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ABSTRACT

A computer model, called HIWAY, that can be used for estimating the
concentrations of nonreactive pollutants from highway traffic is described.
This steady-state Gaussian model can be applied to determine air pollution
concentrations at receptor locations downwind of "at-grade” and "cut-
section” highways located in relatively uncomplicated terrain. For an at-
grade highway, each lane of traffic is modeled as though it were a finite,
uniformly emitting line source of pollution. For the cut section, the top of
the cut is considered an area source. The area source is simulated by using
ten line sources of equal source strength. The total source strength equals

the total emissions from the lanes in the cut.

The air pollution concentration representative of hourly averaging
times at a downwind receptor location is found by a numerical integration
along the length of each lane and a summing of the contributions from each
lane. With the exception of receptors directly on the highway or within the
cut, the model is applicable for any wind direction, highway orientation,
and receptor location. The model was developed for situations in which
horizontal wind flow occurs. The model cannot consider complex terrain

or large obstructions to the flow such as buildings or large trees.

An interactive version of the computer model is available on the Environ-
mental Protection Agency's Users' Network for Applied Modeling of Air
Pollution (UNAMAP).



PREFACE

HIWAY is one of the atmospheric dispersion models on both of the UNAMAP
(Users' Network for Applied Modeling of Air Pollution) systems. One of these
sy stems is restricted to Environmental Protection Agency users. The other
system is available to non-EPA users. The systems are accessed through
phone lines and time-share computer terminals. For information on accessing
UNAMAP contact: Chief, Data Management, Meteorology Laboratory, U.S.
Environmental Protection Agency, Research Triangle Park, N. C. 27711.

Although attempts are made to thoroughly check out computer programs
with a wide variety of input data, errors are found occasionally. In case
there is a need to correct, revise, or update this model, revisions will be
distributed in the same manner as this report. If your copy was obtained by
purchase or special order, you may obtain revisions as they are issued by
completing the mailing form on the following page. A user can be assured
that the latest version of HIWAY is on the UNAMAP system.

Comments and suggestions regarding this document should be directed
to Chief, Environmental Applications Branch, Meteorology Laboratory, EPA,
Research Triangle Park, N. C. 27711,
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USER'S GUIDE FOR HIWAY,
A HIGHWAY AIR POLLUTION MODEL

1. INTRODUCTION

The National Environmental Policy Act of 1969 requires any Federally
funded highway construction project to be preceded by an impact statement
analyzing the effect of the proposed roadway on air quality. This report
describes a computer program, called HIWAY, for calculating air quality
levels of nonreactive pollutants produced by highway automotive traffic at
distances of tens to hundreds of meters downwind of the highway in rela-

tively uncomplicated terrain.

In making estimates of pollution concentrations for an "at-grade" high-
way, highway emissions are considered to be equivalent to a series of finite
line sources. Each lane of traffic is modeled as though it were a straight,
continuous, finite line source with a uniform emission rate. Air pollution
concentrations downwind from a line source are found by a numerical
integration along the line source of a simple Gaussian point-source plume.
Although most applications of this model will be for ground-level sources
and receptors, and for receptors close to the source where mixing height
will have almost no effect, the more general case of nonzero source and
receptor heights and inclusion of the effects of mixing height can be con-

sidered by the model.

The HIWAY model is similar to the line-source equations (5.19 and
5.20) in the Workbook of Atmospheric Dispersion Estimates (Turner, 1970)

but can also consider finite line sources at any angle to the wind.

An estimate may also be made of air pollution concentrations downwind

of a "cut section." To do this, the top of the cut section is considered to be
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equivalent to an area source. 1nis arcws soutce is simulated by using a
series of ten equal line souarces such that the total source strength is equal

to the total pollution emissions of the mghway .

No pollution emissions moedulc ¢ included in the batch (card input)
version of the model. A valuc of the Jine source strength, q (g m 1 sec—l) ,
for each lane of traific rust Lo obl-unied from a separate cornlﬁltalti on (Beaton
et al., 1972). Line-sourcs strength 2~ goneradly a function of trafic rate,
average vehicle speed, and traffic mix (fract’on of heavy-duty vehicles,
fraction of late models with cinissios comueol devices. ete.). Data input for
the HIWAY program can be uceompl.stid i1 tive ways: (1) through batch
mode, with data cards thu foiiow 1l ¢ program deck {(see Section ¢ for
format) and (2) through conti,ac-.o made, that 18, interactively 01 a time-
share computer terminal. The teoin interactive refers to the information
exchange between the usc.s and the conpuier program in asking and

answering questions.

In the interactive vercion o tr teodei. o be discussed in Section 4

and Appendix A, the user cau wutan o orade estimate of line-source emission
rate for the pollutant carbon rorosilo If one does not enter emission rates
interactively, an estimate 0. cinissin vaic can be determined by entering a
value for vehicle speed wuiu traffi. oiume per hour oy each lane of traffic.
This emission rate is repr.sealative of that for 19389 model-year automobiles
(Ludwig et al., 1870). Accura.uy . ¢ ompdadion o] Air Poilulant Emission
Factors (EPA, 1973), this cuussion focior of 18 7 ¢ veh 1 mi~! for a speed

of 19.6 mi hr™1 is aiso representutive of emis- lons for the vehicle model mix

near the end of 1975&. S2e T:ebile 3.7, 1 1 KA, 1873,



2. DESCRIPTION OF MODEL

AT-GRADE HIGHWAY

A view of an idealized four-lane at-grade highway is shown in Figure 1.
Traffic pollution emissions from each lane are simulated in the computer
model by a straight line source of finite length. As shown in Figure 1 for a
four-lane highway, the location of the highway is specified by the coordi-
nates at the centerline (from edge to edge) of the highway (points 1 and 2).
The ordering of the lanes is from left to right when one looks from point 1
to point 2. One lane or any even number of lanes from 2 to 24 can be used

in the model.

The width of the highway and its center strip must also be entered as
input data. With this information, the computer program HIWAY will assign
a finite uniform line source to each lane of traffic. These line sources are

placed at the center of each traffic lane.

A uniform emission rate, q, - must be specified for each line source.
This line-source emission rate can be found if the emission factor, EF

(g veh_1 mi_1 ), and the traffic volume, TV (veh hr_l) , are known:

EF (g veh ! mi"1) TV (veh hr™1)
q, (g sec’lm™l) = 1 (1)
1609.3(m mi~1) 3600 (sec hr™ ™)

1.726 x 10”7 (EF) (TV)

A value of the emission factor for vehicles can be obtained from the most
current issue of Compilation of Air Pollutant Emission Factors (EPA, 1973).
It should be noted that for many pollutants the emission factor varies with

vehicle speed.

Calculations
The calculation of concentration is made by a numerical integration of
the Gaussian plume point-source equation over a finite length. The coordi-

nates (meters) of the end points of a line source of length D (meters),

3



WIND DIRECTION

(® RECEPTOR
Ry, S

Figure 1. Overhead view of the geometry of at-grade highway as seen by the computer mode!.
The endpoints of the highway are specified by the centerline coordinates, (R1,51) and (R2,52),
while the receptor coordinates are given as (Ri,Sk). Line sources (four) are indicated by

the dashed lines at the center of each lane of traffic.



representing a single lane extending from point A to point B (see Figure 2),
are Ry ,S4 and Rg,Sp. The direction of the line source from A to B is B
(degrees). The coordinates, R,S, of any point along the line at an arbitrary
distance, % (meters), from point A are given by:

R =R, + 2sing (2)

A

195]
1}

S, + £cosB 3)

A

NORTH

RECEPTOR
(Ry, Sy)

—3 = EAST

Figure 2. Line source and receptor relationships.



Given a receptor at R;.,Sj., the downwind distance, x (meters), and
the crosswind distance, y (meters), of the receptor from the point R,S for

any wind direction, 8 (degrees), is given by:

&
I

(S - Sk) cos 9 + (R-R,) sing 4)

k)

y (S -Si) sin® - (R - Rk) cos O (5)

Since R and S are functions of ¢, x and y are also functions of 2. The con-

centration, X(g m~3), from the line source is then given by:

D
9y
X = — fdy (6)
u
)
where:

u = wind speed, m sec"1
D = line source length, meters
f = point source dispersion function (Equations 7 to 9), m™2

For application of this model to a highway segment in relatively open terrain,
an approximate estimate of the wind speed, u, at 2 meters height above

ground is suitable.

For stable conditions or if the mixing height is = 5000 meters,

2
_ 1 1 z 2 1{z~H . 1{z +H 7
f= 2raya, €Xp| ~ 3 Ty €xp "o\ o, + exp g\ o, (D

where:

9y

standard deviation of the concentration distribution in the

crosswind direction, meters

o, = standard deviation of the concentration distribution in the
vertical direction, meters

z = receptor height above ground, meters

H = effective source height, meters



In unstable or neutral conditions, if 0, is greater than 1.6 times the mixing
height, L (meters), the distribution below the mixing height is uniform with
height regardless of source or receptor height, provided both are less than

the mixing height:

1 2
. oxp [.l(.&) ] ®
\/—2-;;0 L 2\%

y

In all other unstable or neutral conditions:

ey L(z=H)?
f= Zrayaz exp _2 ay exp 2\ 7,
1/7z+H 2 =
+ - = +

N 2
Z [ 1(z—H—2NL)
exp—— T
2 o
1 VA

N:
1<z+H+2NL>2 1<2—H+2NL)2
+exp-— |(——— +exp-~ {————
2 o, 2 7,
z+ H + 2NL\ 2
+ ex; -l(m——-):l ®
2 o,

The infinite series in Equation 9 converges rapidly, and more than four or

five sums of the four terms are seldom required.

In each of the three above equations, Uy and 9, are evaluated for the
given stability class and the distances x + b for Oy and x + afor 9,. The
virtual distances, a and b (km), are required to produce the initial

oz and oy (0zo and oyo), respectively.

If z, H, or both are zero, the resulting simpler forms of Equations 7,

8, and 9 are used by the computer program.



The value of the integral in Equation 6 is approximated by use of the

trapezoidal rule. Let A 2 =D/N. Then the trapezoidal approximation gives:

— —_—

N

-1
q, A% |1
X = = o + f\) + fi (10)
u 2
=1

L = -

where f; is evaluated, as appropriate, from Equation 7, 8, or 9 for ¢ =iA 4.

The distances x and y are, of course, functions of ¢.

For a given initial choice of the interval length, A %, the calculation is
then successively repeated with twice the number of intervals, that is,
with A ¢2/2, A%/4 ..., until the concentration estimates converge to within 2
percent of the previous estimate. This value is then used as the value of

the integral.

The above evaluation of the integral is repeated for each lane of traffic,
and the resulting concentrations are summed to represent the total concen-

tration from the highway segment.

Computer Model

The FORTRAN computer program consists of a main program, three
subroutines, and two functions. The main program handles input and sets
up a separate line source for each lane of traffic. Subroutine DBTLNE does
the integration and output of results. This subroutine calls DBTRCX, which
evaluates Equations 7, 8, or 9, or simplifications of these equations if H or z
is zero. Evaluation of oy and o, are done by subroutine DBTSIG, which is
called from DBTRCX. Functions XVY and XVZ determine virtual distances
for a given stability class corresponding to the initial oy and initial o,

A
respectively.

An east-north coordinate system is used in the computer model. The
width of the highway and of its center strip, the coordinates of the centerline

of the highway, and the coordinates of the receptor(s) are input parameters.



It should be noted that in Equations 4 and 5, x and y refer to a coordinate
system aligned along the wind vector (x the downwind direction, and y the
crosswind direction). That system is distinct from the coordinate system

used for locating sources and receptors in the model.

In the basic equations given earlier (Equations 2 to 5), units of the
coordinate system have been specified as meters for dimensional balance.
However, units of the computer coordinate system, for practicality, are in
kilometers. The user may use any convenient highway map unit if he enters
an appropriate scaling factor to convert those units to kilometers. For
example, if it is desired to use the units of meters for highway coordinates,
the scale factor should be entered as 0.001. Section 4 contains a list of the
input variables, including a brief description of each of the units by which
the input parameters must be expressed. An example of input data, as well
as the output of a run made with the example input data, is given in Appendix
A.

CUT SECTION

Estimates of air pollution concentrations at locations downwind of a
depressed highway (cut section) can be determined by cbnsidering the top
of the cut section to be an area source of pollution (Figure 3). In the model,
this area source is approximated by using ten line sources located at the top
of the cut section. The total emission rate for the highway is first found by
adding together the emission rates for each individual lane of traffic. Then
this emission rate is distributed equally over each of the ten line sources

used to simulate the area source at the top of the cut section.

Once this has been done, the procedure used to determine pollutant
concentrations downwind of the cut section is entirely similar to the procedure
used to determine the concentrations for an at-grade highway. It should be
emphasized that these estimates of air pollution concentrations should be
made for receptors downwind of the cut section and not for locations inside the

cut section itself.



VERTICAL CROSS SECTION OF
POLLUTION SPREADING FROM
TOP OF CUT SECTION.

Figure 3. Method of simulating dispersion from a cut section. In this illustration, there
are four lanes of traffic in a cut section with pollution emission rates g4, 9z, dg, and ag.
These emission rates are summed up and distributed equally over ten line sources placed

at the top of the cut section, ie.,dp =(qq + 0o +q3+q4)/(10).

10
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3. DISPERSION FUNCIONL o AND o,

The dispersion functions |, vl o, wneier =) indicate the amount the
pollutant plume has spread Glspersed, afier o ving its source. The values

for these functions are those of Paspuull (F the -i:tual distance is taken as

zero) as given in graphical fort v Lar o v 713700y 0 Pasquill stability classes

are given in Table 1.

Stabiiity ciass® desi ation

A (1) Very aiscanie

B (2; Pyt o e an LabTe
C (3) CoSii Ty wnstapte
D (4, NS

[521

4 ! - IR S 3o b
J . s iy o i.ab?e

- o
o~
o

Madger aiely stable
dThe stability clacses ave (usvanly referred
to by tetter. Tor anpui to e computer pro-
gram, the rnumbers in arenl - o are used,

The horizontal dispersion paraaoter vige ¢ @iven b
1 B

oy = 46T 1 o b e (11)

where:

H

x
b

S p = half angle of horizonra: o oo proating, degrees

downwind distanvs @ ron scuvoe o ceeeptor, km

H

virtual distance for a0l L o

!

~

The factor 465.1 is 1006 i ko ' divediod .o ", the number of standard

deviations of a Gaussian Jdisivihutne rone 0 conterline to the point where
the distribution faii- to 18 peicent o ih . -0 snne value. The angle @p is
given by:

P .
O oo ain - ; (12)



where ¢ and d (degrees) are functions of Pasquill stability class snd the
normalizing distance, x,, is 1 km. Values of the parameters ¢ and d are

given in Table 2.

Table 2. VALUES OF ¢ AND d
USED TO CALCULATE & P

Value, degrees
Stebility class c d
A (1) 24.167 2.5334
B (2) 18.333 1.8096
C (3) 12.5 1.0857
D (4) 8.333 | 0.72382
E (5) 6.25 0.54287
F (6) 4,167 0.36191

The vertical dispersion parameter value, o, (meters), is given by

X + a h
o, = g< > 13)
%o

where a is the virtual distance (km) to give the initial o, (meters), and

equations of the form:

g (meters) and h (dimensionless) are functions of stability class and also
various ranges of the distance x. When a is zero, the values are the same
as those in Figure 3-3 of Turner (1970). Since the values of o, for x less
than 0.1 km are not given in that figure, the values of the parameters g and
h for x less than 0.1 km are given in Table 3. The values correspcnding
to g and h for x at other distances can be determined by examining the

program listing for subroutine DBTSIG (Appendix B).

Turbulence of the air produced by the motion of automobiles results in
a rapid mixing of the pollutants near the highway. This is modeled by
assuming that an initial spreading of the pollutant plume occurs over the
highway. To determine an acceptable initial vertical plume spread . data

taken near at-grade sections from various highways were used. When the

12



Table 3. VALUES OF g AND h USED TO DETERMINE ¢,
FOR DOWNWIND DISTANCES LESS THAN 0.1 km :

—

Value
Stability class | g, meters h, dimensionless
A (1) 122.8 0.9447
B (2) 90.673 0.93198
C (3) 61.141 0.91465
D (4) 34.459 0.86974
E (5) 24.26 0.8366
F (6) 15.209 0.81558

wind direction is less than 75 degrees from the perpendicular to the highway,
it has been shown that an approximate expression can be used to determine
pollutant concentrations from an infinite line source (Calder, 1973). Solving

this expression for o, yields:

2
cw = V2 (14)

T C(p) u cosy

where:
o4 (x) = the vertical standard deviation of plume distribution
at the downwind distance, x, from the source
C(p) = the measured concentrations at the perpendicular distance,
p (meters), from the highway [x = P, g m 3
cos Y
Y = the angle between the wind direction and a perpendicular

to the highway, degrees

By making estimates of the line-source emission rate, q ; » and obtaining
observed data for air pollution concentrations, a plot of o, versus distance
was determined (Figure 4). From this analysis, it is seen that an initial

0, (0z,) equal to 1.5 meters is a conservative approximation of the vertical

13
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b (o} 0
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PERPENDICULAR DISTANCE DOWNWIND OF HIGHWAY, meters

Figure 4. Data points used to determine an estimate of initial o,. Also plotted is the
o ,(x) curve for neutral stability. The line is the approximate lower bound of the data.

standard deviation of the plume at the downwind edge of the at-grade highway .
This is only a tentative value based on a limited amount of data and may be
revised as more data become available. This empirical value of o, is

applied in the operation of the model to each of the line sources placed along

each lane of traffic.

For at-grade pollution dispersion, an arbitrary value for initial oy (oy0)

of 3 meters (approximately one-half the length of a car) was selected. The

value given to 9o

centrations when the wind direction has a component perpendicular to the

has little effect on the computation of air pollution con-

highway. The use of an initial oy is to account for a reasonable amount of

14



cross-highway spreading caused by vehicle-generated turbulence when the

wind direction is parallel or nearly parallel to the highway .

The virtual distances, a, corresponding to an initial o, of 1.5 meters
and the virtual distances, b, corresponding to an initial Oy of 3.0 meters

for each stability class are given in Table 4.

Table 4. VIRTUAL DISTANCES ¢ AND b
CORRESPONDING TO INITIAL o, OF 1.5 METERS
AND INITIAL o, OF 3.0 METERS, RESPECTIVELY

y
Distance, km
Stability class a b
A (1) 0.00944 0.00863
B (2) 0.01226 0.0132
C (3) 0.01736 0.0210
D (4) 0.02722 0.0348
E (5) 0.03590 0.0471
F (6) 0.05842 0.0733

There are very few published measurements of air quality downwind
of a cut section. Nevertheless, the available data indicate that the cut-
section configuration tends to increase the dispersion of the air pollution
originating from the cut section. This is particularly true when wind
speeds are light, for then the release of heat from combustion, the long
travel time of the pollutant to the receptor, and mechanical turbulence
produced by the cut-section highway aid the dispersion. Thus, for the
cut-section case, based upon very limited data, the initial o's for wind
speeds less than 1 m sec”! were set at 10 meters for oy and 5 meters for
o,. It was assumed that for wind speeds greater than 3 m sec™! the cut
section did not enhance the initial dispersion and that it was the same as
and 1.5 meters for o,. For

y zZ
speeds between 1 and 3 m sec™1, the initial sigmas are linearly interpolated.

for the at-grade highway: 3 meters for o

These initial ¢'s are assumed for each of the ten lanes used to represent the

cut. The initial values of oy and o, (meters) are found from:
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4. PREPARATION OF INPUT DATA

CARD INPUT SEQUENCE

The arrangement of data on the input cards for the batch mode of
operation is given in Table 5. The coordinates of the roadway are in the
center of the highway (from edge to edge). The ordering of the lanes is

from left to right when looking from point 1 to point 2.

INTERACTIVE OPERATION

The HIWAY model has been placed on the Environmental Protection
Agency's (EPA) Users' Network for Applied Modeling of Air Pollution
(UNAMAP) computer system and is accessible to EPA users. The model is
also on the UNAMAP system available to all users. For information on this
system contact: Chief, Data Management, Meteorology Laboratory, U.S.

Environmental Protection Agency, Research Triangle Park, N. C. 27711.

The self-explanatory listing produced by the model on a remote com-
puter terminal is shown in Appendix A to illustrate the operation of the
model in an interactive mode. The computer communicates to the user in
upper case letters, while the user replies in lower case letters. To initiate

the program, the user issues the command, hiway.

Operation of the model in an interactive mode is similar to batch mode
operation. To determine emission rates for the pollutant carbon monoxide,
however, the user can elect the option to use the internally generated
emission rates for carbon monoxide that are representative of the emissions
for the vehicle model mix near the end of 13973. This applies a correction

factor for vehicle speed.

17
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Table 5.

INPUT DATA CARDS

Name Columns j Format Form Variable Units
Card type 1 (1 card)
Head 1-80 20A4 | AAAA Alphanumeric data for -
heading
Card type 2 {1 card)
REP1 1-10 F10.0 [ XXXX.XXX East coordinate, point 1 Map units
SEP1 11-20 F10.0 | XXXX.XXX North coordinate, point 1 |Map units
REP2 21-30 F10.0 [ XXXX.XXX East coordinate, point 2 Map units
SEP2 31-40 F10.0 | XXXX.XXX North coordinate, point 2 |[Map units
H 41-50 F10.0 | XX.X Height of line source Meters
WIDTH 51-60 F10.0 | XX. Total width of highway Meters
CNTR 61-70 F10.0 | XX. Width of center strip Meters
XNL 71-80 F10.0 | X. Number of traffic lanes -
Card type 3 (up to 3
cards)
qQLs 1-80 F10.0 | .XXXXXXXXX | Emission rate for each lane|g sec™Im"!
Card type 4 (1 card;
can be blank for at
grade)
cuT 1-10 F10.0 | X. 1, if cut; 0, if at grade -
WIDTC 11-20 F10.0 { XX. Width of top of cut section] Meters
Card type 5 (1 card)
THETA 1-10 F10.0 ; XXX. Wind direction Degrees
U 11-20 F10.0 | XX.X Wind speed 7 sec™!
HL 21-30 F10.0 | XXXX. Height of mixing layer Meters
XKST 31-40 F10.0 | X. Pasquill stability class -
Card type 6 (1 card)
GS 1-10 F10.0 | X. Scale factord -
Card type 7 {any num-
ber of cards)
XXRR 1-10 F10.0 | XXXX. XXX Eaizrgoordinate of recep- |Map units
XXSR 11-20 F10.0 | XXXX. XXX Nogth coordinate of recep- |Map units
or
yd 21-30 F10.0 | XX. Height (above ground) of Meters
receptor

aThe scale factor converts map units to kilometers.

If map units
If map units
If map umits
If map units

in kilometers, scale factor

in meters, scale factor
in feet, scale factor
in miles, scale factor

1.0

1.61

0.001
0.000305

bro begin again with another set of data, a value of 9999. is punched for XXRR (card type 7)
following the last receptor card.
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GLOSSARY

Several frequently used terms have become part of the jargon used by
air quality dispersion modelers, and these terms are defined briefly in this
section. For a more complete discussion of the concepts implied by these

terms, the reader should consult the references cited.

Stability class: Atmospheric stability ranked according to classes, which
are given in indexes A through F (or 1 through 6), as shown in Table 1 (Pas-
quill, 1961). Class A is very unstable and is found when skies are clear and
sunny , while class F is moderately stable and occurs under calm conditions

on clear nights.

Mixing height: The height to which pollutants are actively mixed. The
air close to the earth's surface generally becomes unstable after sunrise,
resulting in a zone of vigorous atmospheric mixing in the layer of air at ground
level. The height of this layer increases after sunrise and reaches a maximum
about 4:00 p.m. (Holzworth, 1972). For most locations close to the pollution
source, the mixing height will have very little influence on the calculation of
pollution concentration. When the receptor is located at a great distance from
the pollution source and the travel time of the pollutant from source to recep-
tor location is long, the mixing height will be the limiting height to which

pollution will spread vertically.

Receptor: A location for which it is desired to predict pollutant concen-
trations. When a model is being validated, it is necessary to obtain model

predictions at the receptor locations for which air quality data are measured.

Emission rate of a line source: An estimate of the amount of pollution being
generated by a line source (e.g., lane of automobile traffic). To determine this
value, two pieces of information are required: (1) the volume of traffic and
(2) the emission factor, which is dependent on vehicle speed. The emission

rate can then be determined by

Q, = (CV) (EF) (TV)
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where:

q, = line source emission rate, g sec™1 m™1

emission factor, g veh_1 mi~1

EF =
TV = traffic volume, veh hr~1
CV = conversion constant = 1.726 x 10_7, mi hr m~ 1 sec™1

oy and cg: The standard deviation of concentration distribution in the
horizontal and vertical planes, respectively. The values of oy and oz will
increase with downwind distance from the source of pollution as the dimensions
of the pollution plume increase. This increase in pollution plume dimension is
caused by atmospheric turbulence. The intensity of atmospheric turbulence is
in turn related to atmospheric stability. The plume growth will be greatest in
an unstable atmosphere (more turbulence) and least when the atmosphere is

stable.
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APPENDIX A. EXAMPLE PROBLEM
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INTRODUCTION

In order to clarify the procedure for using both the batch and interactive
(continuous) versions of the HIWAY model, the following test problem is solved

using both versions.

Given: Length of highway - 5 km.
Orientation - east-west.
Number of lanes - four.
Road width (edge to edge) - 46 meters.
Median width - 30 meters.
Emission rate in each lane from south to north - 0.0112, ¢.0103,
0.0106, and 0.0156 g sec 1 m™ 1.
Wind direction - 42 degrees.
Wind speed - 3.7 m secf1

Stability class - 3.

Find: The expected concentration at receptors along a line perpendicular
to the center of the highway segment at distances 1, 5, 1¢, 30, and
50 meters from the downwind edge of the roadway (1) if the road
is an at-grade section, and (2) if the road is a cut section with the

top of the cut being 50 meters in width.

SOLUTION USING THE INTERACTIVE VERSION

Assuming that you have already logged on the computer, etc., type in the
name hiway as indicatecd in Table A-1. You are then given the choice of re-
ceiving a description of the model. Following that, enter the input parameters
as the model calls for them. Most of them are self-explanatory; however, a

few comments are in order:
1. When entering the mixing height never use the value 0.

2. If you do not want the effect of a limit to vertical mixing in your cal-
culation, use a large enough mixing height so that there is no chance

of its influencing your results, such as 5000 meters.
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3. When entering the receptor coordinates, remember that this program
is valid only downwind of the line source. A receptor location defined
on the line source will not give a valid answer. If you are interested
in the concentration at the edge of the highway, use a downwind dis-
tance greater than 0.1 meter from the edge of the highway and the
result will be valid.

4. The coordinates for the ends of the roadway segment are assumed to

be in the center of the road (from edge to edge).

5. The ordering of emission rates is for lanes in order from left to right

when looking from point 1 to point 2.

The results for the at-grade section are given following the entry of
receptor coordinates. For convenience, the center of the roadway has been
placed 0.023 km north of the origin in this example so that the edge of the
road is on the axis and the y coordinate of the receptor is the distance from
the edge of the road. The roadway and receptors could have been placed

at any location.

The option to run the model for a new receptor location (LOC), change
the road type (TYPE), or to end the program (END) is given after the

results.

In the second part of the problem, the road type (cut), the width
(50 meters), and the location of the road (to again place the edge of the
road at a y coordinate value of zero) are changed. The results for the cut
section are shown following the entry of data. Note that the concentrations
are in micrograms per cubic meter (UGM/M#**3). The part per million (PPM)
column is a conversion from micrograms per cubic meter for the pollutant
carbon monoxide. The part per million column would be incorrect for any

other pollutant.

If you decide to continue and change the receptor locations (LOC),
remember that the receptors must remain downwind from the downwind

edge of the roadway.

25



SOLUTION USING THE BATCH VERSION

The batch version requires at least seven input cards. Depending upon
the number of receptor points and number of problems to be run, there may
be more. The format for each card is given in Table 5. Table A-2 lists the
input for the example problem; Table A-3 lists the results. Note that for
the cut section the sixth and seventh fields (columns 51 to 70) in card type
2 were left blank. Also note that the card with 9999. for the variable XXRR
is only used if more than one set of input data are used. A card like this
does not follow the last set of input data. As in the interactive version, the
parts per million column is only valid if carbon monoxide is the pollutant

being modeled.
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