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The subject of this report is an air quality prediction model for highways, 
AIRPOL Version 2, July 1973. AIRI•OL has been developed by modifying the 
basic Gaussian approach to gaseous dispersion. The resultant model is smooth and 
continuous throughout its entire range, which adds mathematical credence to its 
applic ability. 

AIRPOL has the capability to model a wide. variety of real-world highway 
pollution problems. It can handle elevated, depressed, and at-grade roadways. It 

can be used to analyze any number of lanes for divided or undivided highways as 
well as ramps and service roads. AIRPOL is even capable of making an analysis 
of concentrations upwind from a pollution source. 

.Field studies have been initiated to verify AIRI•OL Version 2 and to 
provide empirical information should future modifications be necessary. The 
limited.-test data available so far indicate a satisfactory correlation between 
observed and predicted CO le;cels. 

The computer program AIRPOL has been structured such that it can easily 
be modified to accept upgraded data on emission factors for CO, HC, and NO 

x as 

they become available. Furthermore, should future modifications to the model be 
necessary• the modular design of AIRPOL will simplify the transition from Vers ion 
2 to Version 3. 
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i.i 

HISTORY 

The Federal Highway Act of 1970 requires an environmental impact 
statement for each federally funded highway project° The statement must 
include a quantitative analysis of the impact of the highway on the air quality 
in the area of the proposed project. 

In the fall of 1971• the Council was requested by the Department to 
initiate the development of a dispersion model to comply with the requirements 
of the 1970 act. The result of this initial attempt was a method essentially 
similar to• but without the refinement and sophistication of• the APRAC Model; 
which was then still under active development by the Stanford Research Institute° 
This method was abandoned in favor of AIRPOL Version l•which.was prepared 
by the Research Council and submitted to the Department in September• 1972. 
Since that time• research has continued on the AIRPOL project and an upgraded 
model• AIRPOL Version 2• July 1973• has been developed and submitted° This 
report explains the development and application of AIRPOL Version 2• July 1973. 

2°0 

MATHEMATICAL DEVELOPMENT 

A survey of the literature and inquiries to other highway departments 
revealed that the classical Gaussian dispersion process was considered to be 
the most promising basis for a general highway dispersion model° (1• 2• 3• 4) 
The Gaussian process was initially conceived as a model of downwind concentra- 
tions from a point source. Since modeling of emissions from a highway requires 
some sort of line source models it was felt an integration of the Gaussian process 
should be suitable. However• the equations forthe Gaussian point source model 
are not directly integrable in the general case° Furthermore• because of the 
interdependence of the variables in the Gaussian model and the complexity of the 
integration• numerical techniques were considered too inefficient an approach to 
solving the line source problem° Therefore, AIRPOL employes the simplified 
technique of finding a point source equivalent to a given highway line source and 
then using a Gaussian point source process to determine concentrations° 

The remainder of this section outlines the mathematical philosophy in 
progressing from the basic Gaussian technique to the final AIRPOL model. 
Article 2.1 describes the fundamental Gaussian process for point source emissions. 
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Articles 2, 2 and 2.3 discuss the method of establishing the source strength 
and location of a point source equivalent to a given highway source° In articles 
2o 4 and 2o 5 the geometric arguments for finding downwind travel distances and 
vertical and horizontal offsets to enable calculation of concentration profiles are 
'presented. Article 2.6 develops the extension of the basic model to the stage 
necessary to model the depressed roadway situation° In article 2.7 the model 
is further extrapolated to encompass upwind as well as downwind concentration 
profiles° Article 2.8 concludes the mathematical development with the 
presentation of the terminal AIRPOL equations in their complete form° 

The basic Gaussian model for point source emissions assumes (see 
Figures 1 and 2) that gaseous concentrations will be normally distributed 
about the centerline of a plume in both the vertical and horizontal directions 
and that the standard deviations of these distributions• SZ* and SH*• will be 
functions of travel distance and atmospheric stability (see Figures 3 and 4). 
Furthermore (see Figure 5)•the model assumes that the ground acts as a 
perfect reflector of gaseous pollutants• thus producing a concentration increase 
due to the summation of actual and virtual source emissions. Thus• the 
concentration• CO• at any observer point (Xo• Yo• Zo) from a source point 
(Xs• Ys• Zs) with the wind parallel to the X axis will be 

Q.• e-•--g-H--1 Ys-Yo,2) e-•t•l ,Zs- Zo )2 
+e 

-½(° Zs+Z°sz )2 
co • (ws) SH ) SZ 

(1) 

where: 

Qp is the point source emission strength (mass/time) 
WS is the wind speed (length/time) 
SH and SZ are the d,ispersion parameters (length)• an•d 

are functions ofIX 
s 

Xotand atmospheric stabilit) 
(see sections 2o 4 and 2o 5) 

CO is the observed concentration (mass/length 3) 

Now• suppose a technique could be established for determining the 
location and emission strength of a point source equivalent to a given highway 
line source• then one would be able to apply the basic Gaussian model to 
predict highway proximity concentrations° The California Division of Highways• 
Department of Materials Research has provided curves (approved by the t•PA) 
for determining Q• the line-source emission strength, (mass/length time) as 

a function of vehicle mix• vehicle speed• traffic volume,• and roadway type (see 
Figures 6 through 2I)o (These curves have been computerized for use in the 
AIRPOL model. Now, if Q is multiplied by some appropriate roadway length• 
LFACTR• then the product would be equivalent to a point source• Qp (units of 
mass/time)o 

*Throughout the text of this report• variable names given in all capitals refer directly 
to the variables in the program• AIRPOL Version 2• July 1973. (See Appendix A-1. 
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Figure 7. Emission factors for carbon monoxide vs. average route speed on 

freeways 10% heavy duty vehicles. 
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Figure 8. Emission factors for carbon monoxide vs. average route speed on 

freeways 15% heavy duty vehicles. 
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Figure 9. Emission factors for carbon monoxide vs. average route speed on 

freeways 20% heavy duty vehicles. 
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Figure 10o Emission factors for carbon monoxide VSo average route 
speed on city streets 5% heavy duty vehicles. 
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Figure 11. Emission factors for carbon monoxide vs. average route 
speed on city streets 10% heavy duty vehicles. 
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Figure 12. Emission factors for carbon monoxide vs. average route 
speed on city streets 15% heavy duty vehicles. 
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Figure 1-3. Emission factors for carbon monoxide vs. average route 
speed on city streets 20% heavy duty vehicles. 
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Figure 14. Emission factors for hydrocarbons vs. average route speed 
on freeways 5% heavy duty vehicles. 
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Figure 15. Emission factors for hydrocarbons vs. average route speed 
on freeways 10% heavy duty vehicles. 
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Figure 16. Emission factors for hydrocarbons vs. average route speed 
on freeways 15% heavy duty vehicles. 
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Figure 18. Emission factors for hydrocarbons vs. average route speed 
on city streets 5% heavy duty vehicles. 
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Figure 19. Emission factors for hydrocarbons vs. average route speed 
on city streets 10% heavy duty vehicles. 
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Figure 20. Emission factors for hydrocarbons vs. average route speed 
on city streets 15% heavy duty vehicles. 
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Figure 21. Emission factors for hydrocarbons vs. average route speed 
on city streets 20% heavy duty vehicles. 
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2°2 To determine LFACTR, consider that it must be a function of two factors, 
LENGTH (see Section A 2.7.10), the upwind roadway length, and ALPHA (see 
Section A 207.7)• the acute angle of intersection between the roadway and the 
wind direction. (LENGTH and ALl'HA are data inputs to the program AIRPOLo 
LFACTR should obviously be a monotone increasing and continuous function of 
LENGTH and should be a monotone decreasing and continuous function of ALPHA• 
since larger angles imply smaller effective upwind roadway lengths. Furthermore, 
the functional dependence of LFACTR on LENGTH should be such that the rate of 
change of LFACTR with LENGTH is inversely proportional to LENGTH° An 
illustrative example of the need for this type of dependence is: 

Suppose LENGTH 400 feet and is increased by 400 
feet° Then intuitively one would expect a substantial 
increase in LFACTR; however, if LENGTH 4,000 feet 
and is increased by 400 feet, one would expect only a 
small change in LFACTR and consequently in COo 

This required functional dependence on LENGTH can be achieved by taking the 
geometric mean of 1 meter and LENGTH; i eo, -•/LENGTH 1. 

The dependence of LFACTR on ALPHA should be such that LENGTH is an 
important parameter when winds are parallel to the roadway but negligible when 
the winds are perpendicular. The reason for this dependence is that in the 
parallel case the winds are capable of carrying emissions from a long stretch 
of roadway to the observer whereas in the perpendicular case the length of road- 
way is unimportant (as long as it is greater than 400 feet)° "The dependence on 
ALPHA should obviously be triginometric in nature• should vary between 0 and 1 
and should have a small derivative near 90 ° but a large derivative near @o• The 
function 1-sin (ALPHA) satisfies all of these criteria° Thus, we have 

LFACTR K 
1 + (•/LENGTH 1) (1-Sin(ALPHA))/K 

2 
(2) 

The constant K 1 is used to account for the case ALPHA --: 90 °, in which case 
the wind blows across the road. The value assumed by K 1 is 24 meters, the 
approximate width of the mechanical mixing cell (4) (see-Figure 22)° The constant 
K 2 2 and has been assigned empirically to produce a well behaved function in 
agreement with the limited data availableo 

When LENGTH is given in feet, as in the AIRPOL program, the complete 
expression for LFACTR becomes (see Figure 23)° 

LFACTR 24 + 552088 •j'LENGTH 1 (1-Sin (ALPHA))/2 (3) 

where: 

.552088 •304801 meters/foot is used to convert feet to meters. 
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2.3 

2.4 

2.5 

Thus, an equivalent point source has been established which has an 
emission strength Qp Q LFACTR. To determine the effective source 
point location, EFSP, one simply reasons that it must be offset upwind from 
the observer point in such a manner that the change in offset with LENGTH 
is inversely proportional to LENGTH, which, as was explained above, can be 
accomplished with a square foot function° Furthermore, the location of the 
effective source point must move closer to the observer point on the roadway 
as the winds approach the perpendicular, ALPHA 90 °, to produce results 
consistent with the premise that LFACTR was a montone decreasing function 
of ALPHA° Furthermore the derivative near 90 ° should be relatively large. 
Thus, the upwind offset, in feet, along the roadway when LENGTH is in feet 
and the geometric mean is taken with respect to 1 foot is (see Figure 24): 

EFSP •/cos (ALPHA). LENGTH. 1 (4) 

Knowing EFS1 •, D (see Section A 2.7o 17), the observer distance off the 
roadway which is an AIRI:)OL data input, and ALPHA, a simple geometric 
argument produces the parameters necessary to find SZ and SHo These in 
turn allow calculation of the vertical and horizontal concentration profiles 
(see Figures 1 and 2). SZ and SH, as stated earlier, are functions of atmo- 
spheric stability, and DIST, the downwind travel distance. DIST is defined 
to be that distance, measured along a wind vector, W, from the effective 
source point to the intersection of W with a line through the observer and 
perpendicular to Wo Referring to Figure 25, it is obvious that 

GAMMA arctan (D/EFSP) ALPHA (5) 

and that 

DIST cos (GAMMA) %//D 2 
+ EFSP 

(see Figure 26) 
(6) 

The program AIRPOL contains two subprograms, SIGMAZ (DIST, ICLASS) 
and SIGMAH (DIST, ICLASS), which determine SZ and SH in meters based on (4) 
and (5) when given DIST, in feet, and ICLASS (see Section A2.7o 5), the Turner 
modified Pasquil Guilford atmospheric stability class (ICLASS is an AIRPOL 
program data input. 

To determine the actual concentration profiles, one furthermore needs to know 
the vertical and horizontal offsets of the observer from the centerline of the plume 
(see Section 2o 1)o Referring again to Figure 25, one sees that P, the horizontal 
offset, is simply 

P tan (GAMMA) DIST 
(see Figure 27) 

(7) 
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Figure 25. Determination of downwind travel distance, DIST, and horizontal offset, P. 
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The vertical offset is found by taking the relative difference IH Z• 
where H HEIGHT when HEIGHT •0 and H 0 when HEIGHT d0. HEIGHT 
(see Section A 2.7.9) and Z (see Section A 2.7.8) are AIRPOL program 
data inputs° HEIGHT is the elevation + or of the roadbed relative to the 
surrounding terrain and Z is the elevation + only) of the observer relative 
to the surrounding terrain° HEIGHT _> 0 is used whenever the roadbed is at 
or above grade. HEIGHT < 0 is used • when the road and the observer 
are both in a cut, in which case Z must be input as the elevation of the observer 
relative to the roadbed° Whenever the roadway is in a cut but the observer is 
not, AIRPOL requires that HEIGHT 0 (see Figure 28). The rationale behind 
this convention is that in the equilibrium case the cut will be "full" of gaseous 
emissions° Thus, a mass balance indicates that the amount of gaseous matter 
"generated" at the top of the cut will be identical to that actually generated on 
the road at the bottom of the cut. Therefore, the observer will be cognizant of 
only a virtual source at the "overflow" point, the top of the cut° 

Equation 1 can now be rewritten in the following manner (see Figures 
29 through 32)-. 

YFACTR exp (-½ (-•--H)2 (8) 

2.6 

(9) 

CO • 
Q. LFACTR. YFACTR ZFACTR 

WS SH SZ 
(•o) 

Equation 10 will suffice for most cases but does not yet fully explain the 
cut situation; i. eo, the case with the road and the observer both in a cut. For 
this situation, it must be noted that gaseous concentrations within a cut are 
substantially higher due to the confining properties of a valley. The concentration 
increase observed within a cut must obviously be a function of the cut geometry, 
i. eo, CWIDTH (see Section A 2.7.14), the width of the cut, CHT, the depth of the 
cut, and CLENGH (see Section A 2o 7o 15), the •apwind length of the cut° The variables 
CLENGH and CWIDTH are data inputs to the program AIRPOL and CHT is 
determined from HEIGHT such that CHT IHEIGHT] when HEIGHT • 0, i. eo, in 
the cut case, and CHT 0 when HEIGHT >_ 0o Examination of the limiting conditions 
will give valuable insight into the influence of cut geometry on concentration. 

When CWIDTH is very large, it is obvious that the cut will have little influence. 
In fact, when CWIDTH---) (X), the cut situation reverts to an at-grade situation. When 
CHT 0 or is close to 0, the cut situation will again revert to the at-grade case. Also, 
when CLENGH 0 or is small, the cut case will be identical to the level case° In fact, 
preliminary data indicate that CLENGH • 200 feet produces a relatively small effect 
on the cut concentration° Furthermore, as was the case with LFACTR and EFSP, the 
incremental influence of CLENGH should diminish as CLENGH increases. Also, there 
should be an interdependence between the effects produced by the cut geometry. The 
concentration within the cut should increase as the ratio of CHT to CWIDTH increases 
and as the ratio of (CHT CLENGH) to CWIDTH increases.. 
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2.7 

2,8 

Thus, if the geometry factor 

GFACTR (2-exp(-CHT CLENGH/(200 CWIDTH)))o exp(2 CHT/CWIDTH), .o.(ii) 
(see Figure 33) 

then all of the above limiting conditions will be realized and will provide for the 
increased concentrations in a cut° 

Notice that the restrictions on CHT are such that GFACTR 1 for an at- 
grade or elevated roadway and GFACTR •_ 1 when the roadway and the observer 
are both in a cut° 

One final aspect of the prediction problem must now be considered° An 
observer may be either downwind, CASE 1, or upwind, CASE 2 (see Section 
A 2.7o 6), from a highway (see Figure 34). (The variable CASE is received by 
AIRPOL as data input° Intuitively, the concentration at any distance, D, off the 
roadway for CASE 2, (CO)2, should be less than or equal to the concentration 
at D for CASE 1, (CO)1o Consideration of the mechanical mixing cell concept 
(see Figure 22) will show that at D 0, io e., at the edge of pavement, (CO)1 (CO)2, 
since the concentration in the mechanical mixing cell is approximately uniform 
across the roadway° Furthermore, it should be noted that at ALPHA 0o, i. eo 
in a parallel wind condition, that (CO)I (CO)2, since either side of the roadway 
may be considered as the upwind side° Thus, the case factor, CFACTR, appears 
to be a function of only D and ALPHA° The assumption has been made that the 
decrease in (CO)2 with respect to (CO)I should be a negative exponential in D and 
ALPHA. The limited data available suggest that the actual dependence on D should 
be such that -v'D/K3 controls CFACTR where D is in feet and K3 10 feet° Thus, 
the function CFACTR is given as: 

CFACTR exp (--•. 
2 

.Sin (ALPHA) (%f(CASE-1) D/10• * CASE-l)) (12) 
(see Figure 35) 

Equation 1 can now be rewritten to include all of the above considerations 
and thus produce the final model° 

Q. LFACTR YFACTR ZFACTR GFACTR CF.ACTR CO • WS SH SZ (13) 

The AIRPOL program further contains two empirical, variables used to scale 
CO to agree with the available data° The constant multiplier, KFACTR, has been 
set equal to 4o 5, and the angle correction factor, AFACTR• has been set equal to 
0.4° Thus, the final equations in the AIRPOL model are as follows (see Figures 36, 
37, and 38): 

2. 23693 0.155159 870 QCO LFACTR YFACTR 

CO GFACTR CFACTR KFACTR 
WS SHM SZM AFACTR (14) 
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v O 2a 
and 

2.23693. 0.155159. 1530 QHC LFACTR. YFACTR" ZFACTRo 

HC 
GFACTR CFACTR. KFACTR 

WS SHM SZM A FACTR 

where: 

(15) 

2. 23693 mile/hour 1 meter/seco 
1 ppm (carbon monoxide) 870 gm (CO)/m 3. 
1 ppm (hydrocarbon methane equivalents) 1530 gm (HC)/m 3. 
0. 155159 1/(2 •'). 
QCO is the source emission strength (gm (CO)/m-sec). 
QHC is the source emission strength (gm (HC)/m-sec). 
LFACTR has units of meters. 
YFACTR, ZFACTR, GFACTR, CFACTR, KFACTR, and 

AFACTR are dimensionlesso 
WS (see Section A 2o 6.4) is the wind speed (mile/hour). 
SHM and SZM are SH and SZ respectively converted to meters. 

Thus, CO has the units of ppm (CO) and HC has the units of ppm (HC)o 

3.0 

3.1 

3.1.1 

ASSUMPTIONS AND LIMITATIONS 

The AIRPOL model has been developed from theoretical, idealized 
considerations° It is dependent on (1) the assumption of steady state conditions, 
(2) the reliability of the stability class and mixing cell concepts, (3) the quality 
of emission factor data, and (4) the validity of the basic Gaussian model. 

The steady state assumptions manifest themselves in several ways. 

Assume that vehicular traffic on the roadway under consideration constitutes 
a continuous, uniform line-source for the time period of interest. 

This assumption is valid for relatively heavy traffic 
conditions where the time period is short (on the order 
of one hour)° As the traffic volume decreases, the 
assumption deteriorates because the inter-vehicular 
gaps enhance the discrete nature of the pollutant 
sources, and localized turbulences are more able to 
effect dispersion° Thus.• the model will tend to over- 
predict pollutant concentrations as the traffic diverges 
from the steady state. When longer time intervals 
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(greater than one hour) are used, the steady state 
assumption will most likely be violated since traffic 
volumes are generally not uniform over long time 
spans.. Thus, it is recommended that for long time 
analyses the higher traffic volumes for the time 
interval be used to make predictions. This will, in 
general, cause the concentration estimates to be 
greater than actual conditions, but it is felt that this 
conservative estimate will be in the best interest of 
the public• 

3.1• 2 Assume that wind speed and direction are uniform over the time of 
interest. 

This assumption is, in general, valid only for time 
spans on the order of minutes° Employment of this 
assumption will cause concentration estimtes to be 
on the conservative side since it neglects concentration 
decreases due to unsteady state conditions° However, 
since this assumption is necessary to produce an 
efficient model and since it is a conservative assumption, 
it has been incorporated in AIRPOLo 

3ol.3 Assume that localized turbulence and wind shear may be neglected° 

This is a simplifying assumption which is rarely 
realized in actual observations. However, it is a 
conservative assumption since it neglects concentra- 
tion decreases which would be caused by these wind 
conditions. 

3.2 References 4 and 5 discuss the techniques for determining atmospheric 
stability classes and the inherent variabilities that may be noticed. Incorrect 
determination of stability class can easily cause errors of estimation on the 
order of 20%. Furthermore, the Turner modified Pasquill Guilford stability 
curves are empirically defined only for downwind distances greater than 0.1 km 
(about 328 feet)° This is very significant in light of the fact that pollutant 
concentrations in the neighborhood of a highway drop off to background levels 
within about 200 to 400 feet off the roadway. Reference 4 discusses the extrapo- 
lation of these curves down to 1 meter by employing the mixing cell concept° 
Application of these extended curves and the mixing cell concept produces very 
reasonable results in the AIRPOL model but it must be remembered that they 
have not had extensive empirical vertificationo 

3.3 The AIRPOL model is directly dependent on the vehicle emission factors 
used in determining concentrations° These factors have been provided by the 
California Division of Highways (4) and are recognized as only approximations. 
However, they are hopefully conservative estimates which will thus lead to 
conservative predictions° 
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3.4 

3o4ol 

3.4.2 

3.4.3 

The Gaussian model itself has several inherent shortcomings which 
affect the predictions made by AIRPOL. 

The model assumes that dispersion• not diffusion• is the predominant 
gaseous transport mechanism. 

At wind speeds in excess of 1o 5 meter/sec. (about 
3 mph), this assumption is reasonable and its validity 
increases with wind speed° However at calm or near 
calm wind conditions gaseous diffusion and thermal 
convection are the predominant transport mechanisms. 
Under these conditions, the model will seriously over- 
predict concentration levels because it considers only 
the dispersion mechanism° Therefore, AIRPOL is 
not recommended for wind speeds less than 3 mph and 
preferably not less than 4 mpho 

The basic Gaussian approach assumes that concentrations are normally 
distributed in the vertical and horizontal directions about the centerline of the 
plume. 

This assumption is really valid only for neutral 
atmospheric conditions (stability Class D)o (5) For 
unstable atmospheric conditions (stability Class A), (5) 
where the unsteady state predominates, this assumption 
can be responsible for either under-or overprediction 
of instantaneous concentrations, depending onthe time 
variation of the plume. However• over a period of about 
one hour, the time average concentrations predicted should 
be relatively reliable° For stable atmospheric conditions 
(stability Class F)• this assumption can be responsible for 
slight underpredictions due to the tendency of the pollutants 
to concentrate near ground level° However• this problem 
is not very serious since the model tends to be conserva- 
tive in other respects° 

The Gauss ian model is limited by the assumption that pollutants are 
completely free to disperse in the vertical direction. (Note: AIRPOL does 
consider the "canyon" effect in which pollutants are constrained in the 
horizontal direction. 

This assumption is valid for most eonditions• but 
fails when an atmospheric inversion exists close 
enough to ground level to trap pollutants° Under 
such c ircumstances• AIRPOL will underestimate 
pollutant concentrations° However• such situations 
are relatively rare in Virginia. If it is necessary 
to make an analysis under inversion conditions 
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3.5 

(or• for instance, an anlyais of co.ncentrations in a 
tunnel)• a "box" model and mass balance equations 
for a steady state environment can be employed to 
predict concentration levels. 

What is perhaps the most serious limitation associated with AIRPOL 
is the inability of the model to yield a prediction of the expected or average 
CO level. The problem here is not with AIRPOL per se but rather is a result 
of not being able to define those weather conditions which produce the expected 
or average CO level. The current state of the art- allows one to define the 
most likely or prevailing weather.type which will in turn yield a most likely 
or.prevailing CO level. However• the probability of occurrence of this most 
likely weather condition is generally on the order of 1%. Therefore, even 
though AIRPOL does predict the most likely. CO c•ncentration• it cannot, 
without exhaustive examination of all weather conditions• forecast the expected 
CO level. This matter is further considered in Section 4.3. 

4.1 

4.2 

4.3 

RECOMMENDATIONS AND FUTURE WORK 

Neither AIRPOL Version 1 nor Version 2 has had extensive field 
verification. However, Version 2 offers more user flexibility and ease of 
operation, as well as a substantially sounder mathematical basis• than Version 1. 
Therefore• it is recommended that the Department employ the upgraded model, 
AIRPOL Version 2.• July 1973• until further field data can be collectedo 

AIRPOL.• Phase II• the field verification of the AIRPOL model, was 
initiated in June 1973. It is anticipated that at least one year will be required. 
to obtain enough field data to warrant any further alterations to AIRPOL. 
When sufficient data are available• a reevaluation and possible upgrading of 
AIRPOL will be made. At that time a report covering the findings of the field 
study and recommendations for either continued use or modification of the 
AIRPOL model will be issued. 

AIRPOL.• Phase III, a project to develop a technique for finding expected 
concentrations and concentration probability distributions for short-term and 
long-term analysis periods• will begin in September 1973o The findings of 
Phase III should allow removal of a great deal of uncertainty and enable AIRPOL 
to make accurate predictions of expected concentration levelS 
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APPENDIX 1 

AIo 0 

AIo 1 

AIRPOL Program Listing 

This Appendix contains a listing and sample output of the computer program 
AIRPOL Version 2, July 19739 in a Fortran 2o 3 configuration for use on 

a CDC 6400 computer under the control of a SCOPE 3.3 operating system° 
AIRPOL is used in this form at the Virginia Highway Research Council on the 
University of Virginia's CDC 6400 computer° It requires approximately 8 k 
words of main memory to process° 

There is also an IBM configuration of AIRPOL for general use within 
the Virginia Department of Highways° It is written in Fortran IV (level G 
or H) for an IBM 370/155, running under an OS 21.7 operating system with 
HASP. 

The IBM configuration requires approximately 15 k bytes of main 
memory to process. 
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C 
PRO6RAN AIRPOL (INPUT_,DUTPUT;TAPES:INPUT_,TAPEr-:OUTPUT;TAPEg) AIRP nO 

C 

C VERSION Z JULY 1973 G 

C •'•' AIRPDL PROVIDES • ESTIHATE •AND ON_LY AN EST!NATE '•''• OF THE 
C • AIR QUALZTY• IN TERHS OF CO AND HC CONCENTRATIONS IN PPH• IN 

__• TH• REGION OF AN EXISTING DR PR•OSED H•GHMAY FACILITY, •C 

C• AIRPOL IS THE PROPERTY OF AND MAS DEVELO•D FOR THE VIRGINIA 
G • DEPARTHENT OF HIGHMAYS BYI 

HILLIAN A, CARPENTER 
HIGHMAY RESEARCH• 

.JERRY L. KORF. 
RESEARCH ASSISTANT 

C,•,,q. 

HAROLD R, SHERRY 
R_E_ $ E ARCH A$$_ZST_ANT 

AND 
GERRY G. CLEHENA 

HIGHHAY MATERIALS RESEARCH ANALYST 

C•4F 
Cram 

OF THE DATA SYSTEHS AND ANALYSIS SECTION OF THE VIRGINIA •G 
HIGHMAY RESEARCH COUNCIL; P,O,•OX 3817; UMZVERSITY'STATZON; •C 
CHARLOTTESVZLLE• VIRGINIA 2290 3, 

THE AUTHORS AND THE STATE OF VIRGINIA HISH TO ACKNONLEDGE 
THE VERY SZFaN•/•ASS•CE: BOTH THEORETICAL AND 
ENPZ•CAL• OF THE NATERZALS AND RESEARCH DEPARTNENT OF THE 

••_C•EO•••O••IGHHAYSe SACRANENTO 
e 

CALIFORNIA 
• 

AND 
ZN PARTICULAR THE ASSISTANCE OF ANOREM •NZ•ERI AND NARGO 
FARROCKHROOZ (CDH). 

__G•A•PO••O_.__0N A_HOD•IED ••ON OF THE S•NDARD 
GAUSSZAN DISPERSION HODEL FOR POINT SOURCE E•ISSZ•S• 

ZS A STANOARD APPROACH, HOHEVER• ZN THIS PROGRAH• THE 
GAUSSIAN HDDEL. HAS BEEN FURTHER HODZFZED. IT IS HOPED THE 
RESULT• HHZCH IS ONLY A BEGZNNING• HILL SERVE AS A •ZABLE 
RESEARCH TOOL• •AZRPOL •. 
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C •'•* DESCRIPTION OF VARIABLES 
C 

G NDATA INTEGER INPUT (IZ) COLUMNS 6 
C THE NUHBER OF_DATA_GARBS_IN THIS DATA SET. 
C 
C ALF(6_• ALPHA •NPUT /6AtQ_| CQLUNN_• 8 
C DESCRIPTIVE INFORMATION TO BE USED AS A HEAODING FOR THE OUTPUT. 

C WSZN(6) REAL INPUT (F3,1• 5(1X• F3.1)) COLUMNS 58- 80 

G SIX O• AS FEN AS ONE HIND SPEED HAY BE USED, ZF ALL 
C .LE. • OR BLANK THEN THE PROGRAH MILL ANALYZE THE DATA 
C SPEEDS OF ;,0• 7.0• AND 10.0 NPH. 
G NQTE•_•R••• VALID FOR NZ•_•E•L3 HPH. 
C 
G SZ•[Z•-- ALPHA •- ••(A•__•_GOLUHNS & 9 
C A FOUR C•RACTER DESIGNATION FOR THE SITE BEING ANALYZED, 
C 

SOURCE ALPHA INPUT (A1) COLUMN XL 
_• IF SOURCE !5 A C_ZIY STRF.ET, 
: F IF SOURCE IS A FREEWAY, 

NOT• •TY__•Y_I$_DETERtI•_BY•_EXTF.HT_QF __$IO_P 
AND GO TRAFFIC NZTHZN ABOUT •00 FEET OF TH• OBSERVER. 

C YEAR-- INTEGER INPUT (IZ) COLUMNS 13 1• 
C THE_ YEAR •OR_NH.ZCH THE PREDICTIOH_•Z$•BEZNG HAD•Y•AR SHOUL.•_BE 
C oDE, 7Z AND ,LEo 99, 
G 
C CLASS ALPHA INPUT (A1) COLUHN 
C THE PASGUILL GIFFORO ATHDSPHERIC STABILITY CLASS (A: B; C; 
G OR F). STABILITY CLASS A IS THE LEAST STABLE ATMOSPHERIC 
•.,•__L•OND•T•T/DN•__AND CLASS F IS_•T STABLE. 
G 
• •--•••_••I•-- COLUMN • 
C = 1 ZF MIND •ACHES ROAOHAY BEFORE REACHING THE 
C = 2 ZF MIND REACHES ROADHAY AFTER REACHING THE OBSERVER. 
C 
_• ALPHA R•L IN,T_ (FZ,G) --G•LUHNS_•_- • 
C THE ACUTE ANGLE• ZN GEGREES• BETWEEN THE SOURCE ROADWAY ANO 
G_ T•_• DI•Z.O• 
C 
C HOTEl CLASS• CASE• ALPHA• ANO MIND SPEE• SHOULD BE OBTAINED F•OH 
C THE OUTPUT OF EITHER PROGRAH HNDROS OR PROGRAM STARZ AS DEVELOPED 
G •Y HA.•fiF••OZ •DH) • ANALYZ• • •ST__PR•B• 
G METEOROLOGICAL CONDITION. FOR AN ANALYSIS OF THE •ORST 
G C•T••••• PLANS •S• ;ON•U•TED 

.................. 
C 
C Z REAL INPUT (F3. G) COLUHNS 23 2S 
C VERTICAL OZSPLACE•NT, ZN FEET• OF THE OBSERVER ABOVE THE 

C TO BE TAKEN AS THE HEIGHT OF THE OBSERVER &BOVE T• ROAD SURFACE, 
C 

HEIGHT --REAL INPUT (F•.0) COLUHNS Z.7 30 
VERTT.CAL O•-¢PLACEHENT; •N FEET; •F TH• ROADMAY RELATTVE TO IHE 
SURROUNDING TERRAIN, IF THE ROAOMAY IS ELEVATEO• THEN HEIGHT HUST 
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,0  88 
C IF THE ROAONAY IS AT GRAOEp HEIGHT MUST BE EITHER BLANK OR 

C THE THE OBSERVER •AN• • THE ROADHAY ARE •BOTH • ZN A GUT, 
• 

G LENGTH REAL INPUT 
G THE HAXI•H STR•GHT 
C EXTENDS ZN THE UPNZND DIRECTION. FOR ALPH• ,EQ, 90 DEGREES• 
C EITHER DIRECTION HAY • CONSIDERED AS THE UPWIND DIRECTION. 
C 
G TFVOL• REAL 
G TOTAL TRAFFIC VOLUHE FOR THE ROADWAY ELEMENT BEING ANALVZED• 

C 
c TFSPD REAL 
G AVERAGE ROUTE SPEED• ZN HPH, 

TFNIX INTEGER INPUT (IZ) COLUMNS ;7•.- •8 
PERG••_HEAVY__•/F.H• TJ•_(5•. •O•_•R ZO) 

NOTES FOR DUAL DIVIDED HZGHMAYS• THE TWO TRAFFIC DZ•GT•ONS 
•NUST • BE ANALYZED AS SEPERATE SOURCES AND THE •SULTS 

AND EXiT RA•S HUST ALSO BE TREATED AS •ND•PENDENT SOURCES H•TH 

SOURCE MAY •NEVER • CONTAIN HORE THAN THREE TRAFFZG LANES, 
TNEREF•RE• IT MAY EUEN BE NECESSARY TO OIVIOE i SINGLE T•FFIG 
OI•GTION INTO TWO OR HORE INDEPENDENT SOURCES, TO TREAT TWO OR 

•RE ROADWAY ELEM•T5 •NDEPENDENTLy• ••C AN• GEOHET• •._. 
FOR THE VARIOUS ELEHENTS HUST BE AVAILABLE, 

C 

G 

G 
G 
G 
C 
G 
C 

CNZDTH REAL INPUT (F•,O) COLUMNS 50 53 
THE AVERAGE CUT WIOTH• IN FEET-, MEASURED AT A HEIGHT OF 1/Z THE 
DEPTH OF THE GUT, ZF THE GUT SITUATION IS NOT APPLICABLEp THEN 
CMIDTH SHOULD BE LEFT BLANK. 

CL E NGH REAL --_ ZNPUT___•F•_G)_ -_- k_CrOL, UHN$•5•_--•,8 
THE DZSTANCE• IN FEET• HEASUREO ALONG THE •OAOHAY IN THE UPHIND 
DIRECTION• TO THE POINT WHERE THE CUT DEPTH .EQ. 112 THE DEPTH AT 
THE OBSERVER, IF THE GUT SITUATION IS NOT APPL•A•E• THEN LEAVE 
CLENCH •A• 

G 
SHOHZT -•OGZGAL_-- INPUT (LIJ__.GO• 
AN OUTPUT CONTROL PARAHETER, 
ZF SHONIT = ,T, THEN THE FACTORS I'M THE CALCULATIONS OF THE CO 
AND HG LEVELS ARE DISPLAYED ALONG HITH THE RESULTS, 
ZF •HQNZT_= .F.. OR BLANK TtLEN ONL• THE. 
NOTE! FOR NORMAL OPERATION• SHONIT SHOULD BE LEFT BLANK. 

G 

C 
G 
G 

DIN(5) REAL INPUT (5(lX• F3,0)) GOLUHNS 61 80 
THE PERPENDICULAR DISTANCES_. IN FEET_, FROM THE OBSERVER[ TO THE 
SOURCE (NEAREST EDGE OF NEAREST TRAFFIC LANE OF ROADWAY ELENEN[. 
UNDER CONSI DERATL•_AS_HAN•FIV[_ O•__•EN AS•)•LDI$IANGE 
HAY BE USED, IF ALL DIN(Z) ARE ,LE, 0 OR BLANK THEN THE PROGRAH 
H•T•LL .ANALYZE THE DATA USING•E• 

KFAGTR REAL CONSTANT 
AN EMPIRICAL FAGTOR• DIIIENSIONLESS• CURRENTLY /t,5 
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AFACTR REAL CONSTANT 
AN EHP•RTC.AL ANGLE FACTDR• DIHEMSZDNLESS_. •URRENTLY = Q.• 

CEAGTR .-- REAL • CALCULATED 
THE CASE FACTOR• DIHENSIONLESS, MONOTONE DECREASING FROM 
DEGREES 

LFACTR REAL CALCULATED 
THE LENGTH FACTOR TO REFLECT THE EFFECTIVE LENGTH OF THE 
UPMIND ROADHAY• IN I•IERS.__J•DNOTDNE_DECP•S•NG FROM 
DEGREE S. 

ZFACTR REAL CALCULATED 
THE VERTICAL D•SPERS•ON F•CTDR• DZ•NS•ONL•SS. (ZFACT• 
THE COHPLETE •ERTICAL DISPERSION FACTOR 

YFACTR REAL CALCULATED 
TH•T••PE••FAGTO• D•NENSZO•• I•FAGTR 
THE COMPLETE LATERAL DISPERSION FACTOR AND 
HDNDTON• •NC•N• FRDH D TO • DEGREES. 

CA _-- REAL_-- CALCULATED 
CA : COSINE (ALPHA) 

SA REAL GALGULATEO 
SA = SINE (ALPHA). 

F.EGO__'" •AL•'_- CALCULJLIED 
THE EMISSION FACTOR• IN GH / HILE• FOR CARBON MONOXIDE. 

EFHG --REAL CALCULATED 
THE EHISSZON FACTOR_. IN GM / NILE: FOR HYDROCARBONS (BASED ON 
EQUIVALENT UNITS). 

QCO REAL CALCULATED 
SOURCE EMISSION STRENGIH• ]J••O)__• ._N•$•C, 

QHC-- REAL CALCULATED 
SOURCE EMISSION STRENGTH• IN GN (HG) / N-SEC, 

GIST REAL CALCULATED 
THE DISTANCE•, ZN FEEI• AT NHI•GH SIGHA-Z AND $IGMA-H ARE COHPUTED. 
DIST CHANGES FUNCTIONALLY FRON DIST = F(LENGTH• ALPHA• DIN) AT 0 
DEGREES TO GIST = DIN AT 9Q DEGREES, 

H =- •.F.AL •- CALCULATED 
THE HEIGHT, IN FEET• OF THE EFFECTIVE SOURCE = 6 FT. ABOVE ROAD. 

C 

C 
C 
C 
C 
C 

C 

CHT REAL CALCULATED 
TH• D•_PTN; IN FEFT; DF THE CUT BEING ANALYZED, 

EFSP -__-_ •ELAL •- GALGULATED 
THE DISTANGE• IN FEET• TAKEN ALONG THE ROADWAY IN THE UPWIND 
DIRECTED THE__EFFE•T•VE SOURCE POINT LOCATION. 

SZ REAL CALCULATED 
HEIGHT OF THE DISPERSION CURVE• IN FEET, 
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SZtl REAL CALCULATED 
HEIGHT OF THE DISPERSION CURVE; 

S H_.'. "__REAL __"__-_. CALCULAT£O 
WIDTH OF THE DISPERSION GURVE• 

IN HETERS, 

IN FEET, 

C SHN REAL CALCULATED 
C WIDTH OF THE DISPERSION CURVE_. IN NEIERS. 

3• GO_ •AI, L_'" CALCULATED 
G THE CARBON MONOXIDE CONGENTRATION• IN PPN, 

_•L_ 
C HG-- REAL CALCULATED 
C THE HYDROCARBON CONCENTRATZON_, IN PPH, 
G 

_C 

C 

•0t0 

C 
_C 

C 
c 

_6000 

lX ;FS., lX :F2_, lX: I2 •I•(•Z(F• 
: 
IX) ;L1;5 (IX;F3)) 

FOR•: FILE 5 : CARD RE_ADERL 

FORMAT (SX: 12: 5AIQ; 5 (F3.1_, lX) •F3,1) AIRP 
FORNAT (SX• A• 1X•A1 •lX• IZ• IX•AI• 1X•II•IX•FZ•IX•F3•IX•F• •lXjFS• AIRP 

AZRP ......... 

FDRHATS FILE & = LINE pRINTER, 

G 

END OF PRELIttTNARY INFORNATION •'•' 

'• START OF AIRPOL CODE • 

C 
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G •'_ •'G 
G** THE Pd•HAINDER OF THIS PROGRAN IS PRIVILAGEO IN/ORHATION, 
/'.• IT S•ULO NOT •E RELEASE• OR SHOWN TO PERSONNEL OUTS•OE THE 
G** DEPARTHENT NITHOUT APPROPRIATE AUTHORIZATION, 
C •* 
C • 

READ NDATA., HEADDING INFOi•I• ANONIND_S.PEEDS•, 
CHECK FOR END OF FILE, 

C 

READ (5• 5000) NOATA• ALF• WSIN 
IF (EQF_.6) 98_.Z AIRP Z6Q 

G DO VALIDITY CHECK-CORRECT ON WSIN, 

WSTEST = ,F, 
DO 3 J = 1_. 6 
IF (W$IN(J) ,GT, O,0) WSTEST = ,T, 
CONTINUE 
IF (WSTEST) GO TO W 
i•N(I) = ;.Q 
WSIN(2) = 

WSIN(3) = IQ.Q 

AIRP 270 
AIRP 280 
AIRP 290 
AIRP 3Q• 
AIRP 310 

AIRP 33•I 
AIRP •;a 

•, DO 90 I = 1, NDATA AIRP 350 

C PROCESS THE NDATA DATA CARDS IN THIS DATA SET, 

C 
C _READ A DAIA_CARO•GHECK_FOR• END OF. FZLE• AMD _¥.ERIFY __THE 
C 

READ_(5• 5OJ•ll_.. SIIE• S•_YF.AR•L/L$S•ASEr •J.P•Z•_ 
-HEZGHT• LENG/H• TFVOL• TFSPD• TFHIX• GNIDTH• GLENGH• SHONIT• 

G 
G N• •• E•DIN•_O• THE P•ER•UT, 
G 

C 

C O0 VALIDITY CHECK-CORRECT ON SOURCE, 
C 
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C 
_G 

C 

10 
(; 

IF (SOURCE .EQ. ZHC) GO TO t0 
SOURCE = 1HF 

DO YALIDZTY CHECK-CORRECT ON YEAR. 

ZF (YEAR--•L•- 7Z)- Y[AR = 7Z AIRP 

C 
_G DO VALIDITY CHECK-CORRECT_ ON GLASS, 

C 

C 
_C 

C 

ZO 

C 

C 
c 

C 

ZF•AS$ E•, _1HA_ ,OK., __GLASS ,_E•Q,__IHB_ ..O•.._GLA$$._ .EQ• JJtC.__,O•,_ AZRP •30 
-CLASS ,EI•, IHD oOR., CLASS ,•0., J.HE .,OR, CLASS ,EQ, IHF) GO TO ZO AZRP •0 
CLASS = IHO AZKP •0. 

DO VALIDITY CHECK-CORRECT ON GASE. 

I'F (CASE .EQ. Z) GO TO 30 
CASE = 1 

DO VALIDITY CHECK-CORRECT ON ALPHA. 

ALPHA = ABS(ALPHA) 
XALPHA ALPHA 

AIRP 

AIRP •+60 
AIRP •O 

O0 VALIDITY CNECK-CO•FECT ON Z. C 

Z ABS(Z) AZKP-5O0 

C 

_O0_J/ALIOIT_•J?,H£C•GIJ)N HE 1 GHT, 

CHT = ABS(HEIGHT) 
IF (HEIGHT .LE. O.O) GO 
H = H + GHT 
CHT•_=__•O-_O 

AZRP 
AIRP. 530_ 
AIRP 

.AZRP 

DO VALIDITY CHECK-CORRECT ON LENGTH, 

LENGTH = ABS(LENGTH) 
ZF (LENGTH__.LT, •+O0,0)..LENGTH =_•+O0..O 
XLEN = LENGTH 

C 
C nO VALIDITY CHECK-CORRECT ON TFVOL. 
C 

TF.VOL_ =_A85 (T_.F._VOL•_ 
C 

DO YALIOZTY CHECK-CORRECT ON TFSPD. 

AIKP 550 
AIKP 570 
AZRP 560 

AZRP 590 

TFSPD'= ABSKTFSPD) 
___Z.F_(.TE•PO_•LT•I O•J) TF SPO__--_JJ• 
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ZF (TFSPD .GT, 60.o0) TFS•D 
= 60.0 AIRP 6ZO 

G 
G DO VALIDITY CHECK-COR•J•CI•_T• 
C 

IFPLIX = ((IAB$(TFPLIX) 
•F (TFHIX .GI, 
•F (TFHIX .LT. 5) TFHIX = 5 

C 

C DO VALIDITY CHECK-CORRECT ON CWIDTH. 

IF (CWIDTH * GHT ,LE. •,•) GWIDTH = IE3Q• 
G 

AIRP o3Q 
AIRP 6• 
AIRP 65• 

AIRP 66Q 

C 

C 
D O_ V_AL]•D•T•EG_K--CO•EC•I_•L EH G H 

ZF•LEI•*•I_.LE. •L. &) CLENGH =•, Q AIRP 670 

C 
C 

DO VALIDITY CHECK-CORRECT ON DIN, 

DTEST ,T, 
DO 5O_J_=•.; 5 
IF (DIN(J) ,GT, 0,0) OTEST = ,F, 

5Q CONTINUE 
IF (DTEST) DIN(%) = 50,0 

AIRP 680 

AiRP 7zJ 
AIRP 7Zd 

G GALGULAIE_P_•f:J•INARY •D PERFORM •3;ESSARY CO_•.OH$, 
C 

ICLAS$ ICNVRI(CLA$$) 6Q 

I••33 CONVERTS DEGREES TO RADIANS 

ALPHA = 

CA = COS(ALPHA) 
SA SIN(ALPHA) 

QL•O_•'•I COHVERTS__FE•.•T TO HETERS• 

AIRP 730 

A•RP 750 
AIRP T•Q 

G 0.55208/• (O.50•.801}•.5_AND CONVERTS_EFFECTIVE LENGTLH•N_.FEET 
C TO EFFECTIVE LENGTH IN METERS, 
C 

C 

C 

CALCULATE FACTORS FOR FINAL EQUATIONS, 

1,TZ60ZSE-7 CONVERTS GN / NILE-HOUR TO GN / N-SEC, 

AZRP 8,1.0 
AIRP 020 
AIRP 6Zd 
AIRP 
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DO 80 J = l• 5 AZRP 650 

C PERFORM THE ANALYSIS FOR UP TO FIVE OFF THE RO&D DISTANCES, 

D = DIN (J) 
IF. (O .LE. 0.0) GO TO 80 
DIST = D 
P= 
IF (XALPHA ,GT, 89,0) GO TO TO 
GAHHA = AlAN (O / EFSP} ALPHA 
XGAMMA = GAMMA / 
OZS•_ • COSt GAHIIA)_ • •.•O•TtD•__,2 •. EFSP•2) 
P = TAN(GAMMA) * DIST 

SMM = SZGHAH(DIST• ICLASS) 

C 

AIRP 8Td 
AIRP 660 

3. Z8083 CONVERTS METERS TO FEET, 

AtRP 900 
AIRP 910 
AIRP 9ZO 
AIRP •30_ 
AIRP 9k, O 
AIRP 95,= 

C Z.23693 CONVERTS HOUR / MILE TO SEC / N. 

R_=••0,;69;•5 •_ZFACT• • YFA•TR * KFACTR • LFACTR m 

-GFACTR • GFAGTR / (SZM • AFACTR • SHM) 
AZRPI•_;G 

8•0,0 CONVERTS GM (CO) / M't'*3 TO PPM (GO). 
153Q.0 CONVERTS GM (HC) /JI•J•LO•PH (HC). 

GOHS = 870.0 '• GLGO_•_• 
HCMS = 1530,0 * •HC • R 

AZ RPIG • 
AIRPX07O 

GALGULATE=THEGA• HQNOXZDEAND HYDROCARBON LEVELS, 
PRINT OUT THE RESULTS AND THE INPUT DATA. 

DO 71 K = 1• 6 AIRPlOBO 

PERFORH THE ANALYSIS FOR UP TO SIX MIND SPEEDS, 

NS = NSZN(K) 

CO : CONS I MS 
HC .= HCMS / 
Z'F (HEIGHT ,GE, O,O) MRITE (6• 6010) N.S• SOURGE• YEAR• GLASS• 

AIRPI•90 
AIRPltO_• 
AZRPlllU 
ALRP11ZO 
AIRP1130 
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G 
CONTINUE 

IF ($HOWIT) GO TO 78 

GO TO 80 
AI•PI•6•, 
AIRPI•1.O 

G 

G 
_G 

ENO OF OFF THE ROAD DISTANCE LOOP. 

80 CONTINUE 

G 
c 
G 
9U.__•NTINUE 

£NO OF NDATA LOOP. 

G RETURN FOR THE NEXT DATA SET. 

A11•1250,. 

GO TO •. 

G 

C 
IERH!MAT!ON OF AIRPOL AN• 

STOP 
ENO 

AIRP1270 
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,., 0 46 

G D TO k. 
C E__ _TO .._5_ 
G F TO 6 
G 
C DE SGRZ PT IO-•-OF-•RA •-E• 

CLASS INTEGER 
THE HOLLERITH CODED STABILITY GLASS, 

NOTE THE HAZN PROGRAH ALLOMS ONLY VALID GLASSES TOrENTER iGNVRT 

G 
INT_EGE R CL A S S 
IF (GLASS oNE. 1HA) GO TO £ 
IGNVRT =1 
RE T URN 

1 IF (CLASS .NE. 1HB) GO TO 2 
IGNVRT = Z 

.RETURN 
Z IF (GLASS .NE. 1HG) GO TO 3 

ZGNVRT = 3 
RETURN 

3 IF (CLASS ,NE. triO) GO TO • 
IGNVRT = • 

IF (GLASS ,NEo 1HE) GO TO 5 
ICN VRT = 5 
RETURN 
ICNVRI = 6 
RETURN 
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C 

C 
C 
C 
c 
C 

C 

C 

C 

J••E_•CL(•¥ E AR 
; 
Hl X ; 

SPEED ;IAREA) EFGO OQ 

EFCRVG CALCULATES THF.__EH•EAGI0•.__FOR__•.,AI•;IN_•IONOXI._DE. IN 
GH/HZLE, EFCRVC •.S BASED ON ZNFORMATTON SUPPLZEO BY-CALZFOR.NZA 
ANO THE EPA, 

DESCRI•ARAMETERS 

ZYEAR INTEGER 
PREDICTION YEAR (/•_ IQ_99|, 

l•-" %NTEGER 
THE PERCENT OF HEAVY DUTY VEHICLES (5 TO Z@), 

SPEE0 REAL 
IltE AVERAGE_ROUTE SPEED_,T, NJ•IPH_(J,Q,O_TCk•O O 

IAREA INTEGER 
= 1HC FOR CTTY STREETS, 
=....ZJ"I F•.O• EREEHAYS•.• 

NOTE_ •_-•__THE•ZN•°ROGRJ• ALLO•NLY_._V•,ID .PARLAHETERS_ TO ENTER 
EFGRVC, 

D•NSZCN. 
DATA LOOP 

EFC0 10 
EFC0 20 
EFGO 30 
EFC0 • 
EFG0 50 

DATA (FACTOR(I)•I=I•32)/ EFGO 

1.32•53E01• 2.71779E-Be 1,08973E• O, OO0 OOEUv• EFC0 

1. W8568E01• 1,•8118E•1• 1, OOOOS•-5• O,OOQOQEOQ• EFGO 
5.29••..5 Q98QE• 2• Z. 39d•6E•2• 2.bSZ99EO2 

• 
EFG0 

1o 3•966E01• •,55117E00• 1,19887E-5• O,O00OOEOO• EFGO 
5,81595EOZ• 3.871•?EQZL _•ZZZ6•EO•_ 8•0•5_= EFGU 
1,7•36•E01• 7,78920E00• •.89085EO3• O,O00OOE00/ EFCO 

DATA (FAGIOR(I}•Z=33=6•}• .•: • EFG0 
1, 95818E02• t.W1506E02• 2.$I?30EOZ• 1,176/OEOZ• EFGO 
g, 65•• 1.•QTQEfll• •,•3688E-5• Q. QQQQgE0O• EFG0 
6,2•t3OEOZ• •,3795•E02• t,85211EOZ• •, 1-7•87E01• EFCO 

• 2,•627 OEOZ• •,O 1187E•5•__ 2, 50•ZE•=• O=OOOOaEOg = 
1,60159EOZ• 1.303•5E02• •.3•73?E 01• 3,139•6E01• EFGO 

-2, WZW8 8E..-Z 
• 

-2o702WSE-Z• ".'.1. 2 tZ67E-3 = O,OOQOuEOO• EFCO 

611 

110 
120 

•0 

•70 
:t80 

23a 
2•0 

2•0 

29G 

A1.13 



•3. 93006E-2• -3.O.b201E-2• -•,.3062•E00• 0,000 OOEO01 EFCO 320 
DATA (FACTOR(Z) •I=97•128)/ ••_ 

-?, 2d767(-2• 

-7. Z7895E-l• -b.•7•Z6E-I• -3.•2860E-1•' 

-6. 875•8E-2 -b.8?Z•3E-2• -5,92993E-Z• -5.58030•-Z• EFCO 38• 
-5.81366E-2• -5,2356•E-3• -1,8•937E-3, O.;QQ•OOEO• EFCO •9•_ 
-T. 1k97 9E-1, -6.76193E-1, 

DATA (FAGTORII) 

1. 65955E01• 1,3ZG91EOO• 1.12•17E00• 1,050 OOEOl• EFCO 
-7.32•26EOQe -1.t56t7EQ0• 2. Qt528EO1• -2. 566•7EQZe •FCO •SO 
1,6Q387EOZ• 1,ZB?5•E•l• Z, OSOZ•EOO• 8,8000•E• EFGO •6d 

g, 89953EO0• 
-9, O•?gBEOO• -1.683•• 
.7,7•75•00• 6,77010(00• 6,9997d•00• 5,ZOOOOEO•/ EFGO 

DATA (FACTORII)•I:161•192)/ EFCO 51Q 
Z, 95037E01• Z,69OOgE01• -7.13•ZgEO0• -3.8056kE0• 

• 
EFGO 520 

-1,73067•00• -•,580Z•EO0• -Z,Z0577•01• 1,85•5EOI• EFGO 5• 
_*_ •••• _•_••OO• I•OO•••OOOEO• EFCO 550 

Z, 92566E01• 2,73•6•01• Z, 28•5bE01• 1. 99599E01• EFCO 5bO 
1. 65533EQt • 1.2•26EQQ• 1.OSQ•6EQQ•' 8.BQQOQEOQ• EFGO 570 

-3,279TIEO0• 
•_ ••SE•_ ••• •198•-1• 7.o000•0l_• EFGO 590_ 

I1 : 1 EFCO 600 
_.•._ (••••_•__Z •GO 610 
ZZ : (ZS-HiX)/5 EFCO 
13 : (IYEAR-TQ)/2 EFGO 
ZF (I3 .GT. 8) 
_•_•Z_••Z+•-•O EFGO 65.0 

•B • F•T_O•• EFGO 67_0 
C = FACTOR(Z•y3) EFGO 

••C_ : A•EED•VB*G EFCU710.. 
RETURN EFGO 
EFC• : lO,•(A•SPEEO•SPEED*B•SP•G) EFGO 
RETURN EFGO •• 
EFCRVC = A•EXP(B•SPEED)+• EFGO 
RETURN EFCO 760 
END EFCO 
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REAL FUNCTION EFCRVH(IYEAR;MIX•SPEED;IAREA) 

G EFCRVH CALCULAIES_II• EN•$ION FACTOR EOR HYDRD GARB ON$ IN 
G EFCRVN IS BASED ON INFORMATION SUPPLIED BY CALIFORNIA AND THE 

G DE$CRIPI ION OF 
C 

EFHC On 

IYEAR INTEGER 
THE. PREDICTION YE.AR (72 TO 99). 

C 
C 

C 
C 

MIX-- INTEGER 
THE PERCENT OF HEAVY DUTY VEHICLES 

THE AVERAGE ROUTE SPEED IN NPH (10,0 

IAREA INTEGER 
= 1HC FOR CITY STREETS. 
= IHF FOR FREEWAYS. 

NOTE THE NAIN PROGRAM ALLOWS ONLY VALID PARANETERS TO ENTER 

EFHC 
EFHC 
EFNC 
EFHG 
EFHC 
EFHC 
EFHC 
EFHG 
EFHC 
EFHG 
EFNC 
EFMG 
EFMG 
EFHG 
EFHC 
EFHG 
EFHG 
EFHG 
E.FHG 
EFHC 
EFHC 
EFHG 
EFHC 
EFHG 
EFHG 
EFHG 
EFNG 
EFHC 
EFHC 
EFHG 
EFMG 
EFHC 

10 

30 
•O 
50 
60 
7'0 
80 
9¢ 

100 

130 

150 : 

2 •0 

2•0 

•9• 
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1. 16289EO0 • 
1.298h, TEO0 

• 
5.SZ793E-Z• 9.200 OOE-l• 

3. 10513•-1 1.02729E-1• 6,ZSPZLE-L• 7.600 05E-1/ 

3. 31365EQ0• 

Z. 

3. 189;•E00• 

2. 50732E00, 
1. 8375 BEOO 

• 
I1=1 
ZF (ZAREA'EQ.1HC)_• • 
IZ = 

••-7• 
IF (I3 .GT. 81 Z3 = 8 

A = FACTOR(I;•I) 
•B•ACT OR I • 2) 

C = FAGT•(I•3) 

GO TO (1•2•3)• L 
EFCRVH = 

RETURN 
•_G•H = IQ•IA•O•SP•D,B•EED•G) 
RETURN 
EFCR• =_ •+ •(B•P•..+G 
RETURN 

1.69508E00• •. Oq, ZZ6EO Op 3.158h, OEO0 • 
6.7830q,/- t r .1.6171B;" o o_. 1.•,flOonEnn; 
9.•6851E-1• 3.8k516:-00• Z o97'917'E0• • 

1.085fiSEO0• -7. ZZZ3fiE-2• Z.O3371EOO• 
3.11B• ?_E__-I, 1..58901E.-i•, .__1.650 OOEO 0, 
Z.O•ZZO•OO• 3oZ9389£00• 
1.35177ED0._ 7.Alq21E-1; 8,8Off DOE-l/ 

EFHC 
F..FHG 
EFHC 
EFHC 
EFHG 
EFHG 
EFHG 
EFHG 
EFNG 
,EFHG 
EFHC 
EFHG 
EFNC 
EFHC 
EFHC 
EFHG 
EFNC 

EFHC 
EFNG 
EFHG 
E.FNG 
EFHC 
EFHC 
EFHG 
EFHC 
EFNC 
EFHG 
I:.FHC 
EFHG 
EFHC 
EFHC 
EFHC 
EFHC 
•FNG 
EFHG 
EFNG 
/FHC 
EFHC 
EFHG 
EFHG 
•FHC 
EFHC 
•,FHG 

330 

350 
360 
37• 
380 
390 

•0 
'•5• 

•60 

5.0 

•O 
550 

580_ 
590 

b20 

bT 0 

•0• 

T+O 
75O 
769 
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G NOTE THE NAIN PROGRAN ALLONS ONLY VALID PARANETERS TO ENTER 
__•_ SIGHAZ. 

XNETER = ,30•801 • DZST 4. 
GO TO (1., 2; 3_, ;., 5.,_ 6)., IGRA.PH 

1 TF (XNETER •,LT, kO,) GO TO I8 
_IF (XHET•F_• .LE, 170,l ;0 TO 19 
IF (XHETER ,LT, ;ZO,) GO TO ZO 
A : 1.78q63 
B 
GO TO 9 

18 A = ,3537• 
B = ._G0937 
GO TO 9 

19 A : .f•55 
B = ,092•9 
GO TO 9 

20 A : 1,0683 
B : -. B1•7• 
GO TO 9 

2 ZF (XHETER ,LE, 1GO,) GO TO'tO 
ZF (XNETER .GE. 500,).G0 TO 11 
A : .6250Ei_ 
B : -o 00061 

SlGZ 10. 

SISZ 50 
$IGZ 
SIGZ70 

SIGZ90. 
SlGZ IJLd 
SlGZ 110. 
SIGZ1Z• 
SZGZX$O. 
SZGZ 1• 
SIGZ150 
SZGZ 16d 
SZGZ 170 
SIGZ 180 
SZGZ 1gO 
Sj•Z_• 
SIGZZlO 

GO TO 9 
10 A = ,33099 
"B 

= .6675k 
GO TO 9 

11 A : 1.15870 
B : 

GO TO 9 
3 ZF (XHETER ,LE, 150,) GO TO 13 

•F (XNETER..GE. •no,| GO-TO.-I• 
A = ,52998 
B : .07328 
GO TO 9 

13 A : .2&66 
B : .6029 
GO TO 9 

lk A : ,89825 
B : -; 9k962 

SIGZ 230 
STGZ Z•u 
SI&Z 250 :." 
•I •0 
SXGZ 2TO 

SIGZ 290 
SIGZ 300.: 
SIGZ -31• 

SIGZ '330 

SIGZ 350 
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B = -, 39•91 
GO TO 9 

IF (XHETE• .GE. ZOOO.) GO TO-ZI 
A = .3636& 
B = ,0 9885 
GO TO 9 

17 A : .1705Z 

GO TO 9 
21 A = 

B = -. 66•69 
__9 SIGHAZ = 10.•' 

RETURN 
END 

SIGZ 690 

SIGZ 710. 

SZGZ 730 
S.l: GZ 7hO. 
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DEVIATION OF THE GA.USSIAI•U•/E.• 
C 

C 
C 

__• 

C 

REAL FUNCTTON SIGNAH (DIST; IGRAPH) 

FOR HORIZONTAL DISPERSZON• IN-HETE•S,.. SIGHAH ZS BASED- ON- 
EHP•CAL •.__•_J;ALIFORNZAS NORK• 

-DESCRIPTION OF PARAHETERS 

OIST REAL 
THE EFFECTIVE DOWNWIND DZ•CE;- INFEETo 

IGRAPH INTEGER 
THE PREVAILING STABILITY CLASS (FROH ICNVRT), 

NOTE THE HAIN PROGRAH ALLONS ONLY YALID PARAHETERS TO ENteR 
SIGMAH. 

XHETER = ,30W801 '• DIST + 
GO TO (1; Z; 3; •; 5; 6); IGRAPH 
IF (XHETER ,LE, BOO,) GO TO"lO 
IF (XHETER .GE. 3000.} GOTO 
A = 

B .21321 
GO TO 9 
A =•_902; 
B -- °90626 
GO TO 9_ 
A = ,g2995 
B -. •8563 
GO TO 9 
IF (XHETER .LE, 700,) GO TO 12 
IF (XHETER ,GE,200Oo) GO T0-I3 

B = ,389 
GO TO 9 

15 A = ,SW83G 

GO TO 9 
; IF (XHETE• .LE, 700,) GO TO •. 

SIGH 
SIGH 
SIGH 30 
SIG.H.. 

SIGH 

SI GH 90 
SIGH 10 
SIGH-•I• 
SIGH 120 

SIGH 150 

SIGH 170 
SIGH18O. 
SIGH 
•ZGH-ZOO_ 
SIGH 210 
SIGH_ZZG. 

SIGH 2•• 
SIGH 
SIGH 
SIGH 
SIGH.•80_ 
SIGH 290 
SIGH 

SIGH330 
$IGH.3•O 
SIGH 350 
SIGH 
SIGH 37O 
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B °12580 

7' A = ,.34.588 
8 = .90_509 
GO TO 9 

B A = .81•.G•,_ 
B = -, 4.8388 
GO TO g 

5 IF (XNETER ,LEo 500,• GO TO 16" 
IF (XNETER .GE. 2flOI).) GO-TO'17 
.A = ,50k4.5 
B = .3r•181 
GO TO 9 

16 A = .30k.7t 
B = ,90091 
GO TO 9 

17 A = 

El .= -. 70399 
GO TO 9 
.IF (XNETER .LE. 5nO.) GO 1"0 16 
TF (XHETER ,GE, 5000,) GO TO 19 

B = ,0k, 271 

SIGH 390 

SI GH 
SIGH 
SIGH 

SIGH 
SI"GH 
SIGH 
SIGH •80 
SZGH •gO 

SIgH 510 
SXGH 
SIGH 530 
SIGH 

SIGH 570 

SIGH 59O 
SIGH bOO 

:).8 A = ,Z4.912 
B = .92697 
GO TO 9 

13 A_= ,B9_701 
B -1.14.191 

9 S•TGHAH 
RETURN 
END 

SIGHblO 
SIGH 
SIGH 
SIGH 
SIGH650 

SIGH67• 
SIGH 
SIGH 690 
SIGH 700 
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X 

•J 
Z 
o 
Z 
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,J 

Z 
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ZZZZZ 

•ZZZZZ 

,.4.=.. 

ZZ• zz•" 
ZZZZZ 
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APPEND• 2 

A2.0 

A2.1 

A2o 2 

A2.3 

A2o4 

A User's Guide to AIRPOL 

This Appendix contains a detailed description of the philosophy 
and techniques employed in using AIRPOLo Figure A2-1 shows a data 
input sheet for A]•RPOL and should be referred to throughout the 
follow ing discus s.ion. 

AIRPOL has been designed to minimize the influence of subjective 
judgements onthe part of the us er in order to obtain defensible predictions. 
However• some decisions must necessarily be made when employing any 
predictive schemes 

As a general guide in the use of AIRPOL• the conservative decision 
should be made whenever there is question about application of the model. 
This approach should not be considered a liability.• but rather an exercise 
in responsible judgement with the additional benefit of allowing the user 
to state• with a high degree of confidence• that actual levels should be less 
than or equal to the predicted levels° 

AIR.POL has been designed to analyze the impact on air quality of a 
roadway corisisting of three or fewer lanes° If an anlysis of a larger facility 
is desired,• the highway must be broken into two or more lane groups• each 
consisting of three or fewer lanes. Furthermore,, entrance ramps.• exit 
ramps• and service roads must all be treated as distinct lane groups and 
not part of a lane group which includes travel lanes° Each lane group should 
then be analyzed as a separate roadway having its own geometric and traffic 
data, (Weather data will be the same for all lane groups constituting a given 
highway° The total effect of the facility on the environment is then found by 
superimposing the effects of the several lane groups° 

For instance• a dual• divided• four-lane highway having a 50-foot 
median, 12-foot traffic lanes° and 8-foot safety lanes (no ramps or service 
roads nearby) would be divided into two lane groups of two lanes each° 
Then, to get an analysis for the entire facility at 100 feet from the downwind 
guardrail• one would analyze the near lane group for a distance of 108 (100 
+ 8 108) feet from the nearest edge of the nearest traffic lane and the far 
lane group for a distance of 198 (100+ 8 + 12 + 12 +8 +50+ 8:: 198) feet• using 
directional traffic and geometric data° The two CO levels thus found are the•_ 
added together to get the total CO level at 100 feet from the downwind guardrailo. 

AIRPOL is designed to accept two types of input cards--header cards 
and data cards. (See Figure A2-1o A header card followed by from one to 
ninety-nine data cards constitute a data set° AIRPOL will accept any number 
of data sets as input. Multiple data sets are simply placed one after the other 
to make up an input data deck for an AIRPOL run° 
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A2o5 

A2o 6 

A2o6ol 

A2.6.2 

A2o6o3 

The first five columns of every card in an AIRPOL data deck 
contain special information for use by .the Data Processing Division (DPD)o 
This information is not integral to the AIRPOL modelo Columns 1-3 of 
each card must contain a three digit number assigned by the DPD for 
accounting purposes. This number will remain unchanged for a given 
AIRPOL run and must appear on every card in the input data deck. Columns 
4-5 of each card must contain a two digit number identifying a data set. 
These numbers are assigned by the user. Each data set should have a 
unique number assigned to it and that number should appear on every card 
in the data set° Typically a user will number the data sets sequentially 
starting with 01. 

The Header Card 

The first card of every data set is a header (or comment) card. It 
contains information relevant to all the data cards in the set. This common 
information will remain unchanged until a new data set is encountered° A 
header card is structured as follows: 

Accounting Information: 

Columns 1-5 (see Section A2o4).• Format (I3•I2)o 

Number of Data Cards: 

Columns 6-7• Format (I2)o 

This data field contains the number of data cards constituting this 
data set. The number of data cards £ollowing this header card must 
correspond to the number in this field. 

Only right-justified• positive integers may appear in this data 
field. 

Descriptive Information (Comments): 

Columns 8-57• Format (5A10). 

This data field is used for descriptive information about the data set• 
This information is displayed as a heading on the printer output. It is suggested 
that the descriptive information be centered in this field to achieve report- 
quality output° For instance•, the heading "ANALYSIS OF I99• WILLIAM 
COUNTY• VAo ",, which contains 36 characters• should.begin in Column #15o 

For the reader who is unfamiliar with data processing terminologiz•, right justification 
signifies that the rightmost character must appear in the rightmost column of a data 
field and there may be no blanks between non-blank characters° 

A2o3 



A2.6.4 

A2. -7 

A2.7.1 

Any combination of letters• digits, symbols• blanks• or punctuation 
may appear in this data field. 

Wind Speeds: 

Columns 58-80• Format (F3.1). 

These six data fields contain the wind speeds to be used in analyzing 
each data point (data card) in the data set. From one to six wind speeds 
may be input. If fewer than six wind speeds aredesired• the excess data 
fields should be left blank. If all six fields are blank (or equal to zero, or 

negative)• the program will analyze the data set using wind speeds of 4.0• 
7.0• and 10.0mph. 

The user may sometimes find it advantageous to use wind speeds of 
4.09 7.0• 8.0• 12.0• 13.0• and 18.0 mph. These are the ranges the Virginia 
Department of Highways generally uses when preparingimpact statements• 
since they are the ranges contained in the weather data used by the Department. 

The prevailing CO level is predicted by using the prevailing stability 
class (see'Section A2.7.5)• the prevailing wind direction within that class 
(see Section A2.7.7 )• and the prevailing wind speed (or range) within that 
direction. To predict the worst case CO levels• use class ]• or F• parallel 
winds and the prevailing wind speed within that class and direction° Prevailing 
weather data may be obtained from the output of either program WNDROS or 

program STAROS (4). 

Only right-justified• positive decimal fractions or blanks are allowed 
in these fields. If no decimal point is punched in a field• the program will 
insert one between the second and third digits of the field° If a decimal point 
is punched• the decimal fraction so designated will be input. Thus one may 
input twelve mph as either 120 (implied decimal point will be inserted by the 
program) or 12o (actual decimal point noted and used by the program). Wind 
speeds less than 3o 0 mph should not be used (see Section 3.4o 1). 

The Data Cards 

Each data set has from one to ninety-nine data cards following the 
header card. Each data card constitutes a data point (more accurately9 a 

data matrix) to be analyzed. The information on a data card• together with 
the common data set information on the header card.• provides all the 

necessary inputs •o analyze a data point. The structure of a data 
card is: 

Accounting Information: 

Columns 1-5 (see Section A2o4)• Format (I3• I2)o 
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A2.7.2 

A2o 7.3 

A2.7o4 

Site Identification: 

Columns 6-9• Format (A4)o 

This field contains a four character designation for the site and lane 
groups being analyzed° This identifier may be assigned in any systematic 
manner deemed appropriate by the user. For example, one method which 
can be employed is to use columns 6• 7, and 8 to identify the site and to use 
column 9 to identify the source lane group. (See Section A2o 3. 

Any combination of letters, digits, symbols, blanks• or punctuation 
may appear in this data field. 

Source Roadway Type: 

Column 11, Format (A1). 

This column contains a code to identify the type of roadway (lane 
group) being analyzedo 

The codes are: 

C-- city street 
F freeway 

If anything other than a C or an F appears in this field• the program 
assumes the analysis is for a freeway. 

Whenever there is a stop s ign• signal light• or other traffic obstruction 
within about 400 feet up or down the roadway from the observer, the roadway 
should be designated as a city street° In all other cases• i. eo• quasi-free-flow 
traffic• the roadway should be designated as a freeway. 

Only a C or an F should appear in this data field° 

Prediction Year: 

Columns 13-14, Format (12). 

This field contains the last two digits of the year for which the prediction 
is to be made. The program will perform an analysis for any year from 19724 
to 1999 inclusive. If the year input is less than 72 the program will default 
to an analysis for 1972. For any analysis beyond 1999• use 99 for year. This 
will give consistent results since the program assumes that emission levels 
will be constant from 1986 on° 

(4) 

Only right-justified, positive integers are 
a[:iowed in this field° 
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Stability Class: 

Column 16, Format (A1). 

This data field contains the Turner modified, Pasquill-Gt•ifford 
atmospheric stability class (4, 5) for which this analysis is to be performed. 
The classes are A, B, C, D, E, and F, where A is the least stable conditio• 
D is neutral, and F is the most stable. If an invalid symbol appears' in this 
field, the program will default to an analysis for stability class D. 

When AIRPOL is used to predict CO levels at prevailing weather 
conditions• the output of either program WNDROS or program STAROS (4) 
should be consulted to find the prevailing stability class. When AIRPOL 
is being used to estimate the "worst-case" conditions, current thinking is to use 
stability class F for rural areas and stability class E for urban areas. 

Only an A, B, C, D, E, or F should appear in this column. 

Case: 

Column 181 Format (I1). 

This field contains a code indicating whether the analysis should be 
performed for an observer downwind (wind reaches road before reaching 
observer) or upwind (wind reaches road after reaching observer) of the 
source lane groups. (See Section 2.7. 

The codes are: 

1 downwind 
2 upwind 

If an invalid code appears in this column the program will default to an 
analysis of the downwind case. 

Only a 1 or a 2 should appear in this data field. 

Wind Angle (Alpha): 

Columns 20-21• Format (F2.0)o 

This data field is used to specify the acute .(between 0 o and 90 o) angled 
in degrees• between the wind direction and road direction. This angle should 
be determined by passing a wind vector through the point where a line through 
the observer perpendicular to the roadway intersects the road and measuring 
the acute angle between this vector and the lane group being analyzed. (See 
Figure A2-2. 
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To obtain an estimate of the expected or prevailing.CO levels, use 

the prevailing wind direction and wind speed for the prevailing stability 
class. This information is contained in the outputs of either program 
WNDROS or program STAROS.(4) To obtain an estimate for the "worst" 

case, use stability class E or F and parallel (0 °) wind with its prevailing 
wind speed. 

Only right-justified, positive integers should appear in this data 
field. 

A2.7.8 Observer Height. 

Columns 23-25, Format (F3o 0). 

Thi.s data field is used to specify the observer height, in feet9 above 
the surrounding terrain. In the special case of a 

depressed* roadway, this 
height must be given as the elevation of the observer above the road surface. 
(See Section 2.5, 

Only right-justified, positive integers should appear in this field° 

A2.7.9 Source Height: 

Columns 27-30• Format (F4o 0). 

This field is used to specify the elevation, in feet9 of the road surface 
relative to the surrounding terrain° This value should be negative for a depressed* roadway, positive for an elevated roadway, and zero for an at- 
grade roadway. (See Section 2.5. 

Only right,justified integers (positive9 negative9 or zero) should 
appear in this field. 

A2.7.10 Upwind Source Length: 

Columns 32-369 Format (F5.0)o 

This data field is used to specify the length• in feet• of the source lane 

group in the upwind direction. This length is measured by taking themaximum 
distance that the roadway extends in a straight line from the point where a line 
through the observer perpendicular to the roadway intersects the roadway (see 
Figure A2-4). This distance will rarely exceed 5000 feet° When the wind 
intersects the roadway at exactly 9009 the "upwind" direction may be taken as 
either roadway direction since both (or neither• depending on your point of view) 
directions are "upwind". 

Only right-justified, positive integers should appear in this field. 

*The depressed roadway condition may be used • when the observer an•d the lane group 
are both in the cut. Otherwise the at-grade condition must be employed. (See Figure A2-3. 
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Figure A2o 3° Comparison of an observer in a cut to 
an observer outside a cut° 
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Traffic Volume: 

Columns 38-42• Format (F5o 0). 

This field is used to specify• in vehicles per hour• the total traffic 
volume for the lane group being analyzed. 

Only right-justified• positive integers should appear in this data 
field. 

Traffic Speed: 

Columns 44-45• Format (F2.0). 

This data field is used to specify the average traffic speed• in mph• 
for the lane group being analyzed. 

Only right-justified• positive integers should ,appear in th.is field. 

Traffic Mix: 

Columns 47-48, Format (I2)o 

These columns are used to specify the traffic mix• in percent of heavy 
duty vehicles• for the lane group being analyzed. ]•usses• trucks• etc. are 
considered heavy duty vehicles. 

Only right-justified• positive integers may appear in this data field. 

Cut Width: 

Columns 50-53• Format (F4.0). 

This field is used to specify the width, in feet• of the cut in 
which both the lane group being analyzed and the observer are located. This 
width should be measured as the average cut width at one-half of the cut depth. 
If the cut situation is not applicable• this field should be left blank. 

Only right-justified•, positive integers should be used in this data 
field. 

Cut •Length: 

Columns 55-58• Format (F4.. 0)o 

This field is used to specify the upwind length• in feet• of the cut in 
which both the lane group being analyzed and the observer are located. This 
distance should be measured in the upwind direction (see Section A2.70 10) 
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A2.7.16 

A2.7.17 

A2.8 

along the roadway from the point where a line through the observer 
perpendicular to the roadway intersects the road to that point at which 
the cut depth equals one-half the depth at the observer. If the cut situation 
is not applicable, this field should be left blank° (See Figure A2-4o 

Only right-justified, positive integers should appear in this field. 

Show it: 

Column 60, Format (L1). 

The contents of this field are used to signal the program to display 
intermediate calculations. A "T" in this column turns on the display control 
for the current data point only. This feature is intended for research 
purposes only and offers the general user no pertinent information. In 
the default mode the display control is always off° 

For normal operation, this field should be left blank° 

Observer Distances: 

Columns 61-80, Format (F3o 0)o 

These five fields contain the perpendicular distances.• in feet, from 
the observer to the nearest edge of the nearest lane of the lane group being 
analyzed. These distances should be measured perpendicular to the roadway 
and horizontal to the earth° They should not follow the contour of the ground. 

From one to five distances may be specified° If fewer than five 
distances are desired• the excess fields should be left blank° If all five 
fields are either negative, zero, or blank• the program will default to a 

single analysis at 50 feet° 

Only right-justified• positive integers should appear in these data 
fields. 

The use of superposition with AIRPOL was introduced in Section A2.3 
to illustrate how a roadway of more than three lanes should be analyzed. 
Superposition also has other applications with respect to AIRPOLo Concentra.- 
tion levels near an intersection can be found by using this technique° Short 
segments of roadway• such as ramps• can be analyzed by judicious application 
of this principle to an imaginary 5000 foot long segment appended to the existing 
one° Superposition may, in fact• be used with CO concentration levels under 
any circumstances since CO levels are directly additive. Thus this principle 
may be applied whenever necessary° 
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