lower left corner of the area and (UTME2,
UTMN2) represents the upper right corner.
Note that zone reference by lower left
coordinates does nut apply in this section,
since the boundaries of an area are being
requested. Thus, in the above example,
four grid squares (assuming a 5-km grid)
will be modified; i.e., those with lower
left coordinates (500, 4150), (500, 4155),
(565, 4150), (505, 4155). The total
number of change lines submitted for
elevated and surface sources is not

permitted to exceed 50.
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Section G

(Part 1)
1. Description: Selection of meteorological scenario
2. Variable: METEOR
3. Mode: Number
4. Value limitas Integer values 1 through 4, according to
the table:
METEOR Date_Set
1 July 26-27, 1973 (available for regions 1-11)
2 August 20, 1973 (available for regions 1-4, 6)
3 September 26-28, 1973 (available for regions 1l-4, 6)
4 To be specified (Part 2)
5. Units: None
6. Example: METEOR = 2
or °
2
7. Remarks: Sets 1-3 are data sets that have been
analyzed and refined, and the choice of
one of these implies the selection of a
given set of transfer coefficients to run
either model. Only files fqr the regions
indicated have been processed. If the
user stipulates METEOR = 4, he will be
asked (Part 2) to specify additionﬁl
information that will identify a non-
standard scenario, and the name of the file
containing the appropriate transfer
coefficients.
(Part 2)
1. Description: Specification of non-standard QIRAN file
2. Variable: METPE
3. Mode: Number
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4. Value limits: A valid LBL tape library number.

5. Units: None
6. Example: METPE = 123456
7. Remarks: The desired number is the LBL tape library

number for the tape that contains the
QTRAN file(s). The tape must be a 9-track

tape.
(Part 3)
1. Description: Identification of date(s) of non-standard
meteorological scenario
2, Variables: MONTH, DAY1, DAY2, YEAR
3. Mode: Delimited text
4. Value limits: Alphanumeric strings up to nine characters
for MONTH, two characters for DAYl and
DAY2, and four characters for YEAR‘
5. Units: None
6. Example: MONTH = #SEPTEMBER# DAYl = #274#
DAY2 = #28# YEAR = #1975#
7. Remarks: Selection of METEOR = 4 implies that the
user will also supply a file containing
initial condition information (Section I).
Section H
1. Description: Determination of model run period
2. Variables: RUNSTAR, NUMHRS
3. Mode: Integer
4, Value limits: Determined by the meteorological set
selected in Section G according to the
table:
METEOR RUNSTAR RUNSTART + NUMHRS
1 >4 <28
2 >4 <22
3 >4 <52
4 Free to choose, but consistent with the QTRAN provided.
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5, Units:
6. FExamples:
7. Rewarks:
Section I
(Part 1)
1. Description:
2. Variable:
3. Mode:
4. Value limits:
5. Units:
6. Example:

Hours
RUNSTAR = 4 NUMHRS = 24

or
4 24
In general, one may start at the initfal
time or at any even hour increment from
that time (e.g., 4, 5, 6,...) and run for
any number of hours up to the limits
specified above. Because sunrise and
sunset typically require iavy. amounts of
computer time for the LIRAQ-2 model, it is
advisable, when possible, to avoid
calculating these times. For the standard
meteorological cases available, these
times are as follows:

Sunrise Sunset

July 26-27, 1973 0503 1908
August 20, 1973 0527 1844
September 26-28, 1973 0612 1758

We have also found that, for LIRAQ-2,
initializing the model run in the middle
of the day may lead to unrealistic simula-
tion of photochemically active species.
For this reason, when not restarting from
a QREST file, LIRAQ-2 simulations shoud
start. at or before 0800.

Pollutant initial conditions

None. Respond #YES#, {NO#, or #QREST#
Text

YES, NO, or QREST

None

#NO#
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7. Remarks: The user is asked if he wants to specify
initial concentrations. 1f the answer is
“NO", they will be taken from a standard
set of files corresponding to the actual
day being modeled as determined by the
meteorological set chosen in Section G.

To start from some other QICON file, the
answer should be "YES", and the tape

number containing the file will be asked
for in Part 3, For LIRAQ-2 only, there
also exists the option to start from a
QREST file, which is a record of concen~
trations from some previous run. Under
this option, initial concentrations will be
taken from the specified QREST file at the
time given as RUNSTAn in Section 4. If

the user has specifie. 4METEOR = 4 in
Section G, then the answer must be either
"YES" or "QREST," that 1s the user must
provide a file of initial concentrations in
the prescribed format or start from a

QREST file,

(Part 2) (Encountered if response to Part 1 was YES our QREST)

1. Description: Specification of tape number containing
the initial concentrations

2. Variable: CONTPE

3. Mode: Number

4. Value limits: Valid LBL library tape number

5. Units: None

6. Examples: 5658

7. Remarks: Non-standard QICON's and QREST's must

reside on tape, this section specifies

that tape number.
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(Part 3)

1.

If the YES option has been taken in Part 1,
the file provided must be in the format
for QICON files as indicated in Appendix F.

{f the answer to Part 1 is QREST, then the
file must have been generated in a previous
LIRAQZ run covering exactly the same
domain and including information at the
time given by RUNSTAR in Section H., The
QREST information is assumed to start after
the fourth end-of-file wark on the tape and
run through the end of information. <“he

tape must be 9-track.

(Encountered if response to part 1 was QREST)

Description:
Variables:
Mode:

Value limits:

Units:
Example:

Remarks:

Specification of QREST multipliers

POLQ, POLVALl, POLVAL2

Integer (POLQ); floating point (PULVALL,

POLVAL2)

(a) POLQ; integer values from 1 to 15 as
given in Section C.

(b) POLVALl; must be positive (user's
choice .of scaling factor)

(c) POLVAL2; no limitations (user's
choice of species concentration)
POLVAL2 must be in units of molec'ules/cm3

POLQ = 2 POLVAL1l = 1.2 PGLVAL2 = 1,0E+00
The option is intended to allow initial
concentrations of varilous species given by
QREST to be reset according to the relation

¢ o, = POLVA 1 X ¢ ). + POLVAL2,

new 1d

vhere hew is the desired concentration and
So1d is the concentration given on QREST.
This rescaling may be done for up to 15
pollutants. Sequence must be terminated by

inputting "POLQ = 0 $". 1If values for
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Section J
(Part 1)

1. Description:
2. Variable:

3. Mode:

4, Value limits:

5. Units:

6. Example:

7. Remarks:

(Part 2)

1. Description:
. Variables:
. Mode:

4. Value limies:

5. Units:

6. Example:

POLVAL1 or POLVAL2 are not given, their
assumed values are POLVAL1 = 1.0 and
POLVAL2 = 0.0.

. Pollutant boundary conditions

None. Respond #YES# or #NO#

Text

YES or NO

None

{YESH#

The user is asked if he wants to specify
pollutant boundary conditions. In LIRAQ-1
this sets the boundary condition, and in
LIRAQ~2 this sets the floor concentration
te which a fraction of the concentration
inside the adjacent grid square is added,
as described. in Appendix 5-3 of the

Final Report.

Specification of pollutant boundary
conditions.

POLNUM, WEST, SOUTH, EAST, NORTH, ABOVE
Integer (POLNUM); floating point (WEST,
SOUTH, EAST, NORTH, ABOVE).

POLNUM; see Section F, Part 2, Item 4(a).
POLNUM (none); WEST, SOUTH, EAST, NORTH,
ABOVE (ppm)

POLNUM = 1 WEST = 1.0 SOUTH = 0.5

EAST = 0.5 NORTH = 0.5 ABOVE = 0.25

0$
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7.

Remarks:

Section K

(Part 1)

1.

2.

(Parc 2)
1.
2.
3.
4,

Description:

Variable:
Mode:

Value limits:
Units:
Example:
Remarks:

Descriptic::
Variables:
Mode:

Value 1limits:

Units:

This part is skipped if user speccified

NO" in Part 1. Drop throughs are allowed
{see Section F, Part 2, Item 7). All input
may be on one line or Spread ov.r several
lines, but the data input must be in order.
To terminate a set of specifications,

enter "POLNUM = 0 $".

Selection of additional stat‘ons for
output of station history data.

STATIONS

Integer

Integers between 0 and 146 (see Table G-4)
None

STATIONS = 1 31 100 115 §

A maximum of 10 stations as supplemental
locations is permitted. If none are
desired, enter "STATIONS = 0 $". The
station numbers correspond to the list
given in Table G~4. Those stations marked
with an asterisk are automatically
outputted. This standard set is data
loaded into the program MODFILE and may
be altéred if desired.

Selectiou of UTM locations for output
UTME, UTMN

Floating point

Values must be within the subregion
specified in Section D. Values will be
truncated to whole kilometres and applied
to zone within which point lies.

UTM coordinates, kilometres
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Table G-4. Listing of stations at which pollution concentrations may be
selected.

~~

. E
[} o £ -
= o H %)
=3 -~ o o
E o 5 om» o g 3
o [-] J - [ ] i

P g g 5
a : 8083 3 E B

Station name a & < 98 (] =]

*SAN FRANCISCO 1 DSF BA SF 25 4]B1.8 551.1
SANTA ROSA 2 DSA BA SN 50 u4254.7 525.1
PETALUMA 3 DPE BA SN 4 4232.4+ 532.7

*SAN RAFAEL 4 DSR BA MA 6 4202.7 542.3
NAPA 5 DNA BA NA '3 4240.7 561.6

*VALLEJO 6 DVA BA SL 6 42i7.4 567.1
RICHMOND-JADE ST 7 DRI B8A C(CC 3 4201.0 555.4

*P [ TTSSURG 8 DPT BA CC 2 4209.4 597.3

#L IVERMORE 9 DLI BA AL 150 4t71.2 608.6

*FREMONT 10 DFR BA AL 12 4i5%.6 591.8

*#SAN JOSE Il DSJ BA SC 25 ul33.0 598.5

*MOUNTAIN VIEW 12 DMV BA SC 23 4138.8 583.3

*REDWOOD CITY 13 DRC BA SM 4 4148.5 570.5

*BURL INGAME 4 DBU BA SM 10 4159.1 557.8

*#CONCORD-TREAT BLVD 15 DCO BA CC 25 4199.3 585.7
BENICIA 16 DBE B8A SL 40 u21!.8 574.3

#*RICHMOND-13TH ST 17 DRM B8A CC 12 4200.4 556.6
MARTINEZ-FIRE STA 18 DMF BA CC S 4207.4 576.1
POINT RICHMOND 19 DPR BA CC 5 4197.6 554.1
SONOMA CO ARPT 20 ASN FA SN 36 u4e62.0 5!7.2
HAMILTON AFB 21 AHA AF MA 1 u42l13.2 542.4
NAPA CO ARPT é2 ANA FA NA 4 4229.0 563.1
TRAVIS AFB 1 23 ATI AF SL v u4235.4 594.4
LIVERMORE ARPT 24 ALl FA AL 122 4172.5 604.5

*BUCHANAN FIELD 25 ABF FA CC 6 4204.5 5B3.0
OAKLAND INTL ARFT eb AQA FA AL ! 4172.7 569.3
ALAMEDA NAS 27 AAN NV AL 2 418l1.2 560.5
HAYWARD ARPT 28 AHW FA AL 9 4168.5 577.9
SAN JOSE ARPT 29 ASJ FA SC v 4]135,.4 595.1
MOFFETT FIELD NAS 30 AMN NV S§C 8 4iu0.5 584.1
REID HILLVIEW ARPT 31 ARH FA SC 38 41324+ 604.7
SAN FRANCISCO ARPT 32 ASF NW SM 1 4163.2 556.2
SAN CARLOS ARPT 33 ASC FA SM 1 4151.8 56t.2

*HALF MOON BAY ARPT 34 AHM FA SM 16 u4151.9 544.6
SAC'TO METRO ARPT 35 ASM FA SA 5 4284.6 622.2
SAC'TO EXEC ARPT 36 ASE FA SA S 4263.6 631.1
MATHER AFB 37 AMT AF SA S 4268.6 bB47.8
MCCLELLAN AFB 38 AMC AF SA 5 u280.6 B3B.9
STOCKTOM ARPT 39 AST FA SJ 7 4195.1 654.4
ANGEL 1SLAND 40 MAG CG MA 3 4189.4 551.2
POINT REYES 41 MRE CG Ma 73 4205.1 498.1
BODEGA BAY 42 MBO CG SN 1 y2ue.7 495.2
POINT ARENA 43 MPA CGC ME 1 4311.9 u35.9
RIO VISTA Y4 MRV CG SL 2 4223.1 614.6
PORT CHICAGO 45 MPC CG CC 15 4210.8 586.3

2psterisks (*) indicate stations that are automatically outputted.
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Table G-4. (Continued)

. €

2 o 3 o

g I @

<] o Q bl

Q = > I £ a

- Q 3] o © 1 []
& -2 [~} -] > -
:E 82 0% O OE B
Station name a & < O ] N
PIGEON POINT 46 MPP CG SM 12 4i15.0 5%53.9 21
PILLAR POINT 47 MP] CG €M 60 4150.0 544.4 21
POINT BONITA g pMPE CG MA a4 u}l85.3 541.5 v
SONOMA-1ST ST WEST 43 DSO BA SN 29 4238.6 S47.5 Zu
MT JACKSON 50 ¥MJ FO SN 500 4265.5 503.5 24
BERRYESSA LO 51 FBL FO N2 930 4279.6 570.5 23
ALLEN LO 52 FAL FO SM 710 +%t37.9 562.5 2!
LOMA PRIETA 53 FLP FO SC 1160 4i07.6 602.B 21
EAGLE ROCK 54 FEA FO SZ 760 41!11.3 8§71.6 21
MOUNT 0SS0 55 FMO FO ST 976 4152.2 639.5 2Z2
PLEASANT HILL 56 DOPH BA CC 26 4197.9 681.1 22
*SAN LEANDRO 57 DSL BA AL 1% 4174.7 573.9 2}
LOS GATOS 58 DLG BA SC 116 4120.3 6580.58 2!
FAIRFIELD 59 DFA 8A SL 5 4233.3 582.6 23
MORGAN HILL ARPT 60 NMH MS SC 183 4111.8 &19.8 Zi
*SHELL ,MART INE2Z 61 ISH CM CC 30 4208.0 577.1 22
SMITH ARPT,S RAFAEL 62 NSR MS Ma 3 4208.%4 542.4 24
#PHILL IPS,MARTINEZ 63 IPH CM CC 4 4208.6 582.u4 22
ANTJOCH ARPT B4 NAN MS CC 93 4202.7 605.4 22
PG & E,PITTSBURG BS EGP PG CC 2 uw2l0.,2 596.7 2zZ2
UNION, OLEUM 66 IUN CM CC 1+ 4210.7 567.1 2Z2
STD QIL,GARDEN TRACT 67 IGT CM CC 2 u4202.] 554.8 2Z4
STD OIL,GERTRUDE ST 68 IGS CM CC 3 4200.7 554.7 24
ALL IED,RICHMOND B9 JAC ¢cM CC 2 4199.2 554.9 24
PG & E MOSS LANDING 70 EGL PG MR 1 4074.1 608.7 71
CSusJ 71 USJ DM SC 27 u4l32.2 %98.1 2ZI
HAYHWARD ST COLLEGE 72 UHW MS AL 137 4167.7 583.6 Zi
U. C. BERKELEY 73 UCB MS AL g% 4ist.7 565.3 2Z!
LLL, WEST TOWER 74 LLT tt AL 177 4172.3 613.B 22
LLL, SITE 300 75 LLH LL s 360 4168.2 639.4 22
SAN JOSE EMSU 76 GEM DM SC 32 4131.C 600.3 2Z1i
OAKLAND RADIOSONDE 77 GOA N AL 2 4177.4 568.3 271
SAN FRANCISCQO BEACH 78 NSB MS SF 0 4176.1 543.68 21
MT SUTRO TOQUWER 79 UMS DM SF 277 4178.9 547.9 2}
S. J. CIVIL DEFENSE 80 G6SD MS SC 20 4i34.0 597.2 21
MT TAMALPAIS 81 TAM FO MA 785 4197.8 537.2 74
MT DIABLO 82 DIA FO CC 1175 4j93.1 595.6 22
SUNOL FORESTRY 83 FSU FO AL 73 u4161.2 598.6 Z2
OAKLAND SEWAGE PLANT 84 OSW MS AL 3 4186.5 562.1 21
AL CHEM,PORT CHICAGO 85 JAP CM CC 1 4211.3 6589.0 2Z2
CHABOT REGJONAL PARK 86 PCP DM AL 122 %175.3 5Bl1.1 22
MODESTO ARPT 87 AMO fFA ST 28 4166.2 679.6 22
* HAYWARD 88 OHW BA AL 2589 4167.8 5B5.2 Z!
SUNNYVALE 83 DSY BA SC 31 4136.7 585.9 21
GILROY 80 DGL BA SC 60 4086.8 627.2 2}
EAST SAN JOSE 81 DEJ BA SC B4 413B.8 602.5 2Z)
BUCHANAN FIELD 82 PBF BA CC 6 4204.5 SB3.0 2Z2
EAST SAN FRANC1SCO 83 DFC BA &SF S 4178.7 553.9 21
OCEANICS CONCORD S4 VCO NO CC 6 4204.5 6SB83.0 2Z2
OCEANICS OAKLAND 85 VOK NO AL 1 4172.7 6569.3 271
OCEANICS GNOSS FIELD 86 VGF NO MA 2 4221.6 538.8 24
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Table G-4. (Continued)

~
. &
o =
= § & @
§ o » I 3 & 3
L1 =3 131 o o 1 )
i F o5 2 ¢ :
Station name 8 a 2 © =2 E ]
OCEANICS NILES CANY, 897 VNC NO AL 73 4160.7 597.9 Z2
SAN RAFAEL, 4TH ST S8 DRA BA MA 6 4202.56 5S42.5 24
RICHMOND, NEVIN AVE 83 DRH BA CC 9 4i98.8 556.7 24
FREMONT, UNION ST 100 DFM BA AL 15 '41S4.4 592.1 2]
SAN JOSE, ALMA AVE 101 DJO BA SC 33 4130.1 6£99.6 21
BURL INGAME , BAYSHORE 102 DBG BA SM 2 4161.1 &56.1 21
OAKLAND, JACKSON ST 103 OAK RB AL 11 4183.7 S64.7 21
NAPA, 1ST ST 104 DNP BA NA 5 4238.8 562.5 23
SANTA ROSA, 4TH ST 105 DSS BA SN 49 4254.5 525.0 24
VALLEJO TRAILER 106 DVT B8A SL 5 4217.3 566.9 23
POINT MONTARA 107 MPM CG SM 17 4154.3 5S42.6 2ZI
SAN CARLOS 108 vSC MS &M 2 4149.7 567.6 2Z!
MART INEZ 108 vMA MS CC 2 4208.4 575.4 2z2
ANT [OCH 110 VAT MS cC N 4a08.2 605.1 2z2
RI0 VISTA i11 VRV MS SL 23 4224.6 613.9 22
TRACY 1teg viy MS SJ 20 4176.86 637.6 Z2
ALTAMONT PASS 113 VAP MS AL 17% 4175.4 614.8 2z22
DUBL IN 114 vDU MS AL 89 4173.6 595.1 22
WALNUT CREEK 115 vWC MS CC 50 4194.2 582.9 22
WINTERS 116 VWT MS YO 38 4264.0 580.6 23
OIXON 117 ¥DX M5 SL 17 4256.0 604.1 23
CACHE 118 vCH MS SL 0 +232.3 613.3 2Z3
BENICIA 118 VBE MS 6L S u4els.e S576.1 z2
VALLEJO 120 VvA MS SL 36 4219.6 567.6 2Z3
NAPA 121 VNA MS NA 10 4239.)] 6561.8 2Z3
BODEGA BAY 122 vB0 MS SN 0 4238.0 496.% Zu
SANTA ROSA 123 VSA MS SN 58 4253.% 526.4 24
SONOMA 124 VSN MS SN 24 4238.8 545.6 Zu
RICHMOND HARBOR 126 VRD MS cC 0 4185.2 557.6 2Zu
BOL INAS BAY 126 vBY M5 MA 0 4193.2 527.4 24
PETALUMA 127 VPE MS SN 17 4233.9 6533.8 2Zu
SAN RAFAEL 128 VSR MS MA 9 4201.8 S42.3 24
*NILES CANYON 129 PNC DM AL 73 4180.7 587.9 22
DUMBARTON BRIDGE 130 RDB DM SM 3 4150.7 577.5 21
CSuUsJ 131 RSJ DM SC 32 4i3t.0 600.4w 2Zi
RIO VISTA 132 RRY DM SL 0 4222.3 &I14.6 2z2
TRAVIS AFB 133 RTR DM SL 17 4235.5 592.7 23
SANTA ROSA 134 RSA DM SN 41 4253.6 523.3 Z4
FRESNO ARPT 132 VFA RB fR 100 4074.7 793.1 27
SAL INAS ARPT 136 vSS RB MR 23 4058.4 624.6 z7
SACRAMENTO ARPT 137 vSM RB SA 5 42B4.6 622.2 27
OCEANICS SAN JOSE 138 vSJ NO SC 14 4+135.4 595.1 Zi
OCEANICS L 1VERMORE 138 VLV NO AL 122 #172.5 60u.5 2Z2
HAYWARD 40 PHW DM AL 76 4172.1 S5B4.3 Z1
GILROY 41 PGY DM SC 58 4095.4 627.9 21
TRACY 42 PTY DM SJ 14 4177.9 B638.1 Z2
*PLEASANTON 143 PPS DM AL 85 4168.2 597.8 z2
MARE [SLAND 144 PMI DM SL 6 u4216.0 563.9 Z3
DAVIS 145 POV DM YO 13 4266.4 609.4 23
PETALUMA 146 PPE DM SN 3 4231.9 532.9 24
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6.
7.

(Part 3)
1.

2.
3.

5.
6.

(Part 4)

Example:

Remarks:

Description:

Variable:
Mode:

Value limits:
Units:
Example:

Remarks:

Description:
Variable:
Mode:

Value limits:
Units:

Example:

UTME = 500. UTIMN = 4150.

A maximum of five'UTM locations will be
accepted, each on a separate lire. To
terminate this part, enter "UIME = 0.
§". Caution: Do not add special UTM
coordinates that are exactly on the
northernmost or easternmost boundary of
your subregion. The model considers
these locatfons to be part of the adjacent
zones outside your grid. All zones are
referred to by their lower left corner

coordinates.

Specification of LBL library tape number
on which the output files and QREST (if
LIRAQ~2) will be written

RESTPE

Integer

LBL tape number

None

12325

These files are written to tape every run
of the model, so if they are to be saved,
you must use a different tape number for
each run. The tape is written as a

9-track tape.

Specification of form of output
CODE

Integer

An integer between one and three
None

CODE = 2
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7. Remarks:
CODE
1
2
3
Section L
(Part 1)
1. Description:
2. Variable:
3. Mode:
4, Value limits:
5. Units:
6. Example:
7. Remarks:

The type of output from the model is
determined by CODE according to the table:

Tabular gutput Graphical output
Hardcopy Microfiche
Microfiche Microfiche
Both microfiche Microfiche

and hardcopy

Specification of computer time limit
Cus

Integer

300 -~ 99999

Compute unit seconds

CUs = 5000

For LIRAQ-1 on a 5-km grid, limited

experience indicates that each model
hour takes about 50 CUS.

For LIRAQ-2 on a 5-km grid, experience
indicates that each model hour takes about
500 CUS unless an hour contains a sunrise/
sunset, a meteorological update, or is

the first hour, in which case, allow 1500
CUS for each of those hours.

Caution: Because the LBL operating system
does not provide options for restarting if
inadequate time is allowed for completion
of the run, it is important that an ade-
quate margin of safety be allowed to assure
the model completes its run. With smaller
grid sizes, more time is needed because
time varies inversely with grid size.

Because the meteorology varies, the time
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(Part 2)

1.
2.
3.
4.
5.
6.
7.

(Part 3)

1.
2.
3.

Description:
Variable:
Mode:

Value limits:
Units:
Examples:
Remarks:

Description:
Variable:
Mode:

Value limits:
Units:
Examples:

Remarks:

Description:
Variable:
Mode:

Value limits:
Units:
Examples:

Remarks:

to run different conditions can vary

substantially.

Specification of priority

PRIOR

Integer

See below

Nomne

PRIOR = 3

Priorities: 3 - deferred
5 -~ standard
10 - rush

Account number
ACCNT

Integer

Valid account number
None

ACCNT = 621531

Must be a valid LBL account number.

User's name

UNAM

Text

<10 characters
None

UNAM = #1..ROBINSON#

Identifies person submitting job

-223-



(Part 5)

(Part 6)

1.

Description:
Variable:
Mode:

Value limits:
Units:
Example:
Remarks:

Description:

Variable:
Mode:
Value limits:

Units:
Example:

Remarks:

Routing information

ROUT

Text

<50 characters

None

#SEND TO EXPEDITER SERVICES#

This information is printed on all output
and can be used for routing instructions.

Program Storzge System (PSS) subset names
for the problem (PRBLM), control (CNTL),
and staging (STAGE) files that will be
used in storing the files on the IBM Data
Cell.

Not named

Text

<7 characters, starting with an alphabetic
character

None

#PWIL2T1#

Three unique subset names are to be
entered, as requested, to identify the
PRBLM, CNTL, and STAGE files, which are
discussed in Appendix H.

FINAL REMARKS

After Sections A through L have been completed, you have the option of

"playing back" at the terminal both the instruction file PRBLM and the control

file CNTL that have been created.

questions.

You should enter "#YES#" or "#NO#" to these

After the files are displayed, make minor corrections to them by

using any standard text editor, provided you do not alter the basic file format.
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Finally, by following the instructions outputted at the end of LIRPRB, write
the files created by this problem-formulation run to the IBM Data Cell
subsets specified in Section L, Part (6). If an error occurs during the
LIBRITE operation, one can rewind the file affected by the error (e.g.,
REWIND <filename>) and then repeat the LIBRITE command.
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Appendix H
Execution of the LIRAQ Model

W. E. Jchnston

T. W.

BACKGROUND

The LIRAQ codes as described in
this document have been designed to
run on the Lawrence Berkeley
Laboratory (LBL) conputer system. To
understand how this takes pldace, it
is necessary to describe, briefly,
the structure of that system, shown
diagramically in Fig. H-1.

The essential point to note is
that all information is staged to
and from the CDC 7600 computer, on
which the LIRAQ models actually runm,
via a CDC 6000 series computer.

The 7600 has no direct link to any of
the I/0 devices, including the
timesharing system. When a 7600 job
requires information from tape,

IBM Data Cell, etc., it initiates a
job (called a STAGE job) on one of
the 6000 computers, which reads
information from the desired I/0
device and places it on the 817
disks where it ia accessible to the

7600.

PREPARATION FOR MODEL EXECUTION

As indicated in Appendix G, to

relieve the user of the responsibility

Stullich

of putting together a lengthy control
deck and having to manipulate a large
data library (some 30 tapes) each

time the LIRAQ model is to be run, the
problem formulation program was

written to interactively query the user
as to the specific nature of the
problem that he wishes to run. This
program then uses the information that
is provided interactively to do the

following tasks:

e Construct a file (PRBLM) con-
taining the formal description
of the pioblem, including
requests to modify the QSOR file
and sufficient information to
construct the parameter file

(QSRUN) for the model.

Construct a control card deck
(CNTL) that will direct the
data gathering and problem flow
while on the 7600,

® Construct a deck (STAGE) to
serve as input to the 6000
stage job, This job assembles
the required data files from the
tape library and then make these
files available to the 7600 at

the proper time,
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CDC 7600

cbC
844/841
disk packs

Tape
drives

CDC 6600

ngy

CDC
7638/817
disk

CDC 6400
IICIl

Tape
drives

MSS

( Photostore )

Unit record 1/0
- — devices (Line
printer, card reader)

Fig. H-L.

PSS
(IBM Data Cells)

RECC
(Teletypewriter
system

COPE, COKE
{Remote terminal
system)

Flowchart of Lawrence Berkeley Laboratory (LBL) computer svstem,
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EXECUTION OF LIRAQ

fo run a problem perform the

following steps:

{1) Interact with the problem
formulation program to define
the specific prablem and to
construct the control and
stage devks. The sequence
ol events that then occurs is

shown in Fig. H-2.

(2) Submit the control deck to

the 7600 for execution.

Specifically the following steps
must be carried out at the teletype-
writer. (The user must have some
minimal familiarity with the LBL
timesharing system; to this end it

is suggested that the LBL documenta-
tion entitled TTY and SESAME be read,

CCARD is also a useful reference.)

(1) Log into SESAME, example:
>L0G, TEST, 16, 100.
<aeccount>, <name>
where <name> is the name
that will appear on LIRAQ
output, and <account> is

the LBL account number.

(2) Execute the following command
to get the small control deck
for the problem formulation

program:
+LOAD, PRBCNTL, LIRQLIB.

-2283-

(3) Type *RUN to commence with
y

(4

~

the problem formulation. The
interaction with this
program is described in

Appendix G.

When the problem formulation
program termlnates, the files
PRBLM, CNTL, and STAGE must
be written to the IBM Data
Cell using the subset némes
that were given during
interaction with the problem
formulation program. This

is done by inputting the

following commands:

a) tCC, SESAME.

b) LIBRITE, LIRQLIB, PRBLM,
<subset name no.l>,
239, W = BAAPCD.
(Wait for the system
response: '"SESAME.')

¢) LIBRITE, LIRQLIB, CNTL,
<subset name no.2>,
239, W = BAAPCD,

(Wait for response)

d) LIBBITE, LIRQLIB, STAGE,
<subset name no.3>,
239, W = BAAPCD.

(Wait for response)

(5) You may now submit the

control deck to the 7600 for

execution by typing:

DISPOYE, CNTL = IN.



| Central memary (CM) Disk PSS Tape Other
T T
| CDC 6000 CM LIRGLIB l ‘
User initiation LIRPRB
’ PSS job binary
| LIRFRB
User specification LL ]
of model sun and CDC
7600 control options 1
]
[
[}
o
| LIRGLIB
PSS job PRBLM
CNTL
STAGE —!
DISPOSE
User interaction CNITL to
7600 input
queue
) (ﬁ c |

Flow of control when running the LIRAQ models at LBL using the problem formulation program

Fig. H-2.
(LIRPRB) interactively and using the 7600 control deck produced by LIRPRB.
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i

—

MODFILE

7~ 1E QSOR madification

Return, {—

QSOR

Rename
QSORM 1o
QSO0R

— 1f no QSOR modificafi

——  ——

Caopy QSOR
to MODQSOR

Fig. H-2. (Continued)

|
If QSOR mods




A Y A

Dispose MODQSOR

~microfiche

Delete, PRBLM,
MODFILE, STAGE

STAGE job

LIRQLIB

f

QREST ——m)

LIRAQ
models - binary

{ Library

tape

LIRAQ If LIRAQ2
Tabular ™
output
Graphical T
output
STAGE job -
{9-track) W| )
DISPOSE ;
END j

Fig. H-2. (Continued)

Microfiche

o A
mwc%ﬁed QSOR

To selected
output medium:
tabulor or
microfiche.



This step may be done at some
future time (e. g., after you
have logged out and then

logged back in again) by doing

the following:

a) LIBCopPY, LIRQLIB, CNTL,

<gubget name no.2>.
b) DISPOSE, CNTL = IN.

Step (5) will initiate execution
of the problem on the 7600, there~
by removing it from the influence
of the user until the execution

is complete.

Note: In the above steps replace the
constructs <- - -> with the appro-

priate information when the command
is actually entered on the teletype-

writer.

LIRQL1IB AND THE IBM DATA CELL AT LBL

The executable binary .iles for
all of the programs associated with
the LIRAQ model problem formulation
and execution, and the files created
during problem formulation are kept
on the PSS (Program Storage System)
at LBL. PoS is a software system for
storing and retrieving information
from the several 1BM Data Cells at

LBL. The information is organized

"

into "libraries” and "subsets' (of

those libraries). For the purpose of

executing the LIRAQ codes at LBL,

there is one library (LIBQLIB) and
several subsets in the PSS.

There are several programs used
for storing and retrieving information
in the PSS,
while running the LIRAQ model, and

Two of these are used
these perform the following

functions:

(1) Information Storage

LIBRITE, <1ib name>, <disk file>,
<gubset name>, <P8S group no..-,

W = <PSS group name>.

where <lib name> is to be replaced

with the library name;

<disk file> is the disk file where

the information resides;

<subset name> is the library subset

name;

<PSS group no.> is 239 for the
BAAPCD;

<PSS group name> is BAAPCD for the
LIRQLIB.

As an example, the command
LIBRITE, LIRQLIB, CNTL, CNTLA, 239,

W = BAAPCD.

would write the information in
the disk file CNTL into the PSS
subset CNTLA of the LIRQLIB

library.
(2) Information Retrieval

LIBCOPY, <1lib name>, <disk file>,

<subset name>.
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The first three parameters

have the same function as

for LIBRITE. For example, to

retrieve the information

written to the IBM Data Cell

by the above example, enter:
LIBCOFY, LIRQLIB, FILFA,
CNTLA.

FiLEA will now contain the

same information as CNTL, above.
Note that on the 6000's the
disk files are not rewound
before or after the LIBRITE

or LIBCOPY.

When carrying out problem
formulation, the three files
generated by LIRPRB must be written
to the IBM Data Cell when LIRPRB
ends so that the model will then have
access to that information when it
executes. There are several things

to take note of in this regard.

e If you are going to formulate
several runs at a time, it is
necessary to give the LIRPRB
files (PRBLM, CNTL and STAGE)
unique subset names when you
write them to the 1BM Data
Cell. The following format
for the names (with a maximum
of seven characters starting
with an alphabetic character)
offers one possible organiza-

tional system:

~234-

Pnnxxxx

SnnxxXx

Cnnxxxx
where P, S, or C is used to
identify the file PRBLB, STAGE
or CNTL, '"nn" is replaced by
the user's initials, and "xxxx"
are characters to identify the

particular model run.

Thus, some examples would be:
PWJL2T1
1 SWJL2T1

CWJL2T1

PWJIL2TZ
2 SWIL2T2

CWJL2T2

© Once created, the subsets may
be overwriitzn but do not go
away by themselves. This
may present a "housecleaning"
problem. Without some care,
the PSS library might become
cluttered with the subsets
of old problem formulations.
There are several solutions;
one being to overwrite old
subsets with new information,
another to use the COPYPSS

program to do the housecleaning



(see LBL documentation for
subsets STORAGE and PSS for use
of the "DESTROY SUBSET" direc-
tive of COPYPSS),

® You may determine the current
status of all of the PSS
subsets by running the following

program.

Job card

%6, PSS, NOTAPES

DSTLIST, GN = 239, G = BAAPCD,
PW = PC, F = LF.

PSSLIST, LF.

(e0j)

There is a limited amount of
storage space available for the
LIRQLIB library on the IBM Data Cell,
so the size of that space should be

periodically monitored.

THE LIRAQ TAPE LIBRARY AT LBL

Modeling regional air quality
requires assemblage of a great deal
of data, which must be stored and
At LBL, this is done by
Table

available.
setting up a data tape library.
ii-1 gives the structure of this
library. The structure of this

library is rigid to the extent that

any additions or modification to this

structure must be reflected in the

subroutine STRUCT of the LIRPRB
program. Specifically, to add
source emission, meteorological, or
initial condition data files, the
following procedures should be

followed:

(1) To add a new source emission

file:

(a) Change the "IF"
statement at line 498
of LIRPRB to include the

new year to be cousidered,

(b) Establish the following
table in a DATA statement
of LIRPRB, defining tre
array 1EMTAB.

Subscript Contents (IEMTAB)
~
1 <YEAR1>
2 <YEARZ>
3 <YEAR3>
4 <YEAR4>
20 <YEAR20>
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Table H-1. LIRAQ tape library structure at LBL.

Original Library
tape no.  File no, tape File no. Octher
Filename (working on (9-track) on information
File (as used copy, vriginal Library sequence library (B=octal,
deseription by LIRAQ) 7-track) Lape tape no. no. tape D=decimal)
QSOR
1973, Svason 3, Region | QSUR 19626 4 14100 1 1 (3513468,
(111335) 1195261)
Region 2 QSUR 01328 1 14100 1 2 (10371438
(23182) 278115D)
Region 3 QSUR 01328 2 14100 H 3 (11741248,
(23182) 325716D)
Region 4 QSOR 01328 3 14100 1 4 (10360718,
(23132) 277561D)
Region 3 QSOR 01328 4 15100 1 5 (6147008,
(231382) 203200D)
Region 6 QSOR 01328 5 14100 1 6 (10346138,
23180 285067D)
Ruegion 7 QSGR 01389 1 Iaton 1 7 (11757338,
(23110) 326619D)
Repion 8 QSOR 01389 2 14100 1 8 (11453108,
(2 3110) 314056D)
Region 9 QSOR 01189 3 14100 i 9 (10120118,
REIRTI] 26727 30)
Region 10 QSOR 017389 4 4100 1 10 (5540508,
(23110 186408D)
Region 11 NSOR 01389 5 14100 1 11 (5434118,
(23110) 182025D)
QTRAN 24 hr
July 26-27, 1973 Region 1 QIRANO 1 14360 4 1 (2403328,
82138D)
QTRAN1 2 14360 4 2 (2451108,
£4552D)
QTRAN2 3 14360 4 3 (2412218,
82580D)
QTRANS 4 14360 4 4 (2361608,
81008D)
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Table H-1.

(Continued)

Original

tape no,  File no,

Filename (working un
File (as used copy, oriuinal

description by LIRAQ)  7-track) Lape

July 26-27, 1973 Repfon 2 QTRANO 39020 1
(72902)

QIRANL 39020 2
(22962)

QTRAN2 39020 3
(22902)

QTRAN3 39020 4
(22902)

July 26-27, 1973 Region 3 QTRAND 07481 1
(23154}

QTRAN] 07481 2
(23154)

QTRAN2 07481 3
(23154)

QTRAND 07481 4
(23154}

July 26-27, 1973 Region 4 QTRANO 39024 1
(23153)

QTRANL 39024 2
(23153)

QTRAN2 39024 3
(23153)

QTRAN3 39024 4

(23153) )

July 26-27, 1973 Region 5  QTRANO 39025 1
(23153)

QTRANL 39025 2
(23153}

QIRANZ 39025 1
{23153)

QTRAN3 39025 4
(23153)
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Library
tape no.

l—lo 360
14360
14360
14360
14360
14360
14360
14360
14917
14917
14917
14917
14917
14917
14917

14917

Libruary
tape
(9-track)

sequence

ne.

=~

w

-

File na,
wn
tibrary

tape

Other

informat fun

(B=octal,

(7170008,

2370560)
(7455628,
246130D)
(7246148,
260012D)
(7147568,
2360140)
(7214708,
238392D)
(7375608,
245616D)
(7302728,
2418501)
(7213108,
238280D)
(7271668,
241270D)
(7421668,
2469020)
(733624R,
243604D)
(7216648,
238516D)
(717762B,
2375540}
(7407228,
246226D)
(7226048,
238980D)
(7154203,
236304D)



Table H-1. (Continued)

Original Library
tape no. File no, tape File no. Other
Filename {working on (9-track) on information
File {as used Cupy, original Library sequence library (B=octal,
description by LIRAQ) 7-track) tape tape no. no. tape D=decimal)

5 9 (7117428,

27,1973 Region 6 QTRANO 39026
(23153) 2344660)

QTRANL 39026 2 14917 5 10 (7247148,

(23153) 240076D)

QFRAN2 39026 3 14917 H 11 (7145748,

(23153) 2349000)

QTRAN3 39026 4 14917 5 12 (7110148,

(23153) 2339960)

July 26-27, 1973 Region 7 QTRANO 07410 1 14934 6 i (7216348,
(23136) 2395160)

QTRANI 07410 2 14934 6 2 (7412528,

(23156) 2464420)

QTRANZ 07410 3 14934 6 3 (7373328,

(23156) 245466D)

QIRANI 07410 4 14934 3 4 (7154028,

(23156) 236290D)

July 26-27, 1973 Region 8  QTRANO 07437 1 14934 6 5 (7146128,
(23173) 235914D)

QTRANI 07437 2 14934 6 6 (7273328,

(23173) 241370D)

QTRANZ 07437 3 14934 6 7 (7414708,

(23173) 2465B4D)

QTRAN3 07437 4 14934 6 8 (7314008,

(23173) 242432D)

July 26-27, 1973 Region 3 QTRANO 07504 1 14934 3 9 (7262348,
(23179) 240796D)

QTRANL 07504 2 14934 6 10 (7401008,

(23179) 245824D)

OTE N2 07504 3 14934 6 13 (7427108,

(23179) 247240D)

QTRAN3 07504 4 14934 6 12 (7374628,

(23179) 245554D)
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Table H-1. (Continued)

Library

Lape no. File no, Lape file noe. Mher
Filename (work ing m (I-track) on intormat tun
File Cas used copy, original  Library sequence library (B=octal,
descriptlon by LIRAQ)  7-track) Lape tape Tus. ne. tape  Dadecimal)
July 26-27, 1973 Region 10 UTRANG N2549 1 190464 7 1 (7274108,
L2391 25140000
QFRAN) 07544 2 (R 7 2 (Tatdqug,
(23191) 236706D)
QTRAND 07549 3 15004 7 3 [FRLEROTTN
(23091} 2I6B161)
QTRAND 17549 4 15004 i ) (7075608,
REFLID] 231040
Juily 20-27, 1973 Region 11 QIRANO 07403 | 15004 7 5 (7215428,
(23194) ARG DY
QUTRAN 07405 2 [ 7 [l (7330008,
(23190 243260
RERAND (AN 3 Y . 7 7 [ RS HTN
£I3194) 2HGF0D)
QTRANS u7405 4 15004 7 R (7055748,
(21195 231800
VTRAN 13 hr
Aupgust 20, 187) Region ) QURANO 14439 ] 1h04 ] 5 1 C2A32000,
(MR RS 53604
QLRANT 39439 2 17041 & 2 (2530341,
(D401 834640
QURAND 39439 3 156%1 8 3 (24 32k,
(04012) 836241
August 20, 1973 Repion 2 (YTRANO 06920 1 150%) 4 4 (7322028,
(23212) 242918M)
WTRART 6920 2 100 B3 S (7 30068,
(23212 DAk T8
OUTRANZ 06920 3 U 8 f (7325248
(23212) 24028
adgast 20, 19738 Replen s Gt RAND 07ty 1 1351 L 7 (73514048,
04227 2444080
QTRANL 07028 2 15041 8 8 (7404208,
{04277) 246034D)
VRAN2 07028 3 15041 8 9 (7416548,
(0277 2467000)
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File

description

August 20, 1973 Region 4

August 20, 1973 Region 6

QTRAN

September
26-28, 1974

Region 1

Table H-1.

Filename
(as used

by LIRAQ)

QURAND

QTRANL

TRANZ

QTRARO

QTRANL

QTRAN2

QTRANO

QTRANT

OTRAN2

QTRANS

WTRANA

QTRANS

QTRANG

QTRANT

Qriginal
Lape no.
(working
Capy,
7-track)
37056
(05202)
07056
(05202)
07056
(5202)
06990
(05316)
06490
(03316)
46990
(05316)

07131
(23197)
07131
(2319%)
07131
(23197)
07131
(23197)
07145
(21199)
07145
£23199)
07145
{13199y
07145

(23199)

(Continued)

Library
File no. tape
on (9~-track)

ariginal Library sequence

tape tape no. no,
v“"l—_- B -JA')-()-7-9--. 9
2 15079 9
3 15079 Y
1 15079 g
2 15079 9
? 15079 9
i 19483 10
2 15485 1o
3 153835 in
4 15485 10
I 15483 10
2 15485 10
3 15485 10
4 15485 1o

=240~

File no,

library

on

~

tape

other
information
(B=actal,
b=decimal)
(7340468,
2437501)
(731060h,
242224Y)
(7317048,
242620D)
(T16444E,
236836D)
(7161508,
2366480)
(7107348,

J37924)

48 hr
(23h3548,
8126000
(1443620,
Ka2lom
(23350604,
79h8AN)
(2360148,
8090ED)
(1403625,
R ANT
(24444548,
84260 )
(1352euB,
&0566D)
(2350248,
798921)


http://9-tr.-i.-k
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Table H-1. (Continued)
Qriginat Library
tape no.  File no. tape File no. Other
¥Filename (working on (9-t rack) on information
File (as used) vopy, original  Libravy sequenct library (B=octal,
description by LIRAQ} 7-track) Lape tape na, no, tape B=decimal)
September Regton 2 QTRANO 07144 i 19483 10 9 (7173008,
26-28, 1973 (23200) 23746400
QTRANG 07144 < 15485 1 1Y (7405701,
(23200) 2461420
QTRAN2 07144 3 17485 mn 11 (71145458,
(23200) 234284D)
QTRAN3 7144 4 15485 1Y) 1 {7170128,
{£3200) 237060D)
QIRANY 275404 t 1348% 10 13 (7214460,
23202y ESLLELDY]
QTRANS 07405 2 1748% 1 I (7434400,
(23200 JabyhA)
QTRANG 4304 H 1585 i 1) (711648,
(232023 2 148D)
QTRAN? n7ang 4 17485 10 s (7100604,
(23202) 23353
September zegion 3 YTRAND 39018 1 15336 1 1 (71aa06h,
26-28, 1973 Wi §) 25TRm
TRANI JageR 2 HREE{H it 2 (RIS
(03093) 2459 30D)
{JTRAN2 19028 i 17336 11 H (70008,
(0309 1> 23347.21)
QTRANI 39028 4 15536 1i 4 (7157708,
(03093) 2365360;
YTRANA 319406 1 1553A n g (7210408,
(0398)) 238112D)
JTRAS 39406 2 15536 11 b (7421708,
{03983) 2469040)
QTRANG 19406 ] 13536 11 7 (7175568,
{03983) 237422D)
QTRAN? 39406 4 15536 11 8 (7075368,
(03983) 2333100)



Table H-1. (Continued)

File

description

Filename
(as used

by LIRAQ)

September
26-24,

Septemboer
26-28,

1973

1973

Region 4

Region 6

QTRANO

QTRANI

QTRANZ

QOTRANTS

OTHANA

QURANS

QTRWNG

QIRANT

(1 RANO

QIRANI

QOTRAN2

QTRAN3

QTRAN%

(TRANS

QTRANG

QTRAN?

Original
tape no.  File no.
(working on

copy, uriginal  lLibrary

7-track) tape tape no.

39029 1 15537
(03141)

39029 2 15537
(D3141)

39029 3 13537
(03141)

39029 4 15537
(03141)

06956 1 13537
20213

16956 2 15537
(23213

06956 } 3337
(23213)

[{GTE 3 13537
(23213)

39017 1 13544
{05769

39027 - 15541
(05769)

39027 3 13541
(05769)

39027 4 15541
(05769)

06994 1 15541
{05754)

06994 2 15541
(057543

06994 3 15541
(05754)

06994 4 15541
(05754}

—242-

Library
tape
(9-tiack)
sequence

no.

13

13

File no.
iH
library

tape

-

~

1o

[

Other
information

{B=ocral,

D=decimal)

(7137428,
236514D)
(7374628,
245554D)
(7050528,
231978D)
(7135668,
235382D)
(7236105,
23949¢
(7453368,
245952])
(7122668,
234675D)
(7110742,
234044D)
(7215448,
238436D)
(7336168,
244621D)
(7050368,
231966D)
(7142068,
235718D)
(7256548,
240556D)
(7413548,
246508D)
(7110428,
234018p)
(7073308,
233176D)
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Table ii-1. (Continued)

original

tape o File no,

Filename (working un
File (as used copy. ariginai
description by LIRMY)  7-track) tape
QLeaN
by 26-07, 1973 QreoN 19626 2
(1713%)
August 20, 1973 GICUN 19616 N
[GRREEY]
September 26-28, 1973 QleoN 19626 2
{1113%)
QRAD QRAD 19626 3
(HHIn
QGEO QGEO 19626 1
(111335

A specific example might be

IEMTAB(1) = 1973

IEMTAB(2) = 1980
IEMTAB(3) = 1985
1IEMTAB(4) = 1990
TEMTAB (20)

(c) Replace the statement at
line 1310 (i.e., SYEAR =
EMISS - 1972) by the state~

ments
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Library

tape File no, Other
(Y=t rack) un imvoreat ion
Library sequettee Fibrary (B lal,
tape no, no. tape fh=decimeld
(784 14 ) [RERVETIN
Poinit
13784 1a 2 (SRR N
ERI R
15784 14 ] (ol
RERUETN
15784 14 4 [SIASE N
aa 7
15784 14 3 (NIRRT

174hh

DO 95 I = 1, 20
IF (EMISS. EQ. IEMTAB (T))
XSYEAR = I
95 CONTINUE

(2) To add a new meterological
data set:
(a) Change the Y4'" in Llines
687 and 689 of LIRPRB
to be a number that is
one greater than the
total number of meteorc-

log!~al data sets.

(b) Redefine the table in
appendix G, Section G,
Part (1) to be consistent

with (a) above.



Lape
Chines are explained

cards

antape ac the end of each

Io addition, several changes

-t pe made In o subrout ine STRUCT of

TRERE to reflect the changes in the

Tibrary., instructions lor these

in the COMMENT

o) Lthat subroutine., The exist-

creoceding may be used as a guide in

additions to the tape tables.

iy

sre =hould be taken not Lo overflow

o tabies in the COMMON block

HY /. for the source

The entries

cite chould be tn the order defined in

VEMEAR table described above.

Another function of the tape

iwrary is to store output data.

thas information is written

. verrain
run.

Generaltly (his information includes
vii wmedel vutput ond, in the case of

CURAQZ, the restare file. This

restart tile is written after the

Tourth end-of-file mark, by convention,
iae tape number for this purpose is
reguested during problem formulation.

is recommended that the user use

8
&t i ferent tape each time a model run
is made in order to keep a complete

nistory of the runs, When output

Srom omodel runs is no longer needed,
tine tapes may be overwritten. The
cutput ktape is written as a 9-track

binary tape.

FILE CREATION AND MODIFICATION

culiog stane, in

During the

addition to assembling necded data
files from the tape librarv, the

contrel system carrics out two

additional 1ile operatinns in

program called MODFILE. & ricrotiche

Tisting of this code is included iv

the attachment to tnis User's Guide,

The funclions carricd out by

MODFILE are:

Using as input the Inrormation
in the PRBLM [ile, o QSRUN

file is gencrated that controls
aperation of the LIRAG codes.
of

The structure and content

this file are described in
Appendixes A and B in associa-
tion vith the description of
the LIRAQ-1 and LiRA-2

models, respectivelvs

e Based on instructions ir the

PRBLM file, which are reilected
1n the ventrel deck only i1
modification is to rake place,
the QBOR source emissions (ilv
is modified so it reflects
the modifications expressed by

the user at input.
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EXAMPLE OF CONTROL SYSTEM OPERATION

Examples of the ceontruvl and
stage decks for model runs have been
shown in Appendixes A and B.
Initiation of the control program

produces, in addition to model

11.53,11+ LIRO202 = 75/11/27 7600 AKYLISF S
11.53. 11> INOUT ¢200C 11.53.28.

output, a record of the control and
staging operations and a table of
the amount of time used for the cal-
culation. Figure H-3 shows a listing
of the output containing the record
of control operations and the timing

information from a typical run.

LIRQ2 0FRD

27 NOV 76  VIA L2TESOO

11,5311+ 1802,022,T2000.679656,JOHNSTON, »

(NIKE
»0Ge
FOLDD IS

1300,

11.53.11.CI4MENT,
11e53.1LNMMENT,
11.53.11 .DI8HOG,
11.%3,11.5C0,8=

11.53.11.LTRCOPY, L IFOLTR + STAGF $SL2MTZ .
11.53.11, TAPFOAC DISK 1

11.%2.20. *STARING COMPLETE 11.53,20. 2 Cus.
1145320, TADES, DUMMY, X NT 4R, 14100, 1=STAGF.

11.53.20. WTRUT DIsSK 1

11,53,20. TAPEPAC DISK )

11,54.50. $STAGING CNMPLETE 11.54,49. 2 fLS.
11.54.50s 11.55.,00 #23KYelKk*C 27 ICV 75

11.54.50. PEQUFST DUMMY,NT,14100.

11.54.50. Ouumy NT 22 € 14100

11.54.50. REQUEST QSCR4WC,

11.54.50, 119526W 1% 1F TPANSMITI .D

11.54.50, NT32,9C 33933538 3P 1000004 GCOCWFP
11.54+59.

115450, TAPE, DUMMY, X 1T 4R,
DISK t
*CTAGING CCMPLETE
11.57.35 **aK¥YH1K*C 27 NOV 75
DUMMY,NT,1436).

NT 323 D 14360
QATRAND,WC .

QTRANL,yWC.

QATRANZ yWCa

ATRAN I WC,

11.54.5}), TAPEDPAC
11.57. 1t
Li«537.16.
11.57.16.
1125716,
11.57.16.
11.57.16.
11.57.16.
11.57.1€.
11.57.16.
11.57. 1¢.
11.57.16.

REQUEST
Dryvmy

REQUEST
B EQUEST
QFQUFST
AEQUEST
A3027A8wW
NT22.90

40

1145716, TAPT ,DUMKY X (NT,

{012147 00L16RP

14260,1=5TACE,

11.57.16. 4 CUS,.

4F TRANSMITTED
100000W 0000WF

R, 15784, [=5TAGE.

1157416, TAPEPAL DISK 1

11.58.53. *STAGING COMPLETE 11.58.52. 2 CLS.
11458453, 11.59.12 **BrYo1K*C 2T NOV 75

11.5R.53. REQUEST DIMMY,NT 15784,

11.5%.53 DIIMMY NT 32 C 15784

11.58,53. REQUEST QICCMWC,

11.53.53. 141394 1R 1F TRPANSMITTED

11.58.5%. HT32,07  0013035R 0U0NPP  H0J000W OGGAWP
11.58.53,

E1e58.53,TAPE ,NUUMY, X MTyR
1

11.58,52, TAPEGAC DISK

Fig, H-3.

15784, 1 =STAGF.

Dayfile from a typical LIRAQ run (indicates the sequence of

operations directed by a typical control deck).
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12.00.55. ¢STAGING COMPLETE 12.00.19. 2 Cus.
12.00.5%. 12,00,.39 &*pKYELK*( 27 NOV 76

12.9u.55, REQUEST NUWMY,NT, 15784,

12.00.55. DUMMY NT 32 € 15784

12.00.55. REQUEST QRANGWC,

12.00.55. eRTW 12 LF TRANSMITTED
12.M0.5%. MT22,9C 000151F a000RP 00COA0W OO0OWF
12.004554

12.00.55.TOPT , DUMMY y X o NT Ry 157944 I=STACE.
12.00.5%, TAPEPAC DTSk ]

12,022,084 *STEAINGC COMPLETE 12.)2.18. 2 CLS,
12.02.08. 12.02.2R *&AKYL1Kk(C 27 NCV 75

12.02.0R, EEQUEST DUMMY NT ,187€4,

12.02.3R, DUMMY NT 32 C 15784

12.02,0A, REQUEST QCE",W(,

12.02.08, 37G6EK 1R 1IF TREZNSMITTEN
12.92,08. NT32,90 0N0265% 0000C° 900000w OCOOWP
12.02.0€,

12,02.00.CX1T,

12.07.08. SKIP TO FIN, CARC

12.02.08.F !N,

12.02,08.LTRC0PY,LTENLER s MOOFTLE W #COFILE .
12.02.08,LI3CPPY,LIROLES 2 PRBL % P PL2MT2
12.02.07, TAPEPAT DISK 1

12.0?2.26. *STEGING CCOWFLETE 12492, 26, 2 CLS.

12,0226 LINKF=MIDFETLF, LC=RERX X W

12.02.286. FLS=124K FLL=0000K LCM BUFFEPS=0134K TCTAL LCM¥=0260K
12,0226+ F18=2134K  FLL=000UK LCM ANFFERS=01174K - TATAL LCM=0270K
12.02,25. FLS=144¥ FLL=0000K LCY BUFFERS=0174k TCTAL LCM=0240K
12.02.30. DBGMAD O1SK 1

12422431, MIDFILF LC™ RUFEFER UNLDROED

12.02. 30 L2D CCMPLETE, LINK 79,

12.02,390. TIME —au 77 MSEC,

12,192,213, MEMIRY- LDAD 136700y FEXECUTE 126000.
12.02.30. FLS=126¥ FLL=N000K LC™ BUFFEPS=0Q07T4K TCTAL LCM=0222K
12.02.30, FTN& .4 FOIRTREN LIERARY PSRGOLBKY 01 (1CG/10 12.45.54 1.
12.32.39. QSOUN 0IsSK 1

12.02. 30, QSPM orse 1

12.02.41. ©XIT MODFILE

12.02.41. C,509 Cp SECFARS EXFRCUTION TIME

126024 41.RETURN, QSR

12 .02 .41 ,RENEME, QSN2 =SNON,

12.02.41. QS7R = NEW MANME FCR QSNRM

12.02.41.01PY, Q51 JER ¢MCNQSOR /AR,

12.02.42. MTOQSR DISK 1

12.02.43.ND1SPOSE ,»7DQSIR =MF,T={LIRAC JMCLQSDIR 1.

12.02.43. TAPEPAC DISK 1
12.92.544« t MCDISIR QUEUFD MF IBRTS
12.02.54.EX!T,

12.02.54. SKIP T~ FIN, LARD

12,02.54.FIN,

120254 LT3CCPY,LIFQLIR s BINARY sLTRG2BN .
12.,02.55, TAPFPAC DNISK 1

12.0%.254 *STARING CCMPLETE 12.03.08, 3 CLS,
12.03.25."EWIND,,RINARY .

12.,03.25.0X1T.

12.03.25. SKIP “7 FIN, CARC

12.03.2%.FIN.

12.03¢25.GETyBINARY,MAIN ,REL/LTIFAQ2

12.03.25. MAIN DTSK 1

12.03.25. ENTTING CIMPLE TE,

12.03,25.9FWIND, BINARY .

12.03.,25.REXINDMATHN -

12.03.25,4R1TEF,TAPE3 .

Fig. H-3. (Continued)
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12.03.25, Taor} 0!k 1

12.03,25. 42T TEF,Tanz)2 .
12.03.25, T22F}2 D13k 1
12013, 25, WRITFF,OSTFS .
12.03.2%, QsTEPD nisk 1
12.N3. 75, 5ERIND, TAPED .
12,02,25.7% "~N, TAPEL2 .

12.03.25.P%# N0 QSTEP .
12403,25,F23 T2, QSRiIIN=4,QF AQ=4,QICON=34,

12.03,25.3F Ly 141090, 667000 .

12.03,26, FLS=14ix  FLL=0000XK LC¥ RUFFEPS=0134K TCTAL LCM=0275K
12.03.25, FLS=141k FLL=20667K LCM BUFFERS=0134K TCTAL LCM=1164K
12.03.25.71%,

12.03.25. 9610 SECINDE, 47 AF LRACS, 81.724 CUS USED.
12.03.25.LINKy F=MAIN, F=BINAPY,LC=RER X, X,
15.12,00. 2 LDAD FRROR(S), SEE vAP,

15.12.00. FLS=151% FLL=066TK LCM BUFFERS=D334K TCTAL LCM=1374K
15.12.00.  MAIN LCH RUFFERQ UNLOAPED

15412.074 AINARY LCHM BUFFER UNLCADED

15.12.00¢ LJI20 CAMPLETE, LINK 78,

15.12.9). TIME-~- 132 MSEC.

15.12.00. VEMIRY- LCLD 142100, EXECUTE 125000, LCM
15.12,00, FLS=12%k FLL=N6ATK LCHM AUFFERS=N134K TCTSL LCM=1150K
15.12.00, FTM4,4 FMATRAN LIROARY PSE401BKY 01 {10710 12.45.54 ).

15,12.10. n§0d000003000009

15.12.190. —— === 00000000J0C02000
15.12.10,M0NEL TIME = 2415€96500€€99699  E+(04
15412, 10, ELAPSED CP TIMF ,MILLISFCONDS: 0000CC000001A520
15412, 1, QYFFER LIANE = 0D0006C0I0330C 73

15.12.10,001PRTE UNITS REMAIRING = CCOCCCO001eE594E
15412, 1G. FIFLD LFNGTH (FLL,FLSY = 024134280234u352
15.12.17.NP1SK T2]ACKS ASSIGNEN = GCCLOLCUaCCa244)
15.12.10.FLAPSED MILLI-CUS SINCE LAST CALL= CCCO000000144085%
15.12.10.,PRITRITY = 00300NCCOCCCA0NL

15.12.10. 300393331039)39¢

15.12.10, 0000003109200000

15.,12.10, QREST AT LI}

15.12.10. 113N00000306I0)

156124i0e~—~-~ 00950400104000000
15.12.10,8™DF1 TIVE = 2.15°960969€66690  E+004
15.12.17.5LAOSEN CP TIME,MILLISECONDS= ICCC0CGLINCO18523
15.12.10,QUFFER LOADS = 09070¢90000000074

15,12.10.00MPUTE UNTTS PEMAINING = CeOCCCoOuless1o
15.12410.F 1710 LENGTH (FLL,FLS) = 02412428023419352
15.12.10.015K TRACKS ASSTIGNEC = 00nCNC00000024R0
15.12410.5L2PSFEN “TLLT~CYS STNLCE LAST CALL= 0000030000008 38
15.12.1). PRIORITY = on00c0cnNocaonoe!

1%, 12.10. 0c00000r00NA0J00

15.12.10, €CYOCOCCA0CU03N0

15.16,07, 3013000000090000

1516, N2, ~=~ B e L L LT ~====  (3003000020000000
15.16,02,#008 TINE = 2,336SG995666¢€5p 4004
15.16.02.FLAPSEC rp TIME,MI[LTSECTNNG= CLCeLepon0244237
15.16.02.2UFFSP | DADS = 00000000)0000075

15.16.32,07MP0TS UIMITS REMATNING = ACCLOCLd00Q556220
15.15.07,FICLN LENGTH (FLL,FLS) = N2413428022403¢2
15.1£,02.915K TRACKS ASSIGNED = 0CCCCCCCO0U02520
15¢16.02,£LAPTEN MTLL T=CHS SINCE LAST CALL= €9CCC19091398887
15.1¢6.,02.PRINQTTY = 97900C0CQ0CC00001

15.16.02. €6C0000000020CNI

1516292 3370000006004

15.10,37, 1170000000170 300

15¢1€e32 mmmmmmrenan et — e 009000000000000

Fig. H-3. (Continued)
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15.16.32,40NEL TIME = 2.519°6C65666566¢  E+(Q4
15.16.32,ELAPSEN (P TINFLMILLISFCCNDS= 0000300000272941

15.16.32.PUFFER LNADS = J0a0CcoGeoCctocre

15.16,32,CO¥PYTF UNITS REMBAINTNG = CCCCacaauIates2?
16,16.32,F]JELD LENGTH (FLL,FLS) = 02413428022403%2
15.16432,71%K TRAFKS ASSIGNED = cCeeccecano02520
15.16,32,ELAPSED MILLI-CUS STIMCE LAST CALL= €CC0CJI0000135793
15.1€.32,PR10PTTY = 00600000010000001

15.16.32, 9000€0004¢3600901:0

15.16.32, 3949000000000000

15.16.23, €C00009000000000

1516033 —nmummconccancccccnacnoncan -~ =GCUD00YO0CI 009
\5.14433,MIDEL TIME = 2.5169966665669 E+004

154 £.33,ELAPSEN CP TIME yMILLISECNNOS 00€COCNAN0273683
15.16,33,RUFFER LCADS = 0000000030490QC77

15.16.33,{NMPUTE UNITS REMATNIRNG = €C0COo00N0Q412603

15416433, FIELD LENARTH (FLL,FLS) = 0241342802340352
15.16433,013K TRACKS ASSIANFD = ¢0Qaccco600002600

1516433, FLAPSED MILLI-CUS SINCE LAST CALL= 0000000000003824%
15.16433,0R01031TY = 30006C0COCCCO001

15.16.33, 239000000:3093 )v)

15.16.33, 0000000000020000

15.16,33, T8PF3 LCY RUFFER UNLOADED
15.16.23, 08LD LCY BUFFER UNLTANSD
1516233, QsSre LCM BUFFER UNLCADED
15.16.33, EXIT LTRAQ2

15.16,23, 263,994 CP SECONDS EXECUTICN TIME
15.1¢423,5C0,4=3,

15.16.33.FXT7T.

15.16.33, SKIP T FIN, CERC

15,164 33,FIN,

15.16.33,RENAVE, TSTAGE=STAGE.

15.16.32, TSTEGE ~ NFW MAME FOR STAGE

15.16.33,C0PY, TAPT3 /B2 GQF XF yNULL,1F 4 TAPEQ .
15.16.33. 2ICON LCM RUFFER UNLNANED

15.16.33, TaPEQ DISK 1

15, 1A4 23,07PY,QSTEP /R® , OF XF yNULLy1F ,TAOR( .
15416434,07PY,TOPCL2 /PRy JFXFeNULLy IF ¢ TAPEQ ”
15.16.34,70PY, QRFST /FRyTAPFQ .
15.1£.34,STAGE 4 TAPFG s LOS0SNT W,

15.16.35. TAPEPAC DISK 1

16.36.39, $STAGTNG CRMPLFTE 15.33.44. 2 Cus.

15.3643%9, ¢ 15.76.13 %&%BKY£L1K*(C 27 MOV T7E

15.36.39., ¢ TOSTAGE MT 21 B 10509

15.36,3%,

19.36.39, ¢

15.36.39, ¢ STAGRE CUT FEEL 1, TACEQ

15.30.30%, ¢ £ND 9FFL 1

1536439, * FeAv 700N 18R 8F.

15.36.4), ¢ T 60iHYe 187 AF 15310h.
15436440, ¢ "T31,99 DCOOOOR NODORP 000245W 0Q0OWP
15.36.40, ¢

15.26.49, ¢

15.36.40, ¢ TOTaL STAGEND TC €000 - FILF TAPE(

15.36.40, ¢ 75310 wWians, 18 EFCCRNS, B8 FILES.
15.26.49, *

15.26.40, ¢

15.36.40,EXTT

15436,40,2E4pVE, STACE=TSTALS,

15.36,40, STAGE - NEV MAME FNR TSTAGE

15.36.43,61PY, TLPE3 /PR, TAPE A /%R,

15430.40, T2PE3A NISK 1

15,76, 40,DT8PNSE, TAPED =LP,T={LIPAG2 JTAPE3 1.

Fig. H-3. (Continued)

-248-



15,3660 TH2EPAL  NTSK 1

15.36.50. * TAPCER CURUED PP 849
15:36eT60TSPDSE,TLOLDS =MF o T=[LTRAQ2 JTAPE3A
1536564 TePFPAC DISKk |

15,37.47. & TAPFI* QUFIED MF 640
15.37.67,000Y,Q57cP IRR,QSTEPA /97,
15437447, QSTEOA nIsx 1

15.27, 48,01 5018E ,QSTEP =LPsT=LLIRAL2 /GQSTEP
15.37.48%, TAPCPAC NYSK |

15,728,901, ¢ QST0 QUFUED PR 4

15038, 01,N1SP{15C,0STEPL =NF,T=(1 TRAQ2 FCSTEFA
15439.07, TA0EPAL NISK )

15.38.10., ¢ QSTEPA QJQUFUED VF &

165.2R 10,070y TaOF L2 /Ry TAPE] 2R /PR,
15.3R,19, TeoOF12A NSk 1
15.38.10,NTSPPEFTAPEL2 =LP T=¢LIRAC? /TAPEL2

15.28,13. TAPEPAL  DISK )

L5.3B,2100, * TAPEL2 QUEYED PR 45
1543R,20,0150NSF,TAPEL 24 =MF T LIRAQ2 /TAPEl2A
15.38,20, TAPEPAC DISX L

15,2R,3%, ¢ TAPC124 CUEUFD MF &5
15.38,33,5XI T,

15.39,33, SKYP TO FIn, CARD
15.238.22,F1Y,

154 3R, 33,RF JTUD,STAGE .
15.38,33.9FWIND, TNOUT .

15,30, 33, CNOYSAF, INPUT, JUTONIT,
15,38, 33, 1 FILT(S) COPIED.
15.38,33, COPY COMPLETF,

15438, 32,0 PYSRE, STAGF,UTPUT,

15. 3R, 23, 1 FILSUS) CrPiIco,
15.30.33, {3IPy LOMOLETE,

1Se3R, 3% NTSK YSEL 2R40 SECTNRS
15.28,33« LC™ BLD, 96
15.38,3% TN €23.115

15,3R, 23« (01} TIME 273.709 SECCNDS.
15.39. 2%« STAGING 21 CUS.
15.38433« 75711727, 1414 CUS,
15,238,372, 8 79.883 EST,

15.39.16. LIFQ2)2. JUTPUT QUEUED PR 112

Fig. B-3. (Continued)
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Appendix |
The Bay Area Model Data Base

T. W. Stullich

INTRODUCTION
To create a data base that would

serve as a central repository for all

observed meteorological and air quality

data collected as part of the NSF Bay
Area project, it was desirable

to use a Data Management System (DMS)
that was flexible enough to integrate
data from a number of different
sources with intrinsically different
formats, while permitting rapid recall
through efficient search algorithms.
We selected a Lawrence Livermore
Laboratory DMS, MASTER CONTROL (MC;.
to provide this function (Hampel and
Wade, 1973). MASTER CONTROL has
several desirable features which
prompted our choice. It has been
operational for several years and
currently services many large and
diverse data bases (Hampel and Wiley,
1975). MASTER CONTROL allows the user

freedom of input format, operates with

a telegraphic English command language,

has macro expansion features, and can
be run in either batch mode or inter-
actively within a timesharing environ-
ment.
the user to build input files for

other processing codes and models in

whatever format required.
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Most importantly, it also allows

To construct the MC data base
tailored to the needs of this project,
we developed a preprocessing code,
PREPRO, and an interface code,

BAMINT,
agencles had specified their data

After field collection

types and formats, PREPRO was written
incorporating these features so that
an MC-compatible file structure

could be created. PREPRO also pro-
vided the function of error-checking
the data, where possible, as well as
performing scaling. changes and
supplying invariant information that
was to become an integral part of
each record. Concurrently, BAMINT

was constructed to supply the
necessary link needed to manipulate
the data base with MASTER CONTROL.
BAMINT consists of a collection of
array definitions, macro expansions
for user convenience, anc data

format constructions that allow
derived data to be displayed, digi-
tized, or listed with constructions
suitable to the user's needs.

This data base and its manage-
ment system are local to the Lawrence
Livermore Laboratory for the purpose
of this project and at present are not

portable, except to the Los Alamos



Scientific Laboratory computer
facility. However, any or all data
can be made available Lo the LIRAQ

usCer on request.

PROCEDURES USED TO COLLECT AND
PROCESS THE DATA

Figure I-1 provides a schema‘ic
overview showing how incoming data
over the 1973-1974 collection period
were processed and subjected to
analysis. Primary sources of data
were the Bay Area Air Pollution,
Control District (BAAPCD), California
State University/San Jose (CSUSJ),
NASA Ames Research Laboratory (ARC),
and the lLawrence Livermore Laboratory
(LLL). The BAAPCD was responsible
for ottaining all available meteoro-
logical and air quality data acquired
from quasi-permanent fixed ground
stations, within the area of interest
(Fig., 1-2).

data in this category were the

Agencies that provided

National Weather Service, California

State University/San Jose, Air

Resources Board, Air Force, Navy,

Coast Guard, Federal Aviation Agency,

Pacific Gas and Electric, Department

of Forestry, miscellaneuuss private

industries, and the BAAPCD itself.

Data were transcribed onto coding

sheets and sent to LLL for keypunching.
CSUSJ coordinated the collection

o5f vertical soundings of meteorological
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data (other than from aircraft and
towers), which were nbtained both
from fixed locations as well as
mobile pibai/radiosonde teams. This
source of data was rather restricted
because of limited availability and
the lack of manpower and equipment for
deployment in the field. C5U5J took
observed data and, using an interpo-
lating routine, encoded the data at
fixed levels from the surface through
1500 m. LLL again provided key-
punching. Contributing agencies were
the National Weather Service and
CSUsJ.

NASA Ames was responsihle for
deploying a fixed wing aircraft
(Cessna 401) instrumented for both
meteorological and air quality data
in order to obtain spatial distribu-
tions, particularly in the vertical.
Their input to the data base consisted
of a fixed-format magnetic tape that
was processed by PREPRO. Finally,
LLL collected data froma 135-ft tower
at LLL and from a rawinsonde statijon
at LLL's Site 300 about 18 km south-
east of LLL. The meteorological data
collected from these sites (i.e.,
temperature and wind) were reduced,
codified, and keypunched by LLL
personnel and entered into the data
base via PREPRO.

As data were entered into the
data base, copies were sent back to

the collecting agency for further
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error checking (which had already
been partially accomplished by the
preprocessor) and verification.
Additionally, LLL designed a number
of graphical post-processing codes
that displayed subsets of the data
base, as identified by the user
through MASTER CONTROL, in a variety
of forms including l6mm time-lapse
movies, horizontal map plots with
shoreline and location identificatica,
standard vertical profile plots,
interactive television display plots,*
and contour and streamline analyses.
These computer tools assisted in the

analysis of the data.

DESCRIPTION AND CHARACTERISTICS OF
THE DATA BASE

Field data were collected in
1973 and 1974 during the summer and
fall months (June-October), periods
during which air pollution episodes
are common in the San Francisco Bay
Area. The area of interest ranged
from the Santa Clara Valley in the
south to as far north as Sacramento,
and from the Pacific Ocean to the
Sacramento River. Figure I-2 shows
a detailed view of the area. For
field s&udy days, this area was

subdivided into four primary zones.

*One such routine for this purpose was
developed by Keller et al. (1975).

Surface observaticn sites are
indicated in the figure and a detailed
description of thelr location param-
eters 1s given in Table C-1. Since
auxiliary observational capabilities,
such as dedicated aircraft and mobile
pibal and radiosonde units, were

quite limited in number, a target

zone for modeling purposes was
selected in advance, and consequently,
density of information within the data
base i1s a strong function of (ate and
zone. (See Chapter 6 of the Final
Report for more detail concerning the
operational planning for the data
collection.)

It was desirable within the data
base to further characterize a data
record with a number of descriptors
concerning the nature of the observa-
tion and its location. Therefore,
descriptor codes (see Table I-1) were
appended to each record to indicate
details such as county, UTM coordin-
ates, elevation, zone, mode of
observation, and reporting agency.
The first five numbers within the
logical record number was used to
indicate *the date of the observation,
with the last four numbers random to
insure unique record numbers. There
were never more than 9,999 records on
a given day. The parameter codes
indicate the different quantities
which vere measured, as well as their

units and format. .Obviously, not all
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Table 1-1. A collection of codes and tables

of data.

County codes

A

Alameda AL
Contra Costa cC
Marin MA
San Francisco Sk
Santa Clara SC
San Mateo SM
Napa NA
Sonoma SO
Solano SL
Mendocino ME
Stanislaus ST
Yolo Yo
Sacramento SA
San Joaquin 5J
Fresno FR
Monterey MR
Santa Cruz SZ
Zone codes (see Fig. I-2 for
zone boundaries)

Area I 21

Area II 2

Area III I3

Area IV Zb

Area V Z5 (Sawtooth over zones 1

through 4)

Area VI Z6 (Special 24-hr intensive

survey)

Area VII Z7 (Outside of above zones)
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Table I-1. (Continued)

Fermat codes

Surface observations

Mandatory levels in the vertical

w N

Continuation cara for format 2

-~

Significant levels in the vertical

Remarks card

[ RV, |

Special vertical format

Card image format No. 1 (surface observations)

Columns Field name Description

1- 3 Station identification number I.D. numbers reference a
station list containing inivor-
mation on location (UTM-
coordinates), elevation.

county, station name, . .

See Fig. 2.
5~ 6 Parameter Code symbol from par: =ater
list.
8 Mode Code symbol from moue list.
10-11 Agency Code symbol from agency list.
13 Format flag Code symbol from format list.
15-20 Date Code form: YYMMNDD (yvear-

month-day) .
22-69 Hourly aver.ged parameter values Two numeric ctiracters for
each hour, space delimited.
80 Special flag blank = continuation follows.
R = remark .ollows.

E = end of record.
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Table I-1. {(Continued)

Card image format Nos. 2, 3, and 4 (ve.stical profiles)

Columns Field name Description
1- 3 Station identification No. Same as card image format
No. 1.
5- 6 Parameter Same as card image format
No. 1.
8 Mode Same as card image format
No. 1,
10~11 Agency Same as card image format
No. 1.
13 Format flag Same as card image format
No. 1.
15-22 Date-time Code form: YYMMDDHE (year-
month-day~nearest whole hour).
24-77 Parameter values for mandatory Code form: VVVV, Four
levels numeric characters for each

level, space~delimited.
Mandatory and significant
levels for different modes
will be tablad within
preprocessor.

80 Special flag Same as card image format

No. 1.

Card image format No. 5 (remarks card)

Columns Field name Description
-3 Station identification No. Same as card image format
No. L.
5- 6 Paramecer Same as card image format
No. 1.
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Table I-1. (Continued)

Card image format No. 5 (remarks card) (continued)

Columns Field name Description
8 Mode Same as card image format
No. 1.
10-11 Agency Same as card image format
No. 1, )
13 Format flag Same as card image format
No. 1.
15-20 Date Same as card image format
No. 1.
22-78 Text Free-form alphanumeric

textual remark (blanks are
significant). Remark can be
continued to another card
by use of an R~flag and
another remarks card.

80 Special flag Same as card image format
No. 1.

Card image format No. 6

Columns Field name Description

1- 3 Station identification Nec. Same as card image format
No. 1.

5- 6 Parameter Same as card image format
No. 1.

8 Mode Same as card image format
No. 1.

10-11 Agency Same as card image format
No. 1.

13 Format flag Same as card image format
No. 1.
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Table I-1. (Continued)

Card image format No. 6 (continued)

Columns Fileld name Description

15~-22 Date-time Same as card image format
Nos. 2, 3 and 4.

24~76 Altitude and parameter value Code form: HHHHVVVV, Four
numeric characters represent-
ing altitude (metres above the
surface) and four numeric
characters for the observed
parameter value, Groups of

elght characters space-~

delimited,
80 Special flag Same as card image format
No. 1.
Parameter codes
Meteorology Code Units Surface format Vertical format
Air temperaturea wr (°c) XX
(°C) x 10 XXX
Absolute humidity WH (g/m3) x 10 XXX
Dewpoint ww (°C) x 10 xx
(OC) x 10 XXX
Wind speed Ws {m/s) XX
(m/s) x 10 XXX
Wind direction WD (tens of degrees—true) XX
(whole degrees—true) XXX
UV radiant energy flux WU (photons/cmZ/S) x.xxE+xx
Pressureb WP (mbar) x 10 XXXX

3Encode negative temperatures as: absolute value of actual + 50. (e.g:,
-5"="55; -5,1"="55,1). Scaling operation follows this conversion.

bLeft-most digit is dropped when pressure exceeds 1000 mbar (e.g., 1012"="012;
1012,2"="0122).
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Table

I-1. (Continued)

Parameter codes (continued)

Meteoro logy Code Units Surface format Vertical format
S.F. Bay temperature WB °c) XX
Condensation nuclei We (No./ms) X, xxE£xXx
Turbulence WR RAX
Aircraft tower Ground station

Pollutants (concentrations) Code units format  units format
Carbon monoxide co (ppmv) XX . XX (ppmv) XX
Ozone 0Z  (pphmv)  XX.xx
Oxidant (aircraft) 0A (pphmv) XXXX
Oxidant (ground) 0G (pphmv) XX
Nitrogen oxide NO  (pphmv)  xxxx (pphmv) XX
Nitrogen dioxide N2  (pphmv)  xxxx (pphmv) XX
Sulfur dioxide S2  (pphmv)  xxxx (ppbv) XX
Peroxyacetyl nitrate PN (pobv) XXX
Acetylene AC  (ppbv) XXX
Total hydrocarbons (less methane) HC (ppbv) XXX
Total hydrocarbons (with methane) HM (ppmv) XXX (ppmv) XX
Oxides of nitrogen TN (pphmv) XX%X (pphmv) XX

Mandatory tevels

Mode
Alrerafe NASA 15 koo on .ok
Kadiosonde All oM 2oy 000 Jm
Pibal all a0 e oo
Adreratt ARB L U U R P
Tower [RR] wooan
Rawin (Site 30m) 11l [N CNAE A R L
Rawin ALL others 00 100 Jun spu o0
Shmiticanm levels
Rad iosonde Al LS I IR B BT L BN}

Levels tmebres above ~arlaoe
0 i

SO0 bt OO RDO W Tono FIun 12000 1300 1L000 1500
S0 htwi 00 M0 Yoo 1000 1100 120G 1300 1500 1500
N hiry Ty KOO R oo i 1200 1300 Ja0 1300
PUREEECT I TP R TR PR DA

[Tas Do
A0 aon U0 #0000 000 1Iun L2000 1300 te0U WD
S e T ds e
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reporting stations were equipped Three general formats were

to measure all parameters. Table developed within the interface to
I-2 shows the distribution of display the data: a surface data
the availability of an observed format, for a single near-ground
parameter by location. With the level report from quasi-permanent
array descriptors discussed above, stations as a function of time; a
it was possible to search the vertical data format, for multi-level
data base with MASTER CONTROL tor vertical probes lnto the atmosphere
any subset of characteristics, (balloons, towers, etc.) as a function
For example, it would be relatively of altitude; and a NASA aircraft data
simple to locate that subset of format, which contains a number of
data that contained temperature observed parameter reports within a
reports within Alameda County in single record. Figure I-3 illustrates
July of 1973. More complicated how typical records might appear
boolean sets can be defined and within the data base under these
identified and made available to formats. Note that values are scaled
the requestor in digirized form as indicated in the parameter code
in any format desired. section in Fig. I-3, whereas fields
The NASA aircraft data were filled wirh "nines” indicate missing
unique enough to set them apart in data. Data within this data base
a data base of their own for ease are not tied to a particular format,
of management. The data base was, The MASTER CONTROL user may counstruct
however, preprocessed with the same any format desired and have the data
code and interface as were other forms displayed in that manner. Remarks
of data, and addressable by MASTER that provide further clarification of
CONTROL in much the same manner. A the data are appended to logical
detailed¢ description of the observa- records when available.
tion and recording of the data by Table I-3 shows a breakdown by
NASA is given in Appendix 7-1 of the date of the more than 17 000 records

Final Report. collected during the survey period.
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Distribution of observed parameters by station.

Table I-2.

syIeWway

uadoiytu jo
S3pIXo Tejog
(Queyjsw yitm)
su0q1zd0xpkH
2PTXOTp InjIng

3pIXoTp uaBoxlIN
2PTXO0 OTIITN
jueprxp

apIXouOw UOGIL)

paads putpm
Uuo1313211p puIM
Jutod mag
aanjeaaduayg,

Taqumy
uoTIels

RRBEB

OO0OEBR
oOoBB

001
002
003
004
005

San Francisco

Santa Rosa
Petaluma

RRER

BRBR

OoR®
ooERB

San Kafael

Napa

RRERBA

OORBRBE RRERER O0O8R

006

Vallejo

Richmond -~ Jade St.
Pittsburg
Livermore

BRRE BR

oOooORA
O0ORBRBRB
0000

008
009
010

ABOA
AR

Fremont

OOBR RRER B
00

1

01

San Jose

012

Mountain View

BRRE

ooRR

01713
014
015

Redwuod City
Burlingame

0000

BB

0000

Concord ~ Treat Blvd.

00
OoREB

016
9017
0138
019
020

Benicia

]

BROE

Richmond ~ 13th St.

Martinez - Fire Staticn

Point Richmond

0000

Sonoma Co. Arpt.

1 REBBE

02

Hamilton AFB

BB

RBERA

022
023

Napa Co. Arpt.
Travis AFB 1

~
o~
o

Livermore Arpt.
Buchanan Fld.

=]
=

w
o~
o

RRER

026

Oakland Int. Arpt.
Alzmeda NAS

YERB

027

8
029
030

Havward Arpt.

BERER
BEREBR

san Jose Arpt.

Moffett Fld. NAS

-262-



Table I-2.

Continued.
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Table I-2. (Continued)
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Table I-2. (Continued)
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Table I-2., (Continued)
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Legend

1973 encoded data

1974 encoded data

1973 and 1974 encoded data

1970 encoded data (special validation study)

Remarks

Aircraft sounding

Lawrence Livermore Laboratcry encoded data

Nomogram location (used for deriving inversion heights)
Pibal station

Pibal and surface station

Radiosonde station
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(a) Surface Format ( Ground data

1 MASTER CONTROL

IDENT/PARAMETER
— Mode

Zone
f Agency

)

LLL library of Bay Area Model Data ( BAMDAT) . 1973-74. Under NSF 6580
Observation hour (PST)
01 02 0304 0506 07 08 09 10 11 12 13 141516 17 18 19 20 21 22 23 Q0

( Station identifier
1_ — Logical record No. ( Date~first 6 characters)
l r Observed parometer

1—- Observed valye

G ZIFAARH 409180158 WS 9992999993 2 2 0 3 2 2 3 4 5 4 3 4 3 43 2 299

(b) Vertical Format ( Soundings)
- Mode
— Zone
Agency
[_ Station identifier

¢

R Z1DM GEM 309280207 O WT

R Z10M GEM 309280208 0O WT

i~ Logical record No.

0
164

30
208

Fig,

j- Observation hour

100
239

150
249

1-3.

;— Observed parameter

200
259

250

262

.

300 400
264 265

350 450
265 265

Height above meon sea fevel (m)

Mandatory Levels
900 1000 170G 1200 1300 1400 1500

500 600 700 800
264 264 266 254
Observed value
550 650 750 850
264 264 257 251

247 239 231

250
243

Typical records within the data base.

224 216 208

195
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(c) NASA Aircraft Format

— Mode

C Mission ideniification

Zone
[ Logical record No.
Time (he/min/s)
| UTM north location

UTM east location

Height above mean sea level (m)

A MISSION 1321406291383 19:29.35 4131.8 604.8 1478

METDAT WT WH WP WD WS WR WB wC MJ
264 35 9999 999 999 0 99 9.99E+99  9.99E+99

POLDAT cO 0Z OA NO N2 TN S2 PN AC HC
1.11 3.94 0000 0 1 19999 999 000 999

Parameter types and
observed volues

Fig. I-3. (Continued)



Table I-3. Distribution of MASTER CONTROL data base records by date.
Record frequency by year
1973 1974 Total
NASA 2 877 7 328 10 205
Other 3 852 3 595 7447
Total 6 729 10 923 17 652
Record frequency by day
Sampling Date Data Type
NASA Other
1973
april 24 407
July 22 6
23 308
24 333
25 8
26 482 426
27 491 265
August 19 8
20 519 406
21 506 445
22 12
September 9 8
10 130 299
11 342 300
12 14
25 8
26 314
27 3134
28 268
29 18
1974
June 28 6
29 1570 398
30 6
July 23 6
24 719 285
25 12
26 635 368
27 6
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Table I-3. (Continued)

Record frequency by day

Sampling Date

Data Type

August

September

NASA

Other

605
612
399

186

443
1 047

6
321
377
340
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Appendix J ]
Programs Developed by BAAPCD

M. Kim

H. Harawitz

INTRODUCTION

In addition to the programs
developed by LLL that relate to the
LIRaAQ model, staff of the BAAPCD were
responsible for development of two
programs to be used in the initial
generation of source emission data
used by the processor codes described
in Appendix D. The primary effort
focused on working with consultant
James Fennessey on development of a
mobile source emission inventory as
described in detail in Chapter 6 of
the Final Report. The program flow-
charts and a description of the input
data needed to operate the various
codes are presented in detail in this
Appendix. A listing of these cades
is included in the microfiche attach-
ment, Copies of the data files used
by the programs are available from
the BAAPCD.

The second program is much
shorter. 1t takes information from
a populaticon tape, which is based on
census tract information (and made
available to this project by the
Association of Bay Area Covernments),
and distributes the source emissions
attributed to population intc grid

squares based on their population.

A listing of these codes is included

with the text here.

CODES TOR MOBTLE SOURCE INVENTORY

This sectlon contains a descrip-
tion of the computer programs that
interface with files generated by
DCO/TRANPLAN, the transportation
modeling software utilized by the
Metropolitan Transportation Commission
(MIG) .

The basic model flow chart is
depicted in Figure J-1. The following
subsections describe in more detail
the various programs shown in the
figure. Travel pattern models for
both 1973 and 1980 were executed on
the LBL CDC 6600 computer system.
Emission models, including AIRMOD and
other subroutines, were rum on the
CDC 6600 computer system maintained
at the CDC offices in Palo Alto.

The codes that develop the highway
traffic loading used in determining
the mobile source emission inventory
(i.e., the sequence c¢f operations
leading finally to file LODHIST in
Fig. J-1) are proprietary codes of
Control Data Corporation and part of
the DCO/TRANPLAN program. The BAAPCD

has formulated the control cards
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Fig. J-1. Schematic flow chart of program sequence used in developing mobile
source inventory.
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described in this appendix for their
particular problem of interest, and
the potential user should contact CDC
for acress to the system and for
complete documentation.

The two remaining codes shown in
Fig. J=-1 (i.e., AIRMOD and REPORT)
develop an emissions inventory from
the network loadinpg. These codes
vere developed as part of this pro-
ject for use on the LBL computer
svstem., Listings of these codes are
included on the microfiche, and
access to the codes is available

through contact with the BAAPCD.

Program AIRMOD

The AIRMOD program produces an
emission history file for mobile
sources based upon data output from
models of the MTC. Emission rates
are applied to the traffic assignment
data, given on the loaded highway
network history file LODHIST. There
iz no practical limit to the number
of emission types that can be input
to the program. Emission rates are
input for speeds ranging from 5-100
mph in 5~mph increments; they may
also be input as variable for each
link type 0-9 as used by MTC. Daily
distribution of traffic by link type
is permitted for up to 24 periods of
the day. The AIRMOD nrogram also
contains a subroutine for a standard
rotation and translation procedure

to convert the State Plane Grid

Coordinate system to Universal
Transverse ﬁercntor (UTM) coordinates,

The output file EMHIST contains
an emission history record set for
each input emission type and for each
UTM grid square in the BAAPCD.

A number of control and data
cards are required for operation of
the ATIRMOD program, as summarized
in Table J-1., A detailed description

of the uptions available using the
control cards Ls given in Table J-2.
Tahle J-3 gives the format of the
Type L data cards, which are required
in order to specify the hourly (ovr
period) volume distribution throt zh~

out the day for each link type. All

Table J-1. Summary of control and
data cards needed for

the AIRMOD program.

Three header cards
bSOPTIONS PEAK (i)

n

m*.FALSE. ,
n*, TRUE.$

bSPARAMS NUMEN
NUMHRS = nh,
PKTIME =2,
SELPUR = sp,
NUMLNK = nl,

ne,

NUMX = nx,
NUMY = ny,
YEAR =y $

Data cards:

Type 1 - daily volume distri~
bution by link type

Type 2 - emission rates by
link type
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Table J-2.

Detailed description of control cards required for the
AIRMOD program.

Three header cards

b$OPTIONS PEAK (1) = 7%.FALSE.,

b$PARAMS NUMEN

NUMHRS

PKTIME

SELPUR

NUMLNK

NUMX

NUMY

YEAR

"

nh

sp

nl

nx

ny

2% TRUE.,
7%, FALSE.,
2%, TRUE. ,
6%, FALSE.

$

Header cards are required; any m: - be
blank but three must be input. T¢ se
identify the output emission histo. file
for future reference during reporting.

12:01 AM to 7:00 AM

7:01 AM to 9:00 AM PEAK
9:01 AM to 4:00 PM

4:01 PM to 6:00 PM PEAK
6:01 PM to 12:00 AM

Specifies the peak hours (periods) that
will use the peak time field, This
specification is ignored if incremental
loading capacity restraint is used.
(Default: 24%,FALSE.)

Specifies the number of emission types to
be analyzed in the run. (Default 1s c¢ne.)

Specifies the number of time periods,
usually hours of the day, to be analyzed.
(Default is 24.)

Specifies, for non-capacity restrained
loading, that the peak period time is in
field 2. (Default is field 1.)

Specifies the trip purpose to be analyzed.
{Default is purpose one.)

Specifies the number of link types to be
analyzed. The link types key on the
assignment group codes. {The default value
assumes only one link type, that is assign~
ment group code {J.)

Specifies the number of grid elements
horizontally across the network. (The
default value is 100.)

Specifies the number of grid elements
vertically in the network. (The default
value is 100.)

Specifies the year for which the data
applies.
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Table J-3. Format specification for Type 1 data cards input to the
AIRMOD program.

Card column Contents
4 Link type code
7-8 First pointer (p) for first hour or period ou this card.

{Card 1 for a link type would contain a 1 in this field;
card 2, 113 card 3, 21.)

11-17 Hour (period) factor for hour p (XX.XXXx)
18-24 Hour (period) factor for hour p+l
74-80 Hour (period) factor for hour p+9
fields ure assumed to be right- on the "dummy" intrazonal 1inks are
justified. prorated according to the vehicle
Table J-4 gives the format of miles of travel allocated to the prid
the Type 2 data cards, which specify square specified for each MIC zone
emission characteristics and are and according to the hourly distribu~
required for each emission type. tion within ecach grid square. The
Figure J-2 gives a sample file program then produces two files: a
constructed for the CYBERNET SCOPE tctal emission history file containing
operating system. The program the intrazonal and the ' interzonal
controls are for 4~hr values for the traffic and an intrazonal only enmnission
year 1980 and use carbon monoxide history file. This sequence is shown
emission rates. schematically in Fig. J-3. Table J-5

gives a detailed deseription of the

Program 1zDIST program control cards and Fig. J-4

This program is a postprocessor .
prog P P shows an example of the resulting

to th ig. J~1.
© the programs shown on Fig. J-1 file, showing only a rew of the data

Its function is to augment the
g cards for an actual 1973 run.

emissions inventory on the specified

Progr-.m INTEREM

links by distributing the intrazonal

(representing local) travel to the This program is also a postpro-
UTM grids designated for each MTC cegssor of files generated by the
traffic analysis zone. The traffic sequence shown in Fig. J-1. By
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Table J-4. Card description and format for Type 2 data cards input
to the AIRMOD program.

Column Descript ion
Title card Each emission set has a title card that describes the soet,
This information is piaced on the emission history file.
Link type For cach link type, two cards are required in the foilowing
cards format to deseribe the emissjon/speed relatlionships.
-4 Emissfon type number (ranges from 1 to NUMEN)
7-8 lLink type code (based on assiphment group vode)
1n A MY oor a "2 describing the first or seeond card in each
tink type sut,
11=-17 Specifies the emission rate at 5 mph for card 1, or 55 mph
for card 2. (NXX.XKK8)
18-24 10 mph or 60 mph
74-80 50 mph or 100 mph

Note: Speed values below 5 mph use the S-mph emission rate; above 100 mph
use the 100-mph rate. All other values are interpolated between the
tvo bracketing speeds.

performing a linear interpolation files {s included - this permits the
(or extrapolation} in time between analvsis of the vombination of twe
two emission history files from selected arcas,

different vears, this program permits Figure J-5 shows a schematic of
an estimate of emission activity in the input/output requivements of

a year without the more costly net- program INTEREM, with a detailed
work modeling technique. However, description of the control cards

it lacks network and land use sensi- given in Table J-6. Figure J-6
rivity and should be used for shows on example including SCOPE
preliminary analyses only. The two svstem and program controls, which

input emission history files must have illustrates the creation of a 1973

the same emission types and number emission history file by interpola-
of time periods. An option is also tion between 1965 and 1980 emission
included to add two emission history history files.
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SCHARGE , XKXTXVY-22Z, JOBIDENT,
A {RMODC CAS 000, CL 300000, 1500, T2, P2 )
LABEL ,LODN)ST A, L=80LOADTOTAL ,VENPANSET .

LABEL ,EMHIST W, L= 1980TOTVOL4BASENR, X=SV .

ATTACH AIRMOD , JWFALRMODEL , Pei= JuF )

nEL 50000,
REDUCE .
AIRAOD(LOBHIST )

0000000000000000000000
4 BASE HWOURS ~- NIGHT,
EMISSTON WO,

SOPTIDNS PEAKC | 1=

SPARAMS NUMEM: L,

0.01s
L0160
L0160
0160
L0160
L0140

OOOOOO

CARBON MONOR 1DE

P R MWN NS e OO T o oo oo e

i
2
]
2
1
2
\
2
[
2 21.080
1 9% .380
2 21.080
L 95 380
2 21.080
1 ¢5.300
2 2).0F0
V 95,1380
2 21.0%
1 95.360
2
0

ot o et e oyttt et e e o e D DD NP AL O

CRALBA W~ AN

0000000

Fig. J-2.

JFALSE ., .

NUMHRS=4

0 0.0500

0.000
L0500
.0500
.0500
.0500
-0500

[-X-X-X-X-X-¥-¥-]

é1.080 29.080
0000000000000

Example of control and Input cards for program AIRMOD.

[-X-X-X-3-X-X-¥-¥-3

(PR}

AR PEAR PEMICO, MID DAy,
I ONLY -- CARBON MONONIDE
SF BAY AREA AIR POLLUTION MODEL - NSF LINAQL 1913 MOMILE SOURCE (MVENTORY
TRUE., .FALSE., . TRUE.
. nunLuu--o NURIZ220, NUMY=220,
AASEX:4085, BASEYzuS
0.0230

.0230
.0230
.0230
.0230
.0230
.0230
.0230
.0230
.0210

[-2-F-X-¥-X-X-¥-X-¥-1.1

.01\0
L0710
L0110
.0rto
L0210
L01%0
.o
L0710
.0rt0
.0710

40.140
20.000
%0.160
20.000
“9,160
20,080
40.160
20.980
40.160
20.080
4). 160
20.080
%0.160
20,0080
40.160
20.080
“0.140
20.080
“0.160
20.080
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8. 10
20.080
e . 140
20.080
IN. N0
20.080
3u 140
20.000
e840
20.0080
Ju. 180
20.0A0
34140
20 030
I 140
23.000
38,140
20.080
b LT
20.080

P PEANL PERLIOD -- 1980

YEAR:z 1980,

21 610
20.080
27 .10
20.980
21.610
20.060
27.610
20,000
27.410
20.080
21.630
20.050
27 .410
20.00d
27.610
20.080
2).610
20.000
21.810
20.080

25

190

0.080
.100
.080
.109
.H80
.100
.080
.100
.080
.100
. 0680
106
.080
.100
.080
.100
.000
.100
L0890

23
. 08D
.59%0
.080

990

.080
.090
.080
.0%0
.080
L0390
.080
.0%0
.00
.090
.000
.090

.090
_ono


http://T500.ru

Program REFORT

As shown In Fig., J-1, this
program outputs the emission history
files, EMMIST, in a report Yormat.

Program L1 |ZDIST

controls

Fig. J=3, File process chart for
program 1ZDIST.

Program INTERPO

As shown in Fig. J1-1, this
program generates 4 trip table by
means of extrapolation/interpolation
between two given trip tables. The
output trip table is assigaed to an
appropriate highyway network. an
adjustment (or scallng) capability
to factor the outpul trip table is
optionally permitted.

Figure J-7 shows a flow chart
of files needed and produced by
INVERPG, A detatiled description of
the control cards needed Is given in
Table J-7. An example of a file so
constructed is given in Flg. J-§,
which tllustrates the generation of
a 1973 trip table by interpolation
between 1965 and 1980 trip tables.

ft Is structured to selectively report
on emission types, periods (hours) of
the day and up to 10 rectangular geo-
pTaphical lovationw within the study
arca. The user should be aware that
without judiclous use of the scelect
options the program may geaerate
voluminous detafled output which would
be difficult to assimilate.

Table J-8 provides a detalled
description of the program controls
for this program, which include three
header cards followed by NAMELIST,
OPTIONS and PARAMS cards. [If any
subareas are specified a descriptive
title card for cach subsrea follows.
Flgure -9 gives an example of the
necessary CYBERNET SCOPE operating
system and program controls, which
will lead so issuance of a report of
emission types 1, 2 and 4 on an
emission history file., Only the first
12 hr are to be reported and for three

subareas.

Program ADDLOD

As shown In Fig, J~l, this
program combines two similar (the same
number of purpose/iteration loading
combinat fons) loaded highw.iy network

history files (1ODH1ST and LODHIST2)
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Taple J=3, Detailed description of program control cards for program [ZDIST.

I'hree header cards No options or parameter are inputted to [ZDIST,
Header cards are required; any may be blank but
three muut be input. These identify the vutput
emission history files for future reference
during reporting.

Zone=prid equivalence Two types of cards are permitted to identify the
cards pertinent UTM grid squares In cach MIC zone.
1)  Range cards These cards permlt the definition of a rectangle
of grid squares.
Column Deseription
1-6 "RANGES"
7-10 Not used
11-15 Right-justified MIC zone number
16-20 Range 1: Lower y-value
21-25 Range 1: Upper v=value
16~30 Range 1: Lower x~value
31~35 Range 1: Upper x-value
36~40 Range 2: Lower y-value
4)~45 Range 2: Upper y-value
46~50 Range 2: Jower x-value
51-55 Range 2: Upper x-vaiue
56-60 Range 3: Lower y-value
6l-63 Range 3: Upper y-value
66-70 Range 3: Lower x-value
71-75 Range 3: Upper x-value
2)  Specific cards These cards permit the definition of specific
grids to zones.
Column Description
1-8 "SPECLFIC"
9-10 Not used
11-15 Right-justified MIC zone number
16-20 Grid 1: y-value
21-25 Grld 1: x-value
26-30 Grid 2: y-value
31-35 Grid 2: x~value
36-40 Grid 3: y-value
41-45 Grid 3: x-value
46-50 Grid 4: y-value
31-55 Grid 4: x-value
56-60 Grid 5: y-value
61-65 Grid 5: x-value
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SCHARGE  XXEXXYY-277, JOBIDENT.
120157(CM5000,CL500 10, MT2,T40,P2)

LABEL .A,R,L=LODHIST STACK,VSN=PR6 364,

COPYBF(A,L DDHST )
REWINDCL ODHST )

UNLOADE A )

UAREL ,B,L=1973EMHIST, VSNZPAL234 .
COPYBF(B EMHIST)

REWINDCEMWEST)

UNLOAD( B )

ATTACHL 1ZDIST, JWFIZ0IST,Puz JuF )
RFL,50000.

REDUCE .

¥ZD1ST.

RFL 5000 .

LABEL, STACK,W,L=1973TOTHISTIZHIST, X
COPYBF( "OTHST, STACK)

COPYRF{ 1ZHIST, STACK )
00000000056000000000000

=8V,

TOTAL EMHISY FILE -~ TOTHIST AND IZHIST

EmISSION NO.
5 BAY AREA AIR POLLUTION MGDEL
SPARAMS ¢

AANGES 055 4190 4191 5H4) 543

1! ONLY -- CARBQN mONOXIOE

- NSF LJRAQ1 1973 MOEILE SOURCE

RANGES 026 4183 4184 548 549

END

95.360 95.380 62.750 «8
21.080 20.060 20.080 20
95 .380 9% .380 62,750 48
21.080 20.080 20.080 20
95.380 95.380 62.750 48
21.080 20.080 20.080 20.
95 .380 95.380 62.750 48
21.080 20.080 20.080 20.
95 .380 95.380 62.750 48
21.080 20.080 20.080 20
96.380 °5.380 62.7%0 48
21.080 20.080 20.080 20
95.380 95.380 62.750 48
21.080 20.080 20.080 20
95.380 95.380 62.750 48
21.080 20.080 20.080 20.
€5.380 95.380 62.750 %8
Z1.080 20.080 20.080 20.
95.380 9€.380 62.750 4A.
21.080 20.080 20.080 20.

000005900000

. > b
QOOIVBV N NI OV VT LI WWwRM OO
QN = Ao () = A ow [\ et N o N e £ ot A o Y o

000000000

Fig, J-4, Exampte of program ¢

480 40.160 4.
.080 20.080 20
480 »2.160 34.
.080 20.080 20
LH80 40.160 4.

080 20.080 20.

L4480 40.160 4.

080 20.080 20.

480 40 160 4.
.080 20.080 20
L4480 40.160 34,
.080 20.080 20,
480 40.160 34
.080 20.080 20.
480 40.160 3u4

080 20.080 20

480 40.160 34,
.080

080 20.080 20
30 40.160 34,
080 20.080 20.

ontrol cards
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140

.080

140

.080

140
080
140
080
140

.080

140

080 2
140

.140
.080

140

140
080

.610
.080
LA10
.080
610
.080
610
.080
.610
.080
.610
.080
.610
.080 ¢
610
.080
.610
.080
610
.080

INVENTORY

required for program

.100 23,
.080 20.
100 23.
.080 2¢.
100 23,
080 20,
.100 23,
.Q80 20
.100 23,
.080 20.
.090
.080 20.
.100 23,
.080 20.
.100 23.
.080 20.

080 20.

.100 23
.080 20.

1ZDIST.

090
080
090
080
090
080
090

.080

090
086

080
090

090
0ao

080

.090

080



1
Progrom L INTEREM
controls

Fig. J-5. File process diagram for program INTEREM.

SCHARGE , XXXXXYV-222, 108 IDENT.
INTEREM( CM5000, CL50005, T200,MT, P4
LABEL ,DHISTL, R, L=196SEMHIST  VSNZPA1235 .
UABEL | DMIST2,R.L=19B0EMHIST  VSN=PAB2TH.
UABEL [EMKIST W, L=1973EMMIST X=SV. (PR)
ATTACKC INTEREM, JWF INTEREM, PW= JWF )
REDUCE .
INTEREM,
0000000000000000000000
1973 EMISSION HISTDRY -- INTERPOLATED BEVWEEN 1965 AND 1980 EMMIST FILES
SF BAY ARFA AIR POLLUTION MODEL - NSF LIRAGY 1973 MOBILE SJUACE INVENTORY

SOPTIONS 5
SPARAMS YEAR = 1973 ¢
0000000000000000000000

Fig. J-6. Example of control cards needed as input to program INTEREM.
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Table J~6. Detailed description of control cards required for program INTEREM.

Threce header cards

bSOPTIONS ADD =

.TRUE.$

bSPARAMS YEAR = y §

Header cards are required; any may be blank but
three must be input. These identify the output
emission history file for future reference during
reporting.

Specifies that the output emission history file
is to be the addition of the two input emission
historv files. The two input files must be for
the number of emission types and the daily time
periods must be coincident.

Specifies the "target" year for interpolation
(or extrapolation). The control years are taken
from the header records of the two input files.

Table J-7. Detailed description of program cards required by program INTERPO.

Threc header cards

bSPARAMS BASEYR =

FUTYR

TARGYR

ADJFAC

n
[ad)
-

=t,

fac §

Header cards are required; any may be blank but
three must be input. These identify the output
trip table for future reference during reporting.

Specifies the vear corresponding to the trip table
on file, INVOLl. This integer parameter is
required.

Specifies the year corresponding to the trip table
on file, INVIL2. This integer parameter is
required.

Specifies the "target" year for the extrapolated/
interpolated trip table to be generated on file,
VOLUME., This integer parameter is required.

Specifies an adjustment or =zcaling factor by
which the output trip is multiplied. This param-
eter is entered as a floating-point value; the
default valuve is 1.0.
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INVOL1
] =

Program L4 INTERPO

controls
; VOLUME ’

Fig. 4=7. TFile ncocess chart fev program INTERPC,

SCHARGE , XXXXXVY-227, JOBIDENT.

INTERPO( CM10000,CLSC06, 150,P2,MT1)
ATTACH( INTERPD, JWF INTERPD)

RFL,5000

LABEL ,ONE, R, L=TOTAUTNORES -311,VSN=PA4S08.
COPYBF(ONE, [NVOi 1)

REWINDC INVOL L)

LABEL, TWG P, L=TOTAUTODRBO-311,VSN=PATTL.
COPYBF( TWO, INVOL2)

REWINDC INVOL2)

L&t DADC TWO)

LABEL ,VOLUME ,W,L=YOTAUTOOR7 3-311 ,X=5v. (PR)
RFL,50000.

REDUCE .

INTERPO.

RFL,5000.

COPYBF(VOLUME ,ATABINY
ATTACH( TANPUN, DCOTRANPLAN }

RFL,20000.

TANPLN.

0000000000000000000006

1973 TRIP TABLES AFTER INTERPOLATION

Tl = VEH-WORK+ VEH-NON WORK
TL = VEW/
TL = VEH-WORK + VEH-NON WORK, T2 = VEH-WORK, T3 = VE'I-NON WORK

SF BAY AREA RIK POLLUTION MOBEL - NS¢ LIRAQ! 1973 MOBILE SOURCE INVENTORY
sPARAMS FUTRY=1960, BASEYR=1965, TARGYR=1973 3
0009000000000000000000
SREPORT MATRIX

SFILE

INPUT FILE = RTABIN
SOPTIQONS

PRINT TRIP ENDS
SPARAMETERS

SELECTED PUHPOSES = 1-3
SEND TP FUNLTION
0000000000000000000000

Fig. J-3. Example of cont.ol card input file for program INTERPO.

-283-



tab' e J-8. Detailed desceription of control cards needed for program REPORT.

IFree header cards Header cards are required; any mav be blank
but three must be Input. These identify

the outpu’ reports.

BSOPTIONS SELEM(i) = TRUE.S Specifics that all emissions, i, will be
reported.  1f this option is not specified,
no report will be produced,

hSPARAMS MINY (i) = iv,
MAXYD) = av, Specifies the h(‘lllfdnrivh‘ uf up to 10 (i up
. to 10) rectangular subareas to he reported.
MINL(D) = ix, If no voordinates are sclected, then the
M) = ax, tot. 1 arca is to be reported,

SELTIMOIY = list ¢ Specifies the time periods (hours) through-
out the dav to be cepocted.  If this
parameter ls not spuciiied, then all 24 hr
are to be reported.

Subarca descriptive title cards For cach subarca specified a descriptive
header card s required. (It mav be blank.)

SCHARGE , KXXXKYY-Z1Z, )03 IDENT.

REPORT( (M5 000,CL50000, T100,mT1,72)

LABEL ,EFNIST R LZ1973EMHIST24HAS, VSNZPASSHT

ATTACH( REPORT, JUFREPORT, PWz JWF )

RELUCE .

REPORT,

$000000000000000000000
SUBAREA 1 = SAN FRANCISCO(APPROX), SUBAREA 2 = OAKLAND(APPROX )
SUBAKEA 3 = SAN JOSE{APPROX) ~-- TIMES REPORTED (2 MIDNIGHT TD NOON

SF BAV AREA AIR POLLUTION MODEL - NSF LIRAQL 1973 MOBILE SOURCE INVENTORY
SOPVIONS SELEM(13=.TRUE., SELEM(2)z.TRUE., SELEM(4)=.TRUE. &

SPARAMS MINYC 1) = 1000, MINK(1} = 300, MAXY(1) = 200, MAXX({]) = 450,
MINY(2) = 950, MINX(2) = 400, MAXY(2) = 1250, MAXX(2) = 425,
MINY(3) = 975, MINXC3) = 100, MAXYC3) = 100, MAXX(3) = 275 ,

SELTIM(1) = 1,2,3,4,5,6,7,8,9,10,11,12 &
SaN FRANCISCD
0AKL AND
SAN JOSE

NOIE -- MINS AND MAXS ARE EXAMPLES DNLY -- NOT THE REAL X AND ¥ VALUES
0000000000000000000000

Fig. J-9. Example of control card decx for program KEPORT.
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to produce an "added" file, LODHIST.
Currently MIC, via the RTTPP

modeling task, is loading work trips
on peak-hour travel times and other

trips on off-pagk. This technique

1s an expedient method to approximate
the effect of congestion in trip

assignment. The ADDLOD program adds

the two-loaded highway networks so
produced.

The only program control cards
that must be inputted are three

header cards. No options or parameters

are inputted to ADDLOD. The header
cards are required; any may be blank

but Lhree must be input. Thase

identify the output loaded highway

SCHARCGE , XXXXXYY~2Z7 JOBIDENT.
LDRDI(CHEOOD CL!SDOOO P4 MT1,TI00)
ATTACH( “DULOU UCOABDLGD PU-DCO

LABEL ,A,R,L= 73LDDZHGNKPKST YSN=PA2324 .
COPYBF(A LDHSTl)

UNLOADCA )

REWINDCLOHSTL)

LABEL ,B,R, L= T3L002&0NHDRKOFFS VSN=PA3526.
COPVBF(B LDnsT2

RENlND(LDNSIZ)

UNLOAD(B)

LABEL ,LDDMIST, W, { =735TOCHLODAODED , XSV,
RFL,50 0000.

REDUCE .

ADDLODCLDHSTS , LDHST2, LODHIST)
ATT#TCH(THNP[N DCOTRANPLAN)

RFL ,20000.

TRNPLN.

0000600000000000000000

network history file for future
reference during reporting.

The SCCPE system and program
controls, shown in Fig, J-10,
illustrate the generation of a "total-
purpose' loaded highway network
history file from two “single-purpose"
(work on the peak and non-work on the

off~-peak network) files,
Program MODHIST

This program modifies a loaded
highway network history fiie OLDLOD
(shown as LODHIST3 in Fig. J-1) in

two ways:
1) It inserts intrazonal trips om

dummy centrold connectors as an

approximation of local traffic.

(PR)

1973 RDOED STOLK LGADING —— WORK ON PERN AND NON-WORX ON OFF-PEAX (NQ TRKS OR 12
TRIP TABLE ADJUSTED FOR EXTERNALS AND GOLDEN GATE BRIDGE VCLUMES
SF BAY AREA ATR POLLUTION MODEL - NSF LIRAQL 1973 MOBILE SOURCE INVENTORY

0000000000000000000000
SREPORT HIGHWAY | 0AD
SFILE

INPUT FILE = LODMIST
SPARAMETERS

SELECTED DR NDDES =
SEND TP FUNCTION
00000600000000000000000

Fig. J-10.

1-16,2580,2396,2395 ,2579,2640,2340,2265,2313,2244,2461

Sample program card input to the program ADDLOD.
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2) 1t applies truck-loading
factors (measurad percentages
of truck traffic) by facility
type and, where specific
truck factors vary from the
norm, applies truck loadirg
factors to individual links.

No practical limit for specific link
truck factors exists. A new file,
NEWLOD, which becomes LODHISTA as 1nput
to AIRMOD, is outputted. This is

shown schematically in Fig. J-11.

Table J-9 gives detailed descrip-
tion of the program controls for this
prograw. Three header cards are
followed by a NAMELIST PARAMS card and
specific link truck factor data cards;
no options are input. Table J-10 is

the format of the data cards necessary

OLbLOD

Program
controls

MODHIST

NEWLOD
(LODHIST)

Fig. J-11.

File process chart for
program MODHIST.

to override the link type factors to
account for local or peographical truck
loading variation. These cards are
grouped in sets that define the links
having the same truck-loading ratio.
All the data cards are fixed-field
format. Figure J-12 illustrates the
SCOPE system and program controls
needed in order to provide for the
creation of the final adjusted 1973
loaded highway network history file.

A default of 0.02 trucks on non-
freeway and a specified 0.07 on

freeway link types was inputted
together with a series of specific link
truck ratiocs ranging frem 0.03 to

0.25.

Additional Files

.A number of additional files are
also required as input during the
prucessing of the mobile source
inventory.
(a) through (e) of Table J-11.

These are given in parts

POPULATION DISTRIBUTED SOURCES

BAAPCD developed a special
program to apportion by population
distribution the pollutant source
emissions that could not be attri-
buted to mobile, airport, or major
point sources. Thus, this program
takes pollutant emissions and
distributes them geographically by
population. The input to the program
EMITS consists of nine control cards,

one for each Bay Area county, and a
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Table J-9. Detailed description of program controls to be inputted to MODHIST.

Three header cards Header cards are required; any may be blank but
three must be input. These identify the output-
loaded highway network history file for future
reference during reporting.

bSPARAMS TRUCKF(i) = fac $ Specifies the truck ratio by up to the 10 link
types (Assignment Group Codes) used by MIC. A code
of zero is represented by i = 10. The values are
floating~point ratios; i.e., 10% trucks would be
input at 0.10. The default value for all link
types is 0.02.

Table J-10. Drtailed format of data cards to set local or geographical
truck-loading variation.

Column Description

Set card 1-10 Integer, right-justified value, specifying the number of
links in the set.

11~20 Floating-point value defining the truck ratios to be
applied to each link in the set, and a series of link
identifier cards.

Link cards

1-5 The A-node of a link; integer right-justified.
6-10 The B-node of the link; integer right-justified.
11-20

These fields are similar to columns 1-10. One-way or

21-30 two-way links are described in like manner; two-way

31-40 links should not be entered A~B and B-A. Five links
are permitted on a card; no gaps are permitted.

41-50
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population tape. Each card con-
tains the county code, county,
population, and emissions in tons
per day for that county of particu—
lates, organics, NOX, SOx, and CO.
Table J-12 shows the input deck used
for the year 1973 in the Bay Area.
The input tape contains population

data and centroid locations for

census block groups in the nine Bay

$CHARGE, F 34 12U€~051,L0aD1 .
LOADI(CM5000,CL110000,P2,MT1, T100)
LABEL,A,R,L=VOLUMESTACK, VSN=PA2]
COPYBF(A, VOLUME )

UNLODADCRA)

REWIND( VOLURE }

LABE. ,B,R,L=80LODABDEDIZDATA,VSN=PA2912.

COPYBF(8,0LDLID)
UNLDAD(R)
REWIND(OLDLOD)

LABEL ,LODHIST, W, L=80FREELODADDTR+1Z X=

ATTACR(MODRIST, JUFIZTRUCK , Pu= JuWF )
RFL ,50000.

REDUCE .

MODHIST( OLOLOO,LODHIST )

ATTACH( TRNPLN,DCOTRANPL AN )
RFL,20000.

TRNPLN.

0000000000000000000000

SV.

Area counties. The output consists
of a file (Tape 10) listing emis-
sions of each contaminant in grams
per second by grid squares. A
print file with page headings and
proper spacing for printing in
8-1/2 by 11 inch format is also
created (Tape 6).

Figure J-~13 gives a listing of

this program.

(PR}

1980 ADDED FREE LDADING ~-- WORK ON PEAK AND NODN-WORK ON OFF-PEAK TRUCKS + INTRAAS
TRIP TABILE ADJUSTED FOR GOLDEN GATE (1973 ADJUSTMENT) NO EXTERNAL ADJUSTMENT

SF BAY AREA AIR POLLUTION MODEL - NSF LIRAQI

SREPORT HIGHWAY LOAD
SFILE

INPUT FILE
SPARAMETERS

LOONIST

1973 MOBILE SOURCE INVEXTORY

SELECTED OR NODES = 1-10,2580,2396,2395,2579,2460,2340,2265,2313,2244,2461,
2711,2366,10458,3366,10394,5050,5488,5271

SEND TP FUNCTION

Fig. J-12.
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Table J-11. Description of file structure and fcrmat of input data
needed to complete input for mobile source inventory
processing.

(a) Emission History File

Record 1 - 50 words Words 1-24 -- Title informat.on
25 -~ Date
26 -~ Time
27 -- Study year
READ (LUN) (HEAD (1), I=1,50) 28 ~~ Number of emissions
29 ~- Number of hours

30 ~- Number of X grids
31 ~- Number of Y grids
32 ~- Base x-value
33 -~ Base y-value
34-50 -~ Not used
The following records are repeated for each emission type on the file:
Record 2 READ (LUN) N,(Io(I), I=1,N)
where: N =9
10(1) = 8HEMISSION
I0(2-9) = emission title
A set of records for each y-grid; each record is for a grid square with
nonzero vehlcle-miles.
READ (LUN) N, (10(D), I=1, N}
where; N = 1 -- end of y-grid set
or
N = number of hours + 4
10(1) = x-grid value - base x-value (integer)
10(2) = y-grid value - base y-value (int_ger)
I0(3) = vehicle - miles
10(4) = vehicle - hours
I0(5) = emission value for hour 1
10(6) = emission value for hour 2

I0(N) = emission value for hour N-4
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Table J-11. (Continued)

(b) Loaded Highway Network History File

Variable name

FNAME

GDATE
GTIME
FUNCT

FTYPE
GNAME
TITLE

PTITLE

Header set 1

Header set 2

Variable name

Card Nos.

IOHTRANPLAN 1
CALL FINDVID(GLHWY 2
NET ,NDVM) 3

User identification 4
dd mmm yy 5
hh.mm,ss. 6
BUILD HIGH 7
8

9

HWYNETWORK 10
HWYNET 11
12

3 header cards 13
14

15

PURPOSE 1 16
PURPOSE 2 17
PURPOSE n 80
81-85

MAXZON
NUMPUR

MAXNEX
MAXNI
NLINK
LCOST
LUSER
LTPCN
LINKGP

CAPAC
VOLUMS

ASSGRP
NODATA
NUMPRO
TESSUM
TABLES
LODPCT

(not used)

NUMITR
LODPUR
NUMSELK
NUMTURN
NUMWEAV
NUMLINE
MINMANN
MINMAXY
VINEB

~290~

MAXTMUM ZONE
NUMBER OF TABLES

MAXNODE EXTERNAL
MAXNODE INTERNAL
NUMBER OF LINKS
COST NETWORK FLAG

USER

MAXIMUM TURN PEN CODE
MAXIMUM LINK GP1 CODE
MAXIMUM LINK GP2 CODE
MAXIMUM LINE GP3 CODE

NETWORK

FLAG

MAXIMUM CAPACITY
MAXIMUM VOLUME

MAXIMUM ASSIGN GROUP

NUMBER OF COORD NODES
NUMBER OF PROHIBITORS
TRIP END SUMMARY FLAG

TABLE POINTERS

LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
L.OAD
LOAD
LLOAD

PERCENT

ERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERC

ITER=1
ITER=2
ITER=3
1TER=4
ITER=5
ITER=6
1TER=7
ITER=8
ITER=9

" ITER=10

NUMBER OF ITERATIONS
NUMBER OF LOADED PURPOSES 32
NUMBER OF SELECTED LINKS 33

Card No.

(Y=Te SN e QRN R U S

NUMBER OF SAVED TURNS 34
NUMBER OF WEAVE LINKS 35
NUMBER OF TRANSIT LINES 36
MINIMUM/MAX IMUMX 37
MINTMUM/MAN IMUMY 38
TRUE IF VINE BUILDER 39
40-50

(not used)



() Ceerdinate Records
READ (LUN) N,
lal) = 5H NODES

Table J-11.

(Continued)

(fogty, 1t =1, M 1 N S0t

To(1) -- bits 0-17 node number
bits 18-35 v vourdinate (biased + 10000)
bits =3 N oceordinate (hiased = 10600
(& lur Prohibiroer Records
READ (LUNY N, (JO(D), 1 = 1, X) 1N 501
1001) = 5H TLRNS
Togll == bhits 40=~54 from node
bits 32-45 through node
bits 18~31 Lo node
(¢)  iink Recerds
READ (LUN) N, (10(I), I =1, N). 1 N 501
T0(1) = 351 L1Ks
I0(1) -~ bits 0-16 A-node (I=2, 6, 10, vtv.;
17-33 B-nede
34-47 distance
48-51 direction code - 1
52-55 assigament group code
10(1+1) -- bits 0-14 user impedance
15-29 cost impedance
30-44 time 2 impedance
45-59 time 1 impedance
10(I+2) -~ bits 0-18 capacity 2
19-37 capacity
38-44 link group 3 code
45-51 link group 2 code
52-58 link group 1 code
59 twoway flag (l=twoway
O=oneway)
[0(I+3) —-- bits D-47 Jink load
48~59 link impedance
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Table J=12, Input deck indicating how pollutant emissions should be

A card is entered for each
county (Alamcda, Contra Costa, Marin, Napa, San Francisco,
San Mateo, Santa Clara, Solano, and Sonoma, respectively).

distributed by populatinn.

County County

code population Emissions
001 1073184 160 1200 213 124 402
013 558389 78 6061 07 00 204
041 206038 43 170 38 05 79
055 79140 55 130 28 01 233
075 715674 151 755 141 75 214
081 556234 118 655 104 2] 251
085 1064714 128 1170 306 34 380
095 132801 39 115 10 10 93
097 176722 64 180 34 06 “80

PROGRAM EMITS (INPUT,QUTPUT, TAPE?,TAPEB=OUTPUT,TAPEE, TAPE1D)

DIMENSION CPOP(9) ,CHQUSE(S) ,TOTF (9}

DIMENSION IDATA(8) ,FDATA(B)

DIMENS

EQUIVALENCE (COUNTY, [COUNTY)

ION COUNTY (7,9)
DIMENSION ICOUNTY(7,9)

C*»s«sF ACTOR TO CONVERT TONS/DAY TO GRAMS/SECOND.

CFACTO

Ce=evaREAD INPUT DATA CARDS

R=10.5

READ 100, {(COUNTY(L ) I=1.7),d=1.D

PRINT
Cee+**ECHO-C
PRINT

DO 10
DO 10

11a
HECK ON

INPUT DATA

101, COCOUNTY UL, ), I=1,71,J=1,91
Ces+as) QOP TO CONVERT INPUT EMISSIONS

1=3,7
J=1.8

10 COUNTY(],J)=COUNTY(],JI*CFACTOR

PRINT

PRINT

PRINT
Cer*2spPR[NT

PRINT

HRITE(
c

Cess»*INITIALIZE COUNTY POPULATION,HOUSING AND FRACTION VARIABLES

DO 15
CPOP (!
CHOUSE
TOTF (1

Fig. J-13.

201
600
500

CONVERTED EMISSIONS

102, LLCOUNTY 1], 0y . 1=1,7),.J=1., D)

6,1500)

1=1,9
1=0.
(1)=0.
1=0.

Listing of the code developed to distribute area sources by

population.
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15 CONTINUE

o
Cee2s [NJTIALIZE CHECKING VARIABLE ON FIRST GRID SQUARE TO BE LISTED
LX=622
LY=4090
CeeessINITIALIZE VARIABLES
PART=0RG=FNOX=S0X=C0=0.
TPART=TORG=TFNOX=TSOX=7C0=0,
11°GT76=0
LINESTE=0
PRINT 201
Ceese*READ A RECORD FROM INPUT TAPE
60 READ(7,700) JDATA,FDATA
Cre2e*ECHO-CHECK ON DATA FROM INPUT TAPE
WRITE(B,710)DATA FDATA
IF{EOF ,7)9000,6!
CeseerCHECK FOR A CENTROID ON [NPUT TAPE., |# NONE, GO TO NEXT RECORD
61 IF((FDATA(S).EQ.0.).QCR. (FDATA(6).EQ.0.))G0 TO 60
CoeseegET UTM COORDINATES EQUAL TO TAN INTEGER VALUE IN ORDER TO

C ESTABLISH A GRID SQUARE.
[Y=FDATA(5)
[ X=FDATA(B)
Ceserr|F CURRENT VALUES OF UTMX AND UTMY ARE NOT THE SAME AS THE LAST
o THEN GO TO THE PRINTING SEQUENCE. IF THEY ARE THE SAME THEN CONTINUE,
IFCUIY.NE.LY) OR.(IX.NE.LX)IGO TO 311
65 CONTINUE

C ROUTINE TO EVALUATE CONTAMINANTS
00 200 J=1,9
IFCIDATALL) NE.ICGUNTY(1,J))G0 O 200
Jl=y ’
GO 10 300
200 CONTINUE
300 CONTINUE
Ces*+sFRACTION IS SET TO POP ASSIGNED TO CENTROID DIVIDED BY COUNTY POP.

C EMISSIONS ARE COMPUTED FOR EACH CONTAMINANT AND ADDED TO PREVIOUS
C TOTAL FOR THAT GRID SQUARE. A GRAND TOTAL FOR EACH CONTAMINANT
C IS ALSO COMPUTED.

F=FDATA(2)/COUNTY(2,J])

C

Ceosee SEQUENCE FOR CHECKING INPUT TAPE POPULATION FJGURES.ETC.
TOTFCJLi=fQTF (Ul +F *
CPOP(J1)=CPOP(J| 1 +FDATAL2)
CHOUSE (J1 1 sCHOUSE tJ1 1+FOATAC D)

(g X el

PART=F *COUNTY3,J1)+PART
ORG =F*COUNTY(4,J1)+0ORG
FNCX=F *COUNTY (S, J1)+FNOX
SLX =F*COUNTY(6,J11+50X
CO =F*COUNTY(7,J1)+CO
GO TO 60
311 CONTINUE
C*+**ROYTINT PRINTS VVALUES 07 CONTAMINANTS ONTO PRINT FILE(TAPEB)
o AND ALSO STORES VALUES ON TAPEIO.
1300 JF(LINEST6.€Q.0iG0 TO 1400
IFLLINESTE/ IPGTE-48.£Q.01G0 TO 1400
GO TQ (410

Fig. J-13. (Continued)
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1400

1410

9000

Coeeen

100
101
toe
110

20l

500

600
700
710

1PGTE=1PGTE+1
WRITE(6,1340) |PGTE

WRITE(6,1320!

WRITE(6,13101LY,LX.PART,CRG ,FNOX,50X,CO
WRITE(10,1330}LY,LX,PART ,ORG,FNOX,50%,CO

TPART=TPART+PART

TORG=TORG+0ORG

TFNOX=TFNOX+FNOX

TS0X=TS0X+S0X

TCO=TCO+CO

PART=0RG=FNOX=50X=C0=0.

LINESTE=L INESTE+|

LX=1X%

LY=1Y

GO TO 65

CONT INUE

WRITE (6,1350) TPART, TORG, TFNOX, TSOX, TCO

res CALL SUBROUTINE TO LIST INPUT TAPE CHECKING VAR{ABLES
H=10HPOPULAT {ON

CALL CHEKER(CPOP,H)

H=7HHOUS ING

CALL CHEKER(CHOUSE ,H)

H=9HF RAC T 1ONS

CALL CHEKER(TOTF,H)

END FILE &

END FILE 8

END FILE 10

FORMAT(I108,F10.0,5F10.1)

FORMAT (1X, I3, 1X,F7.0,1X,F4. 1, IX,F3. 0 IX,Fe. 1 IX,F3.1,1X,Fe.1)
FORMAT(IX, 13,IX,F7.0,1X,5F12.3)

FORMAT(1X,*MATRIX OF INPUT COUNTY EMISSIONS*/)

FORMAT(IH])

FORMAT ( 1HO)

FORMAT(1X,*MATRIX OF CONVERTED COUNTY EMISSIONS*/)
FORMAT(I3,A4,3A10,A4,A2,Al ,F7.0.F8.0,FB.%4,F7.4,2F10.3)
FORMATUIX, 13, 1X, A4, 1X,3A10,1X,A4,1X,A2,1X, Al ,IX,F7,1X.FB,1X,F9.4,

IX,FE.4,IX,2F11.3)

1310
1320

1330
1340
1350
1500

Croee

10
15
20

FORMAT CEX, 4X,I4,4X,13,3X,SE11.2)

FORMAT ({X,3X, *UTM~Y*2X , *UTM-X*EX, *PART ¢BX, *ORG*8X, *NOX*BX, *S0X*BX,
GQCOI/)

FORMAT (14,13,5€9.2)

FORMAT (IH],//65X,19/7)

FORMAT(IX,6X,*TOTALS~*SX ,5€11.2)

FORMATUIH],16(/)20¥»,*POPULATION DISTRIBUTED EMISSIONS®//13X,*STAT]
*ONARY SOURCES - MAJOR SOURCES EXCLUDED®*////22X. *EMISSIONS IN GR
*AMS PER SECOND*10Q(/:22X,*(CORRECTED FOR OUT-OF-DISTRICT PORTIONS*
*/22X,*0OF SOLANO AND SONOMA COUNTIES.)*81/1Bx,*8ASED ON- 1970 POPUL
*ATION, 18973 BAAPCD SOURCE INVENTORY®*)

STOP
END
. SUBROUTINE TO LIST TAPE CHECKING VARIABLES

SUBROUTINE CHEKER(A H}

DIMENSION A(8)

WRITE(E,15)H

DO 10 N=1,9
WR1TE1B,20) AIN)
CONT INUE

FORMAT (1H1,1HD,10X,1A10,/)
FORMAT(1X,10x,€E20.6)
RETURN

END

Fig. J-13. (Continued)
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SMOG73,P3,T7250,CM70000.658056, HARAWITZ \H

RUN761(5)
ATTSKIP(TAFE7,BAAPCDI
STAGE ,TAPE7,38436.
CATALOG(TAPE7 ,BAAPCD}
ENDSK1P.

REWIND(TAPET}
LINK,B,P=BKY{O.

LGOB (LC=99999)

CXIT.

EXIT.

FIN.

STAGE , TAPEG,W, 08263,
STAGE , TAPE10,W,08186.
STAGE , TAPE10,W,38439/C.
REWIND, TAPEE.
COPY,TAPEB,QUTPUT.
DISPOSE , TAPE10=MF,T2=LT08196.
COPY,TAPEB/RBR,TAPL |5,
REWIND ( INPUT)

COPY, INPUT ,PUNCH.

REWIND (INPUT)
COPYSBF ( INPUT , TAPF 12)
REWIND, INPUT .
COPYSBF , INPUT ,QUTPUT .
DISPOSE , TAPEB=PR,PA=|F .
DISPOSE, TAPE 12=PR,PA= |F,
DISPOSE , TAPE |5=PR,PA=1F,
EXIT.

Fig. J-13. (Continued)
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Appendix K
LIRAQ Input and Output Data File Libraries

In carrving out the NSF-sponsored
project to develop a regional air
quality model for the San Francisco Bay
1975), a
number of simulation runs were carried

out using the LIRAO=1 and [LIRAO-2

Arca (MacCracken and Sauter,

rodels. Because the input files and
results ol these runs werce important
s asaessing model performance and

thev mav be of use in future

b ause

“tadies by the Bav Area Air Pollution

Control District, two sets of micro-
tichic have been prepared to serve as
4 histary of model studies at ilL and
PE with LIRAO. These sets of micro-

ticohe are maintained by the BAAPCD.

sut data tiles that have been
eed in TIRAO simulations have been
inte an indexed sct

Ffable K-1,

arse bled

Jos ribed in These files

tinit anplv to all problem runs are

those specifving topography and solar
tetonasity, For vach of three meteoro-

iocioal periods in 1973, input files

specifying meteorological, cloud,

and pollutanc concentration condi-
tions have also been prepared. Also
included in this set of files are

the QTRAN files that have been
processed by the MASCON program and
arc thus readv for input to LIRAQ.
Where no three-letter run designation

is given, the run was not carried out.

The results which are normally
available for each model run
(for some of the runs some parts
of the output ~d>uld not be
permanently saved) include direct
tabular and grarhical output from
the LIRAQ model and graphical
outnut from a special post-processor
code which compared the observed
data to the calculated concentra-

Table K-2 shows the

tions.
amotated table of contents that
provides a framework for accessing

particular model results.
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Table K-1., Library of microfiche listings of input data files for LTRAQ
model,
Table of Contents

YA_FICHE .for mniversal files . . __ 8K___ . J U —
8_QGEQ [ LRegion. 3 » m—ubulu c— —
[ - _ MRegi _3.- ODF-graphical ... ——
D_QRAD. . — N . -
| -Jo— e — s s Dxeslnn?o-ELL:nbuln: [ .
F_quuu (_uaicnl_exnmple.\_ﬂ-_u. e PRegion 4.~ hEF-gruphlcnl e e
B e Lo _—

L s — —_— _

J.. e R
X

L —-
Mo e
N - —
o_

P__ — -
Q__ -

R_ -—

s __

T— — ——
A ... f e e ——
8. - [ ————
c U,
D i —— — —
E —— R -

F

G

H

-
J4. -
| S, -
L

.

N

-] -

P B

Q. . DU -

R ___ _ PR I —
S..._ e e - -
T - - SV

3A.FICHE for July 26-27, 1973 Meteorology

RRegion 5 - NGF-tabulur
8Region 5 -JGF—gmphical.

| M.

4AFICHE far July 26-27, 1973 (centY __._._
BRegion 6 .- AMO-tabular . o0
CRegion 6 - AMO-graphical . .. _ ...
D_ .. .
ERegion 7 - JAK_:ab_J.ar__. [ —
€Region 7 - JAK-graphical . ... —
G . - —

: El-.-: abulat_ -
NEE-graphical _

HRegion 8
IRegion 8 -
J

KReginn .9 - poc:rabular.
LRegion 9 - poc=graphical = . .- .._
M. . — .. e e - .-
Nxagmn A0 - ECE_talmlax E .
ORegicn 10 ~ ECE-graphical .
P____ U -
QpRagion-1l1-~ ~KLInLabula:- -
Raﬂgiau—l.l &LLgxaphj.c_alJ .

B.QMET

€.QCLD e

D_QICON2 [
E__ . e e
F.Region 1 - CKH—tabular . —
G Region I - CKH-graphical . .

H_

J_Regi.m Z KIE_.PJ_LhiCal

B8 QMET e JE
€. QCLD M-Region 3 - DJ:J—gra_phica1 -

D QICON1 ———— N

E . e ORegion 4 = CKM-tabular_ —
F Begion 1 - BEL-tabular __ PReglon 4 - CR¥-graphical ___ . .
G Region 1 - BEL-graphical - Q .
H U RBeginn_L _ta.bulax__

1 Region 2 - OND-tabular e e s_nggi_on_&__ graph

J Region 2 ~ OND-graphical o T R
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Tsble K-1. (Continued)

8A. FICHE for August 20, 1973, Meteorology #K_Reglon 9 -~ tabular . __. _.
8 Region 6 ~ ICE-tahular. . . L _Reglon 9 graph.tcel - -
C Region 6.~ ICE .gm.ph.‘lml e Mo o . PO
D. e e N_Regiaon 10 - tabular e —— e
E Reglon 7 - tabwlat . .._... .. ... O Regfon 10 - graphical _ - -

F Reglon 7 - graphical P

G. . .- .- Q_Regien.)l -_tabulax ... -
H Region B - tabular .. ~ .- ... R.Region 1l - graphical _
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tablv K=2. Annotated table of contents for simulation runs at LLL and [.Bl..

LIRAQ-] simulations

Run MNL

Run FOO

Run KNI

Run MCL

Rune OML

renn BRH

Run PBX

Run CCJ

LIRAD-2 sinulations

Run PJP

Run PRM

Run CHK

Run DFF

run KB

Run EAN

Xun 1DY

Runy ML

at LLL

0400 July 26 - 0400 July 27, 1973, 5-km simulation of
Region 1 CO concentrations.

0400 July 26 - 0400 July 27, 1973, 2-km simulation eof
Region 3 CO concentrations.

0400 July 26 - 2200 July 26, 1973, I-km simulation of
Region 6 CO concentrations.

0400 July 26 - 2200 July 26, 1973, 5-km simulation of
Region 6 CO concentrations,

0400 July 26 - 2200 July 26, 1973, 2-km simulatjon of
Region 3 CO concentrations with Livermore Valley
emisslons sct to zero,

0400 August 20 = 2200 August 20, 1973, 5-km simulation
of Region 1 CO concentrations.

0400 September 26 - 0400 September 28, 1973, 5-km
simulation of Region 1 CO concentrations.

0400 September 26 - 0400 September 28, 1973, 5-km
simulation of Region 1 CO concentrations with east,

north, and top boundary concentrations ser to 2 ppm.

at LLL

0400 July 26 - 1900 July 26, 1973, 5-km simulation of
Central Bay Area. Referred to as run Jl.

0400 July 26 - 1900 July 26, 1973, 5-km simulation of
Central Bay Area. Referred to as run J,.

04600 July 26 - 1900 July 26, 1973, 5-km simulation of
Central Bay Area. Referted tn as run J3.

0400 July 26 - 1800 July 26, 1973, 2-km simulation of
Region 3 subarea around Martinez. All microfiche files
were lost,

0400 July 26 - 1800 July 26, 1973; 2-km simulation of
Region 3 subarea around Martinez (same as DFF) with
refinery perturbation.

0400 July 26 -~ 1900 July 26, 1973; S5-km simulation of
Central Bay Area with all emissions in the Livermure
Valley set to zero.

0400 July 26 - 1800 July 26, 1973; 5-km simulation of
Central Bay Area with nitric oxide surface source
emissions multiplied by 1.4.

0400 August 20 ~ 1900 August 20, 1973; 5-km simulation
of Central Bay Area. Referred to as Run Al.
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lable K-=2, (Continued)

LIRAY-2 simulations

Run MKA
Run LIC

Run €Ol

Rur AEA

Run KUK

Simulations made ac

Run 220

Run 168

Run 059

at LLL (cont)
0400 August 20 - 1800 August 20, 1971%; 5-km simulation
of Central Bay Area. Referred to as Run AZ.

0400 August 20 - 1900 August 20, 1973; 5-km simulation
of Central Bav Area. Referred to as Run A?'

400 September 26 - 1900 September 27, 19733 5-km
simulation of Central Bay Arca, The first 24 hours are
also referred to as Run SJ and the last 19 hours as
Run 8.,

0400 September 27 - 1800 September 27, 1973 5-km
slmulation of Centrval Bay Area. Referred to as Run

o

0700 September 27 - 1800 September 27, 1973; 5-km
simulation eof Central Bav Area. Referred to as Run §

LLBL

0600 July 26 - 1800 .July 26, 1973; 5-km LIRAQ-1
simulation of Region 1 with surface CO emissions in

San Francisce multiplied by 0.5.

0600 July 26 - 0700 Jusy o, 1973; 5-km LI1RAQ-2
simulation of Central B:.y Area with surface cmissions
of all pollutnnts reduced by a factor of 10 outside the
Livermore Valley.

0700 July 26 ~ 1800 July 26, 1973; 5 -km LIRAQ-2
simulation continuing Run 168.
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