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ABSTRACT

This is the third in the series of AIRPOL reports. It
details the mechanics and thought processes necessary for
proper implementation of the computer program, AIRPOL-4.
Furthermore, it recommends several guidelines for the prep-
aration and generation of air quality analyses.

The next report in this series will detail the compu-
tational method and algorithmic development of AIRPOL-4,
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INTRODUCTION TO AIRPOL-u4

A User's Guide

by

William A. Carpenter
Research Engineer

Gerardo G. Clemena
Research Analyst

and

W. Richard Lunglhofer
Research Assistant

INTRODUCTION

This report details the philosophy and techniques for
using AIRPOL-4, a Gaussian dispersion model for predicting
the impact of a roadway on carbon monoxide, CO, levels within
the microscale environment of the roadway. As discussed in
reference 1, AIRPOL-4 has been designed to predict the air
quality impact of a highway over a wide range of geometric,
meteorological, and traffic conditions. It can predict CO
levels for receptors at any positive elevation on either the
upwind or downwind side of at-grade, elevated, or depressed
(receptor either inside or outside of the cut) roadways; and
it can automatically superimpose CO levels from any desired
number of roadways. It can process any positive wind speed,
any road-wind orientation, and any of the stability classes
A through F. It can process any nonnegative traffic speed,
any traffic volume, and any heavy-duty-vehicle mix for any
prediction year later than 1966.

AIRPOL-4 allows the user to determine CO levels for up
to three prediction years (each with its own representative
traffic speed, traffic volume, and vehicle mix), two stability
classes, six wind speeds, two receptor elevations, and eight
receptor distances, or up to a total of 576 predictions, using
only two input cards and producing only two output pages. Thus,
AIRPOL-Y4 can provide a complete analysis of a highway site with
a minimum of effort since there is no duplication of input
parameters to achieve a complete analysis.



AIRPOL-4 also includes elaborate data verification pro-
cedures to assist the user and help prevent abnormal job
termination due to erroneous input. Under the AIRPOL-4 data
check/correct process, every input datum is examined for valid-
ity and corrected if necessary. Furthermore, the program echoes
all inputs, flags all errors, and itemizes all changes it has
made. Thus, the AIRPOL-4 output serves as a complete document
of the analyses that AIRPOL-4 has performed.

The next section describes the input structure of AIRPOL-4L.
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INPUT

Deck Structure

The basic function of AIRPOL-4 is to predict CO levels
produced by a lane group, that is, a group of contiguous road-
way lanes having homogeneous traffic and geometric parameters.
The geometric, traffic, and receptor location parameters for
a lane group are sp801f1ed on a smngle DATA card. The program
is designed to automatically superimpose the CO levels generated
by any number of lane groups. Thus to analyze a site the user
simply inputs a DATA card for each lane group in the area.  The
last DATA card for a site analysis must be followed by an ENS
(end of site) card, which instructs the program to print out the
superimposed CO levels and look for the next site to be analyzed.
Additional site analysis inputs consisting of one or more DATA
cards (lane groups) and terminated by ENS cards simply follow.

AIRPOL-4 organizes sets of site analyses having common
meteorologlcal parameters into divisions. Each division consists
of a single HEADER card, which specifies the meteorological pa-
rameters common to the sites in the division, followed by one
or more site analysis inputs followed by a single END (end of
division) card, which instructs the program to look for the
next division. An AIRPOL-4 job may consist of any number of
divisions placed one after the other. The total input structure
for an ATRPOL-4 job is illustrated in Figure 1.
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Input Parameters

This section describes the AIRPOL-4 input parameters,
Figure 2, which is an input coding form for AIRPOL-4, should
be consulted throughout this section. Those unfamiliar with
FORTRAN terminology should consult the Appendix for an ex-
planation of format specifications,

HEADER Card

The first card of every division must be a HEADER card
and each division may contain only one HEADER card. A HEADER
card contains information relevant to all the sites contained
in a division, This common information will remain unchanged
until a new division is encountered. The HEADER card parameters
are discussed below.

COMPUTER JOB NUMBER

Columns 1-3, format (A3), contain the computer job number,
an identifier to be supplied by the Data Processing Division
(DPD). (The field actually extends to column 4 with an A4 format
as a contingency measure should four-digit job numbers be insti-
tuted by DPD.) The job number is printed in the upper right-hand
corner of each output page.

HEADING

Columns 5-37, format (8A4, Al), contain descriptive informa-
tion about the division, which is used to document the output. It
is suggested that the information be centered in this field to

chieve report-quality output.

PREDICTION INTERVAL

Columns 39-41, format (I3), contain the prediction interval
in minutes. The prediction interval is the length of time over
which continuous, instantaneous CO levels are to be averaged.

If the field is blank or < 0, the prediction interval will de-
fault to 60 minutes.
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METRIC

Column 43, format (L1l), contains a logical parameter
specifying the system of units to be used for all subsequent
inputs. A "T" in this field signifies that metric units must
be used for all subsequent inputs in this division, while
either a blank or an "F" signifies that American Engineering
units must be used for all subsequent inputs in this division.

YR-1, YR~2, YR-3

Columns 45~-46, 48-49, and 51-52, format for each field (I2),
are used to specify the last two digits of the calendar years
for which predictions are desired. AIRPOL-4 is capable of gen-
erating emission data for only the years 1966 and later. Thus
blank inputs and numbers outside the range 66 to 99 will default
to 76, 80, or 86 for the first, second, or third field, respectively.
Although all three prediction years have default values, AIRPOL-U
processes only those years for which there are corresponding traffic
parameters on the DATA cards. Thus the user can generate pre-
dictions for only one, two, or all three years depending on the
DATA card parameters. Furthermore, the program does not require
that all three prediction years be different. Thus the user
could, for instance, examine up to three alternatives for a
particular calendar year (such as adding lanes, including bus
express lanes, or no improvement of the facility) to determine
the impact of each. For such an analysis, all three fields should,
of course, contain the same calendar year. Similarly, the user
could examine two alternatives for one calendar year and one
alternative for another calendar year. Other possibilities are
left to the imagination of the user,

CLASS 1, CLASS 2

Columns 54 and 56, format for each field (Z1), contain the
Pasquill®* stability classes for which analyses are desired. Valid
inputs for these fields are "A", "B", "C", "D", "E", or "F" or
mah, ompm o omgn ouynoongn o oop "g", where stability class A or 1
signifies the least stable atmospheric condition. If one of these
fields is blank or contains an invalid entry, AIRPOL-4 will per-
form analyses for the other stability class only. If both entries
are blank or invalid, the program will perform analyses for sta-
bility class B or 2 only. If both entries are equivalent stability
classes, the program will perform analyses for the first entry only.

#*(AIRPOL-4 performs significantly better using the Pasquill stability
class than it does using the Turner class. See references 1 and 2.)



WS-1, WS~2, WS-3, WS-4, WS-5, WS-6

Columns 58-60, 62-64, 66-68, 70-72, 74~76, and 78~80,
format for each field (F3.1), are used to specify up to six
wind speeds to be used in the site analyses, Wind speeds
must be given in either miles per hour or meters per second
as dictated by the entry, METRIC. Valid entries are wind
speeds > 0.0. Any entry which is blank or < 0.0 will be
ignored by the program. If all entries are blank or < 0.0,
AIRPOL~4% will assign six default wind speeds of 0.0, 0.2, 0.7,
1.2, 2.3, and 3,8 mph (0.0, 0.1, 0.3, 0.5, 1.0, and 1.7 m/s).
Notice that the only way to get a 0.0 mph (0.0 m/s) prediction
is to allow the program to default to the above six wind speeds.

DATA Card

A DATA card is required to specify the traffic, geometric,
and receptor location parameters for a lane group. (Recall that
the meteorological parameters for an entire division are con-
tained on the division's HEADER card.) There is no limit on
the number of DATA cards (lane groups) constituting a site. The
DATA card parameters are discussed below.

COMPUTER JOB NUMBER

Columns 1-3, format (A3), contain the computer job number,
an identifier to be supplied by the Data Processing Division.
(The field actually extends to column 4 with an A4 format as a
contingency measure should four-digit job numbers be instituted
by DPD.) The job number is printed in the upper right-hand
corner of each output page.

SITE ID

Columns 5-7, format (A3), contain a three-character desig-
nation of the site being analyzed. The program outputs the
contents of this field from the first DATA card in a site to
identify the output by site. Any three-character designation
except "END", "ENS", or "ADD", any of which will cause either
a job abort or erroneous results, may be used in this field.
(For the curious, an ADD card is identical in function to an
ENS card.)

LGID
Column 9, format (Al), contains a single-character desig-

nation for the lane group represented by the current DATA card.
Any alphanumeric character may be used in this field.
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TFVOL (yr-1), TFVOL (yr-2), TFVOL (yr-3)

Columns 11-14%, 16-19, 21-24, format for each field (F4.0),
are used to specify the traffic volumes for the subject lane
group for the three prediction years specified on the HEADER
card. AIRPOL~-4% will omit the analysis for the ith year for
the subject lane group if the traffic volume entry for the ith
year for the subject lane group is blank or < 0. These fields
(and the prediction year fields on the HEADER card) give the
user considerable flexibility. Consider for example a traffic
corridor containing a four-lane roadway which will be expanded
to an eight-lane roadway, and assume that each pair of lanes
constitutes a lane group. A user would do a current year/future
year analysis of this corridor by using four DATA cards (one
for each lane group) such that the two DATA cards representing
the existing roadway would have positive traffic volumes for
both the current year and the future year while the two DATA
cards representing the planned lane groups would have positive
traffic volumes for only the future year. Furthermore, since
none of the lane groups for this site analysis would have had
positive traffic volumes for the third possible year, that
analysis would be omitted for this site. Other sites within
this division could, of course, use all three years, or any
two, or any one. Many other possible situations may be realized
by the judicious use of traffic volume and prediction year
combinations. The only rules to remember are that sites are
independent of each other, and that within sites the CO levels
from different lane groups are superimposed under the control
of positive traffic volumes. Each traffic volume must be given
in vehicles per hour unless its corresponding traffic speed
(columns 26-27, 29-30, or 32-33) is = 0, in which case the traffic
volume must be given in vehicles per mile or vehicles per kilo-
meter as dictated by the entry, METRIC, on the HEADER card.

TS (yr-1), TS (yr-2), TS (yr-3)

Columns 26-27, 29-30, 32-33, format for each field (F2.0),
are used to specify the average traffic speeds on the subject
lane group for each of the three possible prediction years.
Traffic speeds must be given in miles per hour or kilometers
per hour as dictated by the entry, METRIC, on the HEADER card.
Valid entries for these fields are traffic speeds > 0. Traffic
speeds for those prediction years for which there are no traffic
volumes may, of course, be left blank.



LA
. if AQJ

™ (yr-1), ™M (yr-2), TM (yr-3)

Columns 35-36, 38-39, and 41-42, format for each field (F2.0),

are used to specify the percentages of heavy duty vehicles on
the subject lane group for each of the three possible prediction
years. These entries must be given in percentages not decimal
fractions. Valid entries are percentages > 0.

CUT LOC

Column 44, format (I1), is used to specify the receptor
location relatlve to a cut in which the subject lane group is
located. The entry = 1 if the receptor is in the cut with the
source lane group. The entry = 2 if the receptor is on the
plateau above the cut. If the source lane group is at or above
grade, this field should be left blank.

SOURCE HT

Columns 46-48, format (F3.0), are used to specify the
elevation of the source lane group relative to the surrounding
terrain. Source elevations must be given in either feet or
meters as dictated by the entry, METRIC, on the HEADER card.
If the lane group is in a cut, this entry must be < 0. Other-
wise,this entry must be > 0.

SOURCE LENGTH (Upwind)

Columns 50~51, format (F2.l1), are used to specify the
distance that the source lane group extends in a straight line
upwind from the perpendicular intersection of the centerline of
the source lane group and a line through the receptors. This
distance must be given in either kilofeet or kilometers as
dictated by the entry, METRIC, on the HEADER card. This entry
will generally be > 0. However, if the upwind-most end of the
source lane group Is actually downwind of the above defined
perpendicular intersection, then this entry will be < 0.

SOURCE LENGTH (Downwind)
Columns 53~54, format (F2.1l), are used to specify the
distance that the source lane group extends in a straight line

downwind from the perpendicular intersection of the centerline
of the source lane group and a line through the receptors. This

10
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distance must be given in either kilofeet or kilometers as
dictated by the entry, METRIC, on the HEADER card. This entry
will generally be > 0. However, if the downwind-most end of
the source lane group is actually upwind of the above defined
perpendicular intersection, then this entry will be < 0.

CWIDTH

Columns 56~-59, format (F4.0), are used to specify the
average width of the cut in which the subject lane group is
located. The cut width must be specified in either feet or
meters as dictated by the entry, METRIC, on the HEADER card.

If the source lane group is not in a cut, the program ignores
this field. If the source lane group is in a cut and this

field is blank or = 0, it defaults to 328 ft (100 m). Similarly,
if the field contains a negative value, it defaults to the abso-
lute value. It is the user's responsibility to ensure that the
specified cut width is large enough to accommodate all lane
groups and receptors.

CLENGH

Columns 61-64, format (F4.0), are used to specify the
upwind length of the cut in which both the receptors and the
subject lane group are located. The cut length must be speci-
fied in either feet or meters as dictated by the entry, METRIC,
on the HEADER card. If the source lane group and the receptors
are not both in the cut, the program ignores this field. If
the receptors and the source lane group are both in the cut and
this field is blank or = 0, it defaults to the upwind source
length (columns 50-51). Similarly, if the field contains a
negative entry, it defaults to the absolute value of the entry.

CASE

Column 66, format (Al), is used to specify the source/receptor
alignment relative tc the wind direction. The entry should be "D"
if the receptors are on the downwind side of the source lane group.
The entry should be "U" if the receptors are on the upwind side
of the source lane group. The default value for this field is
HD" .

11



ALPHA

Columns 68-69, format (F2.0), are used to specify the
acute angle between the subject lane group and the wind di-

rectign vector in degrees. The default value for this entry
is 90°©.

OBS HT-2

Columns 71-72, format (F2.0), are used to specify the
receptor elevation relative to the surrounding terrain. For
the case placing both the source and the receptor in a cut,
the "surrounding terrain" is assumed to be the bottom of the
cut. For the case of only the source in a cut, the "surrounding
terrain" is assumed to be the top of the cut. For elevated
sources, the "surrounding terrain'" is assumed to be at the bottom
of the fill section or at the bottom of the structural supports.
For at-grade sources, the "surrounding terrain" is, of course,
at grade. The receptor elevation must be specified in either
feet or meters as dictated by the entry, METRIC, on the HEADER
card. The receptor elevation must be > 0. Negative entries
will default to 10 ft (3.0 m). AIRPOL-4 analyzes all receptors
at two different elevations. (Notice that Figure 2 identifies
this field as the input field for the second receptor height.)
The program always performs one analysis for receptors at 5 ft
(1.5 m) above the surrounding terrain. Therefore, the user is
allowed to specify only the second elevation using this input
field. To avoid redundancy, AIRPOL-4 does not allow the user
to specify a receptor height of 5 ft (1.5 m). Such an entry
will default to 10 ft (3.0 m).

AIRPOL-4 performs automatic superpositions of CO levels
from all lane groups constituting a site. This implies that
receptors specified with each lane group constituting a site
must physically coincide. Thus, for all lane groups after the
first in any particular multiple lane-group site, AIRPOL-4 will
force the receptor height specification to coincide with that
for the first lane group in that site.

OBS D-1

Columns 74-76, format (F3.0), are used to specify the
perpendicular distance from the nearest edge of pavement of the
subject lane group to the first receptor point. (There are
eight receptor distances per analysis.) This entry must be
> 0. Negative or blank entries will default to O. This distance
must be specified in either feet or meters as dictated by the
entry, METRIC, on the HEADER card.

12
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OBS INC

Columns 78-80, format (F3.0), are used to specify the
incremental distance between receptors. This entry must be
specified in either feet or meters as dictated by the entry,
METRIC, on the HEADER card. Positive, negative, and zero or
blank entries are allowed in this field under the restraint
that none of the eight receptor points be negative. Thus,
this entry will default to 0 if (OBS D-1) + 7 x (OBS INC) < O.

AIRPOL-4 performs automatic superposition of CO levels
from all the lane groups constituting a site. It is the
user's responsibility to guarantee that the sets of receptors
specified with each lane group comprising a site physically
coincide. AIRPOL-4 cannot check these specifications given
the data it receives. Thus, the user must exercise caution in
specifying OBS D-1 and OBS INC for each lane group comprising
a multiple lane-group site.

ENS Card

An ENS (end of site) card must be the last card of every
set of lane-group DATA cards constituting a site. (See exception
noted under END Card.) The ENS card signals AIRPOL-4 to super-
impose the results of all the DATA cards in the site, output
the superposed results, and look for the next site to be processed.
The ENS card parameters are discussed below.

COMPUTER JOB NUMBER

Columns 1-3, format (A3), contain the computer Jjob number,
an identifier to be supplied by the Data Processing Division.
(The field actually extends to column 4 with an A4 format as
a contingency measure should four-digit job numbers be instituted
by DPD.) The job number is printed in the upper right-hand corner
of each output page.

SITE ID

Columns 5-7, format (A3), must contain the character string
HBNS" .

COMMENTS

Columns 8-80, format (None), are ignored by AIRPOL-4. They
may contain any form of alphanumeric information desired by the

13
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user for card identification or other purposes. This informa-
tion is not output by AIRPOL-4.

END Card

The last card of every division must be .an END (end of
division) card. The END card signals the program to output the
superposed results of the last site, if they have not already
been output by an ENS control, and to look for the next division
to be processed. Since the END card guarantees that the results
of the last site in the division are properly disposed of, the
ENS card immediately preceding an END card may be omitted.

COMPUTER JOB NUMBER

Columns 1-3, format (A3), contain the computer job number,
an identifier to be supplied by the Data Processing Division.
(The field actually extends to column 4 with an A4 format as a
contingency measure should four-digit job numbers be instituted
by DPD.) The job number is printed in the upper right-hand corner
of each output page.

SITE ID

Columns 5-7, format (A3), must contain the character string
"END",

COMMENTS

Columns 8-80, format (None), are ignored by AIRPOL-4. They
may contain any form of alphanumeric information desired by the
user for card identification or other purposes. This information
is not output by AIRPOL-4.

Input Errors

Under its check/correct process, AIRPOL-4 examines every
input parameter and assigns default values to those that are
either blank or out of range. Table 1 summarizes the valid inputs
and default values for all AIRPOL-4 input parameters.

As indicated by the previous discussion and the contents

of Table 1, AIRPOL-4 is very tolerant of input errors and will
always attempt to rectify errors and continue processing. There

14



is, however, one type of error over which AIRPOL-4 has no
control. If the system detects an alpha input in a numeric
field (I or F format specification) or a decimal point in an
integer field (I format specification), it will provide the
user with a detailed error diagnostic and replace the erroneous
entry with a zero, which AIRPOL-4 will then process in normal
fashion.

15
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OUTPUT

AIRPOL~4 produces two pages of output for each site
analyzed. The first page for each site details the action
taken by the program under its check/correct process, and
the second page contains the results of the site analysis.
Pages are numbered consecutively within each division.

Check/Correct Output

Samples of the AIRPOL-4 check/correct output are con-
tained in the Examples section of this report. Labeled
lane-group DATA card inputs with their appropriate metric or
American Engineering units appear on the check/correct output
page in the same order in which they are input. Any input
parameter which is invalid is indicated by a question mark
below the invalid input. The corrected values are shown below
the question marks.

The default values employed in AIRPOL-4 have been chosen
to maximize the probability that the resulting analysis will
provide the user with an acceptable level of information. In
fact, the AIRPOL-4 defaults are an asset to the user, since
they provide a simple mechanism for reducing the level of
effort required to prepare input forms and cards. However,
when AIRPOL-4 employs a default value to an erroneous, rather
than omitted, input parameter, the resulting analysis may not
be that desired by the user. The user is therefore advised to
carefully examine the AIRPOL-4 check/correct output for each
site to ensure that the desired analysis was performed.

As part of the check/correct output, AIRPOL-Y4 itemizes
the emission factors in units of gm(CO)/hr/veh for each lane
group for each prediction year applicable to that lane group.
These factors serve two purposes. They indicate for which of
the three possible prediction years each lane group is being
analyzed, and they may be used as inputs to other prediction
models for comparison or testing purposes.

Analysis Output

Samples of the AIRPOL-4 analysis output are contained
in the Examples section of this report. The site identification,
heading, sampling time, and number of lane groups constituting
the site are shown at the top of the analysis output page.
The analysis output is arranged in tabular form with wind speeds
and receptor elevations across the top, and stability classes,
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prediction years, and receptor distances from the first input
lane group down the left~hand side. CO levels are output in
this table in units of ppm. Wind speeds and receptor locations
are specified in both American Engineering and metric units
with the metric values being shown in parentheses.

The observant reader will note that although the HEADER
card inputs are examined and, if necessary corrected, under the
AIRPOL-4 check/correct process, they are not included in the
check/correct output. The justification for this omission is
that the HEADER card inputs all appear on the analysis output
in their corrected forms and are thus highly visible to and
verifiable by the user. The DATA card inputs, however, if rot
displayed on the check/correct output, would not be available
to the user and therefore could not be verified.
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SPECIAL CONSIDERATIONS

The reader who understands the preceding sections should
be capable of using AIRPOL-4, The remainder of this report is
devoted to special considerations and examples designed to give
the reader a working familiarity with the program.

Fills

As explained in references 1 and 2, no Gaussian model is
capable of properly analyzing a fill section of roadway. Thus,
the AIRPOL-4 model yields only a lower bound for CO levels from
fills. The user should therefore additionally analyze all fill
sections of roadway as if they were at-grade. In this manner,
the user will obtain both upper and lower bounds on CO levels
near highway fill sections. When these bounds are close to
each other, the user will have a high quality estimate of
expected CO levels. When these bounds are not close to each
other, the user must exercise his own judgement as to the level
of information supplied by these analyses.

Cuts

The input variable CLENGH, the upwind cut length, is
applicable only to the condition where both the source and the
receptor are in a cut, CUT LOC = 1. AIRPOL-4 ignores CLENGH
when CUT LOC # 1. The user should also recall that when
CUT LOC = 1, AIRPOL-4 will force o = 09, As discussed in
reference 1, a = 0° is the only road/wind angle amenable to
the condition placing both the source and the receptor in a cut.

Upwind and Downwind Source Lengths

Upwind and downwind source lengths should be correctly
specified. The program will automatically modify these assumed
upper bound inputs based on the road/wind angle, stability class,
sampling time, and receptor distance from the edge of pavement
to provide for an optimal analysis.

The modification of these inputs is part of the AIRPOL-u4

prediction algorithm.(3) It is not part of the check/correct
process and is not, therefore, reflected on the output.
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"Worst Case'" Analyses

The concept of a "worst case'" meteorological condition
is a poorly conceived and ill-defined one. Given any non-
singular range of meteorological conditions, determination of
the worst condition for any particular receptor location is
not, in general, an analytically solvable problem, and any
nonarbitrary determination of a worst meteorological condition
must vary as a function of receptor location, which further
compounds the general problem.

It is impossible to produce an analytically explicit
definition of a worst meteorological condition for an arbitrary
receptor. Furthermore, any approximation to such a definition
that did not depend functionally on wind speed, stability class,
road/wind angle, sampling time, source elevation, receptor
elevation, source/receptor distance, and relative upwind/downwind
source/receptor orientation, would be arbitrary at best and non-
sensical at worst.

Wind speed is the only meteorological variable independent
of both geometry and all other meteorological variables. Thus,
the only explicit characterization for a "worst case" is that
CO levels increase monotonically as wind speeds decrease. There
are no analogous characterizations for stability class, road/wind
angle, sampling time, source elevation, receptor elevation,
source/receptor distance, or relative upwind/downwind source/receptor
orientation.

Based on these observations, the present authors recommend
abandoning the "worst case'" analysis in favor of a more reasonable
approach. Such an approach would be to simply make percentile
analyses based on wind speed for the prevailing wind direction
and stability class. Thus one would use say the lower 5 per-
centile wind speed (that wind speed which is probabilistically
exceeded 95% of the time) to generate the upper 5 percentile
CO level (that CO level which would probabilistically be
exceeded only 5% of the time) under the given stability class
and road/wind angle.

The default wind speeds for AIRPOL-4 will yield the upper
0, 1, 5, 10, 25, and 50 percentile CO levels by generating pre-
dictions for 0.0, 0.2, 0.7, 1.2, 2.3, and 3.8 mph (0.0, 0.1,
0.3, 0.5, 1.0, and 1.7 m/s) wind speeds. These speeds were
determined from the cumulative distribution function for observed
roadside wind speeds in Virginia.(”) Figure 3 illustrates this
cumulative distribution for both peak and off-peak traffic hours.
Figure 4 illustrates the distribution for peak traffic hours only.
The reader should observe that the distribution for peak hours
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is skewed to the left with respect to that for a mixture of
hours. AIRPOL-4 has been based on Figure 3 since it represents

a smoother and more general distribution, although it is slightly
biased (not statistically significant) toward higher wind speeds.

Some readers may be concerned because the data in Figures
3 and 4 suggest that observed roadside wind speeds may be sig-
nificantly lower than those reported by airport weather stations.
However, some reflection on the matter should quickly alleviate
any such apprehension. Airport weather stations are typically
located on large open plains which offer little resistance to
surface winds, while roadside areas in urban environments are
typically surrounded by many topographical irregularities which
hinder the movement of surface winds. Furthermore, the atmos-
pheric stability near urban roadways will generally be lower
than that at airports as a result of surface roughness, mechanical
mixing, and heat island effects. Thus, it should not be surprising
that observed roadside wind speeds in urban areas are significantly
lower than observed airport wind speeds.

To illustrate this point, Figure 5 presents the data for
17 paired observations of hourly averaged wind speeds in the
Washington, D. C., and Norfolk, Virginia, areas. The regression
line in this figure was generated using a least-squares analysis
and the hypothesis that the regression line must pass through
the origin.

21



e N
eI R

u

<

Speed Observations

ent of Wind

Perc

b4

P

3

100
30
80
70
60
50
40
30

20

T I ¥ 1 L 1 | i 1 L
— .
— —
- 1.0 mph = 0.447 m/s _
] 1 1 L i 1 1 1 I i
0 1 2 3 4 5 b 7 8 9 10 11
¥, Wind Speed, mph
Figure 3. Cumulative daytime wind speed distribution

during peak and off-peak traffic hours.

22



Sy

P, Percent of Wind Speed Observations

100

90

80

70

60

50

40

30

20

10

during peak traffic hours.

23

LI
T T T T T T T T T
= -
- .
- 1.0 mph = 0.447 m/s ]
1 ] 1 ! 1 1 | ! i
0 1 3 4 5 6 7 8 9 10 11
L, Wind Speed, mph
Figure 4. Cumulative daytime wind speed distribution



*spoods putm jaodare pue spTsperoa ussmisq dTYSUOTIBTY

9T h1 ¢t

ydu ¢speadg putM jaodarty psagxssqQ ‘v

0T

8

9

h

..m 2an8TJg

I

=)
Y%

LSS :
e

e

0T

ydu *spesdg putM opIsSpeoy poadgasqy ‘Y

24



Stability Classes

The stability classes input to AIRPOL-4 must be determined
according to the Pasquill method(®) and not the Turner method.
Reference 2 firmly establishes that the use of Pasquill determined
stability classes produces significantly better predictions than
does the use of Turner determined classes.

Data collected during the verification phase of the AIRPOL
project indicate an (A, B, C, D, E) distribution of (0.10, 0.63,
0.17, 0.10, 0.00) for the Pasqulll method and an (A, B, C,

D, E, F) distribution of (0.06, 0.29, 0.17, 0.48, O. OO 0 OO)

for the Turner method. The Turner,distribution is in very good
agreement with available historical results based on the Turner
method when one considers the inherently more unstable characteristics
of roadside meteorological conditions as compared to airport meteor-
ological conditions. The Pasquill distribution should, therefore,
be in good agreement with historical data analyzed by Pasquill's
method. Thus, until the computer program PASCLS, which will

analyze historical weather data based on Pasquill's criteria, is
completed, the user should analyze stability class B (63% proba-
bility of occurrence) as the most likely stability class. In

urban environments the user may also wish to analyze class A,

while in rural environments, he may wish to include class C.

As a final point concerning stability classes, the authors
wish to clear up a popular misconception regarding the influence
of atmospheric stability on pollutan levels. While it is true
that increasing the atmospheric stability will often increase
CO levels, it is not true in the general case. The effects of
atmospheric stability, road/wind angle, source/receptor geometry,
and sampling time on CO levels are 1nseparable and not necessarily
monotonic. Thus, in some 1nstances, increasing the atmospherlc
stability will decrease, not increase, CO levels. The user is,
therefore, cautioned not to analyze higher atmospheric stability
classes (or smaller road/wind angles and definitely not a com-
bination of the two) with the intent of generating more conservative
predictions. Such practices may very well lead to significant
underpredictions.

Road/Wind Angles

As was the case with stability class, the user should be
aware that CO levels do not necessarily increase as road/wind
angles decrease. Thus, the user should not analyze smaller
road/wind angles solely on the assumption that such a practice
will yield a more conservative prediction than one for a larger
road/wind angle.
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Non-Prevailing Meteorological Conditions

In general, the user will not have sufficient information
to justify making analyses for non-prevailing stability classes
or road/wind angles in lieu of the prevailing conditions. 1If,
however, the user feels compelled to analyze non-prevailing
meteorological conditions, he should certainly analyze the pre-
vailing conditions first, and he should have d reasonable
understanding of the interactive effects of stability class,
road/wind angle, sampling time, and source/receptor geometry
on CO levels.

Emission Factors

The EFCO subroutine in AIRPOL-4 is responsible for deter-
mining line source emission rates in gm(CO)/veh/hr based on
average vehicle speed, heavy-duty vehicle mix, and calendar year.
This subroutine conforms to the methodology presented by the
U. S. Environmental Protection Agency in reference 6. The user
should be cognizant of the fact that EFCO contains Virginia
vehicle registration statistics and should therefore be modi-
fied for use in other states. Specifically, the age distribution
of passenger vehicles used in AIRPOL-4 was obtained from Virginia
vehicle registration data. The heavy-duty vehicle age distribution
however, was obtained from reference 6, on the assumption that the
age distribution of the trucks on Virginia's highways is largely
influenced by interstate traffic. EFCO also relies on the
national averages cited in reference 6 for annual vehicle miles
traveled as a function of vehicle age since such data for Virginia
registered vehicles are unobtainable.

206



3

by

LR
LJ“.f&,&.

EXAMPLES

Single Lane-Group Examples

This section deals exclusively with single lane-group
examples designed to familiarize the reader with the basic
mechanics of using AIRPOL-4. In the next section, the reader
will be introduced to multiple lane-group examples and the
concept of superposition. In this section, each lane group
is assumed to consist of two adjacent 12-foot roadway lanes
having homogeneous traffic conditions across the two lanes.

Examgle 1

Consider Figures 6, 7, 8, and 9. These sites, all assumed
to be parts of a single project, are to be analyzed for 0, 1, 5,
10, 25, and 50 percentile CO levels. The analyses are to be
performed for one-hour sampling intervals. Traffic, meteorological,
and geometric data are given with each figure.

Figure 6 describes an at-grade facility for which predictions
are desired on both the upwind and downwind sides of the roadway.
CO levels are to be determined at 0- and 5-foot elevations for
source/receptor distances of 20, 40, 60 ... 140, and 160 feet
on the downwind side of the facility and 10, 20, 30, ... 70, and

80 feet on the upwind side. Analyses are desired for the years
1978 and 1985.

Figure 7 describes a cut section of roadway with receptors
in the cut. CO levels are to be determined at 0- and 5-foot
elevations above the cut floor for source/receptor distances of
10, 20, 30, ... 70, and 80 feet on the upwind and downwind sides
of the roadway. Analysis is desired for 1978 only. ©Notice that
since AIRPOL-U4 forces o = 0° when both source and receptors are
in a cut, the upwind and downwind predictions in a cut are
ident%cal. Notice also that DLENGH need not be specified when
a = 0O%.

Figure 8 describes a cut section of roadway with receptors
outside the cut. CO levels are to be determined for 5- and 10-foot
elevations above the surrounding terrain (the top of the cut) for
receptors 100, 150, 200, ... 400, and 450 feet from the downwind
edge of the roadway. Analysis is desired for 1985.

Figure 9 describes a fill section of roadway. CO levels
are to be determined for 5- and 40-foot elevations above the
surrounding terrain (the bottom of the fill) for receptors
68, 78, 88, ... 128, and 138 feet from the downwind side of the
facility. Analyses are desired for normal traffic for 1978 and
1985 and for stallied traffic for 1978.
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Figure 10 shows a completed AIRPOL-U4 1nput sheet for
analyzing a division consisting of these four sites. Notice
that the user has allowed the prediction interval, the metric
command, and the wind speeds to assume their default values.
Notice also that the user has allowed various items on the
lane-group data cards to assume their default values. The
reader should carefully study these inputs in relation to the
problem descriptions and relate them to the outputs shown in
Figures 11 through 20,
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Stability Classes

o
4

\ o B (60%), C (20%)
[€e]
‘—{
" Year Vph Mph  %hdv
= 1978 2500 56 g
z 1985 14000 50 11
]
o

Upwind ;Qe.ec.e.‘:...
Dtors Downwijg ﬁéc;pfgrg ¢

Figure 6. An at-grade facility.
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Figure 7. Roadway and receptors in a cut.
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Section through receptors
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> -
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Figure 8. Roadway inside a cut and receptors outside the cut. °
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Stability Classes
B (47%), C (41%)

Year Vph Mph $%hdsv
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*eece, (veh/mile)

\\iiceptors

N\

Figure 9. An elevated facility.
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Example 2

Analyze the downwind side of the at-grade site in Figure 6
using metric inputs, Pasquill stability class A only, wind speeds
of 0.1 and 1.3 m/s, and a sampling interval of 90 minutes. Figure
21 shows the completed AIRPOL-4 input form for this example, and
Figures 22 and 23 show the output results.

Ly



(4D10WOIIN/SBIDIYEA ) @1IW /$B]D1YBA Ut UBAIB aq ysnw (1 —4A) 41 fO = (1-K)S ] UM«

] T ™ SEREREE _H TTTT T 1T T T T T T ™
ol o o M o 1w e o e e e e e e e o s B e e o B T T oz
0 e O CT T T T P T T T fT pT T T _ T T b
T T T L T e 1 Ot O I B T 7T T o
T T T T MM T T T T T T T TT T 5
7 ™ 7] 0 N A A 1T T mw
T [ Tl BE i T rT T rTy i T 1 ITT T w.u
™7 ™ T 1400 I e o e o o e A s o e o T o FT T ™ T T GIIE: mm
W &[T BTAT S| 2 T F S NTE] [T|oVIa oW a5 25T wors| [H1a T&]u [T ATTRIT|NI| [SWE | DR
CREBEERE i T e BT M T v i ) [orEl o IBREEEREEE AR B R mw
ves| |02 1 ova | |rea| lrea] | ocal [ Jozs] loed| [oedl |0zl [o2s] lozd] ovs | ] | ev <
B VAR 2L il ,..l w 66 ——— 95 WS- 1G-06 By —- 3t _wl .W_W .W@m. K-CE cE-2% g - 62 . 2-92i H 61 ~— 9! L e B [ L -5 %
) YT A B ] T, .,
.8 U% uw ﬁ.wnw o (w) P (wy 1@ japu) [apul | apy AN;V Yo {Auy) yda ~ a1 .w
w,s MM wm mw o 4 (W) (A % | o | judw| udw| |udw pak |2
3z 25 325 @z M H1ON3 AH ol ek 214 (IR - T I T 8 | 5k Ol {3118
& - ol 1® | HL1GIMD 3ounos | podnog| [0 (Wi [wij {we] [Si] {1 [s1] [£00d4] (1044 [L0ASL |
SQ¥VD VlivaQ
+T Vi [T T ee] ele] ] Pe T T T TE TG TRIET T TRy TSRTETS T/ T T 1T
g4 1zl izt {et lm‘m 21 ‘_.u €1 vy e
ol—¥s G PG 12G-IGl B8 |9b-Gb ,mM b —6¢ 1£-6
of o ] 2 [Ez2
($/w) = T
ydu W W € 2 | u mmm (SUWN[OD ¢¢ DSAL} Ul P33 JUID 3G PINOYS UOHIDWIOJU()" o
. -
g-sSMm Q12 EA A B e m.mw. ONIGYIH 8
L) el
<
-t
1oV ‘ON 39¥VHD 103F0ud YA ‘03LLINENS 31V pe
By - -9 o
(]
-4 o
Sis ‘LX3 INOHd L\v./)\&kd.dxzj ‘A8 QILLINENS LNJNI z
<
=
SLEIANYANYC =
LNdNt ONISSIO0Hd VIVQ o
¥ NOISHIA-~T0dNIV
73071 39vd NOILVIHOdSNYHL B SAVMHOIH 40 LINININVA3IQ VINIOYIA L2-dQ

'7 FTdWYXT HO4 WHO4 LRN] §-T104u]y Q3L37dW0Y) ‘17 3¥nold




CWI/H3IA NI ST (I-8A)10A4L *0°0 = (1-3A)0dSIL 41 13ILON o

2=dA/9EE1Y
(-dA/EB* oL

|

| 0°c 0°¢ 0°0 o0°0¢ 4 0°0 0°0 2°0 S*0 0°0 0 0°0 O0°IT 0°6 0°0 0°0® 0°06 0°0 0°000% 0°00G2 ave

i
TTBH/RIATAO T |

i

I

|

|

!

" W "] W %330 8 TW ] Wl "~ 3 AQR% KTA%T ATA%E A7WN A7AN H7WA ~HdA Hak~ —HIAT T T
!

SNOISSINW3 3MONI T1-1S0 Z2-1H Y HI9N3D HLGIM  HION3IT LHOI3H O E~YA 2-UA [=¥A E-HA Z2-HA 1=8A af-HA «2-HA ol-8A O
02 S80 SH0 °*SH0 VHd4Iv O INd 1nd RQ//7MN 32UN0S T XIWL XIWL XIWL 0dS1 OdS1 OdS1  M0A4L  0A4l 0A4L 7 311S
*SISATIVNY JHL ONIWHOIY3d NI WVHOOUd 3HLI A8 Q3SN ATIVNALIVY SINTIVA
YV SHMYW NOILSIND MOTIE SWILT  °SSID0Hd LI3UYOI/MNIFHI LNANI 3IHL
H3IONN SLNANT 40 3ONVHI DILVWVHOOHMd ¥V ILVIIGNI (&) SHMYVW NOTLS3NO
U 39vd SL61 A¥VNNYC
ONZ *ON 8O 2 3TIRYXI *TVANVYWN SH3SN ¥ NOISYHIA ~= T0d4YIV

2z 3ynoi

46



!
}
i
!
i
! S
1 S
i v
- (A P:A A T*o TE¥ Ty YT ¥ 3
G246 w2 G 9E* G wE°0 | (0°12 ) 69 | } b]
870 92°¢ 6E°G (€°0 f 10T81 ) *6s | i
g0 §2°0 Ev°0 G¢*0 1 (0°ST ) cev | Pow o A
£€°0 €°¢ L%°0 Y9G 1 (021 ) *6E | G861 1 i
a0 €0 0G°6 (%*0 & (0°6 °0f€ | | 1
L SE€°0 £5°0 6v*0 1 (0*9 ) 02 | ! )
B 9€° 0 €0 ¥5*0 056 | (0°¢ ) ol | } 1
tT50 22%% E{ ] T T 1057 %3 T T 2
G20 22°0 S€°0 YE°G 1 {012 ) *69 | | v
82°0 92°0 6E°0 LE"0 | (0°BL ) *65 | i 1
0€°0 82°0 AL} 0%°0 | (0°ST 3} *ev | i S
£€°0 1£°0 9peQ 990 | (0°21 ) 6 & BL6T !
S£°0 €E*0 05°0 LY*0 1 (0°6 ) *0€ | |
L0 GE*0 £€5°0 69°0 §  (0*S ) 02 | i
g0 SE*¢ ¥5°0 05°0 1 (0°E 1 00l !
Rad MY SIIRFTOT
TOEETT TE'UTYOTECCY OT/TUTY PO TBTUYOTOTOY OTEVYTV OTUECETY OTEVETT TEYOTY  TSYTY TRTSTAFIONVISTO VIR
(R4 6"% 6*c 6°% g°0 &y 0°0 6°% 6°90 8% G°0 6% $IAUIASHO
(W} L14%S1H9TI3 (W)L 4*SLIHOTIAH (W) L A*SLHOTIR (W) PLASSLHOIIN (W) °LA%SIHOIIH (W) *L4°SIHOTIN
uINGISHE HIAHWISK0 HIABISHO H3AHISE0 H3AUISHO HIANISEO *NiW 0E  *uH T
(vonan? (LY Taonna) (swana) - [KiIBAENY TTRRYTOTY T IWIL ONISVH3AY NOTLVHINIONOD
noena anana seneH LYY T 162 220
(S/W) Hdw NI SG33d4S GNIA IoVvHIAY *SdNO¥9 3NV 1 3A08Y 3HL WOHS
SI3A37 03 40 NOIAISOdMIINS V¥
2 39vd 2 IIdNYXI CTUYNNYW SHISN GL6T  ABVNNVP

aNZg *ON 80r

Qvz = GI 311S
¢Z 3WN91

% NOISY3IA -= 0dHIV

47



Example 3

Generate a 13876 eight-hour analysis for the downwind side
cf the at-grade site in Figure 6. The analysis should cover
the hours from 7:00 a.m. to 3:00 p.m. Traffic conditions
(vph, mph, % hdv) are

(4780, 54, 8) for morning rush-hcur 7:00 to 9:00,
(2140, 62, 12) for morning off-peak 9:00 to 11:40, and
(2970, 59, 11) for afternocon shopping 11:40 to 3:00.

Assume that the average road/wind angle over this eight-hour
period is 38°, the prevailing stability class is B, and the
default percentile wind speeds are applicable to this time
interval.

The first step in solving this problem is to determine the
average traffic condition for the time period in question. This
is done by finding

L vphgxtime: 5121 vehicles _ 25166.67 _
Vph = = 8 hours = ) = 316 Vph,
L timei

mph - VPRyXTIMeMMPR;  rotal vehicle mph _ 1454153.33 _ mph

L vphixtimei Total vehicles 25166.67

3
'S
Lo
!

and

F——— I vph.xtime.x%hdv./100%
shdv - = 2 = ‘X 100%

z vphi x tlmei

N
(@]
(@]

Total hadv

. X ] % =
Total Vehicles 100%

NS
o
=
[eplNeo
ok

The user should note that he would normally have to determine
the average road/wind angle for the time period of interest from
some data set. In this example, however, this angle has simply
been given as 38°.



Gox

Figure 24 shows a completed AIRPOL-U4 input sheet for this
example. Figures 25 and 26 show the output results (eight-hour
averages for each percentile wind speed). The reader should
note the use of defaults in this example.
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Figure 27 illustrates the three possible upwind/downwind
source length configurations. No input/output accompanies
this example. The purpose is simply to illustrate the geometries

involved with the determination of the algebraic signs of these
lengths.
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Figure 27. The three possible upwind/downwind source
length configurations.
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Multiple Lane-Group Examples

Superposition

AIRPOL-4 performs automatic superposition of CO levels
from as many lane groups per site as the user supplies. With
each lane group, the user specifies an OBS D-1., and OBS INC,
and an OBS HT-2. These specifications generate 16 receptor
locations, one at each of the two OBS HT's at each of the eight
OBS D's. AIRPOL-4 guarantees proper alignment of the OBS HT's
for each of the eight receptor locations by fixing OBS HT-1 to
always be 5 ft. (1.5 m) and forcing OBS HT-2 for all lane
groups in a site to be the same as OBS HT-2 for the first lane
group in the site. AIRPOL-4 cannot, however, monitor the
OBS D's for proper alignment. This is the responsibility of
the user. Thus, the user must guarantee that OBS D-j (j = 1,8)
for each lane group is physically aligned with OBS D-j for every
other lane group in the site.

A subtle outgrowth of the need for proper alignment of
superposed CO levels is that CO levels for receptors in cuts
cannot be superimposed with CO levels resulting from other
source/receptor geometries. This is a result of the fact that
for all other geometries receptor elevations are specified
relative to the surrounding terrain, while for the case placing
both the source and receptors in a cut the receptor elevations
are specified relative to the floor of the cut. Thus the only
valid superposition for CO levels at receptors in a cut is for
multiple lane groups all in the same cut.

Another point concerning superposition is that AIRPOL-4
expects the receptors for each lane group to lie along a line
perpendicular to the lane group. If the receptors do not lie
along such a line, then the upwind and downwind source lengths
for each receptor point will be different from those for all
the other receptor points. Since the input for AIRPOL-4 specifies
that all 16 receptors per lane group have the same upwind/downwind
source lengths, predictions for receptors not along a line per-
pendicular to the source lane group will be somewhat in error.

The extent of this error will be a function of the fractional
error in the upwind and downwind length specifications resulting
from the displacement of the receptor line from the perpendicular.

Whenever it is necessary to generate predictions along a
line not perpendicular to a source lane group and the deviation
will cause significant errors in the upwind/downwind length
specifications, the user should analyze only one receptor
location at a time by setting OBS INC = 0. (A single point
must, of course, lie on a line perpendicular to the source.)
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Example 5

Consider Figure 28. Find average one-hour CO levels for
the 0, 1, 5, 10, 25, and 50 percentile wind speeds at receptor
elevations of 5 and 10 feet for this dual-divided, at-grade
facility in 1982. The distributions of CO levels between the
roadways and in the first 400 feet downwind of the southbound
roadway are desired. Figure 29 shows a completed AIRPOL-Y4 input
form for these problems. ‘

The site labeled 5A is for the analysis between the road-
ways. Notice that for this analysis, the user must examine the
downwind side of the northbound lane and the upwind side of the
southbound lane. Since the width of the median and emergency
lanes is 54 feet, eight receptors at 6-foot intervals from
either roadway will span the area between the roadways. Thus,
starting with the northbound lane group as the reference,

OBS D-1 = 6 and OBS INC = 6 for this lane group. Now, since
OBS D-j (j = 1,8)for the southbound lane group must physically
coincide with OBS D-j for the northbound lane group, the user
must specify OBS D-1 = 48 and OBS INC = -6 for the socuthbound
lane group. The output for this problem is shown in Figures 30
and 31. Notice that the receptor distances listed are relative
to the northbound lane group, the first lane group specified
for this site.

The site labeled 5B is for the analysis of the first 400
feet downwind from the southbound lane group. Taking this lane
group as the reference, the user sets OBS D-1 = 50 and OBS INC =
to span the first 400 feet. To properly align the receptors from
both lane groups, he must then set

OBS D-1 = 54 (median) + 24 (southbound roadway) + 50 = 128
and OBS INC = 50 for the northbound lane group. The output for
this problem is shown in Figures 32 and 33. Notice that the
receptor distances specified on the output are relative to the
southbound lane group, the first lane group input.

The reader should carefully observe the use of available
defaults in analyzing the two problems in this example.
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Figure 28.

Receptors

Prevailing Stability Class
ULENGH (Both lane
DLENGH (Both lane

TFVOL
TEVOL
TESPD
TESPD
TFMIX
TEFMIX

(Northbound
(Southbound
(Northbound
(Southbound
(Northbound
(Southbound

groups)

groups)

lane
lane
lane
lane
lane

lane

group)
group)
group)
group)
group)
group)

Fh o,
w320

B
4290 ft.
2570 ft.
3875 vph
4293 vph
66 mph
64 mph
14 %hdv
& %hdv

An at-grade, dual-divided facility.

57



(4913WONY/$]D1ydN ) B11Us /SDD1YAA Ul UBAIG BQ jsow {1~ 1K1 1Oz (1—2K15 L vayum

(IR 11 | i i i1 i T [ ! i i i [ i T P P [
o v T T T 1T L 250 o e T s v e e e e T e T LI IRREEE ﬁJJ, z
o e o o e e e B T T TT 4 T T T LT P T.- CTTT T e O
et e I o A e o R A AR T T LT T T Ty ey T ) 5
T I i A IR I A | REEERE TR W ST F| 2 @iNw a7 s[5 QW > Teiwa Wy [TV H AR Len [ANF m
SIET | RreTt fotr gLl [ T T %) €% [T [ T T T T T i9re) [T T RIS e [T mw
ST PBT fart) B [ [T T Rl fEE LTI T T [T T e T T T [eeReTy] (3] [ETS (2 A
T2 [T WETS| 9 AW S| | 2B TeTT] [SATATe| 31T oSt | [ WeT S| o | AW 1| TE|e I | S[AIY oW | A WL [STETEW vST TaTs|v[ST ST [SWE mm
tor=1 RIPT] Jort| B [W TT T 3 B Tl rT e I B3 T T IRERRF IS NIBEREL B3
WQJJ 9T [aTn &L [@ T TTT % (8% [T 1 (7] [0 (90T 7771 7 gy T T T T [ggiaTg @ WiE |34
i S TL I b d e .. e bed Lo b—d g R =
L 0es ey 024 [OAF] 34 ov 4 ov4 ied red [o R IX] M 0z4 o4 Jed ozl loes [eR) ot ot 4 ovd PV £V “
L B8 BL—bL 2e-1L] 69-89; P9 |¥9—19 G —— 9G] [5-E¢ 1G-08] Br-—9b| |by] b b ¢ B 19esE ve-2e]  |CE-6e] Y2-S8 we~——12 6t —— 91| vl —— (3 L -G %
n .|Mul. 1 u:.!cz,cUIJ Tl!iJ TA S T T ﬂ»!cli u, B m >
~ 2 ~al lza| (22l 2 {w) (w) Zonl | twy | |2 apu| fapul {apup fuw) K (o) | uda yoa LN I 3
ws .w,m mw mw 2 ) RE (SddRER +H u % % % | |udwl |udw} {udw gk 24 1k |
2z 2 2 o m HL1ON3T H C I3 A 4k 4K A 3k Ol |3Ls
& D1 ER]PP) | ponam] [maamo) | Soinos | posvod [0 [we) (] [we] {51 (5L) [sL] [#10A3L] [00A4L] |s10n41] | |
SQHVDI VLivQ
Mq T \ A V! 1T ™1 T TTes T T T T T BTG ?,:«_éiir_ SIETSW T T T T THHLTS
S b -
M [ 1'¢4 I'ed 'ed 1'e3 I'ed 12 12| 21 21 2l 1 €1 1v'pv8
C8— 8L 9l—bL 2L—0L 89 —99 9 —29 08— 86| |96 [bG [26-161 B8t (A-SH| e I ~6¢ LE-S
. s e i it s
(syw) | | {ssw) ] |(s/w) (ssw)| | (s/w) (srwy| |8 w_ EEE:
»| (> € 2 | - cme (SUWN}OD ¢ ¢ I$3Y} UL PAIBJUID 3q PINOYS UOHOW AU} "
] ydw ydw ydw ydw ydw ydw % % ‘HA A HA ) 25 a M
£
Posm| [ssm!| [vsm| [esm| |zsm| [ism| [~] |- Q °rg ONIGY IH g
AoV AdAL | 1038 Y/ 31009 | 00 . .
TP T E _J.u oY ‘ON FOYVHO 103rodd EYARYA] ;w g3LIINENS 3LV Q m
T sis et w3 N s
{ ‘ON WOOY 11X 3 3INOHd > :A8 O3ILLIWENS 1NdNI
sis R D VAN g
G26IANVNNYS z
LNdNI 9NISSIOONd VIVD o
p NOISHIA--10dHIV
T 30 T 3sv4 NOILYLHOdSNYYL 8 SAVMHOIH 40 INIWLHVEIQ VINIOYIA LL-40

"G 3TdWYXT ¥O4 WHO4 LNdN] k-T0441Y Q3L3TdU0)  *R7 3uN9l

58



*IVUNW/HIA NI SI (I-¥A)T0A4L ¢0°0 = (I-¥A)UdSHL 41 :3LON =«

T-8A/8L°2LE It 0°9- 0°8%» 0°01 0°8. N 0°0 0°0 92 €% 0°0 0 0°0 0°0 0°9 0°0 0°0 0°%9 0°0 0°0 0°€62Yy S Vs

I-4A706°819 0°9 0°*9 0°0T 0°8,L @G 0°0 0°0 9°2 €°% 0°0 0 0°0 0°0 O0°%T 0°0 0°0 0°9%9 0°0 0°0 0°GLBE N vs

]
K]

BH7HIA7RD (K] I3 I3 I3~ /530 § I3 13 T 13 3 AQA% AQH%E ATRE HdWw HJIW  HdwW HaA~ TTH4A H3A~ T
P
Hi

SNOESSIWG JYONI 1-1SC 2-1H ¥V HIONIY HIGIM  HIONIT LHOI3H O €-HA 2-8A T-HA E€~¥A 2-¥A 1=dA wE€-YA o2-drA al-¥rA 9
0D $80 S80  *S8O VHJW D IND ind RG//m0 30HN0S T XIWL XIwl XIWL QdS1 QdSL (dSL  T0A4L 10A4L N0A44L 0 LIS

*SISATVNY IHL ONIWJOIHId NI wWVyO0Hd 3HL A8 Q3SN ATTIVNLIV SINTVA
YV SHYVYW NOILS3IND MOT38 SWALT  *SSIV0Hd LI3YHOI/NI3HD LNdANT 3HL
YIONN SLINGNI 40 FONVHD JILVWVHO0Ud V JLVOIONI (&) SHYVAW NOILS3NO

1 39vd SL6T AYVNNVYN
WH1S °*ON 8or S FVWIWVYXI CIVNNYW SH3SN % NOISY3IA -~ T0dYIV

0¢ 3unol1y

59



odgUn

e s - g = e - - — - -

8 A
1
1
1
1
2e%0 09"0 IeY0 i{v"0 [ A 241] %S0 9%*0 8670 6% 0 29°%0 1670 %970 T ST Y Y8y T -]
62°0 8E*0 Y€°0 G%°0 6€°0 25°0 2y 0 95°0 Sv°0 09°0 9%°0 29°0 | «(8°21 ) *2v | v
62°0 0%*0 YE*0 A AN 6€£°0 %5°0 2%*0 85°0 a%*0 29°0 Ly*0 $9°0 | (0°IU 3 °9€ | 1
62°0 2%°0 SE° O 6%°0 0v°0 LS°0 £€9°0 190 9%°0 69°0 1%°0 49°0 1 (1*6 ) *0E | S
(34 1] €9°0 SE*0 25°0 090 6S°0 €90 €9°0 9%°*0 89°0 8%°0 0L°0 | (€°*L ) 2 | 2861
0E0 S0 SE*O %S0 [ 4] 29°0 €90 99°0 9%°0 o 8v°0 €L°0 | (8°*S ) °8l |
0g*0 8v°0 SE*O 95°0 ov*0 S9°0 €v°0 69°0 9%°0 %L°0 8v°0 LLto po(ce o oc2t |
62°0 89°0 9€°0 LG8°0 6€°0 99°0 Z2%°0 0L°0 S%*0 9L°0 9%*0 BL*0 | (BT ) *9 }
Hdd NI S13A3Y 03
TEY @1y ey WUy W7 BT WET BT Wy BTT 0T T BT TATTIITINVISIO T5vIt—
001 0°S 0°0t 0°s 0°01 0°s 0°0t 0°s 0°0¢Y 0°S 0°01 0°g ¥3AH3ISE0
(W) “L44SIHOTIH (W) *L4*SLIHOTIH (W) °14*SEHOTI3H (W) "LA*SLHOI3H (W) *L14*SLIHII3H (W) *L4*SLHOTIN
Y3A83SH80 ¥3AH3S80 43A83S80 ¥3AHISEO0 ¥3AY3ISE0 ¥3IAYISE0 SNIW 0 C¥H T
({254 8] [ GN) (yG70 ) (e - (6070 ) C0°0 ) 3WIL ONIOVY3IAV NOITLVHINIINOD
08°¢t oe*e 02°1 0L°¢ 02°0 0°0
(S/n) HdW NI S033d4S ONIM 39V¥3IAY *SdNOYS INVT 2 3A08VY 3IHL WOY4
ST3A3T 0) 40 NOILISO4¥3ILNS V
2 39vd S FVWINVYXI CIVNNYW SHISN SL6T  AYVANVE
WH1S *ON 801 vs = 01 31IS % NOISY3A ~- T0dYIV

TS 3uno1y

60



1

t

*3TIW/HIA NI SI (I-3A)0A4L $0°0 = (I-¥A)QdSIL 41  :3ILON =
a
é
~4A/06°819 1| 0°05 0°821 0°01 0°8, 0°0 0°0 9°2 €°% 0°0 0 0°0 0°0 0°%I 0°0 0°0 0°99 0°0 0°0 6°SL8€ N 85
¢
A
~¥A/8L°2LE Il 0°05 0°05 0°01 0°8L 0°0 0*0 9°2 €°% 0°0 0 0°0 0°0 0°9 0°0 0°0 0°%9 0°0 0°0 0°€62% S 85
N
“HH7HIATAD H i3 13 I3 %30 3 713 TTI3 3% I3 7 ROW% ATQHE AOH% HdW  Hdw  Hdn AdRT T HaA Hak~ T 7T
SNOISSIWNT |t 3ININI 1-1SQ 2-1H V HIONZT H10IM  HLONIT IHOI3H 0 €-YA Z-~HA [=UA E€-HA 2-HA [-8A &C-¥A «2-HA «l-¥A 9
02 It S80 SB0 °*SHO VHdIWV 2 ind 103 MA//7MN 308N0S T XIWL XIWL XIwl GdSL GdSE QdS1  0A4L  0A4L  10A4L 1V 34IS
*SISATUNY IHL ONIWNO4HID NI WVHI0Hd 3HL A8 GISN ATWNLIV S3INIVA
YV SHEVW NOILS3IND MOI38 SWILD  *SS3D0¥d 1D3dH0D/HMIIHD LINANI 3HL
YIANN SINGNT 30 JONVHD DILVAWVHO0Hd ¥V JLVIIOND (Z) SHAVA NOILS3INO
€ 39vd GLET AYVANVAR
WHLS *ON gor S IVdWYXI ¢ TIVNNVW SHASN % NOISY3IA ~~ 104¥lV

75 34n9i4

bl



Vv

- e - g = - - —————

8 A
1
I
3
I
-3 G4 NN - G RO -1 8 ] 28] &A1) 2*0 22%0 Al %20 %2 0 YAy &IF0TT TETIZTY  T00e T 8
Lo L1%0 02°0 02°¢ €2°0 €2°0 S2°0 s2°0 92°0 L2°0 L2°90 L2°0 | (L°901) *0sE | v
61°0 61°0 220 £2°0 92°0 92°0 82°0 82°0 0e°0 0€°0 0g°0 1€°0 + (»°16 ) °00¢ | i
12°0 22°0 s2°0 92°0 62°0 62°0 €0 2€°0 €E€°0 YE*0 €0 SE°0 1 (2°9L ) *0%2 | S
s2°0 G2°0 62°0 0€"0 €€°0 %€°0 9€°0 9€°0 8e°0 6E°0 04°0 0%°0 { (0°19 ) *002 t 2861
62°0 0€°0 %€°0 GE*O 6E°0 0%°0 4] €v°0 590 9%°0 9%°0 89°0 | (L°S% ) *0ST |
GE°O LE*O 18 4d ] E¥°0 i%*0 0s°0 15°0 €6°0 %S°0 LS50 950 65°0 1 (s°0€ ) c00U I
€v°0 89°0 16°0 L5°0 85°0 59°0 29°0 0L°0 19°0 GL*0 69°0 LL°0 } (2°SU ) °0S |
HWdd NT STT3A39° 63
TWETY BTy Wy By WeEy @Y7 WET BTT WET BT T, 0Ty BTy WTTITIPNISTT “svIi~
0°01 0°S o°ct 0°s 0°01 0°s 0°01 0°s 0°01 0*S 0°01 0°S ¥3A43580
(W) *LA*SLHOTIH (W) L1A*SIHOTI3H (W) *144SIHOTIH (W) *1F¢SIHOIZH (W) *LI*SLHOIIH (W) *L44SLHIIIH
CELLGERL: 43A83ISHO ¥3IAHISEO ¥3IAYISHO 33A43580 ¥3AYISHO NIW 0 cuH T
({754 S} 01T ) %670 ) (Ie*0 ) 160*07) r6%0) 3WI1 ONIOVY3IAV NOILVHINIONOD
08°t oe*e 02°1 0L°0 02°0 0°0
(S/W) HdW NI SO33d4S ONIM 39VHIAY *SdN0Y9 3NV 2 3A08V 3IHL WOHdS
S$T3A37 02 40 NOILISOd¥3dNS V
v  39vd S 3AWYX3 ¢TIVANYW SH3SN SLO6T  AWVNANYP
WHLS *ON g0r 85 = QI 3LIS % NOISY3IA =~ 0d¥1V

§¢ 3un91

62



Example 6

Analyze the at-grade, four-way intersection shown in
Figure 34 for the year 1985 and a one-hour sampling time.
The traffic conditons, source lengths, road/wind angles, and
receptor locations are as shown. Receptor elevations of O
and 5 feet are required. Assume that the prevailing stability
class = B and that the default percentile wind speeds are
applicable. '

Since there appear to be no drastic differences between
the two directions for each leg, it would prove economical to
analyze each leg as a lane group carrying its representative
traffic. This, of course, requires the determination of the
average traffic characteristics for each leg. Having made
this transformation, the example becomes a four lane-group
example where the upwind/downwind source lengths for each
receptor for each lane group are different. Figure 35 shows
a completed AIRPOL-4 input sheet for this example, and Figures 36
through 39 show the output. Notice that the distances shown
on Figure 37 are relative to the first lane group input.
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Traffic conditions are shown as (vph, mph, %hdv).

Each leg extends =~ 2000 ft. in a nearly straight line.
Each leg is two lanes wide = 24 ft.

Figure 34. An at-grade, four-way intersection.
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RECOMMENDATIONS

Based on the findings of the AIRPOL study, the authors
recommend -—

1.

that AIRPOL-4 be implemented as the
Department's air quality prediction-
tool,

that highway fill sections be analyzed

as both fill and at-grade sites to balance
the inability of Gaussian models to analyze
such sections,

that Pasquill's method(s) for determining
atmospheric stability be employed in con~
junction with AIRPOL-4,

that the (A, B, C, D, E) distribution of
Pasquill stability classes cited in this
report be employed on an interim basis

until the program PASCLS has been completed,

that the Department sponsor further research
to determine the relationship between airport
and roadside wind speeds,

that, as an interim measure, the Department use
the relationship given in this report as
ROADSIDE WIND SPEED = 0.42 x AIRPORT WIND SPEED,

that the Department abandon the undefined con-
cept of "worst case" analysis in favor of the
percentile analysis detailed in this report,

that the Department use the cumulative wind
speed distribution given in this report as the
basis for percentile analyses until such time
as this distribution can be reduced from
historical data, and

that the prospective user be made thoroughly
cognizant of the fact that altering wind
directions and/or stability classes for the
purpose of generating conservative, or upper
limit, CO predictions can, in fact, generate
underpredictions due to the non-monotonicity
of CO levels as a function of wind direction
and stability class.
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APPENDIX

FORTRAN FORMAT SPECIFICATIONS FOR AIRPOL-4 INPUTS

A Format

The A format specification is used when alphanumeric
information is being input to a program. The A format
specifies that all keypunch characters are valid inputs.

The general form for the A specification is Aw, where w indi-
cates the width of the field, i.e., the number of card
columns to be read. Preceding an A specification with an

integer r, a repeat factor, prescribes that r Aw fields are
to be read.

I Format

The I format specification is used when integer numbers
are being input to a FORTRAN program. Any combination of the
characters 0 through 9 and blank, optionally preceded by a

single "+" or "-", constitutes a valid input under an I
specification. Blanks are interpreted as though they were
zeros. The general specification for the I format is Iw,

where the w indicates the width of the field, i.e., the number
of card columns to be read. Numeric values are located in the
integer field such that the right-most character in the field
represents the units digit in the integer number.

-E Format

The T format is used to input real numbers to a progran.
Any combination of the characters 0 through 9 and blank with
a single optional decimal point and preceded by a single
optional "+" or "-" constitutes a valid entry under an F format.
The general form of the F specification is Fw.d where w specifies
the total field width, i.e., the number of card columns to be
read, and d specifies the assumed number of decimal places
contained in the number. The user need not enter a decimal
point in an F field, the computer will automatically place one
between the dth and a4 + 1st column from the right of the field.
The AIRPOL-4 input form has the assumed decimal points (for all
cases where d > 0) printed on the form. (When d = 0, the
decimal point is assumed to follow the right-most character in
the field.) A decimal point placed by the user within an F
input field overrides the d portion of the format specification
and the computer will interpret the number exactly as it appears
in the field. Thus, for example, if the user wanted to input
the number 28.7 in an F4.0 field, placing "28.7" in the 4~column
I field would cause the value read to be interpreted as the
number 28.7, since the location of the actual decimal point
would override the location of the implied decimal point.
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L Format

The L format specification is used to input logical
(TRUE/FALSE) values to a program. A "T" placed in an L
field is interpreted as a TRUE, while an "F" or a blank is
interpreted as a FALSE. AIRPOL-4 uses the L format to input
the TRUE/FALSE response to the question, "Do you want to use
metric units for the data inputs?"

Z Format

The Z format is used to inputhexidecimal numbers (base 16)
numbers). The Z format is similar to the I specification with
the exception that the characters A, B, C, D, E, and F are
also valid inputs. The AIRPOL-4 program uses the Z format to
allow the user to input stability class information as either
1 through 6 or A through F.



