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CHAPTER I - INTRODUCTION

Mathematical models have been utilized and are being further
developed to simulate air quality conditions in rural and urban
areas. Modeling is one tool which can be used in developing air
quality management strategies for large cities in that with ;he
use of certain models, predictions of hourly or annual air pol-
lutant concentrations can be made based on certain input para-
meters. Air pollution modeling results have been shown to be
highly correlated with actual air quality measurement data, thus
qualifying them as valuable predictive tools.

Air quality models have been extensively used throughout
the United States to identify potential violations of the National
Ambient Air Quality Standards (NAAQS). The need for air quality
models in the development - and revision of State Implementation
Plans (SIP) and related controls strategies was identified as
early as 1969. (1) However, due to the overwhelming initial
requirements of the C]éan Air Act‘of 1970, it has not generally
been possible to use air quality models to the optimum extent.
In recent years, however, air quality modeling has been required
in new source review programs to insure attainment and maintenance
of'NAAQS, and to prevent significant air quality deterioration
(PSD).

The 1970 Clean Air Act (as amended) mandated all states to
identify areas that are in violation of the NAAQS. In}addition,

all states, pursuant to 40 CFR 51.12 (c), are required to identify
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areas that have the potential to be in violation of any NAAQS
over the 10-year period, 1975-1985. These existing and potential
areas are called Air Quality Maintenance Areas (AQMA); they are
identified by the states and reviewed by the EPA Administrator. (2)
For each pollutant in each of the AQMAs for which analysis indi-
cates a potential problem, tailored maintenance strategies must
be submitted. In just about every state where an AQMA exists,
modeling of some type is used in estimating concentrations and
in assessing the adequacy of control strategies.

O0f the fifty-five states and/or territories, twelve have no
AQMAs. Louisiana is one of the forty-three states or territories
that have AQMAs, with the location being Shreveport, which encom-
passes 9 percent of Louisiana's population and 5 percent of the
land area in the state. (3)

Although Louisiana has three other large industrial and
commercial areas (Lake Charles, Baton Rouge and New Orleans),
they were not considered to pose the potential to be in violation
of any NAAQS over the 10-year period, 1975-1985. The decision by
the Louisiana Air Control Commission not to. designate these. three
large areas as AQMAs is questionable.

With the many and varied types of industry in the New Orleans
Standard Metropolitan Statistical Area (SMSA), an arsenal of air
‘pollution models should be available to analyze air pollution
problems which may arise. Unfortunately, urban air quality
modeling has not been done in the New Orleans SMSA nor in any
other Louisiana city. The Louisiana Air Control Commission does

use an air pollutant dispersion model to predict atmospheric
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concentrations in the immediate area around point sources. This
dispersion model utilizes the emission inventories for each point
source; however, it does not incorporate consideration of many
other parameters that are necessary in urban diffusion modeling.

In Louisiana, judgements concerning allowable emission rates
and the geographical placement of new sources that may cause
specific air quality levels to be exceeded or that may contribute
significantly to existing violations are made by air pollution
professionals using short-term, single-source oriented dispersion
modeling techniques. These procedures are probably adequate for
cities and parishes where there is minimal or no growth expected;
however, a pfogram should be designed to consider the impact of
future growth and deve]opment on air quality, and to develop con-
trol strategies, where needed, to ensure that air quality will not
deteriorate from the NAAQS in 1érge cities such as New Orleans,
Baton Rouge, and Lake Charles. The implementation of such a pro-
gram for air quality management has to involve extensive use of
various available atmospheric simulation models.

The overall purpose of this study was to apply EPA's
Climatological Dispersion Model to the New Orleans SMSA and
validate its application for total suspended particulate (TSP) as
the pollutant of interest. The application and validation of the
CDM will serve as an initial step in the development of an air -
pollution control strategy program. Within the study design,
additional parameters have been identified which, if determined,:

can be of practical significance to an .air control agency.
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To achieve the study objectives, two study areas were chosen.
The CDM was applied to the entire New Orleans SMSA and validated
for that study area. Then, the CDM was applied to a 3 mile by 5
mile area around the New Orleans Grain Elevator and validated for
that study area. The overall statistical comparisons of data from
both study areas will be evaluated for the validation process.

In order to apply the CDM to both areas, point source emissions
and area source emissions were determined for each study area,
meteorological data obtained, sampling data collected and compiled
and area source emissions "smeared" proportionately over each parish
by the use of a Computer-Assisted Area Source Emissions Gridding
Procedure (CAASE). Determination of predicted air quality levels
of TSP in the Grain Elevator Study as well as New Orleans SMSA study
were compared statistically with 6 months sampling data in the Grain
Elevator Study and yearly sampling data in the SMSA study by
regression analysis.

Chapter II of this study is a literature review of the various
multi-source models used in air quality analysis including CDM.
Chapter III will discuss the various methods and approaches to data
collection, CDM calibration, and CDM output with respect to each
phase of the study. Chapter IV is a discussion of the results of
the COM runs with respect to TSP concentration in both study areas
and the results of the regression analysis and correlation coef-
ficient statistic tests. The final chapter is a summary of the
_ study and a discussion of some general obseryations made by the '
author with respect to (1) Sampling statibn }e]ocation, (2) TSP hot
spots within the city, (3) New Orleans Grain Elevator, (4) Sources

of error and, (5) Political effects on CDM modeling.
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CHAPTER II - LITERATURE REVIEW

In order to develop and maintain an effective air quality
management program in New Orleans, a methodology for relating
pollutant emissions to ambient air quality is necessary. This
methodology is needed so that conclusions can be drawn regarding
the impact of city growth in the next ten to twenty years and
the potential of selected control strategies for maintaining
desirable air quality levels. The most commonly used method-
ology for relating emissions and air quality is an atmospheric
simulation model.

An atmospheric simulation model can be defined as a mathe-
matical description of pollutant transport, dispersion and trans-
formation processes that occur in the atmosphere. (4) Such a
model, in its simplest form, predicts atmospheric pollutant con-
centrations as a function of emission rates, background concen-
trations and atmospheric conditions. In essence, the atmospheric
simulation model is used to convert pollutant emissions data,
background concentrations and atmospheric conditions, into
ambient air pollutant concentration estimates. The model is an
analytical tool that can aid in evaluating the effectiveness of
control strategies.

There are several atmospheric simulation models available
to professional air quality analysts. These models vary in data
‘requirements, complexity, accuracy, and app11cabi]ity; Since

this study is focused on all sources of air pollution in a
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metropolitan area, and their effects on air quality, this liter-
ature review will be centered on multi-source models. There are
ten multi-source models that relate emissions to air quality. (5)
These models are identified and described in the following order:

(1) Rollback Model

(2) Appendix J HC-Ox Relationship

(3) Miller-Holzworth Model

(4) Hanna-Gifford Model

(5) HIWAY Model

(6) Air Quality Display Model

(7) Sampled Chronological Input Model

(8) APRAC - 1A

(9) SAI Photochemical Model

(10) Climatological Dispersion Model

There are many parameters to consider when choosing a model
for air quality analysis. Data requirements, model outputs and
general performance of the before-described models are summarized
in Table 1. Also, Table 2 indicates the applicability of each
model to an analysis of each of the NAAQS pollutants. (6)

Rollback Model

The rollback model, developed by de Nervers and Morris, (7)
is based on the simple expression relating pollutant concentrations
(X) to pollutant emission rates (Q) and a background concentration
(b). |

X =KQ + b.

The rollback model assumes that the dispersion parameter (K)



Table 1 Summary of Simulation Model Characteristics

Averaging

Pollutant Time Meteoro- Concen- Applic-

Specifi- Specifi- Emission logical tration Ease of Avail- Reli- ability
Model Name cation cation Data. Data Estimates Use ability ability to AQAS
Rollback Any Any 1 1 3 1 1 3 3
Appendix J 0x 1 hr 1 1 3 1 1 3 3
Miller- 1 hr
Holzworth soz,rsp Annual 1 3 3 1 1 1 3
Hanna- SOZ,TSP
Gifford co Annual 1 2 3 1 1 1 3
Hanna- '
Gifford SOZ,TSP 1-24 hr 2 5 2 2 1 1 2
w/PS? model 50,,TSP 1-24 hr 3 5 1 2 2 1 1
w/HIWAY co 1-24 hr 3 5 1 2 2 1 1
AQDM, CDM SOZ,TSP Annual 3 4 i1 3 2 1 1
sci®, ra®  s0,,TSP 1-24 hr 3 5 1 3 3 2 1
APRAC-1A co 1-24 hr 3 5 1 3 2 2 1
SAI® C0,N0,,0,  1-10 hr 2 5 2 3 3 2 2

3point Source
b

distribution as computer programs.

These models are currently in a developmental and debugging phase; they are not available for general

L 9bed



Key to Table 1

Pollutant Specification

Any pollutant

Specific Pollutants (SOZ’ TSP, CO, Ox, N02)

Averaging-time Specification

Any averaging-time

Annual Average

1 to 24 hour Average

Emission Data

1. Area-wide Emissions Total

2. Total emission distributed as finite area
sources

3. Detailed point, 1ine, and area sources

Meteorological Data

1. None

2. Average wind speed

3. Average wind speed and mixing height

4. Frequency distribution of wind direction,
wind speed, stability, and mixing height

5. Hourly variations of wind direction, wind
speed, stability, and mixing height

Concentration Estimates

1. Estimates at any specified point

2. One estimate for each area source grid

3. One estimate applicable to entire AQMA
Ease of Use

1. Slide-rule

2. Small computer effort

3. Major computer effort

Availability

1. Open literature

2. National Technical Information Service
3. EPA, upon request

Reliability

1. Can be verified and calibrated

2. Verification is incomplete, possibility

of calibration is uncertain

3. Questionable; acceptable for crude
estimates only

Applicability to Air Quality Analysis System

(AQas)

1. Can distinguish between specific source
and land use type

2. Can distinguish between land use types
only

3. Considers no distinction between sources
or land uses

g obeg



Table 2 Models Applicable to Specific Pollutants and Averaging Times

Pollutant and

Alternative Models

Averaging Times  Preferred Model Model Condition of Applicability
SOZ,TSP 1. AQDM 1. Hanna-Gifford Users's computer facilities inadequate
Annual Average 2. CDM 2. Rollback Complex topography and/or meteorology
3. More sophisticated Complex topography and/or meteorology
model
4. Miller-Holzworth No circumstances currently envisioned
permit its use
SOZ,TSP 1. AQDM a 1. SCIM,b RAM Availability
24-hr and 3-hr 2. coMd 2. Hanna-Gifford b Users's computer facilities inadequate
Averages w/point source
3. Single-source 3. Rollback Complex topography and/or meteorology
mode1s 4. More sophisticated Complex topography and/or meteorology
- model
5. Miller-Holzworth No circumstances currently envisioned
permit its use
co 1. ARAC-1A 1. Rollback Unavailability of other models
1-hr and 8-hr .
2. Hanna-Gifford
Averages w/HIWAY
Oxidants 1. SAI 1. Rollback Demonstration that Appendix J is not
1-hr Average 2. Appendix J applicable to region
NO2 1. Rollback
Annual 2. Sing]easource
models

aSta_tistical conversion of averaging times required.

b
than 1-hr.

6 dobeg

Repetitious application of model to each hour under consideration is required for averaging times longer

cUsab]e only when atmospheric chemical reactions are not significant over the impact area.
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does not vary with time or with the source-receptor relationship,

and that changes in emission rates are uniform across the area.

Thus the relationship of emissions (085) and air quality in a

future year (X85) to the emissions (Qbase) and air quality (xbase)
in a base year can be expressed by the following proportionality:
Xggb = Qg5
Xbase'b Uase

The basic assumption in the model is that a given percent
reduction or increase in pollutant emissions will result in a
similar reduction or increase in ambient air concentrations. It
is simply a tool for scaling concentrations up or down to reflect
similar changes in overall pollutant emission rates.

The rollback model is applicable to most pollutants and
averaging times for which appropriate data are available. (4)
Input to the rollback model requires total area-wide emissions
for the base year and for 1985 or other years of interest. A
pollutant concentration representative of air qﬁa]ity for the
area and the averaging time of interest is also necessary. It
shoud be noted that since there is no allowance for specifying
the dispersion parameter (K) or other meteorological parameters,
this model cannot be used to estimate concentrations at sites
where representative air quality data do not exist.

An expansion of the simple rollback procedure is called
Modified Rollback. Modified rollback is a technique for consid-

ering a range of source categories for the pollutant being

evaluated.
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It can be expressed as:

N
I

Xgg b = 4= (@5 65 Filgg,

P EE— N

Xbase -b z

i=1 (Qi)Base

where G is a growth factor, e.g. the ratio of population pro-
jected to 1985 versus population in the base year,
F is the emission factor ratio, e.g., the ratio of
expected emissions per unit of population in 1985
to emissions per unit of population in the base year,
N is the number of source categories,
i is a particular source category, e.g. light-duty vehicles,
stationary sources, etc.
In cases where the area-wide pollutant emissions are contributed
by a variety of source types with differing emission factors,
growth rates and applicable controls, the modified model will
allow the situation to be studied in more detail.

The rollback and modified rollback models are applicable
anywhere for which there are data on area-wide emissions and
representative air quality for a particular base year. The
rollback model can be applied with simplified hand calculations
and is widely used. Modified rollback has been computerized and-
documented, with the "Motor Vehicle Emission Estimation Program"
and the "Modified Rollback Computer Program" having been made
available to all EPA Regional Offices. (4)

The rol]back.and modified rb]lback models in general are

valid for the simplified case of only one type of source uniformly
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distributed across an area affecting a receptor. Mobile sources
and associated carbon monoxide (CO) emissions are an example of
the type of source which may approximate this situation. Accu-
racy is lost as the variability of source types and emission
rates increases, and the influence of atmospheric processes on
pollutant concentration increases. Thus due to the importance
of point sources for total suspended particulates (TSP) and sul-
fur dioxide (502)’ and the reactive nature of nitrogen dioxide
(NOZ) and hydrocarbons (HC), these models provide only crude
estimates of the atmospheric concentrations of these primary
pollutants. Additionally, these models only yield approximations

of secondary pollutant concentrations; for examples, oxidants (Ox).

Appendix J HC-Ox Relationship

Appendix J of 40 CFR Part 51, the Requirements for Prepar-
ation, Adoption, and Submittal of Inplementation Plans (36 F.R.
15486), contains a graphical presentation of the percent reduc-
tion in hydrocarbon (HC) emissions required to reduce an observed
peak hourly average oxidant (Ox) concentration to the National
Ambient Air Quality Standard (NAAQS) for 0x (0.08 ppm over a 1-hour
period). (8) The relationship assumes that the maximum 1-hour
Ox,concentration is directly affected by the quantity of HC emitted
during the morning hours. This assumption is based on the maximum
observed relationship of HC and 0x concentrations for selected
cities. (4) This relationship can be used to determine the effect

a change in HC emissions will have on peak oxidant concentrations.
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Figure 1

To use the Appendix J graph shown in Figure 1, it is assumed
that HC emissions are uniform across the whole area and that the
peak 0x concentration in the area has been identified. Inherent
in the use of this approach is the assumption that meteorological
conditions and the source-receptor relatidﬁship are invariant.
Thqs there is no need for input of meteorological data. The
Appendix J approach cénnot be used to estimate concentrations at
sites where air quality data does not exist. Conversely, like the
rollback and modified rollback models, it is simply a means for
scaling 0x concentrations to variations in HC emissions. 1Its

application is restricted to peak hourly average Ox concentrations.
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The reliabi]it& of this approach for determining the effect of

HC emissions on 0x concentrations has not been identified. There
is no allowance for variations in photochemical reaction rates
which take place between HC and oxides of nitrogen (NOX), and no
consideration of 0x concentrations due to natural sources. Thus
any conclusions concerning the HC reductions required to achieve

given 0x levels should be considered as first approximations.

Miller-Holzworth Model

The Miller-Holzworth dispersion model represents a step in
sophistication above the basic rollback model for estimating
pollutant concentrations. In this model dispersion is expressed
in terms of mixing height, wind speed and the geographical size
of the city. The model can be used to estimate 1-hour integrated
area-wide average concentrations for relatively stable pollutants
such as SO2 and particulate matter. The model has been calibrated
for a wide sample of areas so that annual average concentrations
of these pollutants can be estimated. It is superior in concept
to the rollback model since it can be used to estimate concen-
trations for an area where no air quality data are available.

This is possible since atmospheric dispersion is accounted for in
the model.

The model re]ates pollutant concentrat1ons to emissions and
meteorologlcal cond1t1ons through 1ntegrat1on of a Gaussian-type
dispersion model across an urban area.. The M111er Holzworth model

is expressed as X/Q = 3.994 '(S/U)O‘”5



Page 15
where no pollutants have achieved a uniform vertical distribu-

tion, and as X/ = 3.613%-730 + 2 . o0.088un'-26

2HU S

where a uniform vertical distribution has begun to form. The
basic inputs include the uniform average area emission rate (Q)
in grams per second per square meter, mixing height (H) in meters,

wind speed through the mixing layer (U) in m sec"]

and city size
(S) expressed as kilometers across the city for a given direction.
A discussion of this dispersion model and appropriate seasonal
average mixing heights and wind speeds is given in EPA publication
AP-101. (9) This publication also provides median, upper quartile
and upper decile X/Q values for various city sizes. Thus a range
of pollutant concentrations can be estimated for the more restric-
tive meteorological dispersion conditions. However, it is not
possible to estimate spatial variations in pollutant concentrations
across an area. In this sense, any set of emission control
strategies which yield similar total area-wide pollutant emissions
will result in the same air quality for the area. No matter how
different the strategies are, if the total emissions are the same,
then the air quality estimated will be the same with this model.
The reliability of this dispersion model when applied to
specific areas to estimate 1-hour concentrations has not been
détermined. However, as noted earlier, the model has been cali-
brated, and the results are presented in Appendix A to Require-
ments for Preparation, Adoption and Submittal of Implementation
" Plans (36 F.R. 15486) for a range of city sizes so that estimates

of annual average concentrations can be made. (10)
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Hanna-Gifford Model

The Hanna-Gifford dispersion model is the next step upward
in dispersion model sophistication. The Hanna-Gifford model is
most readily applicable to stable pollutants such as 502, particu-
lates, and CO. It has been used to estimate 1-hour and annual
average concentrations of these pollutants. (11) The model can
be used to estimate an average concentration for any defined area.
This model differs from the previous models in the form of
accounting for atmospheric dispersion. Dispersion is considered
to be a function of atmospheric stability, wind speed and the
size and number'of area sources. The equation relating atmos-

pheric concentration to emissions is

9, [in + 1)1'b-(21-])]'5]

™M=

x=[2]% (awz2)!-P Q +
™ a(1-b) U 0 i

where a, b are empirically determined determined constants used
to specify dispersion, they are functions of the
atmospheric stability. The values are those recom-
mended by M.E. Smith (1968) for neutral stability.
Aw is the size (width) of the area sources,
N is the number of upwind sources,
i is a specific upwind source,
is the pollutant emissions for the area in which the

receptor site is located,

are the emissions for upwind areas.
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The model is applied to each area which encompasses a receptor
site. The application is made for the wind direction, wind
speed and stability class for each meteorological situation
under consideration. A1l sources upwind of the receptor area
are included in determining the pollutant concentration. This
approach can be used to estimate hourly average concentrations
for all situations of interest. If data on diurnal variations
in emission rates are available, they can be used with the model.
Concentrations for other averaging times can be obtained by -
estimating concentrations for each hour of the period and aver-
aging the hourly concentrations.

Annual average concentrations can be obtained in a manner
similar to that described subsequently for the Air Quality Dis-
play Model (AQDM). However, the Hanna-Gifford simplified the
AQDM procedure by substituting a more elementary form of the
dispersion equation. For annual average concentrations the

model takes the simplified form of x = C Q, where C is a constant

_ i
dependent on the pollutant, u is the annual average wind speed

(m sec']), and Q is the average emission density (g/sec/mz) for
the whole area of interest. This form can only be used to
estimate a representative average concentration for the whole
area.
In examinations of the reliability of the Hanna-Gifford
model, it has been shown that the more detailed formulation pro-
vides an accuracy similar to that of more sophisticated models. (4)

Correlations generally varying between 0.60 and 0.95, depending
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on the pollutant, averaging time and aﬁea, have been found.

For the simplified annual average and model application to a
large number of areas, average values of the constant C equal
to 225 and 50, respectively, for TSP and SO2 were found. However
the standard deviation of the error in concentration estimates
obtained when the mean value for the constant is used has been
found to be about 50ug/m3 for TSP. Further analysis has shown
that use of the constant C is overly simplistic, and that a
relationship of x = 52 + 91.7 Q/u provides a better estimate
for TSP. The use of thié relationship in place of an average
for C reduces the standard deviation of the error to 10ug/m3.
For SO2 a similar relationship could not be derived because the
variation of the constant C was too random. This reflects the
importance of large point source emissions in determining SO2
concentrations, and indicates that caution should be exercised
in using a mean value of 50 for C.

The Hanna-Gifford model is basically applicable for areas
where there is no point source information available, thus
requiring that all emissions be grouped into area source emissions.
However, if specific point sources or line sources are known,
the impact of these sources can bé estimated independently through
the use of an appropriate model and the resultant concentrations
added to those caused by area sources. If the data is available,
diurnal variations in emission rates should be considered in the
app]icatidn of spécffic mbde]s to poinf and Iine.sburces. Appro-

priate point source models are discussed'in the Guidelines for
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Reviewing New Stationary Sources. (12) These models are gener-
ally accepted to be accurate within a factor of two. Basic
point source dispersion models are available through the National
Technical Information Service. (13) An appropriate line source
model is discussed next under the HIWAY model. Detailed discus-
sions of the Hanna-Gifford dispersion model are available from

various literature sources. (11, 14)

HIWAY Model

The HIWAY model, by Zimmerman and Thompson (15), is a line
source dispersion model. It is for mobile source pollutant
emissions along highways and streets, and is applicable only
to stable pollutants (CO and fine particulate matter) from auto-
motive sources. The model can be used to estimate.1-hour average
concentrations of these pollutants. By repetitively simulating
each hour in an 8-hour or 24-hour period, 8-hour and 24-hour
average concentrations of the pollutants of interest can be
estimated.

The basic formulation of the HIWAY model is

2
X =q 1 exp-1/2 Yy
- 76 (d)o (d) c
u y z y

dL

where X is the atmospheric concentration at the receptor

u is wind speed, m sec

-1 -1
e is the constant line source emission rate, g sec m
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o , 0 are the standard deviations of the concentration distri-
bution in the crosswind and vertical directions, meters;
they are dependent on atmospheric stability and on down-
wind distance (d) from sources to the receptor

A, B are the endpoints of the line source, meters
L is the length of the line source from point A to the ith
element of the line source, meters
y is the cross wind distance from source element to the
receptor, meters.

The model is applied to each lane of traffic which constitutes

the 1ine source to estimate the contribution to concentrations

at specified downwind distances. Concentrations can be calcu-

lated for any specified combination of meteofo1ogica1 conditions.
A basic input for this model i; the emissions in terms of

grams per meter per second for each lane making up the roadway

for each hour being considered. Due to the diurnal variations

in emission rates from automotive sources, emissions should be

appropriately varied with time of day. 1In addition, the length
of roadway, its width, and other physical parameters of the road-
way need to be specified. Meteorological inputs into the model
are stability class, wind direction and wind speed for the hour
of interest. The output of the model is 1-hour average concen-
trations at specified points downwind from the roadway. Concen-
trations estimated for each hour in a given sequence of hours
make it bossib]e to obtain 8-hour and 24-hour concentrations of

pollutants. The model is not readily applicable for estimating
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annual average concentrations.

To determine the impact of line sources in addition to
more generalized area source emissions, the HIWAY model can be
used in conjunction with the Hanna-Gifford model. The Hanna-
Gifford model is used to determine the impact of all other
sources in an area while the HIWAY model is used to determine
the impact of specific nearby roadways. The HIWAY model is
available from the National Technical Information Service. (13)
Predictions from the HIWAY model have been compared with field
monitoring data and the results indicate that this model has an

accuracy comparable to that of point source dispersion models.

Air Quality Display Model

The Air Quality Display Model (AQDM) is a long-term average
concentration urban dispersion model which is best used to deter-
mine the impact of a wide variety of stationary source classes
on annual average concentrations of SO and TSP. (16) The model
has been applied to areas with numeroug point and area sources;
and it has been validated and calibrated for these applications.

The model is based on the standard long-term concentration

equation:

X=2% I { 2Qf(0,R,N,)
S N oxP

’mc u 2nd 7
zZ'n

16
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where f(6,R,N,) is frequency during the period of interest that
the wind is from direction 0, for the stability
condition R, and the wind speed class n,
meters/sec.,
o 1is the vertical dispersion parameter at distance
(d) for stability condition R, meters,
u is the representative wind speed for class N,
meters/sec.,
H is the effective stack height for wind speed u,
meters.

The model is used to determine the impact of all sources
at a given receptor, for a given set of meteorological condi-
tions. It then wieghts this concentration by the frequency
with which that particular set of meteorological conditions
occurs and then sums over all meteorological conditions, thus
producing a long-term average concentration. Basic inputs to
the model are a comprehensive emissions inventory, including
both point sources and area sources; and the frequency distri-
bution of wind speed (6 classes), wind direction (16 cardinal
points), and stability class (Pasquill classes A-E) along with
an annual average mixing height. The AQDM can be used to esti-
mate concentrations at any specified point downwind.

When adequate point source information is not abailable,

a properly calibrated model could be used with only area source
emissions. However, it must be recognized that the reliability

of this model, or any other model, will be adversely affected
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by the assumption that all point sources can be considered in
the area source emissions.

It should be noted that the AQDM was originally developed
with the Holland plume rise equation for calculating effective
stack heights. A change to the computer program is now avail-
able for the inclusion of the Briggs' plume rise equation.

This latter equation is preferred, especially for large sources
such as power plants. The AQDM has been calibrated using
regression analysis techniques. In numerous applications of
the model a correlation coefficient of 0.8 or greater has been

found.
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Sampled Chronological Input Model

The Sampled Chronological Input Model (SCIM) is one of
several dispersion models which are applicable to both point
and area source emissions in urban areas. (17) These models as
a class are basically used to estimate hourly average concen-
trations of 502 and TSP which are emitted from stationary sources.
The SCIM specifically determines the frequency distribution of
1-hour concentrations. While this model does not specifically
estimate 24-hour concentrations, it provides a summary of all
estimated hourly concentrations. Thus estimates of concentra-
tions for averaging times longer than l1-hour can be tabulated.

The model is based on the standard Gaussian dispersion

equation:

X = Q exp 1 y exp

where all terms are as previously defined.

Like the AQDM, the SCIM accepts as input specific parameters
on point sources and area sources. Although the SCIM estimates
hourly concentrations, the emissions data used are annual averages;
thus there is no allowance for diurnal variations in emissions.
Limited tests with variations in emissions based on time of day

did not show a consistent improvement in concentration estimates. (4)

The meteorological data required are specific hourly data on wind
speed, wind direction, stability class and mixing height. The

model does provide the option of estimating concentrations for
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selected intervals, for example, every 3 hours, to lessen the
computational burden. A judiciously selected interval, which
insures that estimates for all times of day for a sufficiently
long period of time, will not adversely influence the frequency
distribution for hourly concentrations. The reliability of this
model has not been widely determined; however, application to
three cities indicates that the frequency distrubitions of 1-hour
concentrations estimated by the SCIM approximately reporduce the

observed frequency distributions.

APRAC-1A Model

APRAC-1A is a dispersion model which is applicable only to
line and area sources of stable automotive pollutants (CO and
particulate matter). The model can be used to determine 1-hour
averages of these pollutant concentrations, and it can also be
used to estimate concentrations for longer time periods by
averaging a series of hourly estimates.

APRAC-1A is based on a modification of the Gaussian disper-
sion equation. The basic input to this dispersion model is in
terms of individual street segments or line sources. The model
takes these segments and determines area source emissions from
these 1ine sources; these emissions are then combined with other
specified area source emissions to determine total emissions. A
method for determining diurnal variations in emissions is also
included in this model. These area sources are oriented in the
upwind direction. A logarithmic spacing of the area sources

allows nearby sources to be considered in greater detail than
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those further away since their individual contributions tend to
be merged during longer travel. Meteorological input to the
model is the same as with other dispersion models, namely, wind
direction, wind speed, stability class and mixing height on an
hourly basis.

This model also incorporates a street-effects submodel.
This submodel allows determination of the impact of localized
emissions and wind circulations on pollutant concentrations. It
basically takes the form of a box model with slightly different
methods for calculating concentrations on opposite sides of the
street. This difference is an attempt to reflect the impact of
complex wind circulation patterns which have been identified in
street canyons.

Detailed descriptions of APRAC-1A are available from
references 13, 18, and 19. This dispersion model has been
applied to St. Louis and San Jose, and the calculated concen-
trations compared favorably with observed data. In general,
APRAC-1A can be expected to have a reliability similar to that

of other dispersion models.

SAI Photochemical Model

The SAI model is a photochemical dispersion model. (20) It
not only considers the transport and dispersion of pollutants,
but also the transformation of HC and NOx into photochemical
oxidants (Ox)‘ It can be used to estimate the hourly concentra-

tion variations for CO, HC, nitric oxide (NO), N02, and Ox.
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The mathematical formulation for this model is considerably
different from that discussed for the other dispersion models.
This model uses finite difference techniques over a grid of area
sources to solve the classical equations of conservation of mass
which include local changes, advection, diffusion, photochemical
reactions and emissions.

The emissions input is specified as uniform gridded érea
sources, with hourly emission rates and their diurnal variations
being required. Meteorological inputs include hourly data on
the spatial variation of wind direction, wind speed and mixing
height. The model is capable of estimating for each hour an
average concentration for each area identified as an area source.
This model is most applicable when large amounts of data are
available for sophisticated analysis of a region. To date it
has only been applied to areas in California. (4)

The SAI model is considered to be one of the better photo-
chemical models currently available. However, its reliability

has not been thoroughly examined.

Climatological Dispersion Model

The Climatological Dispersion Model (CDM) is purposely
presented last because it was the simulation model used in this
research study. The CDM has been successfully used to develop
air quality estimates for Ankara, Turkey, St. Louis, Missouri,
and many other cities within the United States. Among various
existing models the CDM is generally regarded as the most

adequate, and it is widely used for existing refineries. (21)
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The CDM determines long-term (seasonal or annual) quasi-
stable pollutant concentrations at any ground level receptor
using average emissions rates from point and area sources, and
a joint frequency distribution of wind direction, wind speed,
and atmospheric stability for the same period. (22) The CDM
describes the spreading of a plume as it is transported downwind
from a continuously emitting source. The effects on each ident-
ified receptor for the observed combination of wind direction,
wind speed, and atmospheric stability are calculated with the
aid of a computer. The relative frequency of occurrence of each
such meteorological combination is then used to weigh the calcu-
lated concentrations. The resulting weighted concentrations are
summed over all meteorological conditions and all sources. The
plume is assumed to have a Gaussian distribution in the vertical
direction and a uniform distribution in the horizontal direction.
The resulting mathematical expression for calculating point and
area source contributions to each receptor is an unvariant
Gaussian (in the vertical only) equation.

The average concentration EA due to area sources at a

particular receptor is given by:

6 6
o %k(p) 2

Cp =16 251

5 O

¢(k,2,m)5(PsZ;U2st) d
w

Rt
nMo

m=1

where index identifying wind direction sector

>
i

I Q(p,0) do for the k sector
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b
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o
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emission rate of the area source per unit

Q(p,0)

time, grams/second

p = distance from the receptor to an infini-
tesimal area source, meters

© = angle relative to polar coordinates
centered on the receptor

2 = index identifying the wind speed class

m = index identifying the class of the

Pasquill stability category

¢(k,2,m)
s(p,z3 U,,P_

joint frequency function

dispersion function defined in Equations
3 and 4
Zz = height of receptor above ground level,
meters
U2 = represnetative wind speed, meters/seconds
Pm = Pasquill stability category

For point sources, the average concentration CP due to n point

sources is given by:

n 6 6
€, =16 = z > (k. ,2,m)G _S(p.,z3U,,P )
P Zr n=1 221 m=1 n nTttnrr AT m
Pn
where kn = wind sector appropriate to the nth point
source
G = emission rate of the nth point source,

grams/second

Pp = distance from the receptor to the nth

point source, meters
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If the receptor is preseumed to be at ground level, that

is, z=0, then the functional form of S(p,z; U P ) will be:

2 m
S(P,O;U sP ) = 2 ex 1 2
2 m P z h exp{-0.692p
~ 2 o (p) o (p) U T
Lz i z i g %

if ¢ (p) < 0.8 L and
z

S(p,O3U ,P ) = 1 exp{ -0.692p
2 m UL Ut
L L %

if o (p)>0.8L. MNew terms in Equations 3 and 4 are defined as
z

follows:

o (p)
Z

vertical dispersion function, i.e., the
standard deviation of the pollution concen-
tration in the vertical plane, meters,

h = effective stack height of source distribution,
i.e., the average height of area source
emissions in the kth wind direction sector

at radial distance p from the receptor,
meters,

L = the afternoon mixing height, meters,

T = assumed half life of pollutant, hours.
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The possibility of pollutant removal by physical or chem-
ical processes is included in the program by the decay expres-
sion exp (-0.602p/U T ).

LR

Although similar in many respects to the AQDM, the CDM is
a refined version of the AQDM with several distinct features.
In the CDM, area sources are calculated using the narrow plume
hypothesis applied for winds within a sector which involves an
upwind integration over the area sources. (23,24) Emission
rates at various upwind distances, using an expanding scale,
are average over an arc within the sector. A power law for
the vertical wind profile which is a function of stability is
used to extrapolate surface winds to the source height. Esti-
mation of effective height sources is by the Brigg's plume
rise equation. (25) The total concentration at each receptor
is the sum of 32 concentrations. These concentrations are
those from point and from area sources for each of the 16 wind
directions. The values are retained and are useful in plotting
direction contribution poliution rises. The computer computat-
ijonal time of the CDM is about 73% of that required by the AQDM.

The CDM is not without its shortcomings. Although the
model is conceptually quite simple, the superposition of the
effects produced by a complex distribution of pollutant emis-
sions under a complex sequence of meteorological conditions
quickly obscure the simple quantitative properties of the
model in the massive details of particular applications. Under

these circumstances, the numerical properties, that is, the
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relationship between model output and its numerous inputs, are
only poorly understood. (24) To gain a better understanding of
the CDM, it was subjected to an input-output sensitivity analysis
in 1972 by Turner, Zimmerman and Busse. (26) The results indi-
cated that the CDM gives a good estimate of the mean and maximum
concentration for SO , but somewhat underestimates the TSP con-
centrations, particu?ar1y the maximum. It should also be noted

that of the two more complex models (AQDM and CDM) tested, the
data indicated that the CDM yield better results.
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General Comments

Emissions inventory estimates are inherently crude and
subject to uncertainties. One shortcoming of air pollution
modelling in its present form is that a constant emissions
inventory is used even though significant variations occur
diurnally, weekly, and seasonally. The fact that diurnally
constant emission rates may lead to over-prediction of concen-
trations has been previously noted by Clarke (27) and Turner (28),
both of whom indicated the need for lower emission rates at
night.

Another possible source of error may be in the meteorological
data used in air polliution modelling. Most meteorological data
is collected at a nearby airport weather station, with the
assumption that this is roughly representative of the urban area
being modeled. This meteorological data may be a poor indication
of the urban meteorological conditions, and particular caution
should be exercised in applying models to locales where the
topography is complicated. Finally, the method for estimating
mixing depths is not exact. Better modelling should result when

data based on actual atmospheric soundings can be utilized.
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CHAPTER I1I- METHODS AND APPROACH
In order to apply the CDM to the study areas, various parameters had
to be determined and data collected. This chapter explains in detail the
various methods and approaches to data collection, CDM calibration, and

CDM output with respect to each phase of the study.

STUDY AREA

In this research project, two areas of the city were designated as the
study areas. In the beginning of this research study political as well as
community concern was being expressed about the quality of air in a 2.8
mile by 4.7 mile area around the New Orleans Grain Elevator. As a result
of the political interests, this smaller intercity area was incorporated in
the CDM study in order to provide statistical comparisions on particulate
matter (TSP) with the other CDM study area. The Mew Orleans Grain Elevator
study area is shown in Figure 2 and 3.

The other CDM study area.is the entire New Orleans SMSA which encom-
passes the 18.9 mile by 24.6 mile metro area. This area includes the city
of New Orleans as well as the surrounding suburban areas both industrial
and residential. The New Orleans SMSA study area is shown in Figure 4.

In order to apply the CDM to these areas of the city, a rectangular
grid array of uniform-sized squares was used to overlay the regions of
interest. The main purpose of this grid is to catalog the emission inven-
tories by area sources. A total of 60 grid squares (6 X 10) was used in the
New Orleans Grain Elevator study (NOGE) and 520 grid squares (20 X 26) was
used in the New Orleans SMSA study (NOSMSA). For the NOGE study, each
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grid square is 762 meters on a side, and for the NOSMSA each grid is 1524
meters on a side. The locations where each grid line of an array crosses
another grid Tine is called a receptor. The model allows the user to choose
additional réceptors anywhere in the study area by designating the proper

X and Y coordinates of the location of interest. The receptors have assigned
X and Y coordinates and the CDM will calculate TSP concentrations for each
receptor. The origin of each overlay grid is located in the lower left-hand
corner of the array with the X-axis pointing toward the east and the Y-axis
pointing toward the north. With respect to the map coordinates of this
region, the NOGE study has its origin at X-coordinate 775.24 and Y-coordinate
3310.82, and the NOSMSA study has its origin at X-coordinate 761.68 and Y-
coordinate 3298.4.

" DATA COLLECTION

Meteorology

Certain meteorological parameters are necessary input for the CDM.
Wind direction, wind Speed and a stability category are funnelled together
to form a joint frequency function ¢ (K,2,m). This function gives the joint
frequency of occurrence of a wind direction sector K, a wind speed class L,
and a stability category index m. There are 576 entries in the table for
the joint frequency function. This number of values results from 16
different wind vectors, six wind speed classes, and six stability classes
used in determing the frequency function.

Weather observations are taken hourly by meteorologists of the National
Weather Service at Moisant Airport in New Orleans and forwarded'to the

National Climatic Center (NCC) in Asheville, North Carolina for compilation




_— - = e e . CDM VERSION 74114, RUN _ 1 .. . e— . . . oo e « - c———
Ul . v2 U3 U4 vs vé
| __ SECTGR _ _ . . ——— = o+ aermerrn ann  reree e b e . - .. . oot somems e
I .. ———— . THE JOINT FREQUENCY FUNCTION FOR STABILITY CLASS_ 1 S
1 «1095600-02 ' #272000-02 .000000 .0cocao . G0000C 028060
T2 «177000-02 «204G00-02 T~ "7 .o00000 77" 77T °° ,000G600 TC 7 UTC .C60000 co .053c00 Bt
. 3. __ ... e210C00-03 «630000-03 «000000 «00GC0C0o .GOGLO0 «5CS850
g «S40CG0-03 e136600-02 "7 T 77T 000000 ° 7T T T LGOGLOGO T TTTT T ,COUCSe 000000 T Tt
5 +CCOCO0 .000G30 _ «00G200 «00CCGOo .0CL 0D «CCCCCO
[ +500C00 Y 7 11+ 17 T «1+1 ¢ 11+ DY 1 1 /1 o] /1 + DR 11 ] f+] R it vis fv =
LT _ . e273C03-03 +£8G0G0~03 «0000G0 «0000C0 «G0SCCE N o]}
8 »CC0000 - «000500 77T TTTT TLo00300 VT 7T T,oppces T T T.Cou0uC : o50CSC0 T T T
| 9 . «95C000-03 _ «LC5C00 __ «D000CO «00coco +COUOGO «00CEC0
10 +C0UCOD .0Ccocce T .pocou0 TETEEETT L000008 T 7T T L, LouGeh T «000CCG " T
| 11 .000C50 . _.. eGOOTOD ___  .C000UD +5OCCO0- «0pGCCE «00CCC
12 205000 - .GC00COo 000000 TTTTTTTTTTTT UYL 000600 TSN ,60uC08 0 TTT T T 46050307
| _ 13 l.273C00-03 «6603C=03 +0060G0 .000360 «COG0CC #LC0200
1% +GJ0Co0 +C0GOCO RN + T+ 11+ 1Y S Y o 17 ) o] « B Y o1 IV foo Y o1 ] o¥<oF « S e
15 Y1111 I «G000G0 B ~0003GOo boceco «C0G a0 «6CCOC0
16 +955CC3-03 +006090 TUTTTTegoLocd 7T 7T LGguccs T T +COUDGO T T oeg@gteg T T T
.
R TErTm T THE JOINT FREGUENCY FUNCTION FOR STABILITY CLASS™ 2° ot o o -
L3 T #224600-02 - »105700-01 -~ T T e108700-01 TTTTTTT .p0GCGO “= ,00GG0oC . «0CG3SC0 C e e
2 «190000-03 «122300-01 «6110060-02 .G2aCLo .0oooGo +GS0SG0 :
T3 T T T 4770C66-03 e543000-02 ~ "7 L543300-02 " T7CCTUTT L,008C00 U C 0 GeuGGO . «LGCACC = e
§ . «820C52-03 «679G00-02 «4760G0G~02 .G3LCO0 .00350C «GCCEa0 )
5 «730000-03 77T 272000-02 T «68G0Y0-C3 T T T ,0000G0 TUTTTTTTTTLGOGEGE 7 T ,008000 - —
6 «450030-04 «272000-G2 .GOLCGO +000Cco «CCuCOC .CCCOGO
R T «700500-03 =~ «680C00-03 ~ ™ T L1360G0-02 TTTTTTTTTT LGOCCLE T T L DCOCGO ARSI+ £ Y odofs e Bt
8 ' «20G6C0-04 «136000-02 «600050 .0060Co «CCL000 $ 300288
T TTCotoL212000-02 7 ¢34C000=02 = " TTTT L1360G0=-02 7 TTUTTTTTTT LLHCOCO T TTUTTTTYTUTT 4 COGCCO e o 0CCLED  mmereee——
10 «735650-03 «272000-02 «204000-02 »G0CGGA «LOLLGO .CCCTC0
Tl T T MG eG0-03 == 340600 =02 T T 68006053 ==, 0040 G O T e B05 000 T <= === 070000 -
12 «300500-04 «204600-02 «6800GA-03 .boceco «GCUGH3 «06CC00
T 33 T T Tt .sCotee-o04 © #543000-02 U TTTTTTT L406000-02 T TTTTTTTUTUULGOGC00 T T 4 GCALG0 ISR Y + ¥+ Yof+} v] « Bttt
__1sa +142CC0-02 «272500-02 «34G0C0~02 »00C000 »GO3GI0 +GT OGS0
15 T TTTT.213060-02 T 777 L.408000-02 U777 L005000 TTTTTTTTTLGO0GGCO TUTTTTTTTTTT L GooGOO T 008860 T T
16 +354000-02 __~ _  +61100C-02 _ e543000-02 #5000 «0000G0 «G0C0Aa0
e . THE JOINT FREQUENCY FUNCTION FOR STAGILITY CLASS 3
1 «540003-03 +408000-02 «108700-01 +2040G0=-02 . +C0uCOo0 +COGCCOo
2 “+360C00-03 i 0272000=02 =~ "TTTTTTTUL543000-02 TUTTTTTTTTTTL,136050 02 T 7T oGCEGEOC T Tttt 7, 000300 C e
3 «270000-03 . «204000-02 - «1155G0-01 +204600-02 © +UCLC00 «CCCG03
4 «270000=03 ~ 7 7777 L204000-027 T 5430G0-C27 i e204CCO=027"""T 7T T LG0GOGE TTT TTTTTTTT T L050000 T =
5 «270C00-03 «204000-02 +543000-02 +D0GOCO «COu000 «0GLCo o
U6 T T 4050000 L UOGOCO  "7TTTT T 20400002 T TN LGOL000 Uttt 4LOdC3GC 0 vt +885030 Q- -—
7 «1£3C00-03 «136G60-02 - +272000~02 +136060-02 «00200C «00GCGC - ¢,
I +GCOG00 : «0000C0 ~ TTTTTTTL,264000-02 T T ,680006-03 77 7 «0600G0 I oOCCCO0 * ~WD === ===
9 .. +360G600-03 . e650G600-03 . +611000-02 +204000-02 «00LG00 .GC0280
10 +360500-03 T .2120680=027 - .136000-G27 egQUCLO < TTTTTTTTTT ,goucot T TTTTTTTT T L4pcoco '
11 +GOGCO0 .G000Lo +340000-02 .000000 «500000° «00C500
7127 7 77 .963003-04 T .b680000-03 TUTTTTTTTTL204p60-02 T T 68000003 77 0 Tt 4 GOUA00 vttt LBOC600 v e wemee
|33 | ___ 285000-02 3 e405000-02 ) «136000-02 = ,136000-02 «50GG00 «0GGCO0
14 «113600-02 - «272000+02 +204000-02 2000000 . eGDOCOOD __ _ _ e0OGCOO
TS T TL122000-02 T T «346000-02 T T TT476000-02" T T 4686000-03 T .Conpoo : +0UC000"

& . . . .“soouo-os . .3“““"’:"""? LR NN Y B E




’

. COM_VERSION 74114y RUN __ 3 _ N i oL . -
I et S NEESAON 03 A R Y e eme e ey -
SECTOR e e e o e e e e i - . e eam e e e o §
THE_JOInT FREQUENCY FUNCTION FOR STABILITY CLASS & ————— :
1 «020C00 «543000~02 .815000-02 «40LC0g=02 .006000 «0006C0 :
T2t T T 100200 - bLT9L0C=02 T UTTTTT L6BS0G0=-03 7T T LLBUDBG=03 TN T L, 003 gu0 s LG00DS0 -
3 «U03009 «136000-02 +611000-02 +403C00-02 + 00U 000 «50CC00 :
§77TTTTT T ,683000-03 ¢34C000~62 ~ 77T TTTe348050-02 TTTTTTTTT 440866062 77T 4 GOUGGO T eG3GGC0 TTTTT T L
S «6535000-03 - +2043C0-02 . 2204000~02 . T4T70U0-02 +00C0CUD «LCCGCa
e .C05c00 T T 44 80C00~03 T 6e 605003 T e GHGEI=02 T L68ULCLO~03 T L5O0CCO
T . _ ... edGcCGO 220400C-02 _ _ +5110G0-02 _ «I4L0G6=02 « 06600 +0JGC00
8 «LCGCGO «GOUGOO e8150G0-02 ~ T T .272060-C2 T 7 L00LCGO T oegfgG3C T T T
9 ____. .. e083cCG0 . o5U33U0-02 | __ eb7%COD-02 ___ ,6130G0-C02 «6806C0-C3 «0CGECCO
130 «C0GCO0D «204C0C =02 0 E0GC-02 : e130LCCO-02 .60acuD LCCCLng Tt e e e
11 +0OCOLY . +40b0C0~02 _s2gch000-02 «136000-02 «GCLOGO «LCCCG0
127 .C0cceo »L0G000 22040G0-02 T TL.2040060-02 TTTTT T L 60CCLA ST T.638c00
13 _ . eCsacco \. ... e20u0gE-02 _ __ _ +6EUIGO-C3 ¢272000-02 + GGG OGO «CCCCCO
14 «50CCCO : 013420002 TULebpoch=-0% T T L60L0G0 - "+ O0UCLE - eQOCCCO = T T TTTTTTTT
15 «50%¢cco «204050-02 «1356050-02 «13,£00-02 «b68CLCUD-03 2508220 _
15 «009C00 #136g00~02 543000-02 T T ,27:C00-02 +68GC0GC=03 - o«GLOCOC T T T
- T/ THE JOINT FREQUENCY FUNCTION 'FOR STARILITY CLASS™ B Tt
R S «74GC00-03 - T #660000-03 T TTTTTTM129100-01 TUTTTTTL543000-02 8 T oGOGCOO «G20CCO - T -
‘2 «tC3C00-CH «136G06-02 .136030-C2 «40§000-02 +CCLCU0 «00CC00
3 +C0GCCO T WLUS000 T L515050-02 T 47605002 T .G0UGCTO . «GOOGGY *r e e e
4 «145000-02 «6800G0-p3 «611000-02 «476CC0~D2 «GCOGC00 .DCCSCD
3 T W 77CC00-03" T T L136060-02° T .272000-02 $34GE00-02 =TT L G6G6S0 0 T T L0063SSe
6 +330C00~C4 eLB00GO-03 «3430G0~02 0204CCO=02 «GCOCUO G505
7 TTTTTT L 3C00GO-C4 eLBL300-33 "TTTTTTTTT L011080~02 T 466500003 T TS © L,CCOCGO - Ut L8Lgsgy v rm—m—m————
8 «303CC0-04 «6830C60-03 2675000-02 - «136660-02 «00ULCGSE +05GGC0
9 «0065609 «G0G000 ST L.815000-02 T L,BRBOCO T T ' 4 GGOCGO me ot 4DECCEL T m memmeme———
10 »000CCC «LC0J00 «272000-02 +5CL0D00 «06u 050 .coucace
31T TTTTLL000C0 T L680G00 «340050~02 """, C0CNEC ~ === GOCCS0 Tt <~ .003CC
12 «300CC0-GC4 «680000-03 +272000-62 «136050-02 «C0GCAG .CCOCCO
13- & ©145000-02 =ttt L6800C0-03 T T TTe136005-02 T, G0GC0O00 e e=s o L000000 #GTCOG0 T T mem—
14 «600000-03 #204C00-02 «2040C00-02 «GOLCGY «G0GCO0 +000CG0
15 - «300003-G4 TTTTT W6B000Q-03 T T T 420400002 TUTTTTTTTTTT 413600002 T 7T T U 400G RGO - - s080L00 ot v
16 ...sbocococo _e000000 +272000-02 _+344CD0-02 +0000G0 +500000
e e THE JOINY FREQUENCY FUNCTION FOR STABILITY CLASS 6
1 +1871C0-01 «122300-01 ¢115500-01 «00C000 +C00CCOo «GCOCA0
L2 T TTTW339600-02 TTUTTT T L6110G60-02 77T T L340000-02 77 " 00C000 ~" 7 7T L,COLCDO USRI +f o] e1+] ] S s me———ae
.3 +914C00-02 «615000-02 - +204000-02 «000000 «GOU OGO +LO0CG0
T4 “e9lUCg0=02 T TTTTTTTTTLE15D030-027 TN, 272060 .02 T L, BCB0GO ———"-.C0SC00 ~ — "=—=====-,000C00 s
'S «219C00-01 ¢135900-01 «136000~02 +00CC00 003000 +G0CCO00 &
Lo "7 Le41C00-G2 TS Tt G615060-02 UTTTTTTST L136000-62 T 4 S60CGO ot~ GCOGG0D T 030000  -n e e oo
? e 6UUCO=-C2 «1563060-01 «543000-02 -00C0G0 .CC0Cs0 «868500
8 T o461C00-02 77 7 413890p-01 T «8830C0-02 TTTTTTTTT L0060G0 T T L,00LC0C .GCCC00 = & e
9 «622C00-02 «153430-01 «4706000-02 » 000000 «GOG00G « 500000
10 e 737600-02 T T +190200-01 $21720060-02 “eQCGOG0 TN 04 G0GG60 T TN LGO0GGLE
11 «130360-01 «142700-01 «13:060-02 +8000GD «00GCo0 «0005C0
12 T T e125600-01 T L 183400-01TT TN 2720000277 T 7 ,0060D0 Tt T 6000 - 000000 = e ce-e—em
13 . _._e31n00-01 38726001 .680000-03 +006000 +063000 +000000
14 . els2000~01 «101900-01 «204000-02 »003000 +0000G0 .00C0C00
15~ «889000-02 "7 77T L476000-027 "~ «680000-03 T aoe000 T T TTTTTTTTTT 0006000 T T T T, 0C00000
‘16 . _ _ e661003~02 .3unnnn-n> ve omme en :




Page 41

and tabulation. The weather data collected at Moisant is representative of
the meteorological conditions of adjacent comunities within our study areas.
The Day-Night version of the NCC program called STAR gives the proper form
of the joint frequency function which is used directly as input into the
CDOM. The joint frequency function is shown in Table 3.

The stability classification of the Day-Night STAR program differs
from the original STAR program in that the Pasquill-Gifford stability class
4 has been separated into two classes, 4 and 5, representing neutral (P-G
stability class 4) daytime conditions and neutral (P-G stability class 4)
nighttime conditions, respectively. In addition, in the revised program the
remaining nighttime Pasquill-Gifford stability classes (5 and 6) are lumped
into class 6. The relation between the Pasquill-Gifford stability classes

and those used in the Climatological Dispersion Model is shown in Table 4.

TABLE 4
PASQUILL-GIFFORD AND CLIMATOLOGICAL DISPERSION MODEL STABILITY CLASSES

Pasquill-Gifford Pm
1 1
2 2
3 3
4 daytime 4
4 nighttime 5
2} 6

The wind speed U for the various weather bureau classes (Table 5 ) is
taken as the central wind speed of the class. It should be noted that the

central wind speed of the lowest wind speed class was arbitrarily taken as

—




1.5 meters per second.
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This means that 1ight winds reported in the first

wind speed class were rounded up to this value, since most operational wind

instruments do not sense lowwindspeeds accurately. Operational wind instru-

ments are designed for durability and also to withstand exposure to strong,

gusty airflow. For these reasons, most wind sensors have a high starting

speed, which can lead to the erroneous reporting of light winds as calms

(Truppi, 1968).

TABLE 5
CENTRAL WIND SPEEDS

Wind Speed Class

Speed Interval, Knots

Class Wind Speed, m/sec

NGB

0 to 3

4 to 6

7 to 10

11 to 16

17 to 21
> 21

1.50
2.46
4.47
6.93
9.61
12.52

Wind Profile

To account for an increase of wind with height above a height of 10

meters (anemometer height) to the level of emission, a power law relation of

the form

U(z) = Uz(z/zo)p
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is used in the computational program. The exponent p, as determined by

DeMarrais (1959), depends on the stability class and is given in Table 6.

TABLE 6
EXPONENTS FOR WIND PROFILE

Stability Class Exponent (p)

0.1

0.15
0.20
0.25
0.25
0.30

O hHh WN -

Mixing Height

The magnitude of the mixing height undergoes considerable diurnal,
seasonal, and annual variation. It is impractical to account for all such
variations in detail. Nevertheless, some recognition is given to changes

in the magnitude of the mixing height by assigning values to different

stabilities according to Table 7.
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TABLE 7
MIXING HEIGHT

Stability Class Mixing Height, Meters

1 1.5 x HT

2 HT

3 HT

4 day | HT

4 night . (HT + HMIN)/2

5 HMIN

6 HMIN

In Table 7, HT is the climatological mean value of the mixing height as

tabulated by Holzworth (1972) and HMIN is the nocturnal mixing height.

Stability Classes

The Tower layer of the urban atmosphere is generally more unstable than
is the corresponding adjacent rural atmosphere. To account for this, mod-
ifications have been made to the stability class applied in the calculation
of concentration from area sources. This modification consists of decreasing
the stability class by one class with the exception of P], which is unaltered.
This correction is not applied to point sources.

During the night with a surface inversion condition and a rural class
stability of P5, the neutral stability class P4 is assumed for both point
and area sources. Otherwise, there is no modification of the stability

classes applied to point source calculations.
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Dispersion Functions

An analytical approximation to the curves of Pasquill (1961) and Gif-
ford (1961) for the vertical dispersion function oz(p) is made by using

an empirical power law in the form

b
P

The parameters a and b for various stabilities and ranges of distance p are

o,(p) = a

given in Table 8.

TABLE 8
PARAMETRIC VALUES FOR o, (p)

Distance, Meters

100 to 500 500 to 5,000 5,000 to 50,000
Stability Llass a b a b a b
1 0.0383 1.2812 0.2539x10"° 2.0886 - -
2 0.1393 0.9467 0.4936x10") 1.1137 - -
3 0.1120 0.9100 0.1014 0.9260 0.1154 0.9109
4 0.0856 0.8650 0.2591 0.6869 0.7368 0.5642
5 0.0818 0.8155 0.2527 0.6341 1.2969 0.4421
6 0.0545 0.8124 0.2017 0.6020 1.5763 0.3606

An initial value of the dispersion function oz(o) is used in the pro-
gram to represent the vertical dispersion created by the roughness of urban
topography (buildings). For area sources, it is possible to input a dif-
ferent value of initial o, for each stability class, that is, six different

values. Normally, however, and as shown in the illustrative example, the
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same value (30 meters) is used for all stability classes.

The value of initial g, for point sources has been made a function of
the height of the stack above the ground. For stacks at ground level to
20 meters above the ground level, initia]'oz is assumed to be 30 meters.
For stack heights between 20 and 50 meters above the ground level, initial
o, is decreased linearly according to the equation

oz(O) =50 - H
_ where H is the stack height in meters. For stacks 50 meters above the
ground or higher, the value of initial g, is zero.
Plume Rise

There are provisions in the program for the user to have a choice in
estimating the plume rise. The first option makes use of the "2/3 law" due
to Briggs (1971). The formula is given by

sh = 1.6F /3yl p ¥3 3 5%

and
ah = 1.6F /3yt (3.5x%)2/3 >3 5xx
x* = 14F /8 5 F < 55
x* = 34F 2/5 3¢ F > 55,

where Ah = plume rise, meters

- oy R 2
F=gVRS (T - T )/T)

acceleration due to gravity, m/sec2

g =
Vs = average exit velocity of gases of plume, m/sec
Rs = inner radius of stack, meters

Ts = average temperature of gases in plume, %

T, = ambient air temperature, %
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u

wind speed at stack height, m/sec

p = distance from source to receptor, meters
As suggested by Briggs, p/X* was not allowed to exceed the 1imiting value of
3.5.

For the other option on plume rise, the value of the product of the
average wind speed and the height of plume rise may be used. This option
permits no variation of this product with distance from the stack and the
magnitude of the plume rise is at the discretion of the user. The afore-

mentioned interrelationships can be seen in the User's Guide for the

Climatological Dispersion Model.

Emissions Inventory

The air pollutant emission inventory forms the basis of making an
assessment of air quality management problems in any study area. For the
purposes of this study, pollutant sources were separated into point sources

and area sources.

Point sources

In both the NOGE and NOSMSA, 66 major point sources were used which
combined for 498 individual point Sources. The CDM considers each stack at
each company as an individual point source. This point source emission
inventory was obtained by surveying the 1975 updated inventory files of the
Louisiana Air Control Agency. The 66 major point sources are shown in
Table 9.

In order to run the CDM, specific data is required as input into the

dispersion model. For a point source the following minimum data are
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POINT SOURCES IN STUDY AREA

New Orleans Publié Grain Elevator

Celotex Corporation

Nitional Gypsum Co. (Tchoutitoulas St.)
Allied Chemical Corp.

Witco Chemical Corp.

Continental Can Co.

Continental Grain Co.

Southern Johns-Manville Products Corp. (4th St.)
Kaiser Aluminum and Chemical Corp.
Avondale--Standard Paint and Varnish Division
Avondale--Stan-Blast Division
Avondale--Westwego Yard

Avondale~-Main Yard

Seventh Street Incine;ator

-Gulf States Asphalt Co.

National Gypsum Co. (Louisiana St.)

Amerada Hess Corp.

Jouisiana Power and Light Co. (Ninemile Point Steam Electric
Station)

American Sugar Co,
Tenncco 0il Co.
Murphy 0Oil Corp.

New Orleans Public Service Inc. (A.B. Peterson Steam Electric
Station)

Florida Avenue Incinerator

Equitable Equipment Co.



Point Sources TABLE 9 Continued

Page 2

New Orleans Puhlic Service Inc.

Page 49

(Michoud Steam Electric Station)

Southern Johns-Manville Products Corp. (North Galvez St.)

‘Publicker Chémical Corp.

Bol Bros. Construction Inc.
American Cyanamid Co.

Amax Nickel Refining'Co,

T,L. James Co.

Lambert Industries

Jimco Inc. (Airline Hwy)
Simonson Bros. Construction Co.
Air Products and Chernical Inc.
Touisiana Cement

Gulf Soap Coxrp.

Dockside Floating Elevators
Sewerage and Water Board of New
Plexco

Jimco Incl (Paris Road)
‘Standard ‘Brands Inc.

Folgexr Coffee Co.

Jacat Corn.

Algiers Incinerator

New Orleans East Incinerator
Hobson Galvanizing Corp.

St. Louis Street Incinerator

Oronite

Orleans (Power House No. 2)
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Dresser Industries Inc.

American Standard Inc.
Avondale-—Service Foundry

lone Star Industries

Owens--Illinois Inc.

U.S. Gypsum Co.

Radcliff Materials Inc,

Carlo Ditta Inc.

American Can Co.' (North Cortez Street)
Zonolite Co.

‘New Orleans Asphalt Plant

- New Nrleans Public Service (Market Street Steam Electric Station)
AMF Tuboscope

Jahncke Service Inc.

R.E. Schanzer

American Coffee

'Dixie Building Materials
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required: pollutants emitted; source emission rate; physical stack

parameters such as stack diameter, stack height, stack exit velocity and
stack exit temperatures; and location of the source in appropriate grid
coordinates. The data collection form used in this research is shown in

Table 10.

Area sources

A11 source emissions that are not included in point source emission
inventory are usually attributed to area sources. Area sources include the
multitude of minor sources whose small emissions make them impractical to
consider as individual point sources. Such area sources are typically
treated as a grid network of specific area, with pollutants emissions dis-
tributed uniformly within each grid square. Cohmon]y, emissions from such
sources are prorated over areas of one to one-hundred square kilometers,
depending on the available detail of emission data and desired refinement
of modeling results. Required area source information would be (1) types
and amount of pollutant emissions, (2) the physical size of the area (grid
square) over which emissions are apportioned, (3) a representative average
stack height for the area sources, and (4) the location of each area source
or grid square in the modeling analysis area.

For this modeling study the most current area source emission inventory
for each parish was obtained from EPA in the National Emissions Data System
(NEDS). The area source emission inventory (NEDS Data) was brought up to
the most recent time period for which adequate data was available. The
updated NEDS - Area Source data for each parish is shown in Tables 11, 12,

13, and 14. Additional summarization can be found in Chapter IV, Page 105;
Table 22.
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In order to utilize the updated NEDS - Area Source data, the individual
parish-wide emissions had to be disaggregated and appropriately allocated
(as emissions) to smaller areas to provide an adequately detailed input for
CDM.

The CAASE programs (CAASE 1 through CASSE 5) with associated subroutines
and offline procedures provide an objective method for allocating parish-
level data to grid squares selected on the basis of demographic features
and sized to give appropriate detail for input to air quality modeling pro-
.grams. CAASE is an acronym made up of the first letters of Computer Assisted
Area Sources Emissions Gridding Procedures.29

The objective of the CAASE method is the improvement of the character-
jzation of area sources. Basic data for the determination of area source
emissjons seldom, if ever, are available for geographic or political units
or areas smaller than the parish, or in some casses, the large city which
functions poiiticaily independently of the surrounding parishes. These basic
data (NEDS-AREA Source) are in the form of, for example, annual fuel con-
sumption, by fuel type for residential, for commercial and institutional and
for industrial heating; acreage burned by forest fires; landing-take-off
cycles for military, for commercial and for civil air craft; gasoline or
diesel fuel consumed by light, heavy and off-high vehicles, or vehicle miles
traveled by road classification, etc. These data can be converted to poll-
utant emissions by the application of appropriate emission factors.

The geographic size of a parish, however, is too large for practical
use in simulation models for AQCR's. Logical procedures are required for

distributing the parish totals basic data or derived emissions data to

smaller areas. Further constraints imposed by the simulation models require
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that these small areas be squares, although they need not be of uniform size.
Various criteria have been proposed as basis for selecting the sizes and
distribution of the emission area squares. Urbanization, land use, housing
counts, and population have all been used subjectively to grid AQCR's into
emission area squares (hereafter called grid squares) and subsequently to
apportion parish totals of pollutant emissions into each grid square. In

general, the philosophy followed has required that urbanized or industrialized

portions of the parish or AQCR be gridded into small squares to provide for

detailed representation of concentration of pollution sources. Conversely,
rural areas with few pollution sources are adequately represented by large
grid squares. Essentially, application of this philosophy results in appor- ’
tioning county total emissions to grid squares according to subjective esti-
mates of the distribution of population. Since air pollution derives from
human activity this procedure provides a reasonable approach to developing
area source emission distributions.

The development of the CAASE programs began as an effort to reduce the
subjectivity inherent in distributing population into pre-seiected grid
squares. Success in this effort would concurrently reduce the time and
effort required to complete the area source emission distribution.

The Bureau of the Census of the U.D. Department of Commerce has prepared
a modified Master Enumeration District List (MEDList) which includes, in
addition to the district identification, population count, housing count,
etc., the geographic coordinates of the center of area of each of the
enumeration districts. A computer plot of these popuiation centers, coded
to graphically represent population count used in conjunction with U.S.

Geological Survey maps providing topographic and terrain features, furnishes



Page 59

a relatively detailed information base for constructing a parish grid square
system.

In both study areas, the grid squares system was fixed at 762 meters
(NOGE) and 1524 meters (NOSMSA) on a side. Since off-line gridding is done
in the procedure steps between the execution of CAASE 2 and CAASE 3, only
CAASE 1, CAASE 4, and CAASE 5 programs were used in the research study.

CAASE 1 strips the MED-X* census tape files for all of the enumeration
district population entries for all parishes in the Air Quality Control
Region (AQCR) being processed. CAASE 1 also converts the coordinates of the
center of each enumeration district from latitude and longitude (in degrees)
to Universal Traverse Mercator (UTM) coordinates which are used in disper-
sion modeling programs. CAASE 1 also writes tape files to be used as input
to the CAASE 2 and the CAASE 4 programs.

Since the grid square system is fixed and grid description cards have
been prepared, the next step in the procedure is to use the CAASE 4 program
which assigns apportioning values to each of the grid squares. For each
area source enission category included on the area source input form, an
apportioning factor has been assigned using objective data when possible.
The area source emissions category numbers and their objective apportioning
factor are shown in Table 15.

CAASE 4 program logic has been written to permit the user to subject-
ively override any of the objective apportioning factors. The actual

apportioning factor for each source category used within the program, is

*Master Enumeration District Listing extended with geographic coordinates

(MED-X).
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CATEGORY MAJOR MINOR OBJECTIVE
NUMBER CLASSIFICATION CLASS{FICATION APPORTIONING FACTOR®

1 RESIDENTIAL FUEL ANTH. COAL HOUSING UNITS

2 RESIDENTIAL FUEL BITUM. COAL HOUSING UNITS

3 RESINENTIAL FUEL DIST. OIL HOUSING UNITS

4 RESTDENTTAL FUEL RESID. OIL BOUSING UNITS

5 RESIDENTIAL FUEL NAT. GAS HOUSING UNITS

6 RESIDENTIAL FUEL 100D BOUSING UNITS

7 COMM'L & INSTITL FUEL ANTH. COAL POPULATION

8 COMM'L & INSTITL FUEL BITUM. COAL POPULATION

9 COMM'L & INSTITL FUEL DIST. OIL POPULATION

10 coM1M'L & INSTITL FUEL RESID. OiL POPULATION

11 COMM'T, & INSTITL FUEL NAT. CAS PORPULATION

12 COMM'L & INSTITL FUEL wooD POPULATION

13 INDUSTRIAL FUEL ANTH. COAL POPULATION

14 INDUSTRIAL FUEL BITUM. COAL POPULATION

15 INDUSTRIAL FUEL COKE PCPULATION

16 INDUSTRIAL FUEL PIST. OIL POPUTATION

17 INDUSTRYAL FUEL RESID. OIL POPULATION

18 INDUSTRIAL FUEL NAT. GAS POPULATION

19 INDUSTRIAL Y¥GEL WOoD PCPULATION

20 INDUSTRIAL FUEL PROCESS GAS PGPUTATION

21 ON~-SITi INCINERATION RESIDENTIAL EOUSING UNITS

22 ON-SITE INCIMERATION INDUSTRIAL FOPYLATION

23 ON-SITE INCINERATION CcoOMM'L & INSTITL POPCLATION

24 OPEN BURNING RESIDENTIAL BOUSING UNITS

25 OPEN BURNING INDUSTRIAL POTUTATION

26 OPEN BURNING COMM'L & INSTITL BOPULATION

27 GASOLINE FUEL LIGHT VEHICLE PUTULATION

28 GASOLINE FUEL HEAVY VEHICLE POPULATION

29 GASOLINE FUEL OFF HIGHWAY 1/70SULATION DENIITY
30 DIESEL FUEL HEAVY VEHICLE POPLTATION

31 DIESEL FUFL OFF HIGHWAY 1/P0PUBLATTION DENSITY
a2 DIESEL FUEL RAIL LOCOMOTIVE GRID SQ. SIDE LENCTA
‘33 AYRCRAFT MILITARY ARZA )

34 AIRCRAFT CIVIL AREA

35 AIRCRAFT COMMERCTAL AREA

36 VESSELS ANTH. COAL GRID SQ. SIDE LENGTH
37 VESSELS DIESEL OiL CRID SQ. SINE LENGTH
38 VESSELS RESID. OIL GRID SQ. SIDE LENGTH
A9 VESSELS GASOLINE GRID SQ. SIDE LENGTH
40 EVAPORATION SOLVENT PURCHASED POPULATION !

41 EVAPORATLON CGAS MARKETED POPULATION

42 MEASURED VEH MILES LIMITED ACCESS RDS 1/POPULATION DENSITY
43 MEASURED VEHR MILES RURAL ROADS 1/POPULATION DENSITY
(X4 MEASURED VEH MILES SUBURBAN RDS POPULATION

45 MEASURED VEYH MILES URBAN RO:DS POPULATION

46 DIRT RDS TRAVELED 1/POPULATION DENSITY
47 DIRT AURSTRIPS 1/POPULATION DENSITY
48 CONSTRUCT LAND AREA AREA

49 ROCK MANDI.G & STORAGE AREA

50 FORFST FIRES AREA-ACRES 1/POPULATION DEMSITY
51 SLASH BURNING AREA-ACRES 1/POPULATION DENSLTY
52 FROST CCONTROL ORCHARD KEEATERS 1/POPUIATION DENSITY
53 STRUCTURE FIRES NO. YEAR POPULATION
"84 COAL KEFUSE BURNINGC SIZE OF BANK AREA

TABLE 15  AREA SOURCE EMISSIONS CATECORY NUMBERS

®Fach of the above apportloning factors is multiplied by a weighting factor vhere some
are initlalized as zero for all grid squares and some are initialized as 1.0 for all
prid squares. These initial weighting factors cam be overridden with input datd if
desired.
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the product of a weighting factor and the assigned objective factor. This
allows the user to override the programmed (or objective) apportioning
factor within any particular parish (or parishes) if information to do so
is available. The output of the CAASE 4 program includes binary tape files
which are used as input files to the CAASE 5 program. CAASE 4 output files
contain, for each grid square and source category combination for each
parish, a number which can be used to apportion a fraction of the parish.
Each parish within the AQCR is processed separately through the CAASE 4
program using the grid squares associated with the parish, the MED-X census
data and any overriding weighting factors provided as additional input data.
The CAASE 5 program, using "fuel" totals for each of the emission source
categories for area sources, apportions these "fuels" into the individual
_grid squares. CAASE 5 uses the same methods as those used in the EPA program
NEO3 to calculate the emissions using fuel totals and emissjon factors for
each of the source emissions categories. The term "SMEAR" has generally
been used when describing the process of apportioning the total emissions
for a parish into the grid squares within a parish. The CAASE 5 program
does the "SMEARING" by using apportioning factors assigned by CAASE 4.
CAASE 5 first "SMEARS" the "fuel" for each of the categories into eéch of
the grid squares and outputs (prints) a tabular listing (and writes a binary
magnetic tape) for all grid squares within the parish for each emissions
source category. For each area source emissions catejony, each grid square
feceives a fraction of the parish total - that fraction being the number
associated with that particular grid square and "fuel" category divided by
the sum of all apportioning numbers for that "fuel" 6ategohy within the
parish. For any area source categqry, the apportioning fractions summed

over all grid squares for that parish equals unity.
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Procedurely, the pollutant emfssions are calculated for the parish
totals and then "SMEARED". This procedure is used, rather than calculating
emissions for each grid square using "SMEARED" fuels, because the calcul-
ations for "SMEARING" do not require as much computer time as the calcul-
ations of the emissions. For each source category, emissions are calcul-
ated for the five pollutants: suspended particles (SP), sulfur dioxide
(502), oxides of nitrogen (NOx), hydrocarbons (HC), and carbon monoxide (CO).
As emissions of each pollutant are calculated and "SMEARED", a tabular
listing is output (printed) of the "SMEARED" emissions for each pollutant
as was done with the fuels. The parish totals for each emissions source
category are output to iﬁdicate the contribution of each of them to the
total emissions for each pollutant. For each grid square the "SMEARED"
emissions from all source categories are summed for each pollutant for out-
put in the Implementation Planning Program (IPP) expanded card format for
area source inputs. A binary magnetic tape is also written containing all
data items in the tabular l1istings and card decks. The output from CAASE 5,
then includes tables of "SMEARED" fuel totals and "SMEARED" emissions for
each of the five pollutants of interest, where for each grid square a
separate value is printed for each source category.

Figures 5 through 9 are examples of tables of apportioned fuels for
Orleans Parish, Louisiana; five tables are always necessary to output
apportioned fuels for all source categories. Apportioned emissions tables
are output in a format similar to the apportioned fuels tables, and Figure
10 is an example of the first page of the first table for particulate emissions
for Orleans Parish, Louisiana. Figure 11 is an example of the table printed in
the CAASE 5 program to depict the contributions of each source category to

the parish totals for each pollutant; pollutants numbered 1 through 5
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SOURCE POLIT CNORDINATES
NUMBER _REGION _JURIS _ COUNTY _ X(KM)  Y(KM) (SQ.KM)
180 106 1 ORLE 796.6 33081 2432
_ 181 108 1 _ORLE ___ 79R.1 33081 2432
201 106 1 ooLe 789.0 2309.5 2432
205 106 ___ 1. OFLE  795.1 3309, 6 2. 32
206 106 1 QPLE 79606 33096 2.32
207 106 1 neLE 798,1 3309.6 _. . 2,32 .
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represent TSP, 502, NOx, HC and CO, respectively, and each table is read
row-wise for the 54 categories; the last line in the figure appears in the
output on a separate page (it was placed in the figure to conserve space)
and represents the total particulate emissions for the parish for all area
source categories. Also, a card deck is punched in the IPP format, contain-
ing, for each grid sqﬁare, the total suspended particles, sulfur dioxide,
oxides of nitrogen, hydrocarbon, and carbon monoxide emissions "SMEAREDf
into each grid square for all source categories. Figure 12 is a flow chart

of the overall CAASE System.

Sampling data

The NOGE presented a unique air pollution problem in the uptown area of
New Orleans. As a result, a special TSP sampling network was utilized from
May 1976 through October 1976 by the author and employees of the Louisiana
Air Control Agency. This sampling network was initially established due to
political pressure, but after considerable community pressure, the Louisiana
Air Control Agency claimed the on-going sampling network as part of a program
to monitor the New Orleans Grain Elevator.
Initially, nine sampiing locations were used to monitor the air around
the grain elevator. They were as follows:
1. St. Elizabeth Home
2. City Maintenance Building
3. Tennis Club
4. De LaSalle High School
5. DePaul's Hospital
6. Lighthouse For The Blind
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7. Used Car Lot

8. MWest Bank Boat

9. Continental Cars
Because the Louisiana Air Control Agency found that the sampler at the Con-
tinental Cars location was supposedly biased, no data was collected at that
site after the first month. Other strange things occurred later in the use
of the sampling network, and these occurrences will be discussed in a later

chapter. Table 16 shows the final eight sampling locations and their six

month geometric means.

The NOSMSA study used sampling data from 11 sites located in the metro
area. These sites were chosen because they all had several years of data
and were considered as an integral part of the state's air sampling network
in 1975. Each TSP monitor in both sampling networks was located within the
two to 15 meters height above the ground as required in Volume 44, No. 92 of
the Federal Register. Table 17 is a listing of the sites and the TSP annual

~geometric means for 1975,

CDM _CALIBRATION

After the study areas were selected, emissions and sampling data col-
lected, and all other necessary data compiled, the CDM was debugged and
‘utilized. The model outputs for each receptor location in the initial runs
4n both study grids are referred to as the calculated (unadjusted) TSP
concentrations. These concentrations are not valid in this form.

To be certain that the CDM estimates are as accurate as possible, valid-
ation-calibration is required. Any model may have faults which cause esti-

mated concentrations to be in error. Therefore, it was necessary to validate

and calibrate the model estimates.



Table _16 _ NOGE Sampling Network Sites
(1976 6-Month Geometric Means, ug/m3)
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Location
TSP (Kilometers) Tsp
Sampling Site Horiz. Vert. Obserged

(East) (North) (ug/m”)
St. Elizabeth Home 779.68 3313.73 57
City Maintenance Bldg. 779.09 3312.85 93
Tennis Club 778.65 3313.12 73
De LaSalle High School 778.82 3314.02 62
DePaul's Hospital 777.64 3313.83 54
Lighthouse For Blind 777.72 33312.73 74
Used Car Lot 779.57 3310.86 73
West Bank Boat 777.33 3311.15 99




Table 17 NOSMSA Sampling Network Sites

(1975 Annual Geometric Means.ug/m3)
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TSP Location
(Kilometers)

Sampling Site z%gggy (dﬁaﬂ%) 0?3:;;3
Kaiser 791.55 3315.58 62
Harvey 782.87 3311.72 58
Metairie 775.63 3310.15 65
Civic Center 782.18 3316.79 A
Magazine Street 782.84 3316.06 66
Algiers Pump Station 789.94 3310.82 40
Robert E. Lee Blvd. 779.82 3324.24 40
Downman Road 787.10 3324.86 61
Water Purification Flant 776.96 3317.58 70
North Broad 782.91 3320.93 61

- City Maintenance Bldg. 779.09 3312.85 110
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Correlation Analysis

In the CDM validation process, the dispersion model is'affected by the
Jocation, exposure, and representativeness of the air quality sampling sites
and by the accuracy and completeness of the air quality data itself. In order
to validate the CDM for the NOGE and NOSMSA study, the correlation coefficient
was used as the indicator of validity. In the NOGE study, the computed
correlation coefficient was 0.896 and a 0.5% confidence correlation was
0.819. This means that greater than 99.5% of the time, the CDM can account
for 80.3% of the variations between calculated concentrations and observed
concentrations. In the NOSMSA study, the computed correlation coefficient
was 0.781 and a 0.5% confidence correlation was 0.726. This means that
greater than 99.5% of the time, the CDM can account for 61% of the variations

between calculated concentrations and observed concentrations in that study.

Regression Analysis

Once the CDM estimates have been determined to be acceptable, they must
be calibrated. The calibration should account for systematic errors in
estimates. A model is calibrated by comparing the calculated concentration
estimates to observed air quality. Then by use of a regression equation, a
means for adjusting the individual model estimates is developed. If cali-

bration constants of the linear expression

C'=A+BC
where C' = calibrated concentration
A,B = Calibration constants
C = computed concentration

are known, they may be entered into the CDM program and used to obtain a

calibrated concentration.
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The final NOGE CDM calibration run calculated a regression equation
with a slope of 2.279 and an intercept of 9.8. Figure 13 is the NOGE graph
of the CDM (unadjusted) calculated concentrations (X-axis), observed concen-
trations (Y-axis), and the least squares best fit regression 1line (equation).

The final NOSHMSA CDM calibration run calculated a regression equation
with a slope of 3.455 and an intercept of 12.7. Figure 14 is the NOSMSA
graph of the CDM (unadjusted) calculated concentrations (X-axis), observed
concentrations (Y-axis), and the least squares best fit regression line
(equation).

With the known calibration constants for each study area, the model
can output the calculated (adjusted) TSP concentrations for each receptor
site of interest. For example, Tables 18 and 19 show the observed concen-
trations, calculated (unadjusted) concentrations, and calculated (adjusted)
concentrations for the NOGE sampling sites and NOSMSA sampling sites

respectively.

CDM OQutput

After validity tests were conducted and calibration constants determined,
the CDM was used with study parameters for a valid run. In this final run,
output data from the CDM comes in the form of punched cards and computer
print-out sheets. For each receptor location the coordinates can be shown in
tables along with the calculated (unadjusted) contribution due to area and
point sources in micrograms per cubic meter to the nearest whole number. The
tables also contain the calculated (adjusted) concentrations and any prev-
iously observed concentrations for each receptor. Table 20 is an example

of the output data for some receptor locations in Orleans Parish.



Table 18 Final CPM Calibration Run Results for Grain Elevator
Study (1976 6-Month Geometric Means, ug/m3)

TSP Location TSP Concentration
(Kilometers) (Micrograms/cu meter)
Sampling Site Horiz. Vert. Observed Calculated Calculated
(East) (North) o : (Unadjusted) (Adjusted)
St. Elizabeth Home 779.68 3313.73 57 20 55
City Maintenance Bldg. 779.09 3312.85 93 31 80
Tennis Club 778,65 3313.12 73 31 80
De LaSalle High School 778.82 3314.02 62 21 59
DePaul's Hospital 777.64 3313.83 54 21 57
Lichthouse For Blind 777.72 33312.73 74 32 84
Used Car Lot 779.57 3310.86 73 . 29 76
West Bank Boat 777.33 3311.15 99 37 95

6/ 9bey



Table 19 Final cPM Calibrafion Run Results for Orleans, Jefferson

St. Bernard and Plaquemine Parishes
(1975 Annual Geometric Means ug/m3)

TSP

Sampling Site

Kaiser

Harvey

Metairie

Civic Center

Magazine Street

Algiers Pump Station
Robert E Lee Blvd.
Downman Road

Water Purification Plant
North Broad

City Maintenance Bldg.

Location TSP Concentration
(Kilometers) (Micrograms/ cu meter)
G N
791.55 3315.58 62 10 48
782.87 3311.72 58 12 55
775.63 3319.15 65 11 51
782.18 3316.79 71 16 70
782.84 - 3316.06 66 18 74
789.94 3310.82 40 12 54
779.82 3324.24 40 13 57
787.10 3324.86 61 17 71
776.96 3317.58 ' 70 14 62
782.91 3320.93 61 15 65
779.09 3312.85 ‘110 25 99

og obed



TABLE 20 RECEPTOR LOCATIONS OUTPUT BY CDM

AREA POINT TOTAL CALIBRAIED
COORDINATES B P2 e Toop2 T Pr P2 P13 P2
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——— TABLE 20 (CONTINUED). RECEPTOR LOCATIONS OUTPUT BY CDM -
CDM VERSION 74114, RUN 1
- i B "{MICROGRAMS PER CUBl¢ MgTgR) o - ToTTT T
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Punch cards containing the calculated concentrations at each receptor
were punched for use in computer programs that analyze the information pro-
duced by the CDM. In this study, the punched cards were input into a com-

puter program to obtain concentration contours which will be discussed in

the next chapter.
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CHAPTER IV - RESULTS AND DISCUSSION
In order to better understand the results of the CDM for
both study areas, it will be necessary to analyze the isopleth
maps of each area. By using the isopleth maps of each study
area, a complete picture is presented to compare TSP concentra-

tions in various parts of each study area.

NOGE Study

A modified approach was used in the NOGE study for plotting
isopleths of concentration contours. An accumulative contour of
this area is produced by running the CDM 15 times and each time
adding an additional point source that is located in the NOGE
study area. Figures 15 thorugh 29 shows the accumulated TSP
concentration contours as each one of the 15 point sources in
the NOGE was added to the CDM. Table 21 is a list of all the
point sources located in the NOGE study area. One can see from
viewing the isopleths that only minimal changes in TSP concen-
trations occur until the Johns-Manville plant emissions are
~input into the CDM. At that point the TSP concentrations are
‘primarily located in two centers in the Sng/m3 range and immed-
jately spread into a large circular pattern centered in the
: 130u9/m3 range. From this point on the TSP concentrations con-
tinue to increase into a final isopleth which shows six circular

pollutant patterns ranging from a low of Goug/m3 to a high of
138ug/n>,



: Figure 15 TSP Concentration Contour of NOGE Study Area ) T
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Figure 16 TSP Concentration Contour of NOGE Study Area
. With New Orleans Grain
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Figure 18 TSP Concentration Contour of NOGE Study Area
With the Addition of National Gypsum
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Figure 19 TSP Concentration Contour of NOGE Study Area
With the Addition of Allied Chemical
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Figure 20. TSP Concentration Contour of NOGE Study Area
With the Addition of Witco Chemical
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Figure 21 TSP Concentration Contour of NOGE Study Area
With the Addition of Continental Can
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Figure 23 TSP Concentration Contour of NOGE Study Area
With the Addition of Johns-Manville (Marrero) . Page 93
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Figure 24

TSP Concentration Cont
With the Addition of
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Figure 25 TSP Concentration Contour of NOGE Study Area Mth
the Addition of Seventh Street Incinerator
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TSP Concentration Contour of NOGE Stud
With Addition of Gulf States Asphalt
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Figure 27

TSP Concentration Contour of NOGE Study Area With
the Addition of National Gypsum (Westwego) Page 97
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Figure 28

TSP Concentration Contour of NOGE Study Area
thh Addition of Amerada Hess
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X Figure 29 TSP Concentration Contour of NOGE Study Area With the
Addition of Louisiana Power and Light - Nine Mile Point
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Table 21

POINT SOURCES IN NOGE STUDY AREA

No Point Sources

New Orleans Grain

Celotex

National Gypsum

Allied Chemical

Witco Chemical

Continental Can
Continental Grain
Johns-Manville (Marrero)
Avondale (Westwego)
Seventh Street Incinerator
Gulf States Asphalt
National Gypsum (Westwego)

Amerada Hess

Louisiana Power and Light - Nine Mile Point

Page 100
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Since the time that the actual study was completed and pre-
sented to the Louisiana Air Control agency, the Louisiana Air
Control agency has written a letter to Johns-Manville implying
that they had made a mistake in their plant emissions inventory
and they should rework their emissions to reflect a lower emis-
sions inventory. Therefore, if Johns-Manville in fact made a
mistake, their TSP concentration contours are slightly in error
and should be rerun in the CDM.

When one reviews the final TSP isopleth concentration con-
tour, it is evident that there is the distinct possibility that
many areas within the NOGE study area are in violation of the
National Ambient Air Quality Standards for TSP 75ug/m3 (Primary)
and 60ug/m3 (secondary). Since the sampling network in the NOGE
study area for this study was only for six months, and removed
immediately after that time, additional sampling is necessitated
to reaffirm these findings.

It should be mentioned that the high volume sampler located
on top of the New Orleans Maintenance building has been indica-
ting violations of the NAAQS since January 1975. It should be
pointed out that the Louisiana Air Control agency quickly removed
this sampler upon declaring it "biased" after only 3% months of
sampling in the NOGE study. After several attempts to show the
Louisiana Air Control agency methods to validate this sampler's
data and prove that the data was valid failed, the data was used
in the NOGE study regardiess. Their actions seemed to be a

deliberate attempt to "can" meaningful TSP data in the study area.
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NOSMSA Study

In the NOSMSA study, the CDM was run only once with all
emission sources included. The results were plotted using
isopleths of TSP concentration contours for the entire study
area. Figure 30 shows the concentration contours overlayed
over a map of the NOSMSA study area. The TSP concentration
contours indicate an area in Chalmette in the 300ug/m3 range,
an area around the Industrial Canal in New Ofleans East in the
130ug/m3 range, and another area uptown along the Mississippi
River in the 200ug/m3 range. The CDM's calculated (adjusted)
TSP concentrations seems to indicate that these areas within
the NOSMSA study possibility exceed NAAQS standards.

A Kaiser Aluminum plant is located in the high concentra-
tion Chalmette area. The CDM was initially run with the most
up-to-date emission inventory available. Since then, Kaiser
has put into use new air pollution control equipment and these
study results do not reflect the change in the emission inven-
tory. Even without the new Kaiser emissions, this Chalmette
area will probably still experience high concentrations because
of its highly industrialized community. From the isopleth pic-
tures, it is evident that the CDM model is indicating the major
"hot spots" as those that are indicative of highly industrial-
ized areas. These "hot spot" areas are all large centers of
industry along the Mississippi River which are very indicative
of high particulate emission densities.

When analyzing the metropolitan area with the CDM, all
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sources of particulate emissions should be included in the
study. In this research study, the CDM which was used for
estimating ambient concentrations of TSP assumes that the part-
icles disperse as a gases and emanate from well defined sources.
Unfortunately, in many areas, particularly where the air quality
standards are not being attained, thése assumptions may not
hold. Windblown dusts, unpaved roads, agricultural tilling,
aggregated storage piles and heavy construction operations, all
of which are often referred to as fugitive dust sources, can be
significant sources of particulate matter. (30) EPA has several
on-going studies concerned with fugitive sources of dust.
However, at this time no widely applicable model is available
for routinely estimating particulate matter concentrations where
fugitive sources are significant or deposition of matter is a
major factor. (31) Because of this and the lack of a proven
method of determining the emissions from fugitive sources, the
four parish fugitive source emissions were not included in the
CDM runs.

However, we should take a brief hypothetical look at the
inclusion of the four parish fugitive source emissions and their
effects on the regression slope and intercept. In each of the
four parishes in our study, the fugitive dust emissions from
unpaved roads were significantly higher than the emissions from
the other sources of fugitive dusts.

Table 22 indicates a general comparision of the contribu-

tions of source categories to TSP emissions for each of the



of Contributions of Source Categories to TSP

Table 22 Comparisons
Emissions (Tons/Year)
Parishes Total Emissions Point Sources Percentage of Area Source Percentage of
(Tons/Year) (Tons/Year) Total Emissions (Tons/Year) Total Emissions

Orleans R272.3 3448 41.7 4824.3 58.3
" Jefferson 6609.8 4330.4 65.5 - 2279.4 34.5
Plaquemine 985.5 572.2 58.1 413.3 41.9
6048 ' 5677.9 93.3 370.1 6.1

St. Bernard

SC1 afeq
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four parishes in the study. Table 23 indicates thg significant
percentages of contribution that unpaved roads would make to
the area source emissions of each parish if added into the CDM
runs. In an EPA paper written by Haws and by telephone conver-
sations with him, it was indicated that the effect of the re-
moval of a various percentages of total TSP emissions from
unpaved roads is linear although the percentage reduction
across several monitoring stations may vary. (32) The removal
of such significant percentages of the total emissions in the
inventory would cause an expected decrease in the regression
slope and intercept. In this case the emissions from unpaved
roads, if added, would amount to approximately a 30 percent
increase in total emission of the overall study area.

Ideally we are searching for a regression slope of one and
regression intercept of zero, but in this research study we
could possibly lower the regression slopes and intercepts by
as nuch as 30 percent with the addition of unpaved roads. This
would then explain why we have the higher regression slope and

intercept numbers for our current regression equations.



Table 23 Comparisons of Contributions of Unpaved Roads to Other Source Category

Emissions (Tons/Year)

Emissions Source Categories Orleans Jefferson Plaquemines St. Bernard
Total Emissions (Tons/Year) 8272.3 6609.5 ' 985.5 6048.0
Point Sources (Tons/Year) . | 3448.0 4330.4 572.2 5677.9
Percentage of Total Emisstons 0.7 65.5 58.1 933
Area Sources (Tons/Year) 4824.3 2279.4 413.3 370.1
Percentage of Total Emissions 58.3 34.5 . 41.9 6.1
Unpaved Roads (Tons/Year) 423.0 . ;354.0 3504.0 3008.0
Percentage of Area Source Emissions 8.8 ' 103.3 847.8 812.7
Percentage of Total Emissions ' 5.1 35.6 356.5 49.7.

L0l dbeg



Page 108

CHAPTER V - SUMMARY AND CONCLUSION

The application of the CDM to the New Orleans area was
the first attempt at air pollution modeling in Louisiana in
which the Louisiana Air Control agency participated in a
co-operative effort. As of this writing, it still is the only
attempt of any kind of modeling which relates TSP emissions in
the New Orleans Metropolitian area to air quality.

Acquiring and inputting the CDM into the computer system
at the S1idell NASA Computer Center was probably the easiest
part of the application process. The task of obtaining the
necessary input data for the CDM run was the more complicated
requirement of the research project. This began with searching
through emission inventory questionaires files on all industries
in the study area. Compiling all existing air sampling data,
and collecting new air sampling data for eventual comparison to
CDM calculated concentrations for various locations in the
study areas, was next on a long list of data requirements.
Finally, all the data requirements were met and CDM was event-
ually applied to two study areas, NOGE and NOSMSA. The CDM's
application to both study areas was to serve as a validation
method of the CDM and to demonstrate the application of the CDM
with certain sub-objectives in mind.

The most practical procedure for describing the accom-
plishments of the CDM's application and making valid conclusions

therein, will be to refer back to the purpose and scope of this
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research project as mentioned on pages 03 and 04. There-

fore, the accomp1{shments and conclusions of this CDM appli-

cation are summarized as follows:

1,

The CDM was applied to the NOGE study area and NOSMSA

study area and determinations of overall quality

‘levels of TSP were calculated. The model has specif-

ically calculated TSP concentrations for various
receptor locations in both study areas. The isopleths
provide a pictorial view of TSP concentrations in the
respective studies.

When comparing ambient air quality levels in the
NOGE and NOSMSA to the calculated (adjusted) TSP
concentrations for each study area, one must keep in
mind that the calculated (adjusted) concentrations
are only as good as the input data. It is realized
that all air quality input data should cover the same
annual period to be ideally representative of that
area. In this research project, it was impossible to
have all input data representing the same annual
period. Valid types of air pollution data for the
same time period was not available. Thus valid data
for each category was collected and coordinated to
apply as closely as possible to the year 1975.
Obviously, the CDM does tend to over calculate TSP
concentrations in some areas. The reasons for these
discrepancies have already been discussed in Chapter

Two on the CDM shortcomings. But, if we take all
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these shortcomings into consideration, the CDM has
provided us with initial baseline air quality concen-
trations for the Mew Orleans area that was nonexistent
until now. Hopefully, the Louisiana Air Control
agency will utilize and build upon this data base for
future simulation modeling.

The application of the CDM to the New Orleans Metro-
politan area certainly points out two areas in the
city which have unusually high TSP concentrations.
These "hot spots" have been identified by the concen-
tration contours in Figure 30. Additional sampling
or relocation of existing sampling stations can be
used as a means of verification of "hot spot"
existence.

In the Grain Elevator study, it was initially thought
that there was just one main source of pollution in
that study area. The model has shown through a series
of isopleths of TSP concentration contours that more
than one source is contributing to the overall air
quality in the Grain Elevator study area.

This research study has opened the door to several
future studies that would be pertinent to the overall
development of an air pollution control strategy
program. Some examples are:

(a) Study the effects that varying the wind speed

and direction would have on predicted concen-



Page 111

trations and shifting of TSP "hot spot" areas.
(b) Examine the washout effects of yearly rainfall
amounts on TSP concentrations in New Orleans
SMSA.
(c) Analyze the TSP sampling filters from the TSP
sampling network in the NOGE study for particu-
late identification with respect to grain dust

versus other types of particulates.
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