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1 TINTRODUCTION

Compliance with the National Environmental Policy Act (NEPA)

(1) and the California Environmental Quality Act {(CEQA) (2)
requires that an air quality assessment be ingluded as part of
the Environmental Impact Report prepared for proposed transpor-
tation projects. 1In addition, the Federal-Aid Highway Act (3)
and the Clean Air Act of 1970 (4) require air guality analyses
for proposed transportation systems.

Transportation agencies must be able to estimate changes in air
quality within the highway corridors to comply with these laws
and their associated regulations. The highway corridor is
defined, in this report, as the region extending from the
vehicular source of the pollutants to the downwind point where
ambient pollutant levels are again reached. The primary pollu-
tants emitted from motor vehicles are hydrocarbons (HC), carbon
monoxide (CO), oxides of nitrogen (NOX), and particulates. 1In
the last category, lead is the major form of particulates, but
with the advent of catalytic converters, sulfate particulates
have become an increasing concern. Reactive hydrocarbons (RHC),
which are a major proportion of the total vehicular-emitted
hydrocarbons, combine in the presence of sunlight with oxides
of nitrogen to form secondary pollutants known as photochemical

smog.

Photochemical formation of smog is a large-scale phenomenon, and
should be analyzed on a regional basis. For a corridor analysis,
carbon monoxide is suitable as a tracer pollutant to define air
pocllutant dispersion because of its relative inertness in the
photochemical smog process., ILead and sulfate particulates are
not vet considered because of the lack of quantitative data on

emission rates and dispersion characteristics.



Line source computerwmodels have been developed over the past

few years to simulate the dispersion of carbon monoxide within

the highway corridor. The California Department of Transportation
(Caltrans) model, CALINE2, has been so named because it is the
second major version of the California Line Source Dispersion
Model. . The first version is described in a Caltrans air quality
manual (5). |

Included in the presént report are a discussion of the Gaussian
dispersion theory, the mathematical assumptions of CALINE2, a
sensitivity analysis, a comparison of CALINE?2 predictions with
actual observed data, and computer language listings of CALINE2,




2 CONCLUSIONS AND RECOMMENDATIONS

CALINE2 is a line source model which can he used to obtain esti-
mates of carbon monoxide concentrations as this pollutant is
dispersed downwind of the source. It predicts the CO contributed
by the source (i.e., above ambient levels), can be used for any
wind angle and surface atmospheric stability class, and is
applicable to most highway configurations.

Sensitivity analysis of CALINE? indicates that the wind vector
(speed and direction) is the most sensitive input parameter.
Traffic volumes and emission factors are important to the model
because the calculated CO concentrations are a direct function
of these inputs. Because the model is straightforward and
fairly simple, all inputs are important, but the inputs concern-
ing highway geometry are relatively less sensitive than the
other parameters.

A preliminary verification analysis of CALINE2 using CO data
from the Los Angeles area shows that CALINE2 is much improved
over earlier versions of the California Line Source Dispersion
Model. It also shows that CALINE2 has a good predictive capa-~
bility for most situations, yielding average correlation
coefficients of 0.62 to 0.94 and average standard errors of
1.01 ppm to 1.88 ppm.

It is recommended that CALINE2 be used for assessing the air
guality impact of proposed transportation projects. Although
CALINE2 is most valid for areas where the surrounding terrain
is relatively flat and homogeneous, it can yield approximations
of the air quality impact in uneven or heterogeneous terrain,
if logical assumptions are made concerning its use. Two such
assumptions are: 1) the horizontal advection principle applies
to upslope air flow, and 2} uneven terrain can be approxXimated

by an average elevation.



For interchanges,:ﬁntersections, or freeways with  medians wider
than 30 feet, each element should be analyzed separately and
the superposition approach applied to find the total impact.

In heavily-urbanized areas, surface atmospheric stability class
"D“ is recommended for use as the most stable condition (worst-
case) to account for the urban heat island effects. Stability
class "F" should be used for other areas. Urban areas add to
the atmospheric instability'because of an increased consumption

of energy, thus releasing additional heat to the atmosphere.




3 IMPLEMENTATION

CALINE2 represents the state-of-the-art of Gaussian line source
dispersion modeling. It has been placed on the statewide time-
sharing system of Caltrans, called TENET, and on California
State's IBM 370/168. It is being used by all Transportation
Districts and agencies to assess the impacts of highways upon
air guality. However, it should only be used for carbon monoxide
and should be limited to the microscale region surrounding the

highway.

CALINE2 supersedes any previously-issued versions of the California
line source dispersion model. These earlier versions should no

ionger be used.



4 MATHEMATICAL ASSUMPTIONS

4.1 General Gaussian Assumptions

4.1.1 Gaussian Dispersion

t

The Gaussian dispersion equations, as described by Turner (§)

were developed to describe the dispersion of an inert pollutant

from a point source with a constant emission rate. The equa-

tions assume that the concentrations of pollutants follow a

normal distribution in the. horizontal and wvertical directions.

Figure 4-1 illustrates the dispersion in a typical case, and

the coordinate system used.

The general form to describe the Gaussian diffusion equation is:

where Cc =
XoWZ =
H =
Q
O'y,O'Z =

U
F

I

oo {4 (%) oo ({2 frene [yt Y] 8-
concentration (ppm or ug/m3)

receptor location in three dimensional space {(meters)
effective stack height (meters)

source strength {(gms/sec).

horizontal and vertical dispersion parameters* (meters)
mean wind speed(meters/sec)

conversion factor te change input units to

output units.

*¢ is the standard deviation of the plume concentration distribu-
tion in the appropriate plane. For an explanation of standard
deviation, see any standard text on statistics. For instance,
Basic Statistical Méthods for Engineers and Scientists, by Neville

and Kennedy.
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The edge of the Gaﬁésian plume is defined as the point in the

y-z plane where thé pollutant concentration is one tenth that

of the centerline. This point is at a distance of 2.15¢ from

the centerline. Perfect reflection of the plume is assumed when
it contacts the ground surface. This assumption is incorporated
into eguation 4.1 by creating an imaginary point source which is
an undersurface mirror of the actual source. The z+H term is
related to the vertical dispersion downwind from the actual point
source, and the z-H term is related to the vertical dispersion

from the imaginary source.

‘Equation 4.1 6nly calculates the concentration from the source

itself. It does not include the upwind ambient level.

one:of the shortcomings of Gaussian dispersion as stated in
equation 4.1 is its inability to handle trapping of pollutants
by the "1id" of an elevated inversion. However, in the micro-
'écalg {highway c¢orridor) region for which CALINE2 was developed,
‘the vertical dispersion of pollutants from a line source usually

does not reach the inversion base height.

Thé basis of CALINE2 is the modification of equation 4.1 to accom-
modate a line, rather than a point, source. This modification
is described in detail in Section 4.2.

4.1.2 Atmospherié'étability.Classes

The surface-layer s%ability of the atmosphere can be classified
into separate stability categories according to meteorological
parameters as suggested by Pasquill and modified by Turner (8).
Pasquill developed a series of graphs for the dispersion par-
ameters (o and o, in equation 4.1), as a function of his
stability classes and the downwind distance "x" from the

source (see Figures 4-2 and 4-3).
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Unfortunately, the Pasquill dispersion parameters shown in the
graphs are valid only for downwind distances from 0.1 to 100 km.
Many line source impact analyses are concerned with receptors
closer to the highway than 0.1 km, especially in the right-of-way
range of 15 to 50 meters, Modifications to the dispersion para-
meter curves to handle these downwind distanc¢es less than 0.1 km

are discussed in Section 4.2.2.

Additionally, Pasquill's original research was conducted in
flat open country in rural areas. It has been found that his
stability classes do not adequately describe the atmospheric
turbulence encountered in urban areas and rough or forested
terrain (6,7). WNeither the aerodynamic roughness height nor
the unnatural thermal energy imbalance created by man-made sur-
faces are incorporated in his dispersion parameter graphs. While
no attempt has been made to incorporate the higher turbulence
encountered in urban areas into the stability parameters in
CALINE2, as was done in other Gaussian models (7), stability
class "DP" (neutral) can be used in urban project analysis to

account for this increased instability.
4.1.3 Wind Shear

The wind speed within the atmospheric bhoundary layer varies from
near zero at the ground surface to the geostrophic wind velocity
at a height of around 500 meters, This last height figure is
highly dependent on'surface roughness hharacteristics and is
closer to the ground for flat, even terrain, and higher for cen-
tral business districts with multi-story buildings (see Figure
4-4}) .

The Gaussian dispersion equations do not incorporate the wind
shear. Rather, they assume a uniform wind flow field with some
mean wind velocity, u, as in Figure 4-5, that is not influenced
by surface roughness.

11
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4.1.4 Aerodynamic Eddies

Physical objects in the path of a uniform wind flow field, such
as buildings, highway wviaducts, or street canyons change the
flow and form turbulent eddies. Cavities, areas of divergence,
and areas of convergence form, which may disperse or concentrate
pocllutarits, depending on the configuration and interaction of
the different eddies. For example, cavities foimed in street
canyons have been found to ailow inadequate dispersion of

poliutants under otherwise turbulent atmospheric conditions (8).

Aerodynamic eddies are not included in the Gaussian dispersion
theory. Therefore,_other means have to be sought to account
for these important effects. One such approach is discussed
in Section 4.2.6. '

4.2 Gaussian Line Source Assumptions
4,2.] Mixing Cell Concept

Tt was surmised tha% the physical movement of the wvehicles on

a typical line source, a highway, would create a well-mixed

region surrounding the highway which would not be affected by
surface atmospheric stability. To test this theory, Caltrans
conducted a series 6f smoke plume dispersion tests on an abandoned
airport runway north of Sacramento, in 1972 (9). By observing

and photographing the initial dispersion of smoke from sources
placed in the tailpipes of test wvehicles, it was determined that
the theory was sufficiently valid. From the plume studies the
limits of the mixing cell are approximately equal to the width

of the paved surface and'twice the height of the vehiéle. As a
representative averége of thé vehicle mix, the wvertical limit of
the mixing cell was set equal to 4 meters. The width of the mixing

14




cell, which is also called the highway width, is determined by
adding the width of all the lanes, up to the edge of traveled
pavement, plus the median, and an extra distance equal to approxi-
mately 3 meters (10 feet) on each side of the highway. This last
is to account for the horizontal turbulence created by the mix of
heavy duty and light duty vehicles. The same horizontal turbulence,
is assumed to create a well-mixed region across the median, as

long as the median is less than 9.1 meters (30 feet) wide. If

the median is greater than 9.1 meters in width, each direction

will have to be simulated separately, as discussed in Section 8.

The mixing cell is used as a uniform, well-mixed pollutant source
from which the pollutants are then dispersed downwind in a Gaussian
manner, Figure 4-6 iliustrates this concept. Figure 4-6 also
shows how the ambient or baseline pollutant level has been excluded.
It is assumed that the concentrations of pollutants within the
mixing cell are unaffected by regional meteorclogical conditions
because of the dominating turbulence generated by the moving
traffic. The mixing cell can be represented by a tunnel in which

the air is thoroughly mixed.
4.2.2 Dispersion Parameter Modifications

In order to determine dispersion parameters for downwind "x"
distances less than 0.1 km, the initial dispersion of a line
source was set equal to that found at the edge of the mixing
cell. Interpclative curves were then drawn between these
points and the original Pasquill curves. From the empirical
evidence of the smoke study, the initial vertical dispersion

parameter was set at 4 meters (see Figure 4-7).

15
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To accommodate the individual project's width, the initial
horizontal dispersion is found by dividing the highway width by
the plume width constant (which equals 4.3)*, The reason for
this is more completely explained in Section 4,2.4, and is based
on the fact that the horizontal dispersion parameter is only
incorporated in the parallel wind equations. A point aleng an
extrapolation of the stability class "A" curve**, as defined by
Beaton, et al (10), (see Figure 4-8) is found which corresponds
to this initial horizontal dispersion, and the first portions

of the other stability class curves are modified to begin at
this point. For example, the horizontal dispersion parameter
fdf stability class "F" is assumed linear (on a log-log plot)
with déwnwind distance from;the edge of the mixing cell to
approximately 1l km, at which point it intersects the previously-
established curve as defined by Turner (6). Figure 4-9 illus-

trates that situation for different highway widths.

*Since the edge of the plume is at a distance of 2.15¢ from the
plume centerline, the plume width is twice this amount, or 4.3g.
Therefore, the plume width constant is 4.3.

**The value of the lower boundary of the curves in Figure 4-8,
8 meters, was determined mathematically from the width of the
‘mixing cell associated with a 6-lane freeway, which was assumed
to be the average situation. The mixing cell width was 114 feet,
or 34.75 meters. Dividing this value by the plume width constant,
4.3, yields approximately 8 meters. The corresponding downwind
value for the vertical dispersion parameter.

18
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4,2.3 Cross Wind Line Source Equation

The dispersion of pollutants from an infinite line source with
a perpendicular wind (90°) can be described by the equation (g):

Qi Fy {_l_(_2+_H)2 _ __l-.z_:_ri)?
C-\/ﬁ"fz'ﬁ [exp 2\, }+exp{ 2(02 } (4.2)

where the subscript "1" on Cl’ Ql' and Fl refers to the crosswind
component of the pollutant concentration, line source strength,
and conversion factor, respectively.
Ql = VPH x EF
VPH
EF

vehicles per hour _
emission factor (gms/mile)

H is the height of pavement above grouﬁd surface, and the
other variables are as previously defined in equation 4,1.

"Equation 4.2 is wvalid as long as the end of the line source is
far enough away from the point being analyzed that end effects
are unimportant. See Figure 4-10 for a display of the crosswind

situation.
4.2.4 Parallel Wind Line Source Eguation

When the wind is parallel to the highway alignment (0°), a build-
up of pollutants occurs in the downwind mixing cell, because an
air parcel continues to amass pollutants as it travels along the
highway. When the wind is parallel, the assumption can no longer
be made that the highway has no width. The following eguation is
used to account for these factors:
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where the subscript "2" on Cz, Qz, and F2 refers to the parallel
wind component of the pollutant concentration, line source
strength, and conversion factor, respectively.
Q2 = Q1 X W
W = highway width (meters),
and the other variables are as defined in equations 4.1
and 4.2.

The assumption is made that a highway with a parallel wind can

be approximated by the summation of a series of square area
sources, each having the same source strength, but a different
distance to the receptor. The area sources themselves are
approximated by virtual point sources. This last is why equation
4.3 is the same form as equation 4.1 except for the summation.

In order to agree with the infinite line theory of the crosswind
case, the summation is made over an infinite distance downwind.
In actuality, however, the summation need be carried out only to
a finite distance, which is dependent on stability class. At
this distance, the contribution of pollutant from area sources
located farther upwind from the receptor becomes negligible.
Since this distance is only dependent on stability class, a
scaling factor (see Figure 4-11) for each class can be used to
increase the calculated concentration from a short finite parallel
wind segment to that for the "infinite" line source. The short
finite segment has been determined as 1/2 mile, to allow the
incorporation of different highway widths (and thusly, different

oy curves) with minimal error while shortening the computer time

23



necessary to maké the reiterative summation, Figure 4-11 shows
the mixing cell CO concentrations as a function of summation

length and stability class.

A virtual point source is defined as a point source with the
same emission strength as the actual area source, located at a
distance downwind of the area source which will yield the same
horizontal dispersion parameter as that at the downwind edge of
the area source. In order to find the area source's initial
horizontal dispe;sion parameter, the width of the area source
(which is the highway width) is divided by the plume width
constant 4.3, yielding the Oy for the downwind edge (6). The
virtual distance  corresponding to this Oy is found on the
horizontal dispersion curve for the appropriate stability
class (see Figure 4-9). The vertical dispersion parameter o,
is assumed to follow the same virtual distance as Uy. In other
words, the virtuél distange determined for oy is used to find
the appropriate 6z'with the curves in Figure 4-7. See Figure
4-12 for the basic¢ conceptualization of the parallel wind/
virtual point source situation.

‘The virtual point source should be aligned, theoretically, with
the centerline of the area source. However, this would presume
that the concentration across the area source would follow a
normal distribution, thereby disagreeing with the definition of
the mixing cell, The mixing cell definition mandates a constant
concentration throughout the area source. Essentially what has
to take place to again agree with the mixing cell definition is
that the axis ofﬁthe virtual point source (the x-axis) has to
be shifted towards an edge of the mixing cell. By shifting

the axis towards’ the édge‘nearest'the receptor, the normal
distribution curve is intersected by the mixing cell edge at a
point closer to Ehe distribution's mean, yielding a higher con-
centration. The higher concentration is then said to be the

24
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concentration of the mixing cell, or area source. This shifting
of the x-axis artificially imposes the mixing cell definition

upon a normal distribution.

The shifting of the x-axis is incorporated in the "y" term of
eguation 4.3, i.e.,

y=y' + s (4.4)

e
=
0]
H
®
g
il

the horizontal distance from the edge of the mixing
cell tc the receptor,
the distance of the x-axis shift.

w
i

The distance "s" is found by solving equation 4.2 and 4.3 (the
latter for only the first area source segment) for z, H and the
wmmodified y set equal to 0 (which is the location of the mixing

cell), resulting in egquations 4.5 and 4.6.

2QF
C, (x,0,0;0)= —‘—-I—__ 4.5
? > 05 U . ( )
and
Co (x,0,050)= 292 F2 _ (4.6)
2T O_y 0-2U

Neglecting F1 and F2 since they are only conversion factors,

and remembering that Q2 = Q. x W, it can be seen that equatiocns

1
4.5 and 4.6 only differ by a factor of W .
vam cry

Since the mixing cell concentrations for a crosswind line source
and the first area source segment of a parallel wind line source
should be the same, for given atmospheric conditions and roadway

configuration, a factor ofV€TOy is required in the parallel
' W
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wind equation (4.65. Because the x-axis has to be shifted, this
factor is assumed to be obtained through exp{-L(ii) . Therefore,

2 oy
‘ 2 Vet
_1{S = Vo Uy 4.7
exp{ Z(O'y) } w ( )

and

(4.8)

For any given values of W and cy, "s" approximately equals the
cy associated with the wvirtual point source. ?herefore, the
physical interpretation of the above mathematics is that the
shifted x-axis lies between the actual centerline and the mixing
cell edge nearest the receptor, at a distance approximately
equal to W/4.3 (the cy of the virtual point source) from the
edge of the mixing cell, ’

4.2.5 Oblique Wind Line Sdﬁrce Equation

The consideration of a wind blowing at an oblique angle to the
highway (0° < angle < 90°), is made easier by the fact that both
the crosswind and parallel wind equations are for “"infinite"
line sources. This similarity allows components of the two

"pure” wind angle equations to be added via weighted vectorial
coefficients.

'As can be seen in Figure 4-13, a wind u can be broken down into
-a crosswind component u sin ¢ and a parallel wind component

u cos ¢ . However, the concern with CALINE2 is to find the
pollutant concentration resulting from an obligue wind, and not
the vector components of the wind. By using the trigonometric

28
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identity, cosz¢ + sin2¢‘= 1, the concentration from an oblique
wind was assumed to be equal to:

C., = sin2¢ c. + cosz¢ Cz. (4.9)

3 1

where the subscript "3" on C3 refers to the obligue wind
pollutant concentrations. '
Cl and C2 are as defined in equations 4.2 and 4.3,
¢ is the acute wind angle.

In this case, the trigonometric relationship was used to func-
tionally smooth the sum of the components from each of the "pure"
wind angle equations. The preliminary verification study

" supports this assumption (see Section 7).
o 4.2.6 Source Height Adjustments

The "H" term in eguations 4.2 and 4.3 is used to indicate a
highway section that is either depressed in relation to the
surrounding terrain, at grade, or raised above the terrain, as
in a £iil or viaduét section. Highway sections that are other
than at grade are difficult to handle in a line source model
because the Gaussian theory does not account for aerodynamic

eddies, as discussed in Section 4.1.4.

Using the carbon monoxide data gathered in Los Angeles in 1972
(11) , which included measured concentrations for two depressed
sites up to 24 feet deep, a set of empirical ratios was developed
to approximate the nonuniform wind flow through a depressed high-
way Section. By using multiple stepwise linear regression, the
variables were determined which had the most correlation with the
measured pollutant concentrations directly above the highway at

the level of the surrounding terrain (12). The variables considered
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were traffic volumes, emission factors, wind speed, wind direction,
pavement height and Pasquill stability class. TFrom the analysis,
regression coefficients were determined which related the most

significant variables to the carbon monoxide concentrations.

The empirical equations for depressed sections are categorized
by stability class and are:

For stability class A,

R=10{-0:18164 +0.01448H+1.439 x 10 9 vPH +7.9x10~ %)

(4.10)
For stability class B,
R=10(0-21754+0.0143IH-7.2x10"% ¢ - 0.02252T)
(4.11)
For stability classes C-F,
R=10(0.02019 +0.0138H+4.98x10 "8 VPH-5.73x(0~3T)
(4.12)

where R = the empirical ratio, and the other variables are as

Previously defined.

The empirical ratio "R", was derived from the CO concentrations
measured at 4 feet, 12 feet, 20 feet, 36 feet, or 44 feet above
the highway, divided by the CO concentration at 4 feet. A1l
heights are as measured above the pavement elevation, and not

the elevation of the surrounding terrain. Any height above 4
feet had an "R" value less than 1, although the ratio at 12 feet
always had a value quite close to 1, reinforcing the concept that
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(5
fie

a uniform mixihg‘éell‘ékists: There were a few cases where aero-
dynamic eddies caused some iﬁcrease of CO concentration with
height._ These cases were excluded from the analysis and will be
subject to future research.

There is bnly one eéuation for stability classes C through F
(eq. 4.12) because insufficient data were obtained for stability
classes E and F due to meteorological conditions. Until further
data are gathered, it is assumed that the relationship derived
for stability C-D applies to stabilities E and F.

A physical interpretation of the above equations is that an
imaginary mixing cell is created at the level of the surrounding
terrain which has a:smaller source strength than the actual
mixing cell on the highway below (see Figure 4-14). Other than
the decreased source strength, the imaginary mixing cell has all
the characteristics of the original; the same dimensions, the
same uniform distribution of pPollutants, etc. The pcllutants in
this imaginary mixing cell are then dispersed in the normal
Gaussian manner downwind. '
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At this time, no gttéﬁ%t has been made to de%elop empirical
equations to handle the raised highway section where aero-
dynamic eddies occur, At-present, a raised section is simply
considered as an elevated source whose pollutant emissions
are dispersed downwind in the same manner as an at-grade line

source using the Gaussian equation.
4.3 Summary of Assumptions

1)' Gaussian (normal) dispersion of pollutants takes place in
horizontal and vertical directions of a plane perpendicular to
wind direction.

2) A uniform wind flow field exists, with no vertical wind

shear or aerodynamic eddies from uneven surface roughness.

3) No confinement of inert pollutants occurs due to elevated
"inversion conditions.

4) No chemicai'ieactions'Cr gravitational settling occur that
affect the pollutént during the period of analysis.

5) Pollutants generated by the line source do not diffuse upwind.

6)_j Vehicles using the line source represent a continuous and

constant source of emissions.

7) The initial vertical and horizontal dispersions of pollu-
tants within the mixing cell are twice the height of the average
vehicle (or 4‘meters) and a function of the highway width,
réspectively. ‘

8) Pollutants are uniformly distributed throughout the mixing
cell rfegion regardless of surface atmospheric stability conditions.
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9) Perfect plume reflection occurs when the plume intersects
the ground surface.

10) Parallel winds cause a buildup of pollutants,
11) A line source having a width "W", can be approximated by a
series of square area sources, with "W" length sides, which can

in turn be approximated by virtual point sources.

12) A finite highway segment can be approximated by "infinite"

line source equations.

13} Pasquill stability classes and modified dispersion parameters
adequately describe the turbulence of the atmosphere.

14) Predictions are only made above ambient levels.
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5. DATA FORMAT ASSUMPTIONS
5.1 Time Interval

The CALINE2 line source model makes calculations of pollutant
dispersion based on hourly averages only. This implies that
the output is the concentration of carbon monoxide averaged
over one hour, The constraints are that all data upon which
the calculations are based, such as the meteorology and traffic
volumes, must be hoﬁrly valués. Obviously, consistency must be
maintained in the definition of the hourly average, i.e., if

an hour is defined as the period of time between 30 minutes
before one'hour until 30 minutes before the next, this defini-
tion must apply to all variables and not just one.

5.2 Input Data Requirements
As input, CALINE2 réﬁuires the following:

1) Traffic volume ‘in vehicles per hour.

2) Average emission factor, in grams per mile.
3) The hour's average wind speed, in miles per hour.*
4) The hour's avefage wind angle to highway, in degrees.*
T The hour's surface atmospheric stability class.*
6) Average pavemeﬂt elevation of the section under consideration,

in feet, in relation to the surrounding terrain,
3 The average highway width in feet, including the median (if

less than 30 feet), all lanes, and 10 feet on each outer side

of the highway.

*The meteorological data should be as representative of the
individual site as possible, which implies that the quidelines
set forth in the Meteorology Manual of the Caltrans Air Quality
Series (13), should be closely followed. One of the most
important of these guidelines is that the meteorological
measurements of wind speed and direction be made at 10 meters
above the surrocunding canopy.
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8} Receptor distance in feet, measured normal to the road,
from the nearest outside edge of the mixing cell,
9) Receptor height in feet, in relation to the surrounding

terrain.,

There are three constraints that must be observed when acquiring
input data for the model. Since pollutant concentration is
inversely proportional to wind speed, a decrease in wind speed
causes an hyperbolic increase in the calculated concentration.
As the wind speed approaches zero the concentration approaches
infinity. The lowest wind speed recommended in Gaussian models
is 1 meter per second (approximately 2 mph) (6). A dispropor-
tionate increase in concentration occurs if the wind speed is

allowed to go below 1 meter per second.

The second constraint is that the empirical ratios for depressed
sections were developed for sections 24 feet below grade, as
discussed in Section 4.2.6. Since the model is only valid down
to 24 feet, it is not recommended that this model be applied to
depressed sections greater than 30 feet.*

The final constraint comes from the definitions of the highway
corridor and microscale analysis. Beyond the region where inert
pollutants, in this case carbon monoxide, return to ambient values,
microscale analysis yields to macroscale or regional analysis.
Carbon monoxide data from the Los Angeles area (l1l) have shown
that ambient levels are reached at 1000 feet or less away from

the freeway. Applying a safety factor of 50%, 1500 feet is
defined as the edge of the microscale region. Thus it is not
recommended that CALINE2 be applied to receptors farther than

1500 feet from the highway.

*Based on the author's experience in monitoring CO along roadways,
we feel that the empirical ratios for depressed sections can be
extrapolated up to 30 feet and still provide reasonable estimates
of CO. -
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6. SENSITIVITY ANALYSIS -
6.1 Definition of Sénsitivity Analysis

Mathematical cdmputef models are used in the decision-making pro-
cess because they are capable of describing the complex physical
transport and diffusion of air pPollutants, They redquire little
time to make the calculations. However, it is sometimes difficult
to conceptualize the interactions of a complex numerical model
representing a real—ﬁorld process. Since each small part of the
model has to be developed separately, and later interfaced with

the other parts;'sYﬂérgistic'and nonrealistic situations develop
internally when the model is used. Therefore, it becomes necessary
to use sensitivity analysis on a complex model in order to determine
these inconsistencies and minimize their effects on the model's
output. '

Essentially, sensitiﬁity analYSis involves the perturbation of
individual input variables over a wide range of realistic values,
vielding variations in output. The resulting variation in out-
put, as a function of the input variable(s), is compared with

the real world to insure that 'the output is what is expected,
taking into consideration the assumptions inherent to the model.

Initially, only one input variable at a time should be varied,

and the others should be held constant. Then, if time, resources,
and the complexity-of the model warrant, combinations of vari-
ables can be varied simultanecusly.

Another function of sensitivity analysis is to determine the
input variables to which the model is most sensitive. The
implication from such an analysis would be that the more
sensitive the model is to a given input, the more effort
should be expended‘té obtain the most correct or representa-

tive value for that input.

38



CALINE2 is a fairly straightforward model in terms of the inter-
actions of the input variables. The sensitivity analysis per-
formed on CALINE2 is, therefore, more of an exercise to demonstrate
that the output behaves as one would iﬂtuitiVely expect from the
form of the equations. As a model becomes more complex and less
intuitively obvious, a properly conducted sensitivity analysis

becomes more necessary.
6.2 Sensitivity to Source Strength

The source strength terms in CALINEZ2 consist of the traffic
volume (VPH), the average emission factor (EF), and for parallel
winds only, the highway width (W). Since these terms are in the
numerators of the line source eguations (equations 4.2, 4.3, and
4.5), the calculated pollutant concentrations are directly pro-
porticnal to them, and the resulting sensitivities are linear.

Figures 6-1 and 6~2 show that for a given change in either VPH
or EF, the predicted CO changes correspondingly. In other words,
if either VPH or EF is doubled, the predicted CO is doubled.

As can be seen in Figure 6-3, the highway width has an inverse
effect on the predicted CO, i.e., as W increases, CO decreases.
This effect occurs bacause W is not only incorporated into the
source strength term for parallel winds, but is used to modify
the initial segment of the cy curve as discussed in Section 4.2.2.
It appears reasonable that as the volume of air in the mixing
cell increases, while the VPH and EF remain the same, the

predicted CO concentration should decrease.

Note that the prediéted CO concentrations are shown for only
the mixing-cell, one wind angle, an at-grade highway, and cne
stability class. For most of the CALINE2 sensitivities, the

sensitivity in the mixing cell (for a given wind angle, etc.)
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il

will be similar to the sensitivity at a receptor away from the
highway (and for different wind angles, etc.). In the cases
where it is not, separate removed receptors' sensitivities

(and/or different wind angles, etc.) are shown,
6.3 Sensitivity to Wind Speed

CALINE2's sensitivity to wind speed is shown in Figure 6-4. The
hyperbolic increase in predicted CO levels as wind speed decreases
(as discussed in Section 5.2) can be seen clearly. The model's
limit of 2 mph is indicated by the dashed line. Both cross and
parallel wind mixing cells are displayed, and one can see the
similarity between the two,

6.4 Sensitivity to Wind Angle

Figure 6-5 is the sensitivity of the mixing cell's concentration
to changes in the angle of the wind, for all stability classes.
21 stability classes have the same mixing cell concentration

for an exactly perpendicular (¢ = 90°} wind, and they have the
greétest difference for an exactly parallel (¢ = 0°) wind.
Obviously, since stability class "F" is the most stable, the most
parallel wind buildup in the mixing cell will occur with this
class, and this is what Figure 6-5 shows. On the other hand,
stability class "F" will confine the pollutants near the highway
under parallel winds because of very little turbulence to spread
the plume. For stabhility class "A"™ the large degree of turbulence
will spread the plume away from the highway. Figure 6-6 depicts
this situation for a receptor 400 feet away from the highway, at
ground level. In this case, a 90° wind yields the greatest spread
in concentrations, as a function of stability class, since the
wind is blowing directly towards the receptor, with the most
stable air causing the highest pollutant level at the receptor.
Note, however, that the scale of predicted CO is greatly reduced
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from Figure 6-5 to Figure 6-6. The uncertainty of the inputs!
guality and the Gaussian assumptions result in estimates that are
at best accurate to the nearest PPM and not a tenth of a PPM.
Therefore, the concentrations shown are in reality all the same,
and are very close to ambient. However, for the sensitivity
analysis, the calculated values are used to demonstrate the
relative importance of input véribles. The curve for stability
class "D" in Figure 6-6 should theoretically be located somewhere
between those for "A" and "F", for all wind angles. Because of
the internal computer precision specified for the sensitivity
analysis computor runs, the "D" curve shown in the expanded-
scale plot, does not agree with the theory. This lack of agree-
ment is an additional reason why the concentrations shown in

Figure 6-6 can be considered to have essentially the same value.
6.5 Sensitivity to Pavement Elevation

CALINEZ's sensitivity to pavement elevation is a more difficult
analysis to make; The definition of the mixing cell determines
that the concentration within the mixing cell will be the same
regardless of where the highway is in the relation to the
surrounding terrain. Thus, the sensitivity for the input
parameter of pavement elevation is shown in Figure 6-7 for a
receptor ‘which is parallel to the edge of the mixing cell but
at ground level. This implies that the receptor will be above
the highway for a depressed section (negative pavement height)
and below the highway for a raised section (positive pavement
height). As expected, the predicted CO concentration for this
receptof decreases as the highway is either lowered or raised
from the elevation of the surrounding terrain. Parallel winds

cause the decrease to be larger,
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6.6 Sensitivity to Stability Class

The definition of the mixing cell used in CALINE2 implies its

' concentration is independent of surface atmospheric stability.

This is shown in Figure 6-8 for crosswinds. For parallel winds,
an exponential increase in concentrations is evidenced as stability

increases, because of the parallel wind buildup.
6.7 Ranking of Sensitive Parameters

From the preceeding sensitivity analysis, the following general

ranking can be placed upon the input variables.,

CALINE2 is most sensitive to the wind vector because it affects
a number of inputs to the model. The direction of the wind
vector in relation to the highway is important, since angles
approaching 0° cause parallel wind buildup. Stability class

as a function of wind speed and is a fairly sensitive input,
since "F" stability confines pollutants while "A" allows sub-
stantial dispersion. Wind speed itself is important because
the calculated concentrations are inversely proportional to it,
which means that a halving of the wind speed would cause a
doubling of the predicted concentration.

The source strength terms of VPH and EF are as sensitive as

the wind vector, although they do not have a multiple influence
upon the model. The predicted concentrations are a direct
function of VPH and EF, and a change in either term causes a
corresponding change in the output.

Pavement height and highway width are important parameters,

but are relatively less important to CALINE2 than any of the
other inputs.
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7 CHRONOLOGICAL DEVELOPMENT OF CALIFORNIA LINE SOURCE MODELS
7.1 History

In 1972, the first version of the California Line Source Dis-
persion Model was developed based on geherally—held Gaussian
digpersion theories. This first version utilizied a series of
graphs which were developed for most wind angles, highway con-
figurations, wind speeds, and stability classes (5). Calculations
for CO levels for a proposed project could be obtained manually,
using the graphs, although a computer program with tﬁe same
information (called CAL%DISP) on Caltrans' TENET system could

be utilized. The first version had no special routiﬁes to
approximate the aerodynamic eddy effect encountered in depressed
sections, and used a factor of 1/sin¢ to handle oblique wind
angles between 12.5° and 90°. Parallel wind concentrations
could only be calculated utilizing a "downwind concentration

ratio" obtained from a special graph.

To modify the calculated concentrations of the first version to
make them more nearly egual to those found in actual field studies,
the equations were multiplied by a calibration coefficient. The
only field data available at the first testing of the model were
from studies completed in New York State (l4). These data
indicated that the calculated concentrations were low by a factor
of 4.24. Therefore, all dispersed values were multiplied by

thig factor. Immediately thereafter, the data from the
preliminary CO bag sampling study in the Los Angeles area (1l1)
became available, and showed that the modified calculations

were now high by a factor of 4. The 4.24 factor was consequently
divided by 4.24, which effectively returned the model to its

original uncalibrated status.
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6ﬁé of theufirst‘maﬁor modifications to the original model was
the derivation of the empirical ratios for depressed sections,
which was discussed in Section 4.2.6. This improvement was
detailed to the California Transportation Districts in Air
Quality Manual Modification ﬁumber 1 (12) and was subsequently
programmed into CAL$DISP. |

“The chénées resultiﬁg in the reformulation of the model into
CALINE2 have been accomplished in the last year. Besides being
explicitly detailed in this report, the use of CALINE2 and its
majof:assumptions were transmitted to the Districts in Air
Quality Manual Modification Number 6 and its Supplement (15,16).
Copies of these documents may be obtained from the Transportation
Laboratory.

7.2 Comparison of original model and CALINE2

“After the publication of Volume IV of the Caltrans Air Quality
Manual,'and its Appéndix, Volume V (5,10), the original California
Line Source Dispersion Model received nationwide distribution
through either the Federal Highway Administration or the National
Technical Informatidn'Servicé. Most agencies that have a copy of
the California model have the original one as described in Volumes
IV and V. A few ha;e received the Manual Modification detailing
the depressed sectién empirical ratios.

For the benefit of these agencies, Table 7-1 displays the major
differences between CALINE2 and the original California Line
Source Dispersion Model with the depressed section modification.

Aside from the parallel wind algorithm, the major improvement

in CALINEZ2 is the elimination of the discontinuity at a wind
angle of 12.5°.
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This angle was the arbitrarily defined division between parallel
winds and oblique winds. Since oblique wind dispersion was
calculated using the factor l/sin¢, the concentration grew
hyperbolically as ¢ approached 0°., The parallel wind buildup
curves of the original model yield concentrations lower than
concentrations from an ghligque wind of 12.5°. This discon-

tinuity caused the false impression that the worst concentrations
occurred at a wind angle of 12.5°, Therefore d# = 12.5° was defined

as one of the "worst case" conditions.

CALINE2, as shown in Secticns 4.2.5 and 6.4, yields a smooth,
continuous function of calculated concentrations for all wind
angles, with the highest concentrations occurring at 0° or 90°,

the two extremes, depending on receptor location.
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8 PRELIMINARY VERIFICATION
8.1 Interpretation of Results

Caltrans has a céntract with the Federal Highway Administration
to provide an aerometric data base for the purpose of verifying
and calibrating iine source models (l7). As part of this work,

a preliminary data base for hourly averages of carbon monoxide
concentrations was obtained using bag sampling procedures in

the Los Angeles area in 1972 (ll). Three different highway
geometfies were monitored. They included two depressed sections,
an at~grade section and a fill section, Figure 8-1 is a general

map of the Los Angeles area showing the location of the sites.

Measurements forlthis study, at any one site, consisted of as

many as 24 sampling points for the integrated one hour CO concen-
trations, one hour values of surface wind speeds and directions,
and one hour traffic counts. The cloud cover and ceiling height
were obtained from the U.S. Weather Bureau Station at the

Los Angeles Intefnational Airport. No measurements of these
parameters were made directly at each site. However, cloud cover
and ceiling height are generally a large scale phenomenon. Because
of the homogeneity of the terrain for the sites on the Surveillance
Loop and the close proximity (less than 10 miles) to the Airport,
these data.were éésumed to be representative for all locations.

The surface stability classes were determined from an objective
system of claséifying stabilities from meteorological observations
as suggested by Turner (6). Turner's approach considers the cloud
cover, ceiling height, wind speed, insolation, time of day, and.
season of year.

Traffic speeds for the study were derived from measured values

of traffic volume and loop occupancy time, using an average
vehicle length for each site. ‘'The traffic speeds were then used
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=4

" to determine'the'éhe hour é%erage emission factor based on E.P.A.'s
AP-42 (April 1973) with an assumed heavy duty vehicle proportion

These data from the study, and the highway configuration were used

as inputs to CALINE2 to produce simulations which were then compared

with the measured cO concentrations. The comparisons were used to
determine the predictive capabilities of the model,

‘fLinear regression énalysis was used to compare the scatter plot
of observed Co concentrations versus predicted CO concentrations.
The figures in this section showing the preliminary verification
results, contain the regression information for each comparisdn.
This information includes the regression line, the regression
equation, the sample size "n", the standard error of the estimate,
the correlation coefficient "r", and the F-test value for a 5%
level of significance. .
The regression line shows how well the model predicts compared
to measured concentrations. If the line's slope is less than
one, the model overpredicts, If the slope is greater than ohe,
the model underpredicts, If the line is coincident with the 45°
line, the model is making near-perfect pPredictions, depending

on the values of the other regression parameters,

- Since the model calculates downwind concentrations from the line

source only (i.e., ébove ambient), the upwind (ambient) level was
subtracted from the measured mixing cell and downwind concentra-

tions before comparing them to the simulated values.

Included on all theEScattef-plot diagrams is the regression infor-

mation for similar compar isons between the earlier California
line source dispersion model, as described in Section 7, and the
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measured CO concentrations. The regression information and line
for the o0ld model are shown for comparison with the same informa-—
tion from CALINE2, The actual scatter-plot for the older model
simulations is not shown since it would unnecessarily complicate
the diagrams. In all cases, CALINE2 shows an improved prediction
capability over the earlier model, and in most cases the improve-

ment 1s substantial.

The verifications are separated into highway configurations (at-
grade, depressed, and £ill), wind angles (cross and parallel winds) ,
and on-and cff-highway sites to better determine CALINE2's ability
to handle each of these situations, Obviously, some of the verifi-
cations are questionable because of the small sample size; however,
it was felt that they should be included to give a relative indica-
tion of CALINE2's abilities. Larger sample sizes could have been
cbtained by combining all sites and situations, but this would have
resulted in data gaps thereby obscuring the model's predictive
characteristics for each individual situation.

For instance, the mixing cell generally has higher concentra-
tions than off-highway pocints. When plotted together, the
mixing cell points may form a cluster away from the origin,
while the off-highway points cluster close to the origin,
leaving a gap between the two clusters. A regression analysis
would indicate that there is a good regression between these two
clusters, but does not indicate the correlation within each k
cluster. Therefore, the clusters are broken out into separate

categories, as in this analysis.

For all of the regressions, all stability classes have been
combined, because there were insufficient data pairs to separate
the analyses by stability. The predominant stability classes
encountered were those for unstable through neutral surface

atmospheric conditions, i.e., classes "A-D". Only a very few
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cases had stabilities of "E" or "FP". Therefore, it is difficult
to draw any conclusions about CALINE2's ability to handle stable
and very stable atmospheric conditions.

A more extensive verification of CALINEZ2 is planned utilizing
data recently gathered in the ILos Angeles area with the Caltrans
mobile air quality vans (17). At that time, the analysis will
be separated into as many verification categories as possible,
including stability classes.

8.2 At-Grade Site?::.

The‘at-grade site Was located at the weigh station on the

San Diego Freeway, just southeast of the junction with the
‘Harbor Ffeeway. Figure 8-2 is a schematic of the site, showing
how the probes were placed‘kor the prevailing west wind. Probe
number 3 was designed to be used as the upwind sampling intake.
Probes 6 and 9 were averaged using weighted factors derived

from the traffic f£low in each direction, to obtain the "measured”
mixing cell concentration.

‘Figures 8-3 thfougﬁ 8-5 depict the crosswind situation for the
at-grade éite; and show that CALINE2 overpredicts by a factor

of 2 for the mixing cell points, does fairly well for off-highway
sites, and yields a reasonable correlation for the combined plots.
The parallel wind (Figures 8-6 to 8-8) sampling sizes are much
smaller, but generélly show that CALINE2 is able to handle
parallel wind situations reasonably well.

The regression for the crosswind mixing cell may indicate a
falsely high overprediction, because of the manner in which the
"measured" mixing cell concéntrations were obtained. The con-
centration at probé 6 tended to be much lower than that at probe
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9 under moderate wind speeds, thereby disagreeing with the
assumption that a uniform mixing cell exists across the highway's
width. Simulations for each traffic direction might yield better
correlations, but this task has yet to be undertaken.

8.3 Depressed Siteé

The depressed sités'were at ghe 4th Avenue pedestrian overcross-
ing of the Santa Monica‘FreeWay and the Harbor Freeway at 146th
Street. These were true depressed sites, being depressed from
the surrounding terrain for noise control or other purposes,

and nothsimple cuts into the sides of hills. Figure 8-9 is the
schematic of the Santa Monica site. The probes are equally
distributed on either side of the site, because parallel winds
were anticipated and it was necessary to maintain maximum flexi-
bility for downwind probe sites. Probes 10 and 11 were averaged
to obtain the mixing cell concentration for this site,

Figure 8-10 is the échematic of the Harbor Freeway site, with
probes 3 and 4 designed to be used as the upwind intakes.
Probes 6 to 10 were‘averaged via weighted factors in the same
manner as the at-grade site, to obtain the "measured" mixing
cell concentrations.

As Figures 8-11 through 8-16 demonstrate, CALINEZ2 appears to be

- able to handle the depressed section situation quite well, with

a slight overprediction. However, one must remember that data
from these same sites were used to develop the depressed section
ratios discussed in Section 2.2.6. Full verification of the
model for this situation must wait until these.CO data are avail-
able from the Caltrans' research project (17) .
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8.4 Fill Site

The £ill site was on the San Diego Freeway at 122nd Street, and
is shown schematically in Figure 8-17. Probe 1 was obviously
the upwind probe, and probes 2 to 10 were averaged in the same
manner as the other sites to obtain the "measured"” mixing cell
concentrations.

Figures 8-18 through 8-20 show how CALINE2 overpredicts the con-
centrations resulting from a f£fill section for a crosswind, There
were no parallel wind data for this site. As for the at-grade site,
the factor of 2 overprediction for the mixing cell could be a

false comparison, since the concentrations for the upwind probes

on the edge of the highway (probes 2 to 4) tended to be much

lower than those for the probes on the downwind edge (probes

8 to 10).
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9 APPLICATIONS
9.1 Overall Use of CALINE2

(ALINE2 should be used to determine the air quality impaét of a
proposed highway or other relatiVely constant linear source of
air pollutants., While CALINEZ2 only calculates the estimated
dispersion of carbon monoxide from a line source, thlS dispersion
will give an 1ndlcat10n of the atmospherlc movement of cther
pollutants, such as lead and sulfate particulates, and nitric
oxides and hydrocarbons * The model cannot, in its present form,
be used to calculate the resultant concentrations of these last
pollutéhts because of the gravitational settling of particulates
and chemical reactions. It can, however, yield hour ly-average
CO estimates which are slightly on the conservative side of
actual"go concentrations for most cases, as long as the model's

constraints and assumptions are observed.

‘i

i

CALINE2 can be used in the design process of a proposed line
source_(highway) to determine which configurations would result
in the smallest CO concentrations for the site's given meteorology.
An ahhlyéis can be made of alternative sites (along with alter-—
_natlve conflguratlons) to determine which site's meteorology

will: dlsperse the pollutant 1oad most adequately.

Most<proposed line ‘source projects will be more than a simple
straight line maintaining a constant angle to the prevailing
winds and at the same héight above or below grade. CALINEZ2 has

P

*This assumes that the particulates can be characterized in their
transport - and diffusion as gases and that there are no chemical
reactionsg- of the™ other pollutants (NO ¢ HC).
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no internal capability of superposition which would allow the
calculation of pollutant contributions from different sections'
configurations, but each section's contribution can be simulated
on a separate run of the model, and then summed later, either by
hand or by another computer program. When the proposed project
involves a number of short (less than 1 mile in 1ength) wvarving
segments, or complex situations, such as cloverleaf interchanges,
other assumptions/simplifications will have to be made about the
project's configurations before the use of CALINE2., These
simplifications will result in a greater departure from the real
world situation, but the estimated dispersions should still give
an approximate indication of the actual dispersion.

Of course, other environmental and design considerations will
have to be taken into account in the decision reached on the
line source configuration. A line source's environmental

siting should not be based on air guality impact alone.

9,2 CALINEZ2 Simulations

Figure 9-1 depicts the flow of information into the model, the
calculations made in the model, and the resulting output. The
output can be in ug/m3 or ppm, at the user's discretion. Figure
9-2 shows the carbon monoxide concentrations in ppm as calculated
by CALINE2 for a crosswind, obligue wind, and parallel wind. The
typlical situation chosen for these simulations is defined as
follows:

VPH = 6000;

emission factor

i

25 gms/mile, which is the averaged factor
for predominately light duty 1975 vehicles
traveling at 55 mph (18);

u = 3 mph;

pavement height H = 0 ft;

highway width W 120 ft;

Pasguill stability class = D, which is indicated to the

program by a numerical "4",
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CALINEZ2: CALIFORNIA LINE SOURCE DISPERSTON MODEL
REVISED JANUARY 1975

CALINE2 STIMULATION WITH CROSS WIND

PREDICTED €O CONCENTRATION (PPM)

VARIABLES RECEPTOR DISTANCE PERPENDICULAR
HETGHT TO HIGHWAY (D FEET)
VPHE 6000 (2 FEET) 0 100 200 400 800 1000
EF= 25 GMS/MI ,
u= 3 MPH 60 0.0 0.2 0.3 0.l 0us 0o
PHI= 90 DEGREES 40 0.0 0.6 0.7 0.7 0.6 0.6
H= 0 FEET 20 1.1 1.2 1.0 0.9 0.8 0.7
CLAS= 4 (D) 10 3.4 1.0 1,2 1.0 0.8 0.8
W= 120 FEET 5 3.4 1e4 1.2 1.0 0.8 0.8
MIXING CELL CONCENTRATION = 3.4 PPM
CALINE2 SIMULATION WITH OBLIGUE WIND
PREDICTED CO CONCENTRATION (PPM)
VARIABLES RECEPTOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET) :
H= 6000 (Z FEET) 0 100 200 400 800 1000
EF= 25 GMS/MI , _ ,
U= 3 MPH 60 1.5 1,2 0.8 0.4 0.2 0.2
PHI= 45 DEGREES 40 2« 1,9 1.2 0.5 043 0.3
H= 0 FEET 20 4.0 2.5 1.6 0.7 Ot 0olt
CLAS= 4 (D) 10 7.0 2.8 1.7 0.7 Dot 04
W= 120 FEET 5 740 2.8 1.8 0e7 0.4 Ot
MIXING CELL CONCENTRATION = 7.0 PPM

CALINE2 SIMULATION WITH PARALLEL WIND

PREDICTED CO CONCENTRATION (PPM)

"VARIABLES RECEPTOR DISTANCE PERPENDICUIAR
HEIGHT TO HIGHWAY (D FEET)
VPH= 6000 (Z FEET) o 100 200 400 800 1000
EF= 25 GMS /M1 ,
U= 3 MPH 60 2.9 2e3 1.4 0.3 0.0 0.0
PHI= 0 DEGREES 40 4.3 3.1 1.8 0.4 0.0 0.0
H= 0 FEET 20 6.9 3.9 242 0.4 0.0 0.0
CLASE 4 (D) 10 10.5 4,2 2.3 0.5 0.0 G0
W= 120 FEET 5 10.5 L,2 23 0.5 0.0 C.0
MIXING CELL CONCENTRATION = 10.5 PPM

FIGURE 9-2  CALINE2 SIMULATIONS
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9.3 Worst Case Conditions.

Conditions which result in the highest CO concentrations are a
complex function of the receptor location, highway configuration,
and meteorological conditions. However, from a sensitivity
analysis of the CALINE2 model (see Section 6), a number of con-
ditions have been found to yield high CO concentrations for most
modeling situations, .

1) The lowest wind speed accepted by the model (2 mph).

2) The highest traffic volume (VPH) expected.

3) The highest emission factor expected (usually associated
with the lowest route speed and most congested traffic).

4) The most stable atmospheric stability class, usually "D"

b

for urban éituations and "E" or "F" for rural situations.

The above are the worst case conditions for any highway configura-
tion or receptor location. One additional factor, the angle of
the wind to the highway alignment, needs to be taken into account
when analyzing a specific receptor location. Because parallel
winds confine the pollutants along the highway corridor, whereas
cross winds rapidly disperse them away from the highway, a
'-réceptor's highest CO concentration will be affected by differing
wind angles, depending upon that receptor's distance from the
highway. Receptors closer than 200 feet will have their highest
CO concentrations under parallel winds (0°). Receptors farther
than 400 feet will have their highest CO concentrations under
cross winds (90°). For a receptor between 200 and 400 feet,
CALINEZ simulations with both parallel and cross winds will

need to be made to determine the worst case. Oblique wind

angles yield conceﬁ%rations somewhere between the extremes of
parallel winds and cross winds, so that they need not be con-

sidered in a worst case analysis.
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9.4 Cost and Availability

CALINE2 requireé minimal computer'time for simulation runs,
especially when used on the large digital computers. On the
IBM 370/168, a typical computer run of 42 separate line-source
simulations (with 36 receptor sites per simulation) requires
11.5 CPU seconds at an approximate cost of $3,

Generally, therefore, CALINE2 represents a relatively cheap,
fast method to obtain reasonable estimates of CO concentrations
for a future highway, or other line source.

CALINE2 is currently programmed in FORTRAN on the State of
California IBM system 370/168, and in BASIC on Caltrans' TENET
timesharing facility.

Appendix B contains a listing and explanations for use of the
interactive BASIC program. Appendix C contains the same
information for the FORTRAN version, as well as a set of 36
sample runs that demonstrate most of the perturbations of the
model. These 36 sample runs can be used to verify that CALINE2

has been programmed correctly into a computer system.
9.5 Graphical CALINE2 Calculations

The "worst-case" conditions described in Section 9.3 were used

to develop a series of graphs which could be used to obtain a -
guick estimate of CO concentrations resulting from a rural high-
way (19). The graphical method assumes a Pasquill stability
class of "F", light wind speeds (2 mph), and ground-level
receptors. It accounts for such factors as traffic volume,
emission factor, parallel or cross winds, pavement height, apd
receptor distance. Since the method represents a grosser simpli-

fication of the assumptions used for dispersion calculations
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Wwithin CALINEZ,'tHé concentrations obtained using this method
are more conservative (i.e., higher) than those which would be
obtained from actual CALINE2 simulations,

Since the graphical technique described above is only valid for
small traffic volumes and rural situations where atmospheric
surface stability classes of "F" might actuwally occur, a second
set of graphs was developed for an urban situation {20). This
second method lncorporates the greater atmospheric instability
found in urban areas by assuming a Pasquill stability class of
"D", Other than this assumption, the approach is the same as
that for the rural ‘situation.

The manual modification detailing the graphical methods is
reproduced in Appendix A. '

9.6 Future Work

CALINE2 does not yét represent a polished end product, merely
an interim tool that can be utilized by transportation planners
to obtain estimates of highways' impacts on local air quality.
Work remaining to be done includes the fellowings

1) Fine-tuning calibration and verification with extensive
field sampling data which are becoming available (17) .

2) = Development of a grid or superposition version of the model
which will allow the analysis of multiple line sources and modal

systems.

3) Evaluation of a possible modification of the model to estimate
dispersion of lead and sulfate rarticulates.
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x

4) Comparison of CALINE2's predictive capabilities with those
of other line source models, such as the U.S. Environmental

Protection Agency's HIWAY.

The state of the art for air pollution modeling is rapidly changing,
and attempts will be made to keep CALINE at the forefront of those

changes.
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AIR QUALITY MANUAL MODIFICATION

Prepared by Charles E. Ward
Trangportation Laboratory
October 1975 )
(Revised May 1976)

Modification Number 9 - A Graphical Method for Estimating Highest
Carbon Monoxide Concentrations for Urban
Highway Projects, Based on CALINE2

In order to supplement the technique presented in Air Quality
Manual Modification Number 7 (1), the staff at the Transportation
Laboratory has developed a quick method for estimating the highest
CO concentrations which could be expected from a project located
in an urban area. The method is essentially the same as that des-
cribed in Manual Modification Number 7 for rural situations. The
major change is that the urban method assumes a Pasquill stability
class of "D", rather than the "F" of the rural method, to account
for the increased atmospheric instability encountered in urban
areas caused by the urban heat island effects. To alleviate any
confusion which may result from the introduction of this additional
graphical technique, both the rural (stability class "F") and the
urban (stability class "D") methods have been incorporated into a
single series of charts,

An additional comment needs to be made about an assumption in the
rural method. Thig assumption is that the parallel wind buildup

in the mixing cell occurs under "F" stability. "F" stability con-
ditions have only been measured over vegetated rural areas (2). To
the author's knowledge, they have not been verified to occur over
areas with unnatural surfaces, such as highways. In fact, the
mechanical mixing caused by vehicular movement, the additional heat
flux from vehicular energy consumption, and the different thermal
conductivity and albedo of the pavement probably would increase the
local atmospheric instability in the mixing cell. Therefore, parallel
wind buildup in the mixing cell would not be a function of "F" sta-
bility, but a function of some stability class that allows greater
atmospheric dispersion. However, until field verification studies
become available to indicate otherwise, "F" stability will be assumed
to be the "worst-case" atmospheric dispersion condition for the mix-
ing cell in rural projects with light traffic volumes. At the present
time, this assumption will probably yield conservatively high estimates
of CO concentrations in rural mixing cells under parallel winds.



Both methods are based on CALINE2 and consist of a series of charts
which take into account most of the factors affecting concentrations
of carbon monoxide downwind from a line source. They assume light
wind speeds (2 mph), and ground-level receptors. They result in
"worst case" concentrations and do not regquire the use of a computer.
The resulting concentrations are conservatively high estimates of
concentrations which wduld result from a simulation run of CALINE2.
Based on verification studies of CALINE2 from data collected in the
Los Angeles area, the CALINE2 simulated concentrations are themselves
overestimates of actual CO concentrations.

Although the output from this graphical method is an estimate for

a one-hour average CO concentration, the output plus the ambient CO
level is compared to the 8~hour standard of 9 ppm., It 1s assumed
that the conditions that would result in the highest 1-hour concentra-
tion may exist for 8 hours, in the worst case. If the concentrations
from the graphical method plus the ambient (background) level do ex-
ceed the 8-~hour standard of 9 ppm, a more detailed study using simu-
lation runs of CALINE2 (3, 4) should be undertaken. The fregquency

of occurrence of predicted concentrations should be analyzed (5) and
the l1-hour concentrations should be empirically converted to 8—hour
concentrations using Larsen's model (6).

The following are the steps to follow for the graphical method:

1) Obtain an estimate for the highest expected VPH (vehicles per
hour) and the largest EF (emission factor in grams per mile,
which usually increases with decreasing route speed)., Obtain
W (highway width, or mechanical mixing cell width from outside
of traveled roadway plus 10 feet to outside of traveled roadway
plus 10 feet, in feet), H (pavement height, above or below grade,
in feet; - 30 feet minimum) and D (perpendicular distance from
nearest outside edge of mechanical mixing cell to nearest critical
receptor, in feet).

If the median width is greater than 30 feet, the superposition
principle applies. W will be the combined width of all the lanes
plus 20 feet (10 feet on each side) in one traffic flow direc-
tion, and D will be adjusted for each direction.

VPH x EF
. 5

information in step 1 above. Determine th%oco concentration in
ppm for the crosswind mixing cell using this ratio and chart 1.

2) Obtain the crosswind mixing cell ratio using the



3)

4)

5)

6)

Determine the CO concentration for the parallel wind mixing

cell using the ratio VEH x BF x (1.05-(0.001 x W))* and the

3.28084 x 10%
appropriate line in Chart 2, for rural or urban projects.

Modify (multiply) the mixing cell estimates by the Source
Height Adjustment Factor obtained from Chart 3 using the
highway height H, for both parallel and crosswinds. These
results will be intermediate factors needed to calculatesthe
CO concentrations at the receptors.

Modify (multiply) the intermediate factors of Step 4 by the
Receptor Distance Adjustment Factor from the appropriate
selection of Charts 4, 5, or 6 (for urban projects) or Charts
7, 8, or 9 (for rural projects), by using the perpendicular
distance to the receptor D, for both parallel and crosswinds,
Charts Nos. 6, 8, and 9 have one curve to be used regardless
of pavement height. When using Charts Nos. 4, 5, and 7, the
engineer must interpolate between the curves to find the
correct adjustment factor for the given pavement height.

The products of the above multiplication will be estimates
of the worst-case CO concentrations in PPM for the critical
receptor distance., It should be noted that this graphical
method is not applicable for an elevated section during a
crosswind condition. Whichever of the wind angles yields
the highest concentration will be the "worst" wind angle.

If the resulting concentration from the "worst" wind angle
plus the estimated ambient (background concentration exceeds
the 8 hour CO standard of 9 ppm, use CALINE2 to obtain better

estimates for use in your environmental analysis as previously

discussed,

*The
the
The
the

factor 1.05-(0.001 x W), was obtained from the sensitivity of

highway width, W(7): As W increases, the predicted CO decreases.

factor's constants are the normalized intercept and slope of
sensitivity line, respectively.



EXAMPLE 1

1. For a rural project:
VPH = 1000
EF = 25 gms/mile
W = 110 feet (4 lanes, 30°' median)
H = =20 feet

F stability and wind speed of 2 mph assumed
Estimated ambient CO concentration = 3 pPrm

2. Crosswind mixing cell ratio = YR X EF _ 1000 x 25 _ 0.25
10° 10°
Crosswind mixing cell concentration = 0.8 ppm

(from Chart 1)

EF x (1.05 -{0.001) x W))

3. Parallel wind mixing cell ratio = “EL X 0
3.28084 x 10

1000 _x 25 x (1.05 -(0.001 x 110)})

3.28084 x 10%
Parallel wind mixing cell concentration = 7.3 ppm
(from Chart 2, rural projects line)

= 0.7

4, Intermediate factors = 0.8 % 0.56
(from Chart 3) 7.3 x 0.56

0.4 for crosswind
4.1 for parallel wind

n

5. Ground-level receptor concentrations.

Cross Wind (Using Parallel Wind (Using
D (ft) Factors from Chart 7) Factors from Chart 9)
25 0.4 % 0.83 = 0.3 ppm 4.1 x 0.76 = 3.1 ppm
50 0.4 x 0.74 = 0.3 ppm 4.1 x 0.64 = 2,6 ppnm
100 0.4 x 0.66 = 0.3 ppm 4.1 x 0,42 = 1.7 ppm
200 0.4 x 0.57 = 0.2 ppm 4.1 x 0.16 = 0.7 ppm
400 0.4 x 0.52 = 0.2 ppm 4.1 x 0.01 = 0.0 ppm

Parallel winds yield the highest concentrations for receptors 200 feet
or less away from the highway. Since the highest predicted €O concen-—
tration at a receptor is 3.1 ppm and the ambient CO level is only

3 ppm, CALINE2 simulations should not have to be made in order to make
a negative declaration.



EXAMPLE 2

1. For an urban project:

VPH = 10000

EF = 30 gms/mile
W = 130 feet (6 lanes, 20'median)
H= 0 feet ’

D stability and wind speed of 2 mph assumed
Estimated ambient CO concentration = 10 ppm

VPH x EF _ 10000 _x 30
10° 10°
Crosswind mixing cell concentration = 10 ppm
(from Chart 1)

2. Crosswind mixing cell ratio = = 3.0

3. Parallel wind mixing cell ratio = VEH x EF x (1.05 20'001 x W)
3.28084 x 10

10000 x 30 x (1.05 =(0,001 x 130))

2 = 8.4
3.28084 x 10
Parallel wind mixing cell concentration = 33 ppm
(from Chart 2, urban projects line)

4. Intermediate factors = 10 x 1.0 = 10 for crosswind
(from Chart 3) 33 x 1.0 = 33 for parallel wind
5. Ground=-level receptor concentrations.
Cross Wind (Using Parallel Wind (Using
D (ft) Factors from Chart 7) Pactors from Chart 9)
25 10 x 0.60 = 6.0 ppm 33 x 0.67 = 22,1 ppm
50 10 x 0.52 = 5,2 ppm 33 x 0.59 = 19.5 ppm
100 10 x 0.43 = 4.3 ppm 33 x 0.45 = 14.9 ppm
200 10 x 0.36 = 3,6 ppm 33 x 0.25 = 8.3 ppm
400 10 x 0.31 = 3.1 ppm 33 x 0.08 = 2.6 ppm

Parallel winds yield the highest concentrations for receptors 200
feet or less away from the highway for this particular highway
configuration. Since the estimated ambient concentration is 10 ppm,
CALINE2 should be used to obtain better estimates for CO concen-
trations as described previously, for all receptors.



EXAMPLE 3

1. For a rural project:
"VPH = 1000
EF = 40 gms/mile
W = 50 feet (2-lane highway)
H = +30 feet

Same assumptions as for Example 1 (F stability, wind speed is
2 mph) , ambiept CO = 3 ppnm

2. Crosswind conditions are not applicable for elevated roadway
sections,

YPH x EF x (1.05 —{0.001 X w))
3.28084 x 10°

3. Parallel wind mixing cell ratio =

1000 x 40 x (1.05 —(0.001 x 50))
3.28084 x 107

Parallel wind mixing cell concentration = 12 ppm
(from Chart~2, rural projects line)

= 1.2

4. Intermediate factors = 12.5 x 0.59 = 7.4 for parallel wind
(from Chart 3)

5. Ground-level receptor concentrations {(using factors from Chart 8)
D ft ‘ Parallel Wind
- 25 7.4 % 0.85 = 6.3 ppm
50 7.4 x 0.7 = 5.3 ppm
100 . 7.4 x 0.49 = 3.6 ppm
200 7.4 x 0.18 = 1.3 ppn
400 7.4 x 0.00 = 0.0 ppm

The, highest concentration calculated is 6.3 ppm. Considering that
the ambient CO level is 3 ppm, CALINEZ2 simulations should be made as
previously described for the two receptors at 25 and 50 feet.
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APPENDIX B~

BASIC Lahguage Listing of CALINE2
and
Examples of Use
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100

110
120
130

~ o140

150
160
170
180
190
200
210

220
230
240
245
250
260
270
280
290
300

310
320
330

~—340

350
360
370

380
390
400
410
420
430
4u0
450

460
470
480
490

500
510
520
530

o0
550
560
570
580

REM sskxikkkikx  PROGRAM CALINEU {(UPROGRAMITURKY) okdskdokkkiokkk

REM k% TIME FUNCTION sk

DEF STRING FNTIME

AAZINT(CLOCK/(60%100))

RBZROUND (60*%FRACT(CLOCK/ (60%100)))

IF AAD12 THEN AASAA«12, AMS='PM!? ELSE AMS='AM?
AAS=STR(AA)» BHS=STR(BB)

IF BA<10 THEN BB%$='0' + BB% .
TMES=TDATE + ! "'+ AAS 4+ 13 + BBS + ' ' 4 AMS
RETURN TMES

END

REM **x¥% END OF *TIME' ok ko

PRINT CHAR(12) . * ‘ .
DIM DMAT(6)»2ZMATI(6E)

DIM STB3(6)»OUTE(5)r0TS(5)

RESTORE 260

MAT READ STBS .

DATA "'A'"!"'B'"'"'C'"'"'D'"!"'E”""‘?F’"

MAT READ OUTS

DATA "¢ yerm,my RHI *H,my H'"F"'CLAS'"I"' wem

MAT READ OTS

DATA ™'MPH '"P"'DEGREES'"P"'FEET '"I"6B"'"'FEET e

PGCT=0 :

PRINT IN FORM "/ 20B t'sk¥k* PROGRAM CALINEU k¥kko"?

PRINT IN FORM "/ 5B 'THIS IS AN INTERACTIVE EXAMPLE PROGRAM !
'"FOR CALINEr THE'/BB 'CALIFORNIA LINE SOURCE DISPERSION !
'MODEL. THIS PROGRAM UTILIZES'™:

PRINT IN FORM "SB 'CALINE2,» WHICH WAS REVISED IN JANUARY, !
'1975,t /"8

PRINT IN FORM "'DO YOU WANT AN INPUT FORMAT EXPLANATION!":

INPUT ANSS

IF ANS$='NO' THEN 470

REM sk PROGRAM INPUT FORMAT EXPLANATION Aok oKk
OPEN *S5;LABICLINEXPT*»2, INPUT+RANDOM,OLD

FOR IEXP=1 TOQ TREC(2)

INPUT FROM 2 AT IEXP IN FORM "72%": ALNS

PRINT ALNS

NEXT IEXP

CLOSE 2

REM sk END OF PROGRAM INPUT FORMAT EXPLANATION Fed ke k

REM %k} INTERACTIVE DATA FROM USER o sk ke ke sk
I=0

PPMT=TITC=RCPT=DTAT=0 ’

PRINT IN FORM "/4B ' kkskokx ENTER THE NUMBER IN PARENTHESES FOR ¢

*YOUR CHOICE  skskskkk? st

PRINT IN FORM " *PPM(1) OR MICROGRAMS/CUBIC METER(2) v
INPUT PPMT

IF PPMT=1 OR PPMT=2 THEN 530 ELLSE 500 .
PRINT IN FORM "™ *TITLES IN DATAFILE(1)s NOW(2)» OR LET ¢
- YPROGRAM TITLE(3)'*:

INPUT TITC

IF TITC=1 OR TITC=2 OR TITC:SS THEN 560 FL.SE 530

IF TITCR2 THEN 59¢

PRINT IN FORM ™ BB 'ENTER TITLE'":

INPUT TITS

B-1



"' 590 RESTORE 600
595 MAT READ DMAT»ZMAT
600 DATA 50,100 150,2009-99,;-99, 10+51=991=99y~99, =09
610 PRINT IN FCRM " 'RECEPTOR MATRIX IN DATAFILE(1), NOW(2)s OR USE '
DN YINTERNAL MATRIX(3)twg
620 INPUT RCPT : ,
630 IF RCPT=1 OR RCPT=2 OR RCPT=3 THEN 640 ELSE s10
640 IF RCPTH2 THEN &70
650 PRINT IN FORM " BB 'ENTER RECEPTOR MATRIX» 6 DIST. FIRST» THEN 6 1
YHEIGHTS» ' /5B 'ENTER =99 FOR THOSE NOT DESIRED'/5R 'INPUTD'M:
MAT INRUT DMATZMAT
PRINT IN FORM " *INPUT DATA IN DATAFILE(1), OR NOwWt2)vv:
INRUT DTAT
IF DTAT=1 OR DTAT=Z THEN 700 ELSE 670
IF DTAT=1 THEN 750
SENSYENTERED FROM. TERMINAL?
PRINT IN FORM " SB 'ENTER VPH+EF»UrPHIsHeCLAS W™
INPUT VPH»EF»UrPHIvHeCLAS» W
GOTO 800 _
PRINT IN FORM " /- 'INPUT DATAFILE NAME'"r:
INPUT $FN - ' -
OPEN $FNs1r INPUTrQOLD
ON ENDFILE(1) GOTQ 1480

REM ¥k - DATA NEEDED TO RUN MODEL Ak ke ko
IF TITCR1 THEN 820 ‘
INPUT FROM 1:TITS:
- IF RCPTH1 THEN 840 '
- MAT INPUT FROM 1:DMAT» ZMAT
‘IF DTATRY THEN 860 :
- INPUT FROM 1% VPHREFsUrPHI o HyCLAS W
IF INT(I/3}~=I/3 #.0 THEN 910
PGCT=PGCT+1 ; -
PRINT CHAR(12)
PRINT IN FORM "/ 'PAGE ' 2% 5B 20% 28 'INPUT=!? 22%/
'CALINE2: CALIFORNIA LINE SOURCE DISPERSION MODELs*":
- PGCTsFNTIME » SFN-
“PRINT "IN FORM "10B *REVISED JANUARY)» , 1975772
I=I+1 " :
IF TITC=3 THEN TIT$='C AL I NE 2 R UN '+ STRI(I)
STH="3/"+STRUINT((72~LENGTHITITS) ) /2}))+"B "+STRILENGTHI(TITS))
g +"% s
©, G40 PRINT IN FORM STEITITS
7950 PPM$=!'PREDICTED CO CONCENTRATION?®
960 IF PPMT=1 THEN PPM$=PPM$+' (PPM)?
‘970 IF PRMT=2 THEN PPM3=PPMS$+'! (MICROGM/CU M)
980 PRINT IN FORM " 358 42% // 5B 'VARIABLES' 11B 'RECERTOR' 108
: 'DISTANCE PERPENDICULAR'/ 26B 'HEIGHT' 128 'TO HIGHWAY !
S Y(D FEET)'/"! PPM$ '
990 PRINT IN FORM "SB "VPH=' 6% 108 '(Z FEET)'": VPH
FOR ID=1 TO & i
4 IF DMAT{(ID)=~99 THEN 1070
#1020 IF DMATYID)>=0 THEN 10850 ‘ .
1030 PRINT IN FORM "//'RECEPTOR DISTANCE MUST BE >= 0 OR = =99,y
S TYOURS IS ¥ 7% /"IDMAT(ID)
5 TL1040 END o
n 1050 PRINT IN FORM "7%":iDMAT(ID)
1060 NEXT ID e :
i 1070 PRINT IN FORM "/6B 'EF=' 3%,% ' GMS/MI? WIEF
i 1080 QUT1(1)=U» OUT1(2)=PHI. OUTL(3)=H» OUTL(4)I=CLAS, OUT1(5)=W

b B-2




1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220

1230
1240
1250

1260
1270

1280
1290
1300
1310
1320
1330

1340
1350

1360
1370
1380
1390

1400
1410

1420
i430
1440
1450
1460
1470
1480
14990
1500
1510
1520

REM koK sk sk RECEPTOR HEIGHT LOOP koK

IZ1=1s 122=6s 12ST=1

FOR IZ=1 TO 6

IF ZMAT(IZ)==99 THEN IZ22=1Z7Z2-1

NEXT IZ )

IF ZMAT(2)H-99 AND ZMAT(1)<ZMAT(2) THEN IZ1=I72. IZ5T=~1

I2=171

FOR J=1 TO 6

Ts="3% B"

IF J=4 THEN T$z="2% '('™ 4+ STRBSI(CLAS) + "r)ew

IF J=5 AND W>=100 THEN T$="4% B

IF J=6 THEN 1220

PRTS="/ 4B"™ + QUTS(J) + "IN 4+ TS + OTSE(Y)

IF J=6 THEN PRINT IN FORM "/ 20B":, ELSE
PRINT IN FORM PRTS:OUT1(J)

IF ZMAT(IZ)==~99 THEN 1360

IF ZMAT(IZ)>=0 THEN 1270 . .

PRINT IN FORM "// 'RECEPTOR HEIGHT MUST BE S= 0 QR = =09,/
YYOURS IS ' 7% /":ZMATI(IZ)

END :

PRINT IN FORM ™8R 2% 3B": ZMAT(IZ),

REM okskoks RECEPTOR DISTANCE LOOP - Ak Kk
FOR ID=1 TO &
IF DMAT(ID)==99 THEN 1360
Z=ZMAT(IZ)» D=DMAT(ID)
GOSUB 2000
IF PPMT=1 THEN PRINT IN FORM "5%,%":PPM, ELSE
PRINT IN FORM "7% ":COMGs

NEXT ID ' ’

REM sk¥kkskk END OF RECEPTOR DISTANCE LOOP koK ok
IZ=IZ2+12ST C

IF IZ <= 0 THEN IZ=6

NEXT J :

REM k%4 % END OF RECEPTOR HEIGHT LOOP *deok ok ok

IF PRMT=1 THEN PRINT IN FORM "/30B 'MIXING CELL CONCENTRATION

B%.% ' PPM' /TIRPMX

IF PPMT=2 THEN PRINT IN FORM "/23B 'MIXING CELL CONCENTRATION

7% ' MICROGRAMS/CU METER' /":CMIX
IF DTAT=1 THEN 800
PRINT CHAR(12) -
PRINT IN FORM "/ 'MORE RUNS'"™:
INPUT ANSS
IF ANSSZ'YES' THEN 470
GOTO 1490
PRINT CHAR(12) _
PRINT IN FORM "/ YANOTHER DATAFILE!":
INPUT ANSS
IF ANS$=Z'YES' THEN 470
END &



Y2000
2010
2020

2030
2040
2050

2060
2065

" 2070

2080

2090

2095

L2097

2098

2100

2110

2120
2140

2145

2150

REM
REM
REM

REM

REM

REM

REM

REM

REM

REM

REM

REM

REM

REM

REM -

REM

REM

REM

REM

REM

stk sk sk ok s ok ok sk sk ok ok ok ok ok ok o ok ook sk sk K ok ke o ook oK ok sk sk e ok Sk ke o sk sk s sk sk ok ok ok ok o Sk sk ok KK K ok ok KoK
sk ok o sk ok sk ok sk ok ok o ook ok sk o ook ok Kok A o o Sk sk oK S i sk ok e s s s sk s sk sk st o sk sk s ok sk sk ok e ek skokok ok
dskkckdckkkkxk SUBROUTINME CALINE = ENTRY LINE 2000 ekdkckdckdkckkkk

WRITTEN BY CHUCK WARD'- JANUARY 1975

THIS IS A NEW VERSION (CALINE2) OF THE CALIFORNIA LINE
SOURCE DISPERSION MODEL (FOR PARALLEL & CROSS WIND
CONDITIONS) ORIGINALLY DEVELOPED BY ANDREW RANZIERI,.

THIS SUBROUTINE WILL BE CONTINUOUSLY UPDATED TO REFLECT
THE LATEST MODELS.-

THIS SUBROUTINE IS MEANT TO BE APPENDED TO THE END OF USER
PROGRAMS, THEY CAN THEN BE EASILY UPDATED BY DELETING THE
OLD VERSION OF "CALINE"™ AND APRENDING THE NEW. IT WILL
ALWAYS BE STORED AS "SILARICALINE"™,

IT SHOULD ONLY BE CALLED BY “GOSUB 2000", IT SHOULD NOT
BE MODIFIED INTERNALLY WITHOUT FIRST CONTACTING ANDY
RANZIERI» GERRY BEMIS» OR CHUCK WARD = ATSS 432-4874.

ko ok Nokkok ok WARNING e ok ok sk o sk skok sk ok ok

USE CAUTION WHEN LABELING VARIABLES IN YOUR CALLING
PROGRAM SO THAT THE LLABELS DO NOT DUPLICATE VARIABLES
INTERNAL TO THIS SUBROUTINE.

THE FOLLOWING IS A LIST OF THE INTERNAL SUBROUTINE
VARIABLES (WITH WHAT LOOKS LIKE AN "O" BEING A ZERO):

BNO1e BNO2s DODWe DOKM, DOM1: DOM2» DOM3s DOM&e DOMS»
DOM6&r DOMTer DWOKe FTRO» FTRZ2» FTR3» HOMT+ ION» KO1l» MOWT»
NOSGe PHOR® PSQr PSOTe QROr RODTr ROTO» SGOY» SG1Yr SG2Y
SG0Zr SKLO» UOBRe VTOXe» WOMTe YOMTs Y2MTe ZOMT,

INPUT PARAMETERS?

VPH VEHICLES PER HOUR

EF EMISSION FACTOR (GMS/MI)

u WIND SPEED (MPH)

PHI WIND ANGLE (DEGREES)

H PAVEMENT HEIGHT (FEET)

Z RECEPTOR HEIGHT (FEET)

0 DISTANCE FROM SOURCE TO RECEPTOR (FEET)
CLAS STABILITY CLASS (1=6 = A~F)

W WIDTH OF HIGHWAY (LANES» MEDIANe AND 10 FEET ON EACH
) SIDE OF HIGHWAY» IN FEET)

OUTRUT ?

A

COMG POLLUTANT CONCENTRATION (MICROGRAMS PER CUBIC
METER) AT DISTANCE "D" &/0R HEIGHT "2Z"

PPM POLLUTANT CONCENTRATION (RARTS PER MILLION)
AT DISTANCE "D' &/0R HEIGHT "2

CMIX POLLUTANT CONCENTRATION (MICROGRAMS PER CUBIC
METER) IN MIXING CELL

RPPMX MIXING CELL POLLUTANT CONCENTRATION (RPM) .
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2160
2170

2175

2180
2190
2200
2210

2220
2230

2249

2259
2260

2270

2280

2290
2300

23140
2320

2330

2340
2350
2360
2370
2380
2390
2400

24056

2410

2420
2430

REM sk k ok ok %ok NOTE ek ok e ok sk ok ok K ok ok

REM THIS SUBROUTINE 1S DESIGNED TO BE USED ONLY WITH CARBON
MONOXIDE WHICH HAS A MOLECULAR WEIGHT OF 28,

REM ALSOr ALL PREDICTED POLILUTANT CONCENTRATIONS ARE ABOVE
BACKGROUND LEVELS» I.E,» THE BACKGROUND LEVELS HAVE TO
BE ADDED EXTERNALLY.

REM  sekkdokskokseoksks  GENERAL EDITS ek e e ok e skodeskok ok ok

IF CLAS>0 AND CLAS<T THEN 2220 ! STABILITY CLASS MUST BE

i A THRU F

PRINT IN FORM "'STABILITY CLASS MUST BE IN RANGE 1 TO &'

END

' LA TO F)'/'YOUR STABILITY CLASS IS '%%X%/"ICLAS

IF U>=2 THEN 2250 ! WIND SPEED MUST BE GREATER THAN 2 MPH
RRINT IN FORM "'MODEL NOT VALID FOR WIND SPEEDS LESS THAN 2 MRH'/

END

'YOUR WIND SPEED IS '%%.%%' MPH'"™:U

IF Z>= 0 THEN 2280 ! NO DEPRF.SSED RECERPTORS ARE ALLOWED
PRINT IN FORM "'MODEL NOT VALID FOR DEPRESSED RECEPTORS'/

'YOUR RECEPTOR IS AT '%%%.%%' FEET'":Z

END

IF D>= 0 THEN 2310 ! NO UPWIND RECERTORS ARE ALLOWED
PRINT "MODEL NOT VALID FOR URWIND RECERTORS"™

END )

IF H>==30 THEN 2350 ! NO DEPRESSED SECTION < 30 FEET DEER

PRINT IN FORM ™'MODEL NOT VALID FOR DEPRESSED (CUT) SECTIONS !

TDEEPER THAN 30 FEET'/'YOUR SECTION IS '¥%%,%%
' FEET DEEP'"i-H

END
REM  &kkdkkkAkkkokk CHOOSE MODEL skokskokskokokkdkoksk
MOWT=28 . ! CARBON MONOXIDE MOLECULAR WEIGHT
ZOMT=Z/3.,28084 ! CONVERSION FROM FFET TO METERS
IF Z<=5 THEM Z20MT=0 ! IF RECEPTOR HEIGHT IS < 5 FEET» IT IS
CONSIDERED TO BE AT GROUND LEVEL
GOSUB 3120 ! RATIO SUBRQUTINE FOR DEPRESSED SECTIONS.
WILL RETURN VALUE OF 1 IF NOT A DEPRESSED SECTION
HOMT=H/3,.28084 ! CONVERSION FROM FEET TO METERS
REM  *=*xkx% TF RPAVEMENT HEiGHT IS < 0 FEETy IT IS CONSIDERED k¥kkx

REM

*dk¥x TO BE AT GROUND LEVEL, THE RESULT OF THE RATIO ¥ ke ok ek
*¥xkx SUBROUTINE IS THEN USED TO ACCOUNT FOR DEPRESSED #*kxx

*#kkk SECTIONS, ek ek ok

IF H<O THEN HOMT=0

JOBR=U/2.23714 ! CONVERSION FROM MPH TO METERS PER SECOND
PHOR=RAD (PHI} ! CONVERSION FROM DEGREES TO RADIANS



2435 WOMTSW/3,28084 ° ! CONVERSION FROM FEET TO METERS L
2437 DODW=W*ROUND {2640/W) ! DISTANCE CLOSEST TO 1/2 MILE THAT WILL

BE EVENLY DIVISABLE BY WIDTH
2438 COMG=0

" 2439 K01=0 i | ,
= 2u40 IF DOM1=VPH AND DOM2=EF AND DOM3=U AND DOM4=PHI AND DOMS=H
B AND DOM6=CLAS AND DOM7=W THEN KO1=1 _ A
2445 IF K01=1 THEN 2450 ELSE CMIX=0 ! TO SKIP MIX CELL CALC,
2450 IF PHI = 0 THEN 2600 ! BRANCH TO PARALLEL MODEL

L "'2450 REM  sckickdddokdsokk CROSS WIND MODEL sdskokkdokkdkk
2870 REM  kk#®xk THE CROSSWIND MODELr FOR WIND ANGLES BETWEEN *¥¥k

[y *kkk* 0 DEGREES AND 90 DEGREESe ADDS COMPONENTS OF soksksok
P 2875 REM k¥%k THE "PURE"™ CROSSWIND AND PARALLEL. MODELS VIA skkkik

. *#kkk A PERCENTAGE DERIVED FROM THE SQUARE OF FEAE K
|G 2477 REM ##xk* SINCPHI) (FOR CROSSWIND) AND THE SQUARE OF sk
= *kkk+ COS(PHI) (FOR PARALLEL WIND) Hokok Rk
2480 Q0 = 1,73E-THVPHEF ! SQURCE STRENGTH
2490 IF KO1=1 THEN 2520 ! TO SKIP MIX CELL CALC.

2500 CMIX=(SIN(PHOR}#*2)%2,0E6*Q0/ (SQRT(2%PT ) *x4%UOBR)
2510 PPMX=CMIX*0,0245/MOWT

2520 DDKM:D/3280.84ff ' CONVERSION FROM FEET TO KILOMETERS
sl i
2523 REM *x¥¥ckx  IF RECEPTOR DISTANCE IS 0' AND RECEPTOR HEIGHT IS %%k
*xk%kk  IN MIXING CELL (URP TO 12°% ABOVE HWY)» RECERTOR IS ¥ k#x¥
- 2524 REM *%¥%%% GIVEN MIXING CELL CONCENTRATION dkokokk
M~ ‘ :

g 2525 COMG=CMIX = , .
= 2527 IF D=0 AND ({2-H)>=0 AND (Z-H}<=12) THEN 2560

2540 GOSUB 3580 I OBTAIN SIGMA 2

: 2545 REM  ®kk*x% GAUSSIAN.DIFFUSION CONCENTRATION EQUATION FOR xkkk*
% *kkkk CROSS WINDS (INFINITE LINE SCURCE) Fkkkok
: ‘ .

o 2550 COMG=Q0*1 ,0ES* {EXP(~ 5% ( {ZOMT+HOMT I /SGOZ) %%2)
§ HEXP (= 5% ( (ZOMT=HOMT) /SGOZ) %%2) ) ¥ROTO* (SIN{PHOR ) %2}
! /(SQRT(2%PI14SG02*U0BR)

2560 PRM=COMG*0,02U5sMOWT
2580 IF PHI < 90 THEN 2600
2590 RETURN ! EXIT TO MAIN PROGRAM

S p

"2600 REM kksckiiokiksk PARALLEL WIND MODEL soksksickskkkskorx

2610 REM *x*%* THE PARALLEL WIND MODEL USED HERE IS A COMPLETE  *%kk¥
*d%k+ CHANGE FROM THE PREVIOUS MODElL. IN THIS MODELe  kkkkk
12620 REM  ¥k¥xk% THE ROADWAY IS DIVIDED INTO A SERIES OF SQUARE ok ks ok
*Rkk+k AREA" SOURCES AT INCREMENTALLY CLOSER DISTANCES kK
2630 REM **x*x TO THE RECEPTOR. CONCENTRATIONS FROM EACH AREA  k*xk*%k
*xkkk SOURCE ARE SUMMED AT THE RECERTQOR FOR A Fk ok K
2640 REM  s#kxk¥r CUMULATIVE CONCENTRATION, kK

2660 IF RODT=1'THEN 27oq
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2675

2676
2677
2680
2681
2682
2683
2684
2685
2686
2689
2700
2710
2720
2730
2740
2750
2755
2760

2770

2780

2790
2800
2805
28140
2815
2820
2825
2830

2835
2840

2845
2847
2850

28565
2860

REM

*¥¥¥%xk SCALE FOR INCREASING PARALLEL CONCENTRATIONS ks
*k¥kkx TO THOSE FOR “INFINITE"™ LINE SOURCE IS SET Aodeode ko

***kk AT 5 MILES

RESTORE 2680
MAT READ SKLO(6)
DATA 1.00+0¢94+0.86+0,73+0,6100,48

REM

REM

¥ e ok ok ok

¥ddkk FTRO IS A MATRIX OF DATA USED TO RECALCULATE THE sk
*¥¥dkk FIRST SEGMENT OF SIGMA Y CURVES ACCORDING TO Ak kok ok
*¥kkk HIGHWAY WIDTH

MAT READ FTRO(3+6)
DATA 019'0.8F0.8'0.6P0|7'0.6 .
DATA 242.,36+1690120186,96:65:49
DATA 0.494!0.4#2!0.392!0.346:0.30490.263
RODT=1

SGlY=WOMT/4,3

Aekeokk ok

! ESTIMATE FOR SIGMA Y TO OBTAIN VIRTUAL DIST.

*¥xckkk A VIRTUAL DISTANCE BACK TO A POINT WHICH WOULD Fkek ok

REM
o 3 o o ok
REM  skdokck
GOSUB 4000
VTOX=BNO1
REM  skskskokx
ok ok ¥ e
REM  skckadbk
o 3k ok
REM %%k
e ok ok ok
REM  sckokaicok

SG2Y=SGLYXSART (~2%LOG (SGLYXSQRT (2%PI ) /WOMT) )

Q0= 4 7IE~T*VPH*EF *WOMT

S e o ok

GIVE NEARLY THE SAME AREA SOURCE MUST BE *okokckok
DETERMINED, *dokkok
!' TO ADJUST INITIAL SIGMA Y ACCORDING
TO ROAD WIDTH
! VIRTUAL DISTANCE (IN KM)
THE SIGMA Y FOR THE VIRTUAL DISTANCE "YTOX" IS ok sk ook

KEPT TO MOVE THE X-AXIS TNWARD TOWARDS THE *okokkk
ACTUAL HIGHWAY CENTERLINEs SO THE SIGMA Y OF sk
"VTOX" COINCIDES APPROXIMATELY WITH THE EDGE OF  kaokikok
THE HIGHWAY. THIS ARTIFICIALLY FORCES THE MODEL. x¥kxk

TO ASSUME UNIFORM CONCENTRATION WITHIN THE ke k
MIXING CELL» A CONDITION WHICH WOULD NOT EXIST ek ok
WITH A VIRTUAL POINT SOURCE.

! SOURCE STRENGTH

NCSG=ROUND ( (DODW/3,28084 ) /WOMT) !

IF K01=1 THEN 2845

ZOMT» YOMT 2 HOMT=0
DO 2880:3000 -
CMIX=PSOT+CMIX
PPMX=CMIX*0,0245/MOWT
DOMI=VPH,
DOM7=W
IF H>0 THEN HOMT=H/3,28084
IF 2>5 THEN Z0MT=Z/3,28084

REM skaokokok

sk ook ok

REM sodeskokk

IF D#0 OR
COMG=CMIX
GOTO 3020

& kokok

NUMBER OF AREA SOQURCES
! TO SKIP MIX CELL CALC,

DOM2=EF» DOM3=U» DOMUZPHI+» DOMS=Hs DOMEZCLAS,

IF RECEPTOR DISTANCE IS 0' AND RECEPTOR HEIGHT IS sksokk

IN MIXING CELL (UP TO 12 ABOVE HWY),
GIVEN MIXING CELL CONCENTRATION

((Z=-H)<0 OR

(2=-H)>12) THEN 2865

RECEPTOR IS kikokkk
A ekosk ok



2865
2880

2890

2900
2910
2920
2930
2940
2950

2955

2960

2970

~2980

2990

-3000

30610

-3020

3100

3110
3115

- 3120

3130

"3140

3195
3200
3210
3220
3230

3240

3250

3260

YOMT=D/3.28084

PSOT=0 i _ ‘

DWOK=DODW/3280.84 - WOMT/1000 ! CONVERSION FROM FEET TO KM AND
TRANSPOSE AXIS TO "MIDDLE" OF
FIRST CELL (AREA SOURCE)

FOR ION=1 TO NOSG

DOKM=DWOK+VTOX

GOSUB 3190 ! SIGMA Y SUBROUTINE

GOSUB 3580 ! SIGMA 2 SUBROUTINE

Y2MT= (YOMT+SG2Y) /SGOY

IF Y2MT>9 THEN Y2MT=9 ! TO PREVENT EXPONENTIAL UNDERFLOW

REM *#*%% GAUSSIAN DIFFUSION CONCENTRATION EQUATION FOR ¥¥kik
*kkork PARALLEL WINDS (MODIFIED POINT SGURCE E@{) Ak ek k

PSUZ(COS(PHOR)**Z)*@U/(Z*PI*SGOZ*SGUY*UOBR)*EXP(—.5*Y2MT**2)
¥ (EXP (=4 5% { (ZOMT~HOMT) /SGO2Z) #%2 ) +EXP (=, 5k ( (ZOMT+HOMT ) /SGOZ) *%2) )

PSOT=PSOT+PSO ! SUMMATION OF AREA SOURCE CONCENTRATIONS

DWOK=DWOK=-WOMT/1000

NEXT ION

PSOT=PS0OT*1, 0E6/SKLO(CLAS}
COMG=PSOT*ROTO+COMG

PRM=C OMG* (0, 0245/MOWT

RE TURN ! EXIT TO MAIN PROGRAM

REM  sekskks THE FOLLOWING IS THE RATIO SUBROUTINE FOR ——
*kx*y ARTIFICIALLY INCREASING THE MIXING CELL sekokok ok

REM  skskdokok CONCENTRATION IN A DEPRESSED SECTION, *okskokok

ROTO=1 '

IF H>=0 THEN RETURN ! IF THE HIGHWAY IS NOT DERRESSED»

RETURN A VALUE OF 1
IF CLAS=1 THEN - _ |
ROTOZ10%* (=0 ¢ 1816440 01448%H+1 s 4 3OE~5*VPH+7 , IE=4*PHI )

IF CLAS=2 THEN s
ROTOS10%* (0,21754+40 401431 %H=7, 2E-4*PHI~0,022524U)
IF CLAS>2 THEN -
'ROTO=10%*(0,02019+0,0138%H+4 { OBE~6%VPH=5,73E=3%U)
IF ROTQ>1 THEN ROTO-l

RETURN

REM #%x¥%% THE FOLLOWING IS THE SIGMA SUBROQUTINE FOR * ok kEE
**kk+ CALCULATING SIGMA Y» THE HORIZONTAL DISPERSION ek koksk

REM  *kkkikk PARAMETER e ke ek ke

IF DOKM>= BNOI'THEN SZSDV'

SGO0Y=SG1Y ' MIXING CELL DISPERSION RARAMETER

RETURN

ON CLAS GOTO 32509 3300, 3350¢ 3400, 3450, 3500

REM  seskkksioackaskkk STABILITY CLASS A soksokksokskokksok

-

IF DOKM<.9 THEN SGOYZFTR2ADOKM**F TR3
IF DOKM>=.9 AND DOKM<2.0 THEN SGOYS247.5*DOKM¥k,692

B-8



o e t—

3270

3280
3290

3300
3310
3320
3330

3340

3350
3360
3370
3380

3390

3400
3410
3420
3430

3440
3480
3460
3470
3480
3490
3500
3510
3529
3530
3540
3580
3885
3590

3600

- 36140

3620
3630

3640
3650
3660
3670
3680
3690

IF DOKM>=2,0 THEN SGOY=215.2+DOKM**,898
RE TURN

REM  skoksdesdsiorskokkx® STABILITY CLASS B ke ek sk Sk ok K ok R ok

IF DOKM<,9 THEN SGOY=FTR2*DOKM**FTR3

IF DOKM>=,9 AND DOKM<1,5 THEN SGOY=172% (DOKM)} %%, 707
IF DOKM>=1,5 THEN SGOYR161%(DOKM)*k,874

RETURN

REM  skkdorscksoksokx STABILITY CLASS ¢ e 3k sk sk ok o e kok ek

IF DOKM<.8 THEN SGOY=FTR2%DOKM**FTR3

IF DOKM>Z,8 AND DOKM<1,5 THEN SGOY=128,4%DOKM**, 692
IF DOKM>=1,.,5 THEN SG0Y=121,77*DOKM** 817 .
RETURN -

REM  skkkddorokkordks STABILITY CLASS D sksokokskskskksk

IF DOKM<+s6 THEN SGOY=FTR2*DOKM%*xFTR3 _

IF DOKM>=.6 AND DOKM<1,5 THEN SGOY=98,65%DOKM*% , 588
IF DOKM>=1,5 THEN SGO0Y=89,6*DOKM**,826

RETURN

REM skeickkcrksokdrk STABILITY CLASS E e e s e ok ok sk ke o oo

IF DOKM<,7 THEN SGOY=FTR2*D0OKM**F TR3 ‘

IF DOKM>=,7 AND DOKM<1,5 THEN SGOY=70% (DOKM} %* , 494
IF DOKM>=1,5 THEN SGOY=61*(DOKM) %% ,82

RETURN

REM dokksksokkkksktok STABILITY CLASS F kakskksrokokkkokk

IF DOKM<,6 THEN SGOY=FTR2*DOKM**FTR3

IF DOKM>=.6&6 AND DOKM<1,5 THEN SG0Y=53,5% (DOKM) *% (435
IF DOKM>=1,5 AND DOKM<3,0 THEM SCOYSU9* (DOKM) *%,653
IF DOKM>=3,0 THEN SGLY=38,6% (DOKM) ** ,876

RETURN
REM  *¥¥x%x THE FOLI.OWING IS THE SIGMA SUBROUTINE FOR ok okesk ok

*tekd CALCULATING SIGMA Z» THE VERTICAL DISPERSION Hook ok
REM  s**x**3% PARAMETER \ Hodk kokok
IF DOKM>=0,001 THEN 3620 ! IF DISTANCE FROM THE HIGHWAY IS

‘ > ONE METER

SG02Z2=y ! MIXING CELL DISPERSION PARAMETER
RETURN :

ON CLAS GOTO 3640s 3710, 3780, 3850, 3910, 3960
REM  skakokskokab gk o ik STABILifY CLASS A sxksdokkskskokskakok

IF DOKM<,04 THEN SCOZ=47,4% (DOKM) %%, 357

IF DOKM>=.04 AND DOKM<,1 THEN SGOZ=B1* (DOKM) x*,562
IF DOKM>=,1 AND DOKM<,2 THEN SGO0Z=148% (DOKM) %%, 782
IF DOKM>=,2 AND DOKM< 8 THEN SGO0Z=300% (DOKM) **1 422
IF DOKM>=,4 THEN SGUZ=L4B9* (DOKM) k1 , 74

RETURN

B-9
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3700 REM **********Q* STABILITY CLASS B skskokaoksksdkkskskk

3710 IF DOKM<.1 THEN SG0Z=34,9% (DOKM)**,314
_ 3720 IF DCKM>=,1 AND DOKML,2 THEN SG0Z= 62*(DOKMJ** 565
. - 3730 IF DOKM>=.2 AND DOKM<.4 THEN SGOZ=78%(DOKM)**,71
. 3740 IF DOKM>=.,4 AND DOKM<1,0 THEN SGO0Z=105%(DOKM)*+1,04
o 3750 IF DOKM>=1 THEN SGOZ=105%(DOKM)*%x1,104
3760 RETURN ‘

3770 REM sckckkskaokkrdk STABILITY CLASS C kkakdksdbdkskokdkokokk

3780 IF DOKM<.15 THEN SGOZ=28.4% (DOKM)**,283 .
3790 IF DOKM>=,15 AND DOKM< 3 THEN SGO0Z=45.8% (DOKM)** 536
3800 IF DOKM>=.3 AND DOKM<,6 THEN SG0Zzl4O% (DOKM)*k.594
3810 IF DOKM>=,6 AND DOKM<1,0 THEN SG0Z=58%(DOKM)**,922
3820 IF DOKM>=1,0 THEN SG0Z=58% (DOKM)*#,909

o 3830 RETURN

3840 REM *¥xxxxkxrsrs STABILITY CLASS D siickkskkkik

3850 IF DOKM<.2 THEN SGOZ=22, 4% (DOKM)%* 4249
3860 IF DOKMD>Z.2 AND DOKM<,5 THEN SGOZZ26.9% (DOKM)*¥,36
3870 IF DOKM>=.5 AND DOKM<1.0 THEN SGOZ=31,4% (DOKM)¥*, 534
3880 IF DOKM>=1.0 THEN S602=31, b (DOKM) %% , 652

3890 RETURN

3900 REM **********?* STABTLITY CLASS E skksokscskokkrkk

3910 IF DOKM<K 3 THEN SGOZ=17.,48*DOKM*%,213
e 3920 IF DOKM>=,3 AND DOKM<K,7 THEN SGOZ=20.32%DOKM**,340

- 3930 IF DOXKM>=,7 THEN SGOZz21,98%DOKMx* (561
e 3eu0 RETURN

3950 REM ************ STABILITY CLASS F skkckskksdokskoioksk

3960 IF DOKM<C,5 THEN:SGOZ_13.6*(DGKM)**.177

3970 IF DOKM>=,5 AND DOKM< 1,5 THEN SG0Z=14,68%D0KM**,289
3980 IF DOKM>=1.5 THEN SG0Z2513,2%D0OKMAk ¢ 552

3990 RETURN

© 4000, REM sk THE FOLLOWING IS THE FACTOR SUBROUTINE WHICH ¥ kokok
#xick*k ADJUSTS THE FIRST PORTION OF THE SIGMA Y CURVES H#k¥ek
4010 REM skk*** TO COMPENSATE FOR DIFFERENT (FROM 112'} HIGHWAY ¥k

*k¥kkk WIDTHS ke ko
4040 REM *xkr* THE MINIMUM DISTANCE IN KILOMETERS IS FOUND ek ok o
. *xxxk USING AN EXTRAPOLATION OF THE CURRENT SIGMA ¥ #kkk
4050 REM #k%k*k* CURVE FOR STABILITY CLASS A deok kK

4060 BN01=(se1Y/241:917)**(1/0.47661

4070 BNOE—FTRO(2-CLAS)*FTRO(1rCLAS)**FTRD(SvCLAS)

4080 FTRB“(LOGID(BNUZJ—LOGIO(QGIY))/(LOGlU(FTRO(erLAS))—LOGlO(BNUl))
4090 FTR2= SGlY/(BNOl**FTR?)

4100 RETURN

BUSD REM  fekskckrskdkskkdok END OF SUBROUTINE CALINE stk Aokokok sk ok R ok ek ek ok
B-10
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"5;1LAB;CALINEU" will allow the user to select the output form of the
estimated pollutant concentrations, either in parts per million ox
in micrograms per cubic meter. It will allow the user to specify
separate titles for each simulation run, or the program will create
the titles. The receptor locations can be gupplied by the program
or by the user selecting 1 to 36 receptors in a "matrix" format,
i,e., each receptor distance will be used in turn with each receptor
height. The required input data for each simulation (VPH, emission
factor, etc.) can be stored in a file for access by the program or
can be input from the terminal during the execution of the program.
Titles and receptor locations can also be stored in a file with the
input data, or input from the terminal during program execution,
"5;LAB;CALINEU" will continue to execute as long as it is fed infor-
mation or until it encounters an error. More detailed information
about "5;LAB;CALINEU" is contained in the attached reproduction of
the input format explanation (which can be requested during program
execution).

Example runs of "5;LAB;CALINEU" are attached.

In the following TENET BASIC example run of "5;LAB;CALINEU",
underlined words and data are those entered by the user.



COPY LINEDATA TO TEL TEXT

~AHOO0

aDN
A0
600N
6000
6000
6007
6000
6000

25
25
25
25
25
25
25

25

O O O O3 O 0 Ll O

a0
45
0
ag
un
0
99
us
0

DODOOD oo o0

POPEE P

120
120
120
120
120
120
120
120
120




BASIC
LINK "5;LABICALINEL
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THIS

kv PROGRAM CALINEL) sy«

IS AN INTERACTIVE EXAMPLE PROGRAM FOR CALINE» THE

CALIFORNIA LINE SODURCE DISPERSION MODEL. THIS PROGRAM UTILTZES
CALTNFZr WHICH WAS REVISED IN dANUARYp_lQ?b.

DO YOU WANT AN INPUT FORMAT EXPILANATTION?YES

*atsphgrs . PROGRAM CALTNEN (UPROGRAMIT)  skorsoxy b

THIS PROGRAM IS DESIGNED TO ALI AW YOI 10 DO THE FOLLOWTNG?

1) POLLUTANT OUTPUT TYPE

A
By
)

PEM OF €0 ,
MICROGRAMS PER CUBTC METER OF CO
THE PROGRAM WIL!. ASK YOI

"PRMLI1) NR MICROGRAMS/CHBIC METER(2)72".

YOUR RESPONSE WILL BE 1 FOR CHQICE (A} OR 2 FOR CHOTICE
(B). . ' .

2} TITLES OF TNDTVIDUAL RIUNS

A)
A}

c)

D}

E}

A)
R

)

BN

MAXTMUM OF F2 CHARACTFRS

MAY BE IN YOUR INPUT NDATAFTIE AS THE FIRST RECORN OF EACH
SET (SFF NUMRBER (h)y BELOW)

MAY RE INPUT BY YO FROM THE TERMINAL AT THE TIME NF FACH
LN

MAY BE SUPRLIED RBRY THE PFPROGRAMs TN WHICH CASFE IT Wit RBE
"C AL T NEZ?2 R UN B™e WHERE "a"™ WTli BE REPLACFD
BY THE RUN NUMRER (SUPRLTIEN INTERNALLY BY THE PRNOGRAM;

THE PROGRAM WTLI ASK YOi)

“TITLES IN DATAFTLE (1) NOW(2)e OR LET PROGRAM TITLE(3)?".
YOUR RESPONSE: WTL!. RBE 1 FOR CHOTCE (B 2 FOR CHOTCFE ()
OR 3 FNOR CHQICE (N TE YOU CHOOSE THFE SECHOND NRPTIONSs
THE PROGRAM WTILI. ASK YOU

"EMTFR TITLEP« AND YOU WIL] RESPOND ARLDROPRIATELY.

3) RECEFRTOR LOCATION MATRIX

A RECFPTOR DISTANCESe AND THEM 6 RECEPTOR HETGHTS (IN FETT)
A —uu 15 REQUIREN FOR EACH RECEPTOR DISTANCF OR HETGHT
YOU DO NOT WANT, FOR TINSTANCE:, TIF YOl ONLLY WANT ONF RFCFPRPTOR
DISTANCE AND HETGEHT THE MATRIX INPUT WTILLL. BE

NTCT s =00 =00 =UG p UL )= UG HET pm QU s =UUp =QGp = p =90

WHERE ®DIST™ & "HGT™ ARF REPLACEND RY THE DTSTANCE AND

HE TGHT» RESBECTIVELY.

MAY HE TN YOUR TINPUT DATAFTLE AS THE SECOND RECORD OF EACH
CET (GEFR MUMBER (H) BELNW)

MAY RE TNPUT BY YOI FROM THFE TERMTNAL AT THF TIME OF EACH
RUN ‘

MAY HE SUB_TED RBRY THF PROGRAM» TN WHICH CASE TT WTILL RE
S0p10Me 1S 200 r=Qtip=Yp i {lah =00y =0l =0l =L

WHTCH TNNTCATFS THAT €0 CONCFMTRATTIONS WTii. HF CAI TN ATED
AT THE RFECFPTOR IOCATTONS (NISTsHGETY 010 1007 0 15HN«10
20U RDeR 10D TRMOsH 2R

THFE PROGRAM WTL) A4Sk Yol

"RECEBTOR MATRTX TN PATAETIF (11, NAW(2), 0P FISE TNTFRNAL
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MATRIX(3)2",

YOUR RESPONSE WTLL RE 1 FOR CHOTGE (C)s 2 EOR CHOTCE (1)),
OR =3 FOR CHOTCE (F). IF YOU CHOOSE THE SECOND OPTIONS

THE PROGRAM WILL ASK YOl

"ENTER RFCERTOR MATRIXs 6 DIST. FIRSTr THEN 6 HETIGHTS, =0t
FOR THOSE NOT DESTRED _

P"e AND YOU WIL!L RESPOND APPROPRTATELY.

4) TNPUT DATA
A) VPHeER U PHI)Hs CILLAS» W WHERE
VPHZ TRARFIC VOLUME, TN VEHICLES PER HOUR
EF= AVFRAGE SPEED=CORRECTED HEAVY={HITY=VEHTICI E~%~WETGHTFD
EMISSTON FACTOR, TN GMS/MTILE
Uz AVERAGE WIND SPEEDSs IN MPH
PHIZ= ANGLE OF WIND TO HIGHWAY,» IN DFCIMAI, DEGREES
H= HEIGHT NF PAVEMENT AROVE 0OR RFEILOW GRADE» IN FEET
(WETH A& MINIMIM LIMIT OF =307)
CLAS= ATMOSPHERIC STABTITTY CLASSs TN NUMERIC FORMATs WITH
1-h CORRESPONDING TN CLASSES A-F
W= HTGHWAY WIDNTH, IN FEET» TNCLIDTING AL LANESs THFE MEDTANS
AND SHOIN_DERS
B) MAY BF TN YOUR INPUT DATAFIILLE AS THE THIRD RECORD OF FACH
SET (SEE NUMAFR (&) BELOW)
C) MAY RE TNPUT BY YOI FROM THE TERMINAL AT THE TIME NF EACH
RUN
M) THE PROGRAM WTILE ASK ¥nt)
"INPUT DATA IN DATAFILE(L)s OR NOwW(2)»n,
YOUR RESPONSE WILL BE 1 FOR CHQICE (B) OR 2 FOR CHOICF
1Ca. IF YOU CHOOSE THF SECOND NPTIONs THE PRNAGRAM WTILI, ASk
"ENTER VPHeEF s U PHT s He CLLAS » W2 T, AND YOUD WILL RESPOND
APBRRNOPRIATELY. IF YOU CHOOSE THE FIRST 0o2TION THF PROGRAM
WILL ASK VYol
"INPUT DATAFTIILE NAME?Y™, AND YOU WILL RESPOND WITH THE NAME
OF THE FTLE TN WHTCH YQU STORED YOQUR DATA.

5) COMRBINATION OF CHNICES

A) ALY DATA IN INPUT DATAFTLE.
FIRST RECORD - TITLE
SECOND RECNRN = RECEPTOR LOCATTON MATRTX
THIRD RECORD - VPHlEF-U-PHIanCLAS-W

(A RECORD IS ONE LTINE OF DATA)

ONE SET OF THREE RECORDS WILi BE REQUIRED FOR EACH RIJN,
WITHIN THE SECOND AND THIRD RECORDS» DATA ITEMS MAY RF
SEPARATED BY A COMMAr ONE OR MORE BLANKS» OR BNTH,

B) SOME OF THE DATA ENTERED BY YOU FROM THE TERMINAL AT THE TTME

- OF EACH RUNe» AND SOME CNONTAINED IN THE INPUT DATAFTLE. YOl
MAY CHOOSE T0O ENTER THE TITLE AND/OR THE RFECERPTOR LOCATTON
MATRIX AT THE TIME OF EACH RUNe 8ND HAVE THE TNPUT DATA
STORED IN A FTLLE. NOTE THAT T SATID "AND/OR"™ = YOl MAY HAVE
ETTHER THE TITLE OR THE RECEPTNR {_.OCATION MATRIX
STORED IN THE FTILE AND ENTER THE OTHER AT RUN TIME: nR
ENTER  ROTH AT RUN TIME.
**¥ YOU MAY NOT ENTER THE INPUT DATA AT RUN TIME AND HAVE
** THE TITLE AND/OR THE RFCEPTOR ILOCATION MATRIX STORED IN
*¥ THE INPUT NDATAFTILE.

C) ALL NATA ENTERED AT THE TIME OF FACH RUN

6) NUMBER 0OF RIUNS
A) YOU MAY EXRECUTE AS MANY RiJNG TN ONE GIVEN LINK TO CALINEU
AS YOU NESTRE. JUST REMEMRER THAT AS THE NUMBER
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iy

OF RUNS TNCREASEr ESPFCYALLY WITH LARGE RECEPTOR LOCATION
MATRICFSs AND WIND ANGLES < 90 DEGRERSes CALINEZ2 REQUIRFS &
LARGGE AMOUNT OF COMPUTER TIMEe. AND YOU WII! BE TYING THF
SYSTEM UP FOR THE REST OF THE TENET USERS.

B) IF YOUR INPUT DATA IS IN A FILEs THE PROGRAM WYL! ONLY ASK

~ YOU ONCE FOR YOUR TITLE AND RECEPTOR LLOCATION MATRTX»

5 OR TF YOU WANT TO USE THE INTERNAL INFORMATIONs OR IF THEY

| ARE TN THE TNPUT DATAFILES THEN TT WTLL CONTINUE Tn FXFCUTE

RUNS IINTTL TT REACHES THE END OF YNUR FILF.

| C) IF YOIl ENTER YOUR INPUT DATA AT RUN TIMEs THE PROGRAM

! WIL'. ASK YOI} :

! "MORE RUNSP"¢ AND IF YOUR ANSWER TS YESs TT WIL!I REQUEST
THE TINFORMATION IN TTEMS (1)=(4) FOR EACH RUN,

D) WHEN THE PROGRAM REACHES THE END OF YOUR INPHT DATAFTLF

. (FOR OPTION (B})} OR YOUR ANSWER IS NO TO OPTION (C)»

- TT WILL ASK YOU

| »ANOTHER DATAFILE?®"s AND TF YOU HAVE ANOTHER FTLLE YOU WTSH

| EXECUTED» RESPOND APPROPRTATELY.

, FOR MORE TNFORMATIONs SEE ATR QUALTTY MANUAL MONTFICATTON & & AND ITS
| SUPRILEMENT, .

"TF YOl STILL. HAVE QUESTIONSs OR ENCOUNTER PROBIEMS) CALL
CHUCK WARD AT ATSS  432~8874.

V”iff F— ENTER,THE‘QUMBER IN PARENTHESES FOR YOUR CHOLCE  ssxé :
pom(1) OR MiCROGRAMS/;uBIC METER(2)21
lfITLES IN DATAFILE (1)s NOW(2)» OR LET PROGRAM TITLE(3)23

RECERTOR MATRIX IN DATAFTLE(1)r NOW(2)s OR USE INTERNAL MATRIX(3)23

INBUT DATA IN DATAFILE(1)e OR NOW(Z)P1

INBUT DATAFILE NAMEPLINEDATA




D4s11/7H 9133 AM INPUTSLINEDATA

PAGE 1
CALINEZ: CALTFORNIA LINE SOURCE DISPERSTION MODEL s
REVISED JANUARY: 197%
CALINESZ R UN 1
PREDICTED CO CONCENTRATION (PPM)
VARIABILES RECEPTOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
VPHS 6000 (2 FEET) b0 100 150 200
EF= 25,U GMS/MI
U= 3 MPH 10 1-2 1.0 «8 -7
PHI= Y0 DEGREES b 1.3 1.0 o8 o7
H= © FEET
CLAS= 1(A)
W= 120 FEET
MIXING CElLLL CONCENTRATION = 3ok PPM
CALINEZ2 RUN 2
PREDICTED CO CONCENTRATION (PPEM)
"VARTABLES RECEPTOR DISTANCE PERPENDICULAR
HE IGHT TO HIGHWAY (D FEET)
VPHZ 6000 {Z FEET) 50 100 150 200
EFRS 25,0 GMS/MI
U= 3 MPH 10 1.0 8 o7 5
PHI= 45 DEGREES B 1.1 o8 o7 S
H= 0 FEET
CLAS= 1(A)
W= 120 FEET
MIXING CELL CONCENTRATION = 3.8 PPM
CALINE?2 RUN 3
PREDICTED CO CONCENTRATION (PPM)
VARTABLES RECEPTOR DISTANCE PERPENDICULAR
HEIGHT , TO HIGHWAY (D FEET)
VPH= /000 tz FEET) 50 1060 150 200
EF= 25.0 GMS/MI
U= 3 MPH ‘ 10 »8 07 ] «oH
PHI= 0 DEGREES 5 .8 o7 .6 o5
H= 0 FEET
CLAS= 1(A)
W= 120 FEET

MIXING CEl!. CONCENTRATION = Ge2 PPM
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Y iBABE

GI3h AM

B--18

2 O4r11/78 ¢ INPUT=LINEDATA
" CALINEZ: CALIFORNIA LINE SOURCE DISPERSION MODEL»
: REVISED JANUARY, 197b
CALINEZRZ R U N 4
PREDICTED CO CONCENTRATTION (PRM)
VARIABLES RECEPTOR DISTANCE PERPENDICUILAR
HEIGHT TO HIGHWAY (D FEET)
VPH= 600U (7 FEFT) 50 100 150 200
EFS 25,0 GMS/MT"
= 3 MPH : 10 1.6 lcq' 1.2 le2
PHI= 90 DEGREFS - b 1.7 1.4 1e3 1.2
H= O FERT
CLAS= 4(D)
W= 120 FEET
MIXING CELILL CONCENTRATION =  S.4 PbM
CALINEZ RUN &
' ' PREDTCTED CO CONCENTRATION (PPM)
VARIABLES RECEPTOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
VPHE 6000 ; (2 FEET) H0 100 150 20U
EF= 25,0 GMS/MI
U= 3 MPH 10 3.0 2.4 2.2 1.7
PHI= u4b DEGREES b 3eb 2.4 | 2.2 1.8
H= 0O FERT
CLASE 41(D)
W= 120 FEFT
MIXING CELL CONCENTRATION = 7.0 PbM
YC AL I NE 2 R UN &
PREDICTED CO CONCENTRATION (ROM)
VARIABLES RECEPTOR ‘ NISTANCE PERPENDICULAR
HETGHT TO HIGHWAY (D FEET)
VPH= 6000 (Z FEET) N 100 150 200
EFS 25,0 GMS/MI
Uz 3 MPH : 10 5,2 4,2 3.l 2.3
H= O FEFT
CLAS= LDy _
W= 120 FEET
MIXING CELL CONCENTRATION = 10.5 PBM



PAGE 3

Uars11/75

GWI3T7 AM INPUTZLINENATA

CALIFORNIA LINE SQURCE DISPERSION MODEL »
REVISED JANUARY, 1975

CALINEZ:
VARTAHLES
VPH= 60360
EF= 2b.0 GMS/MT
U= 3 MpPH
PHI= Y0 DEGREES
H= O FEET
CLASZ &(F)
W= 120 FEET
VARTABLES
VPH= 6000
EFz 25.0 BMSs/MI
U= 3 MPH
PHIZ= 4% DEGREES
H= O FEET
CLAS=E & (F)
W= 120 FEET
~ VARIAHLES
VPH=  &000
EF= 28,0 GMS/M]
U= 3 MPH .
FHI=Z 0 DEGREES
H= 0 FEEFT
CLAST &(F)
W= 120 FERT

CALINES? 2 R UN 7

PREDICTED CO CONCENTRATION (PM)

RECERPTQOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
tZ FEET) 50 igo 150 200

10 1,9 1.7 1.6 l.5

5 2e1 l.8 1.7 1.6

MIXING CELL CONCENTRATION = 3«84 PPM

CALINE?® 2 R UN 8

PREDICTED CO CONCENTRATION (PPM)

RECEPTOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEFET)
{Z FEET) 50 100 150 200

10 9.2 6.2 JeY 2.4

5 9.7 Gab hel 245

MIXING CELLl. CONCENTRATION = 16.0 FPM

CALINEZZ R UN 9

PREDICTED CO CONCENTRATION (PPM}

RECFPTOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
(Z FEET) bo 100 150 200
10 1A.5 i0.8 6o2 Se2
b5 17.2 l1.2 6.4 Se3
MIXING CELIL CONCENTRATION = 28.6 RPPM
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ANOTHER DATAFILE®NO
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¥Akkkk PROGRAM CALINELU ok ksk
THIS TS AN INTERACTIVE EXAMPLE PROGRAM FOR CALINE, THE
CALIFORNTIA LLINE SOURCE DISPERSION MODEL, THIS PROGRAM UTILIZES
CALINE2, WHICH WAS REVISED IN JANUARY, 1975,

DO YOUu WANT AN INPUT FORMAT EXPLANATION?NO

x*kkk  ENTER THE NUMBER IN PARENTHESES FOR YOUR CHOICE  sskkk¥
FPM{1) OR MICROGRAMS/CUBIC METER(2)P]
TITLES IN DATAFILE(1)s» NOW(2), OR LET PROGRAM TITLE(E)?g

ENTER TITLE?GAMPLE RUN OF CALINEU

RECEPTOR MATRIX IN DATAFILE(1), NOW(2), OR USE INTERNAL MATRIX(3)?22

ENTER RECEPTOR MATRIXs & DIST, FIRSTs THEN & HEIGHTS,
ENTER =99 FOR THOSE MOT DESIRED
INPUT?250,1000200¢=99+=99,+99,5, =99, ~09,=99,-99,-99

INPUT DATA IN DATAFILE(1), OR NOW(2) P2

ENTER VPHrEF»UsPHI»H)CLAS»W260005 2513545, ~20,49 120




Y PAGE

04715/75

2i46 PM INPUT=FNTERED FROM TERMIMAL

1
CALINE2:  CALIFORNIA LINE SO!URCE DISPERSIOM MODFL,
REVISED JANUARY,s 1975

VARIABLES
VPH=  &000
EF= 25.0 GMS/MI
U= 3 MPH )
PHIZ 15 DEGREES
H==20 FEET
CLAS= 1(D)

W= 120 FEFT

SAMPLE RUN OF CALINEU

PREDICTED CO CONCENTRATIONM {PI'M)

RPECFPTOR DISTANCE PERPEMDIC'IL AR
HETIGHT TO HIGHWAY (D FEFT)
(2 FEET) 50 100 200
5 2.0 1.4 1.0
MIXING CELL CONCEMTRATION = T.0 PI™™M




MORE RUNSPNO

ANOTHER DATAFILEPNO
>







APPENDIX C
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and
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CALIFCRNIA STATF TEALFE DATA CENTER VER

TRJLARLPAMLT® - 9.0
PANVALET

THE PROCRAM MANAGEMENT AND SECU

PROGRAMS AND ALL SUPPORTING MATERTIALS COPYRIGHT 1975 gY b

++WRTTF PP INT,SCALINER

“

1}

Pl

3y

DATA SET SCALINE2 AT LEVEL 005 AS OF 11/12/7%

C A L T N F 2?2

THE CALIFORNTA LINE SOURCE DISPERSION MODEL

DEVELOPER RY THF FNVIRONMENTAL IMPROVEMENT BRRANCH, TRANSPORTATION
LARORATORY OF CALTRANS., RASED ON WORK DRIGINALLY PEPFORMED BY
ANDREW RANZTEPT OF THF FNVIRONMENTAL IMPROVEMENT RRANCH AND NN
RRUCE TUPNER'S WWORKRONK OF ATMOSPHERIC DISPFRSTINN ESTIMATES™,
FURTHER MODIFICATIONS MADE BY CHUCK WARD OF THE ENVIRONMENTAL
IMPROVEMFNT RRANCH,

WRITTFN RPY CHUCK WARD = MARCH 1975
CALTNE2 WAS ORIGINALLY PROGRAMMED ON THE CALTRANS TIME SHARING
SYSTEM (TENFT) IN JANUARY 1975,

THE MODFL WILL BE CONTINUOUSLY UPDATED TO RFFLECT THF STATE OF
THE APT, :

IT SHOULD NOT RE MODIFIED WITHOUT CONTACTING ANDY RANZIERT,
GERRY REMTS, OR CHUCK WARD =~ 916 444~48T4 (ATSS 432-4R74),

INPUT CARPDS:
FORM OF OUTPUT AND NUMBER OF SIMULATION PUNS
rc 1 =1, IF POLLUTANT CONCENTRATION IN PARTS PER
MILLION (PPM),
2y YF IN MICROGRAMS PER CUBIC MFTER
CC 2=5 = NUMRFR OF SIMULATIOM RUNS, RIGHT=JUSTIFIFD,
EACH RUN WILL REQUIRE ITS DWN SET NF INPUT DATa,
CARDS 2~-4
TITLE FOR STMULATTION RUN
PHYSTCAL IMPUT DATA
€CC 1-10 = VFHICLFS PER HOUR IN 110 FORMAT,
RIGHT—JUSTTIFIED

€C 11-15 = EMISSION FACTOR (GMS/MI) IN IR FORMAT

CC 16~20 = WIND SPEED (MPH} IN IS FORMAT '

CC 21-25 = WIND ANGLE TO HIGHWAY (DEGREES)
IN IS5 FORMAT

CC 2&£-30 = PAVEMENT HFIGHY (FEFT ABOVE DR BELOW GRADF,
=30% TS LOWER LTMIT) IN I5 FORMAT .

cC 2% = ATMDSPHERIC STARILITY CLASS (1~6 = A~F)

02/10/76
11.40.56

RITY SYST
ANSOPHIC
000206

00001
00002
00003
00004
00005
00006
oQony
00008
00009
00010
00011
oont 2
00013
00014
0001E
]e]e) ¥
00017
ool R
00019
00020
00021
coo2?2
000232
00024
- 00025
oon2é
ooo27
00028
00029
00030
00031
cno3p
oonz22
00034
oonas
0003¢&
00037
Q0038
00039
00040
nnnat
00042
00043
00044
00045



CALTFORNTA STATE TEALE DATA CENTER VER 02/10 /76

TF.,LAR.PANLIR , 9.0 1140456
IN I1 FORMAT naoas
CC 36~40 = HIGHWAY WIDTH {FEET), INCLUDING ALL LANFS, 00047
: MEDIAN {(MEDIAN SHOULD BE LESS THEN 30¢, 00048
OTHERWISE RUN A SIMULATION FOR FACH SIDF AND 00049
ADD RESULTS)s AND STANDARD ASSUMED 10 00050
QUTSIDE SHOULDERS IN IS5 FORMAT, 00051

4) RECEPTOR LOCATION MATRIX {MAXIMUM OF 6X6=36 TOTAL RECFPTORS), 00052
ENTFR & DISTANCFS PEFRPEMDICULAR TO EDGE OF HIGHWAY (FEET) 00053
IN FORMAT 6£I5 IN CC 1-30, RIGHT-JUSTIFIED — ONLY POSITIVE 00054
DISTANCFS ARE ALLOWED, ' SINCE MODEL CANNOT PREDICT UPWIND. 00055
ENTEFR &6 HEIGHTS AROVE OR AT GRADE (MODEL CANNOT 'PREDICT 00054
BELOW GRADE) IN FORMAT &15 IN CC 36-65, RIGHT-JUSTIFIED 00057

PO CAANANAANOANANLAANANNORANGAN

OO0 a0

IF NOT ALL POINTS ARE DFSIREDy ENTER -99 FOR FACH 0005 R

POINT NOT DESIRED. 00059

‘ ; 00060

PUT AS MANY SETS 0OF CARDS 2-4 AS NEEDED TO AGREE WITH CARD 1. 00061

. - 00062

Lo 00063

: N OT E 00064

THIS PROGRAM IS DESIGNFD TO BE USED NNLY WITH CARBON MONOXIDE, 0006 %
WHICH HAS ‘A MOLECULAR WFIGHT OF 28, IS ESSENTTALLY INERT, AND 00066

HAS NO SIGNIFICANT GRAVITATIONAL SETYTLING RATE. THE PREDICTED 00067
CONCENTRATIONS DN NOT INCLUDE BACKGRDUND LEVELS. 00068

) 00069

00070

00071

ao072

: 000732

DIMENSTNN STATEMENTS AND DATA INIYITIALIZATION Q0074
0007%

DIMENSTON STAB(6)4D(6),2(6)4COCONCI636)TITLE(LI8) sDATE(2) 00076
DIMENSION ID(&)Y,12(6) : 00077
COMMON /CAL INE/UOBR ¢HOMT s CLAS ¢y WOMT 4 ZOMT 4 DOKM ,DODW ,SG1Y, BNO1,FTR 2, 00078

1 FTR3,PI 0o07S
-DATA STAR/VAP SR VCR NI VE YFV/ TPAGESO/ 00080
INTEGER VPHsEFyUyPHT ¢HyCLASyWoD 42 . 00081
RPEAND(5,1000) NTYPE ,NRUN . oooa2
1000 FORMAT(I1,T4) 00083
f ‘ 00084

ORTAIN DATE FOR THIS JOB 00085

CALL DHDATE{O,DATE) 00086

. _ Q0087

SITE LOOP 00088

DN 900 TI=1.NMRUN 0008¢
T READ(5,1002) TITLE 000%0
L 1002 FORMAT(1BA4L) ) 00091
) READ(S,1003) VPHeEF s Uy PHI yH4CLAS oW 00092
1003 FORMAT{T10+41544%,11,1I5) 00093
READ(S,1004) (DUIl)sIl=146)¢e(2Z2(X1),11=1,8) 00094
1004 FORMATIEIS.5X4615) 00095
‘ 00096
CALL LINEZC(NTYPEWVPHIEFyUsPHI s HyWyDyZyCOMIXCOCONC 41U, 00097



CALIFCRNTA “TtTE TEALF DATA. CENTFR VEP - n2/1077

TReLARSPANLITFE a0 1latde”
i IPHIZIHZICLAS,y TDyIZ4NJyNK) 000s e
C CUTPUT = PRINTING 00099
TF LINTU(I=1)/3e) = (I-1)/344NF.0.) GO TN 18 noiIan.
IPAGF=IPAGF+1 00101
WRITE(A,1015) TPAGE.DATF 00102
1015 FOPMAT(IMT ,TA,YPAGE ',12,T18,2A4/T6, ' 001073
"1 YCALINF?: CALIFORNIA LINE SDURCFE DISPERSION MONFL, '/T1é, 00104 .
7 YREVISEN JANMUARY, 19761%) . nOYOF
172 WRITE(£,101&) TITLF ' 00104
1016 FORMATILIH o///+1844) 00107
TE{NTYPEFOa1) WRITE(E4,10L7) - Nol0R
1017 FORMATIIH 4 /T36,'PREDICTED €O CONCENTRATION (PPM)*/) ‘ 0010%
TFIMTYPELFD«2) WRITE(6,101R) _ ' Col10
1018 FORMAT(1IH +/T30,"PREDICTED CO CDONCFEFNTRATION (MICROGM/CL MY t/) 00111
WRITE(£,1019) ypw 00112
1019 FOPMAT(IH ,TE&E,"WARTARLESY , T26 9 'FFCEPTOR Y, T44 ,'DISTANCE ¥, 00113
1 *PERPFMOTCULAR Y /TZ2T7 4 "HETIGHT Y, T4F ,9TO HIGHWAY (D0 FEETY 1 /Té, notis
2 VWPH= JTE,T26,% (7 FFET)Y) g017Ts
Ji1=1 ' no1lée
Ki=1 : 003117
JeTe=1 Qolle
¥STp=1 00110
IF (D{1},LT.DINKY) G TD 20 0012¢
K¥1=MK ' 0121
NK=1 nn122
KETP =1 00122
20 WRITE(6,1022) (N{K)yK=K1,NK KSTP) 00124
1027 FORMAT{1H+,T3&4,617) nn12c
WRITE(E,1024) EF - onizeé
1024 FOPMAT(IH 4 TTyYFF=1,T6,% GCMS/MIY) : 00127
IF (ZI{1).CT.Z2(N)) GO TO 22 _ col1ze
J1=NJ nn12e
NJ=1 00134
JeTp==1 00131
22 DO BER 02=1,6 . 00132 -
GO TO (24,26428,30,32934),4d2 00133
74 WRITE(6,1026) U ' 00134
1026 FORMAT(IH ,TE,1U=%,16,' MPH') D013%
IF (Z(J1)) 8R0,26,3¢4 ' 00136 .
26 WRITF{&,1028) PHI ' nO137
1028 ENEMAT(IH 4Toy'PHI=?,T&,' DEGREESY) 00135 -
IF (Z(J1)) EEN 36,36 ' 001346
78 WRITE{&,1020) # noYvsEn
1030 FORMAT(IH TR, *H=1,1&,% FEETY) , 00141
IF (Z71J1)) 850,366,236 , 00142
A0 WRITF(A,1037) CLASLSTAR(CLAS) - , : no143
1032 FOPMATIIH 3T , 1CLASSV 3 T6E40 (P,A1,0)0) ' 00144
IF (Z(J1)) BRED,24,26 00145 .
32 WRITE(E,1024) W NOTatE
1034 FORMAT(LIF ,TR,"W=%,14," FEET?) ' 00147
IF (Z2{J1)) B50,36436 00148
A4 WRITF(6,1026) ' 00149



(ALIFF#Nit STHTE TEALF DATA CFNTER VER N2/10/7%:

TR.LAp PANLIE : 9.0 1120,5:
10326 FORMAT(1R L27X) : no1s0
IF (Z(J1)) PED,26,36 golr1
36 WRITF(6,41028) Z(J1), (COCONC (J1,K),K= Kl,NK,KtTP) No182
1038 FﬂRMpT(1H+,T?6 15473446F7.1) 00153
50 Jl=Jl+487TP nnics4
S IF (J1.FQ0) J1=6 X ' N01EF
T aEE CONTINUF 01856
: WRITF(&,1040) COMIX ‘ an1s7
‘1040 FORMAT(IH ,TRL1,*MIXING CFLL CONCENTRATION = *,F7.1) 00158
‘ IFINTYPELFQo1)Y WRITE(6,1042) 00159
1042 FORMATIIH+,TET, Y PPMY) 00160
' © O IFIMTYPF.FO42) WRITF(641044) 00161
1044 FORMAT (14,767, MICFOOM/CH MV) anle?
C . 00163
c - CFNFRAL FDRIT WRITF STATFMENTS D0164
- TF (TULT.?) WRITE(&,10%0) TU 0N1es

060 FCRMAT(IR 2 /915 s TYOUR WIND SPIFD WASY 12, MPH, WHICH TS LESS Y, (0l&s
1 PTHAN THE ALLOWED 2 MPH. '3/ TE " THERFFORE, U WAS CHANGFD T0Y 2 ¢, NO167

? YMPH TN THE AFCVE RUNMY) 00168

TF (IPPT LTW0.OP IPFILCT.90) WP ITE(6,1052) IPHI ,PHT 0016°

1052 FOPMAT(IY ,/,TE,'YOUR WIND ANGLF WASY,I4,* DEGRFES, WHICH IS ¢, neETo
1 'NOT THCTHE ALLOWFD RANGF' 4/, T5,'0F 0—90, THERFFORF, !, 00171

2 'PHT WAS CHAMGENR TN, I3,' IN THF AROVE RUN?) 00177

IF (IH.LTe=30) WRITE(6,1054) IH 00173

1054 FOPMATIIK /4 TE,'YOUR PAVEMENT HEIGHT WAS'yI4,' FT, WHICH IS ', 00174
1 YLESS THAN THF ALLOWENY,/,T5,%-30 FT, THEREFORF, H WAS ', 00175

? YCHANGED TR —20 FT IN THF ARCVE RUNS) 00176

TF (ICLASLTaleORGICLASSGTeb) WRITE(6,1056) ICLAS,CLAS 00177

1056 FORMATUIH /T4 'YOUR STARTLITY CLASS WAS ",T1,' WHICH IS NOT %, OGITE
1 "IN THE ALLDOWED RANGE 1-6%4/3T5y*(A~F), THEREFNRE, CLAS WAS ', anl7e

e

2 'CHANCED TO *y11,* IN THF ARQVE RUN?) ao18n

DO B&D T1=1,¢ o018l

TF AIR(I1)elTa0aPMR.ID(IN)GTL1500) WRITE(6451058) TD(T1)},N(11) 00182

- 1058 FORMATIIH +/,T5,*YOUR RFCEPTOR DISTANCF WAS* ,I15,! FT v, 00193
1 'WHICH TS NOT IN THE ALLOWED RANGE®,/,TS5,'0F O0—-1500 FT, ', 001R4

2 'THEREFNRE, TT WAS CHANGFD TOT',I5,* FT IN THE AFQOVE RUNT) 001R%

TE (TZ(T1)alT+N} WRITE(E,1Nn60) 1Z({11) 001R&

1060 FORMATIIH 4/+TS5,*ONE OF YCUR RECEPTOR HEIGHTS WAS,IR,' FT, !, on187
1 'WHICH IS EFLOW THE ALLOWED'4/,T5,'0 FT, THEREFORE TIT WAS ', 00188

2 YCHAENGFD TN 0O FT IN THFE AROVE RUNT') NOIRQ

£60 CONTIMUFE eh Sady

c END OF CUITPUT 00191
€ - 00le?
900 CONTINUF ‘ _ 00193
FND CF SITF LQOP 00194

0019 s

CALL EXIT ‘ ' 00196

END ' . 00197

r - 00198
C LI MEZ2C oaiee
C 00200
c 0201



" CALIFORNIA STATF TEALF DATA CENTER ' VER 02710/,

TR«LAB.PANLIR ) ' G0 © 11440,
c : Co 60202
c THIS SUBRCUTINF CONTAINS OR CALLS THE COMPUTATIONAL PORTIONS 0O0F Q0203
C THE CALIFe LINE SOURCE CARBON MONIXIDE DISPERSION MUDEL. THE - = 00204
c CALLING REQUIREMENTS ARE: , , 00205
C _ Go206
T DIMFNSIDN DI6)s2(8)+COCONCI66)4IDIE)T2(6) ‘ 00207
c INTEGER VPHEF UyPHI yHeCLAS yW4D 42 oozog
c COMMON /CALINE/UOBR,HOMT.CLAS.HOMT.zoMT.DOKM.Donw.cclv,BN01,FTRz, 00209
C 1 FTR3,PI 00210
S . ' 00211
c 00212
c . - _ 00213
c CALL LINF2C(NTYPE yVPHEF UyPHIsHyW3DyZ 4 COMIX,COCONC,IU, . 00214
€ 1 TPHT yTHLICLAS;ID 175 NJISNK ) . 0noz1s
c : : . 00216
c - : . | | . 00217
o INPUTS ARF IN INTEGER FNRMAT AS FOLLOWS: - 00218
c _ 00219
c NTYPE = UNITS DESIREOD FOR CONCENTRATION PREDICTION OUTPUT. 00220
C 1 = PPM . 062z221
c 2 = MICROGRAMS/CUBIC METER ' . 00222
o VPH = VEHICLES PER HOUR o 00223
c EF = AVERAGE SPEED-CORRECTED, HEAVY=-DUTY-VEHICLE~WEIGHTED 00224
C EMISSION FACTOR IN GRAMS/MILE. o - 00225
C U = AVEFRAGE WIND SPEED IN MPH, (CONNOT RE LESS THAN 2 MPH)00226
“C PHI = ANGLF OF WIND TD HIGHWAY. (0 TO 90 DFGREES)e  ZERD 00227
C ‘ IS PARALLEL. : 00228
C H = PAVEMENT HEIGHT, IN FEETe (CANNOT BE LESS THAN -30%) 0022¢
C HEIGHTS APOVE. OR BELOW SURROUNDING GRADE SHOULD ONLY (0230
c BE USED WHEN THOSE SECTIONS ARF I MILF IN LENGTH OR 00231
C LONGER. OTHERWISE CONSIDER SECTION AT-GRADE OR THE 00232
c AVERAGE PAVEMENT HEIGHT OF THE ROUNDING SECTIONS. 00233
C CLAS = ATMOSPHERIC STABILITY CLASS IN NUMERICS. {1-6 = A-F ) 00234
c CLAS IS FOUND IN THE COMMON BLOCK - ' _ 00235
c W = HIGHWAY WIDTH INCLUDING ALL LANES, MEDIAN,; AND - 00236
o ' STANDARD ASSUMED 10' QUTSIDE SHOULDERS IN FEET. 00237
c (MEDTANS SHOULD BF LESS THAN 30! NR EACH SIDE SHOULD 00238
c BE RUN SEPARATELY AND SUMMED AT THE RECEIVER). 00239
c D = ARRAY OF & RECEPTOR DISTANCES IN FEET MEASURFD ' 00240
o PERPENDICULAR TO THE HIGHWAY FROM THE NEARFST 00241
c EDGE OF SHOULDER (SHOULDERS ALWAYS ASSUMED TO BE 10') 00242
c A ~99 VOIDS AN ELEMENT IN THE ARRAY. HNFGATIVE VALUES 00243
¢ ARF NOT ALLOWED, _ 00244
¢ z = ARRAY OF & RECEPTOR HEIGHTS ABOVE SURROUNDING GRADE 00245
c IN FEETe ENTER =99 TO VOID AN ELEMENT, ' 00246
C ' 00247
C THIS SUEROUTINE USES LABELED COMMON AND SHOULD NOT DISTURB 00248
c COMMON nLocxs USFD IN THE CALLING PROGRAM. 00249
¢ , ' AP : 00250
c OUTPUTS ARE RFAL: 00251
C COMI¥ = THE MIXING CELL CONCENTRATION IN UNITS SPFCIFIFD BY 00252
C INPUT PARAMETER NTYPE,. 00253



CALTIFORNTIA TTATS TEALF DATA CENTEF VER 0271077

TR.LABJPANLIF Q.0 11 4404°
C COCONC= ARRAY OF CONCFENTRATIONS AT THE INTERSECTIONS OF VALID 00254
c DISTANCES AND HEIGHTS AS INPUT RY PARAMETERS Z AND D 00256
c IN THE ORDER: COCONC(2,0D) 00256
c ‘ . : 00257
C COUNTERS ¢ 00258
N o N = NUMRER OF MEIGHTS. 00259
Cc MK = NUMBER 0F DISTANCES., 00260
C 00261
c EDIT FLAGS ARE INTEGERS WHICH SHOULD EQUAL CORRESPONDING INPUT 00262
c PARAMETERS. IF THEY ARE UNEQUAL THEN AN ERROR WAS EQUND AND A 00263
f STANDARD FIX-UP PERFNPRMED . 00264
C : 00265
SUBPOUTINE LINE2C(NTYPF ,VPHEF,UyPHIHyWyDqZ, 00266

1 COMIX,COCONE, 0n267

2 TULIPHI 3 THy ICLASyTD+IZ 4NJyNK) D026 8
DTMENSTON D(E)2Z(6),COCONCI6,6) ,ID(6Y,TZ(6) 007269
INTEGER VPH FFyUyPHI yHyCLAS yWoD 97 00270
CrMMON /CALINF/UORR,HOHT.CLASswPMT.ZOMT,DOKM,DODH,SFIY,BNOI,FTR2, 00271

1 FTR2,pPT 00272

, GATA MOWT/28/ ' : 00273
o CFNFRAL FDITS 00274
E JICLAS=? 00275
=3 00276
IPHT=7%& no277

IH=10 00278

ho 1 I1=1,¢& 00279
I0{11}=10 00280
TZ{T1)=10. 00281

1 CONTINIE : 00282

TF (CLASCCT0,ANDLCLASLLT,.7) GO TO 2 00283
TCLAS=CLAS ‘ - 00284
CLAS=1 : o028%

IF (ICLASWCT<6) CLAS=6 00286

2 IF (U.GF.2) GP TN 4 00287
Tu=u : oargee

V=2 ‘ ' 00289

4 D07 I1=1,6 ' : 00290
IF'(D(II!.NF.-99.AND.(D(Il).LT.0.0R.D(III.GT.ISOO)l G0 TO S 0029]

IF (Z{T1)4lLToa0.ANDLZ{I1}4NE.~-99) GO TO & 00292

GO0 TO 7 na293

5 ID(I1)=P(T1) 00294
D(I1Y=D 00295

IF (ID(T1)aGT«1500) DET1Y=1500 00296

G 1O 7 ‘ 00297

&6 IZ{11)=2(11) 0029 R
Zi11)=0 : : 00299

7 CONTINUE 00300

"B IF (H.GF.=30) 60 TO 10 00301
IH=H 00202

Hz==3( 003203

10 IF {PHILF.90.ANDPHILGF.0) GO TO 12 00304
TPHI=PH] 0030F
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C 14

DO 800 J=1,6

02/10/7¢

CCALIFORNIA STATF TEALE DATA CFNTFR *, - ‘ VFP
TR4LABSPANLIR o 7 9.0 11 e40o54
-PHI TARS{PHT) 003nNe
IF (PHIWGT4%0.AND.PHI.LE.180) PHI=180~PHI 00307
CIF (PHIGTW180,ANDWPHT 4LF4270) PHI=PHI-180 00208
“IF (PHIWGY4360) PHI=O : - 00309
TF {PHT,6T.270) PHI=360-PHI 00310
IF (VPH.CTJN.AND.EF.GT.0.AND.W.GT.0) GO TO 14 00311
WRITE{£,1012) 1 - 00312
FORMAT(1H1, "RUN #',I3/9Y0U BLEW IT ONE DF YOUR VARIABLEQ s v, 00313
1 'NFGATIVE NR 0 THAT SHOULD NOT BE.'/FCHECK YOUR VPH, EF, AND ', 00314
2 YHWY WIDTH TN FIND THE  MISTAKE o) 00315
ALt EXIT : Nno21é
: o ' . 00217
CHMVFRSION TD METRIC SYSTEM ! po3rs
HOMT =H/3,28084 ' : , .. 0031@
- UOBR=U/2,23714 e po3zo
WOMT=W/3.28084 ' 00321
PI=3,1415027. 00322
PHOR=PHY*PI /180, nn323
o : 00324
SNURCF STRENGTH 00325
QOXWND =1, T3E~7%VPHXEF 0032¢
OPWND =0OXWND*WOMT 00327
: 00228
TF PAVEMENT HEIGHT {H) IS < 0 FEET, IT 1§ CONSIDERED TO PE AT 0na29
GROUND LEVEL. THE RESULT OF THE RATIO SUBRCOUTINE (1 IF NOT A 00330
CDFPRFSSED SFCTIONY IS THEN USED T0 ACCOUNT FOR DEPRFQSED SECTICNS .00331
IF (HelLT40) HOMT=0, 0nazz2
ROTN=1.0 _ , 00333
CALL RATIN(H,VPH,PHI,U,ROTO} 00334
: ‘ 00335
MUMBER (OF TNTFGRATION STEPS (AREA SOURCES) FOR PARALLEL WIND, 00336
RASED ON DISTANCE CLOSEST TG 1/2 MILE THAT WILL BE EVFNLV 00337
DIVISABLF RY HIGHWAY WIDTH ‘ 00338
NODW= ( (WHRINT (26404 /H+0.5))1/3.28084) /WOMT 00339
NSEG=INT(DODW+0.5) 00340
00341 -
MIXING CELL CONCENTRATION 00342
HOMT=0, 00342
ZOMT=0,. 00344
DOKM=0. 00345
' » ' ' - 00346
THE MONEL ADDS COMPONENTS OF THE "PURE® CROSSWIND AND PARALLFL 00347
WIND MODELS VIA A PERCENTAGE DERIVED FROM THE SQUARE OF SIN(PHI) 00348
AND THF SQUARE OF COS(PHI} (FOR PARALLEL WIND). 00340
COMIX=(SIN(PHOR }**2 J ¥ XWIND(QXWND) + 00350
1 (COS(PHOR)¥%2)*PARWND {NSEG ,OPWND) 003531
TF (NTYPESFQel) COMIX=COMIX%0 00245/ MOWT 00352
: 00352
RECEPTOR HFIGHT LOOP 00354
TF (HeGTo0) HOMT=H/3,28084 00355
NJ=6 0356
00357
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" CALTECPNIA STATE TFALF DATA CENTEF VER

TRLAF GPANLIF Ce0

IF (2{J).EQ.—-%99) GO TO 790

IOMT=Z2(JY/ 2. 28084

TF RECFPTDOR HFICHT IS LFSS THAN OR EQUAL TC S FEET, IT 1S
CONSIDERED TO BE AT GROUND LEVEL

IF (7{J)Y.LELS]} ZOMT=0,.

RFCEPTUR DISTANCE LOOP
NK=£&

DO 700 K=l,6&

IF (DIKYFR.=9¢) GN TO 690

IF THE RFCFPTOR DISTANCE IS 0O AND THE RECEPTOR HETIGHT 1% IN THE
CMIYING CFLL (UP To 120 AROVE TuF HWY) THE RECEPTOR IS GIVEN THFE
CMIXING CELL CONCFNTRATICN,.

COCONC I8 )=COMTIX
CIF (DIK)JFOL0.ANDL((Z(J)~H) JGE, ﬂ.AND.(Z(J)-H) tFe.121) GO TO 700

TOKM=GIK) /3280484

CONONCEDZKI=({STIN{PHOR }XR*2 )RXWTINN{QXWND ) +
1 ENS{eRNP Y2 2P ARWND {NSFG,OPWND ) }XROTO

IF (MTYPF.5Qal) COCOMCL{I4KI=COCNNCIJIGK )0 02465/ MOKT
‘ GO0 F0O 760
. A90 MNEK=NK-1

700 CFNTINUL
Lii.. 60 To goo
RAY AL ANELNES |
. P00 CONTINUE
€ END OF RECEPTAR LOOPS
¢
S RETURN
- END
..
€ XWIND g
¢ _
C CROSSWIND FUNCTION FOR “PURE®™ CROSSWIND MODEL
c
¢
FUNCTION XWIND({QXWND)
COMMON /C AL INE/UORR s HOMT , CLAS s WOMT y ZOMT s DOKM 4DODW s SG1Y, BNOT,FTR 2,
1 - FTR3,P1
INTEGFR VPHsEF UyPHI yHCLAS yW4D 47
c .
XWIND=QXWND*1 OF 6k (EXP (= 5% { (ZOMT+HOMT } /SGOZ (1) )%%2) +
1 EXPU~o B (ZOMT~HOMT)/SGOZ{1) ) %%2Y)/
: 2 (SORT(2.%PT)%SGNZ{1)*UORR)
C
. 'RETURM
.. . END
C.
c. .
c PARWND
c

02/10/76
11 .40 ,.56

OC3%F
00359
003460
00361
00362
00363
00264
00365
00366
00267
00367
0N366
00270
00371
00372
00373
00374
0ae3Ts
00376
00377
on37e
0037¢
00380
00381
0o3age
00383
00384
00385
o0386
00387
00388
003R9
00320
00391
nn392
00393
00394
0039F.
00396
00397
00398
00399
00400
00401
00402
00403
00404
C0405
00406
o0407
00408
00409



CALIFDRNIA STATF TEALF DATA CENTER
TRLABJPANLIB
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PARALLEL WIND FUNCTION FOR THE WPURE®™ PARALLEL WIND MODEL

IN THIS MODEL, THE HIGHWAY IS DIVIDED INTO A SERIES OF
AREA SOURCES (W' X W', WHERE W IS THE HIGHWAY WIDTH),

VER
Gt

SQUARE

CONCENTRATIONS FROM FACH AREA SOURCE ARE SUMMED AT THE RECEPTOR

FOR A CUMULATIVE CONCENTRATION., FOR EACH AREA SOURCE,
DISTANCE IS USED TO MOVE THE X-AXIS INWARD TODWARDS THF

A VIRTUAL
ACTUAL

02710/
11.40,°

00410
00411
00412

00413

00414

00415
00416

HIGHWAY CENTERLINE. THIS ARTIFICIALLY FORCFS THE MODEL TO ASSUMEQO417
UNTFORM CONCENTRATION WITHIN THE MIXING CELL, A CONDITION WHICH

WOULD NOT OTHERWISE EXIST WITH A VIRTUAL POINT GGURCE.

THE HIGHWAY LENGTH FNR APEA SOURCE DIVISION 1S 1/2 MILE,y AND A
SCALING FACTOR (WHICH IS A FUNCTINN OF STARILITY CLASS) IS USED
TO INCPFASF CONCENTRATIOMS TO THOSE FOR AN "INFINITE® LINE SOURCEQQ424

OF 5 MILFS LENGTH,.

FUNCTION PARWNDI{NSEG ,QPWND)
DIMENSION SCALE(#)

COMMON /FALINE/UOBR,HOMT'CLAS,HOMT,ZOMT DOKM ,DODW, QGlY,BNOl,FTRZ,

1 FTR3,PI
INTEGER VPHEF UsPHI yHyCLAS yWeD o7
DATA SCALF/1e030u69490486430,73,0,6140.48/

.YOMT=DOKM*1000.

ESTIMATE FOR SIGMA Y TO OBTAIN VIRTUAL DISTANCE
SGIY=WOMT /4.3
CALL WOADJ

VIRTUAL DISTANCE (IN KILOMETERS)
VIRTX=RANOL

X=AX1S ADJUSTMENT
£G2Y= SGlY*SQRTl*?.*ALGG(SGIY*SQRT(Z.*PIl/NOMT))

TRANSPOSFE Y=-AXIS TO "MIDDLE"™ OF FIRST AREA SDURFE
DWOK = (DODW—1 4 ) %¥WOMT/1000.

Loce FOR ADDING AREA SOURCE* CONCENTRATIONS
CONC=0.

DO 100 IN=1,NSEG
DOKM=DWOK+VIRTX
YZMT=(YOGMT+SG2Y)/S60Y(2)

TO PREVENT EXPONENTIAL UNDERFLOW
1F (Y2MT.GT.9.) Y2MT=9,

CDNCT*QPHND*FXP(—.5*Y2MT**2)*lEXP(-.5*€(ZOMT*HOMT)/SCO?(2))**?I

1 + EXP{—eS5¥({ZOMT+HOMT)/SCOZ(2) )%%2) )/
2 (24*PT*SGOZ(2)%SGOY(2 1 *UOBR)
CONC=CONC+CNNCT

00418
00419
00420
00421
00422
00423

00425’
00426 -
00427
00428
00429
00430
00431
00432
00433
00434
00435
00436
00437

- 0043R

00439
00440
00441
60442
00443
00446
00445 .
00446
00447
00448
00449
V0450
00451
DO4ED
00453 -
- 0048 4
00455
00456
00457

00458 -

00456
00460
00461,



CALTFORNIA STATE TEALE DATA CENTER VEP
TR.LAPLPANLTE . 940

kel

N0 0NN 0O

a0

oy n' s

fala}

o

100

DWOK =DWOK=WOMT /1000,
END OF ARFA SOURCE Loop

PARWND=CONC#*140E6/SCALE (CLAS )

RETURN
EMD

- SGOY

THIS TS THF FUNCTION FOR CALCULATING THE MORIZONTAL DESPERSINN
PARAMETER, SIGMA v,

FUMCTION SCOY(IDUMR) ,
"IDUME™ TS STRICTLY A DUMMY VARTARLE § IS NOT USED

coMmMeN /CALINE/UNBR \HOMT, CLAS s WOMT , ZOMT ,DOKM 4DODW ,S 61 Y5 RNOL,
FTR24FTR3,PT

TUINTEGER va,EF.U;PHr»H,CLAs.w,o,z

MIXING CELL DISPERSIDON PARAMETER (DEPENDENT ON HIGHWAY WIDTH)
T£ (DOKMLGFLBNNTY GO TO 100

- SGOY=SG1Y

Yoo

" RETURM

GO TE (11041204130,140,150,160) ,CLAS

"7 STABILITY CLASS A
Troo

IF (DOKMelT,49) SGOY=FTRZ*DOKM**FTR 2
IF (DOKM,GF 009 o ANDWDOKMoLTe 2, ) SGOY=247 JS5%DOKM*% , 602
IF {DOKMWBFo2.) SGOY=215,2%D0OKM*k, 898 .

" RETURN

©° STARILITY CLASS B
120 7
" 1F (DOKM.CE. .94 AND<DOKMoLTe145) SGOY=1724*DOKM%E*, 707

IF (DOKM4LTee9) SGOY;FTRZ*DOKF#*FTR3

IF (DOKMeGEL1,.5) SGOY=161%DOKM** 874

~ RETURN

130

STABTLITY CLASS €

IF (DOKM,.LT..8) SGOY=FTR2*DOKM**FTR3

"IF (DOKM.GE o o8B+ ANDoDOKM LT el,.5) SGOY=128,.4%DOKM¥* .69

IF {(DOKMaGELla5} SGOY=121.77*DOKM**.817

" RFTURM

T ETABILITY CLASS D

140

IF (DOKMalTeeb) SGOY=FTR2%DOKM*%FTR 3

IF (DOKM.GE;.6.AND.DGKM.LT.1.5) SGOY=98 .65%DOKM** 5ep
IF (DOKM.GE.1.5) SGOY=89,6%DOKM*%k 826 ‘

RETURN :

C-10

02/10/76
11,40 ,56

00462
00463
00464
00465
0466
00467
00468
Qan46¢
00470
00471
00472
00473
00474
00475
00476
00477
0047R
00479
00480
00481
00482
00483
00484
00485
00486
00487
00488
00489
00490
00491
0n492
00493
00494
00495
00496
N0497
00498
00499
0ons500
00501
ansoz
a0s03
Q0504
Q050+~
00506
00507
00508
fos0e
00510
00511
00512
00513



CALIFORNIA STATE TFALE DATA CENTER VER
TRLAE JPANML IF ' . Q,n
c

c STABILITY CLASS E

(g}

150

140

OO A0 O

100

110

120

IF (DOKMelLTea7) SGOY=FTRZ#DOKM**FTR3 '

IF (DOKMeGFoeT e ANDDOKMoLTela5) SGOYSTO o¥DOKM¥¥* 404
IF (DOKM,GE.1.5) SGOY= 61.*DOKM**.82

RETURN

CSTABILITY CLASS F

1

IF (COKM.LTes6} SGOY=FTRZ*DOKM**FTR3

IF (DOKMoGF o ob o ANDJDOKMaLTo165) SGOY=53 J5#DOKM** (42K
IF (DOKM GF,1s5.ANDDOKMLTe3e) SGOY=49 XDOKMEKE ,653
IF (DOKMeGEL3.0) SGOY=3R.,6%XDOKM¥*,8T6

RETURN

END

SGc07

THIS IS THE FUNCTION FOR CALCULATING THE VERTICAL DISPERSION
PARAMETER, SIGMA Z

02/10 /76
11,40.5¢

00814

00515

00516
00517
00518
nos19.
00520 .
00521
00522
00522
00824
00525
00526
00527
00528
00529
00530
00531
00532
0ns33 .
00534 .
00835

. 00536

FUNCTTION SGOZ{IDUMR) .
*IDUMBY IS STRICTLY A DUMMY VARIABLE & IS NOT USED

COMMON /CALINE/UOBR’HOMT'CLAS'NOMTQZOMT’DOKM'DODHrSGiY'BNﬂl,FTsz
FIR3,PT
INTEGFR VPHFF UsPHI sHsCLASyWsD 927

MIXING CFLL DISPFRSION PARAMETER
TF (DOKML.GE-2001) GO TO 100
SGOZ=4,

RETURN

GO TO (11041205130,140,150,160)4CLAS

STABTILITY CLASS A

IF (LOKMelTea04) SGOZ=4Te4XDOKM%%R ,357

IF (DOKMoGF 004 e AND4DOKMeLTael) SGOZ=91%DOKMXX,562
IF (DOKMoGE o0l « ANDDOKMat Toe2) SGOZ=148 4*DOKM*¥ ,T78B2Z
IF (DOKMeGF 2 02 o ANDeDOKMaL Taoé} SGOZ=3004%DOKM=¥] 422
IF (DOKMoGE, o4} SGOZ=4B9,*DOKM¥**1,74

RETURN '

STABTILITY CLASS B

1F (DOKM,LTasl) SGOZ=34,9%DOKM*%,314

1F (DOKM.GFoal.‘NDoDOKMeLTooz, SG02=62¢*DOKH**6565
1IF (DOKMGE o e2 e ANDDOKM oL Ta &) SGOZ=T78 o *DOKM¥%, 71
TF (DOKMGE o ot a ANDDDKMoLTele) 3G0Z=105, *DOKM**loﬁk
IF (DOKM.GFela) SGOZ=1085, *DOKH**I-104

Cc-~1l1

00537
00538
00539
00540 -
00541
00542
00543
00544
00545 .
00846
00547
0054 8"
00549 "
00550
00551
00552 ..
00553
00554
00555
00556

00557
00858,
00589
00560
00861,
onsez-
00563
00564
00565
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120

140

1E0

160

-ﬁfﬁﬁt\hrwn;jn.

CCALIFCRNTA STATE TFALF DiTﬁ CENTEPR VER

TRLAE SPANLIF 9.0
. RETURN

C

c STARILTITY CLASS €

TF (DOKMeLT «ol15) SGOZ=28.4%DOKME¥ o283

IF (DOKMaGF 4 o150 AND oDOKM oL Tea3) SG0Z=45 ,8¥DOKM*k* .53 &
JF (DOKMeGF o 06 o ANDQDOKM oL Tale )} SGOZ=58 4 %DOKM*% g2 2
JF (DOKM,GFsle) SGOZ=5B8.%DOKM*% 909

PETURM.

STABILYITY CLASS D

IF (NOKMalTea2) SGOZ=27 J4¥NOKMYX%, 249

TF {DOKMoGE o o2 e AHDIOKM oL T o a5} CUNZ=286 o PRDOK Mk ,2 6
TF (DOKMoGF o oS4 AMDGDOKM oL T, ) CLAZ=A] 4 DOKMEX F 24
IF ‘DOKMeﬁFulo, FCOZ=31.4*DOKM4°.652

FETURN

STARTLITY CLASS E

TE (DOKM.LTee3) SGOZ=17.44%DOKMYx 213

JFE (DOKMUGF 4 o3 0 ANDGDOKM L Te e7) CONZ=20.32%DOKM**, 340
IF (DOKMeGFes7) SGOZ=21.98%DOKM*x,561

RFETURN

STABTLITY CLASS F :

ITF ATOXM A Tee5) SGOZ=13,6%DOKMA%, 177

IF (DOKMofF ¢ o5 ¢ ANNADOKM ol Tl oE) 5G02=14 6B%DOKM** ,2FG
IF (COKMuGE«145) SGOZ=13,2%DOKM*¥% 582

RETURN

CEND

1

1

1

RATID

SUBRGUTINF RATID = TO ARTIFICIALLY INCREACSE THE MIXING CFELL

CONCENTRATION IN A DEPRESSFD SECTIONN

SURRCUTINE PATIN(H,VPH,PHT,U,ROTM)

COMMON /CALINE/UGBR s HOMT yCLAS y WOMT » ZOMT 3 DOKM 4 DODW 4 SG1Y 5 RNO2
FYR3,PI

INTEGER VPH,EF Uy PHI gHyCLAS oW oD y2

IF THF HTGHWAY IS NOT DEPRESSED, RETURN A VALUE NF 1
ROTI=].,
IF {H.GF«N.} RETURN

IF (CLAS.F0.1) .
ROTE=10e%%(~0418)64+4H%0.0144B4+VPH*] 4 430E=5+PHI*T JOF—4 )
TF (CLAS FCa2) '
ROTO=10e** {0421 754 +H%X0e01431~PHI*T o 2E~4—}%0 402 PE D}

Cc-12

P FTRZ2,

02/10/7¢
11,40 .5+

0086
00867
0056 R
00560
00570
00571
00572
00573
Q0574
00575
00576
0057
O0S7R
0057C
onsRo
00581
005R 2
0ose2
00584
0NEgs
00586
00587
00588
0n&s8¢g
00520
(05G1
onsaez
00593
0n594
00R9 K
N00Res
0GE97
0Qkogp
00kge
00600
00601
00e0?2
N0602
00604
DOEGE
00606
00607
0060R
00609
00610
0ns11
00612
00612
a0&l4
00615
00€l ¢
00617



CALTFCRNIA STATFE TEALF DATA CENTER . VER ‘ 062/10/7¢

TRLLARJPANLIFR Ge0 | 11,40.56
TF (CLAS.CT.2) nos1e-
1 ROTO=10.%%(0,02019+H*0 401 3R+VPHR 4, 9BE=6=U*5 , TAF~2) ‘ 00616
IF (ROTC.GTL1.0) ROTO=1. , . 00620
Y : : 00621 .
= RETURN 00622
: END ' 00623
c \ - 00624
- C 00625
o 00626 -
N WOAD J . o 00627
¢ - ) ' 00628 .
S THIS SURROUTINF ADJUSTS THE FIRST LINEAR. SEGMENT OF THE SIGMA Y 00629
¢ CURVES T CAMPENSATE FOR DIFFFRENT HIGHWAY WIDTHS ., THE MINIMUM 00630
c RISTANCE IM KILOMETERS 1S FOUND USING AN EXTRAPOLATION OF THE 00631
I STABILITY CLASS AW SICMA Y CUF VT DF THE OLD CALTRANS MODFLe 00632
S ' ‘ 006373
Lo : - 00834
| SURROUTTINF WOAD Y _ 00638
DIMENSICN FACTOP(3,46) . . 00636
i COMMON /CAL TNE/UCHR yHOMT 3 CLAS s WOMT o ZOMT , DOKM 4DODW ,SG1Y, BENOTL,FTR 2, 00637
. 1 FTR3,P1 : 00638
INTEGFP VPH  EF yUyPHT oM, CLAS yW oD 42 ' 00639
DATA FArTnR/o 9924243690494 008y169090e462,0.8,4120450,397,0, &9 00640
1 BEoe9690e2b690e7165%490030490e694G090e2637 | 00641
c _ © 00642
PENOLI=(SC1Y/24) 4917 )4% (1 /0 ,4T766) _ .. 00643
ENOZ=FACTOR (2,CLAS)*{FACTOR(1,CLAS)**FACTOR(3,CLAS}) ' 00644
FTRI=(ALOGINIBNO2 J=ALOGLI0(SGLY) }/(ALOGIO(FACTOR{1,CLAS) )~ 00645
1 ALDGIO(PNGT)) 00646
FTR2=SCG1Y/(BNOL1%:*FTR3) 00647
o : : : , . T O0B4R
' PETURN ' : ‘ 00649
END . : _ 00650 o

*xkkdk ABOVE ACTION SATISFACTORILY COMPLETED *k#kkk
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The following are the input deck and sheets for accessing the FORTRAN
program containing CALINE2. Included is an example run of the program.
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L]

INPUT DECK FOR CALINEZ2

[/Z/FT¢5F¢¢1

7

R

// FT@6Fagt | N+2

b JCL
N SETS 3F -
TITLE, INPUT DATA,
& RECEPTBRS

BUTPUT TYPE,
N=# &F SIMULATIBNS]

IR

Input 'D_at.u

( //STEPLIB

( //STEPGNE
r // % FSRMAT '

r // REGIBN

// JBe
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o

NOTES FOR JCL(JOB CONTROL LANGUAGE)CARDS

Caxrd
Sequence ‘
Number Item - “Itéem Description

Optional job identifier, can be left blank
District identification character.*

1

District identification character.*

MSP code.*

Source code for your job.

Charge code for your job.

Expenditure authorization code for your job.

© NG AW

Special Designation code for your job, may be left blank
if you have none. ' ' :

Note that items 5-8 are noft to be separated by commas, Don't forget
the ")," after item 8 and if item 8 is left blank or does not require
the entire 9-character field, move the ")," to the left so that there
are no blanks.

9 User name, can be any form of your name which will fit
in 8 characters or less. If less than 8 characters,
move the "," to the left so there are no blanks.

3 10 Output form code, "021" if the output is to come out
at your district's remote printer (unless your standard
form is different from 14"x8 1/2"), If vou desire your
output to be printed on 14"x11", route your output to
Teale Data Center, and request "061", If you want to
Put your output directly in a report, or have it in an
eagily~-xeroxable form, route it to Teale, and request
"075". See items 11 and 12 for the last two options.

11 Carriage control code, tells the printer where to expect
to page, according to the type of output form requested.
For "021" in item 10, this code should be "A"., For either
"061" or "075", it should be "D".

12 Destination code, tells the computer where the output is
to be printed. Usually of the form "RMT -=" where the
blanks are replaced by your printer destination code.*
This routes the output back to you. If you want it to
be printed on the high-speed printers in Sacramento at
the Teale Data Center, which is usually the case when
your remote printer has a large backlog, or when you
request other than standard forms (see items 10 & 11),
encode "TDC" and ignore the two remaining blanks. The
cutput will automatically be sent through the State mail
or courier system to your EDP section or to the remote
Printer site, and can be picked up there.

* Contact your EDP (Electronic Data Processing) section for the codes
assigned to your District or job,

Cc=-17



Cards N+1 and N+2 are to be placed after the end of your input data
cards. Don't forget them.

NOTE: The sequence numbers in the last 8 columns of each card are
only that; they are for your convenience and for use as reference
here, and may or may not be included on vour card since the
computer will ignore them.
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NOTES FOR INPUT DATA CARDS

Card ;
Seguence . Hoe
. Number Item Item Description * o

7 1 Form of ocutput
o 1 = pollutant concentration in parts per million (PPM)
2 = pollutant concentration in micrograms per cubic

meter
2 Numbe:,offéeparate simulation runs
8 : 3 Title forfSimulation run. If you want the title centered

on the qutput; center it on the card.

,%QQ 4  vehicles per hour
5 Average,'sbééd—céffected, heavy-duty-vehicle-weighted
emission factor, in grams/mile
6 AVerage'wfﬁd speed, in miles/hour (cannot be less than
2 mph) " -
7 Angle of wind to hiéhway, in degrees (must be in the

range 0-90f, inclusive)

8 Pavement height, in feet (cannot be less than -30')
note that heights above or below grade (for fill or
depressed sections) should be used only when those
sections are 1 mile in length or longer, otherwise
consider the section to be at-grade, or at the average
pavement height of the bounding sections,

9 Atmospheri¢ stabilify class, in numeric format
(1-6 = A-F) '
10 Highway wiéth, inclﬁding all lanes, median, and

10' on each side of the highway, in feet (medians
should be 30' or less, otherwise simulate each side

" : separately and add concentrations at the receptor
site) S

10 11 Six receptor distances perpendicular to highway, to
nearest foot within ‘each S5-character field. Enter
-99 for each distance not desired. (distances cannot
be negative, nor greater than 1500', which is the
limit of the microscale)

All inputs are in integer fofmat which, for FORTRAN, means they
"will have to be right justified withi the field.

2




Card
Segquence
Number Item Item Description *

10{cont.) 12 Six receptor'heights above grade, to nearest foot
within each 5-character field. Enter =99 for each
height not desired.

Items 11 and 12 will be used together to create a
receptor matrix, i.e., each distance will be used

in turn with each of the heights. The entire matrix
will be output for each simulation run. The matrix.
can be as small as 1 x 1 (only 1 receptor), and as
laxge as 6 x 6 (36 receptors).

You will need as many sets of cards 2, 3, and 4 as you have separaLe
simulation runs.

*All inputs are in integer format which, for FORTRAN, means they will
have to be right justified within the field.
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INPUT DATA CARDS
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YO eaCE 1 EgamgTEn '
CALINEZ: CeLIFORMIZ LINE SGURCE GISPERSION MODEL,
REVISED JANUARY, 1475

GAMPLE RUN (F CALINE2

PREDICTFD CO CONCENTRATION (PPM)

VARIARLES RECEPTOR DISTANCE PERPENDICULAR

| HEIGHT TO HIGHWAY (D FEET)
i veHs 1GGOG {72 FEET) 106C 200
; (F= 28 GMS/MI
; u= 3 MPH 5 ' 4 0 24
! "PHI= 40 GEGREES
EYES -1% FEET
CLAS= & (1)

W= 120 FFFT

MIXING CELL CONCENTRATION = 14,1 PPM




B SAMPLE ComeuTER, Ruacs

INPLT CARD COLUMN NUMBERS -~
: A
“Al*“l.1l.“*d.lazt-.al*aaqnzalan*.h¢.4--..*AAACSA‘G‘*l“‘é‘d‘.*an.‘?;
1 42 :
SAMPLE CALINE RUN 4
4000 25 3 e .o :] 120
@ 100 200 460 860 1060 5 io 20 40 60 -99
SAHFLE_CALINE_RUN 2
46000 25 3 45 0 i 1206
Q100 200  400_ B00. 1660 5 i0 20 40 68 —-99
SAMFPLE CALINE RUN 3
6000 25 3 0 0 i 420
0 100 200 400 800 1600 5 §io 20 40 60 -99
SAMPLE CSLINE _RUN_4
4060 25 3 90 o] 2 120
Q__109__ 260 400 _ 8204 Qo _ 5 i0 20 40 L0 __—99
SAMPLE CALINE RUN 5
5000 25 3 45 0 2120
0 1690 200 400 800 1000 5 io 20 46 60 -99
SAMPLE _CALIME_RUN_&
&000 25 3 0 0] 2 120
—— 0 100 200 400 8500 1000 cem w3 10 20 . _40 . 40 _-99 —
SAMFLE _CALINE RUN 7
6000 25 3 ?0 0] 3 {20 ,
- O 100 200 _ 400 _ 8500 1009 5 10 20 40 L0 —99
SANFLE CALINE RUN 8
6000 25 3 45 6 3 120 :
© 100 200 400 800 §000 5 10 20 40 60 ~99
~SANMFLE-CALINE—RUN._©
6000 25 3 o) 0 3 120
O 190 200 _.400 _800_1000 o] io 20 460 60 _-~99
SAMPLE CALINE RUN 10 -
6000 25 3 vaol o] 4 120 : _
¢ 100 200 400 869 1000 5 10 20 40 60  -99 .
SAMEFLE _CALIN E._RUN_11%
6000 23 3 45 0 4 {20
(0] 100_“}1(-1(-2__._49_9___8_&0_“@00 5. 1020 __40_ 40 -99
SAMFLE CALINE RUN {2 .
5000_ 25 3 (0] 0 4 120
© 100 200 400 800 1000 5 10 20 40 60 -~99
ETC.
C~25




CPAGE 1 08/26/75 "
CALINE2: CALIFORNIA LINE SOURCE DISPERSION MODEL,
REVISED JANUARY ) 1975

SAMPLE CALINE RUN 1

PREDICTED CO CONCENTRATION (PPM}

VARTABLES ' RECEPTOR : DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET]
VPH= 400L0O ‘ (Z FEET) 0 100 200 400 800 1600
EF= 25 GMS/MI : )
U= 3 MPH &0 0.0 04 0.4 Cetr 0.2 0.2
PHI= 96 DEGREES 40 O.0 0.7 0-6 Oo4 0U.2 Ue2
' H= ¢ FEET 24 : 1.1 C.9 Oe7 G5 O3 Ue2
CLA5= 1 (aA) 10 344 l1.0 0.7 VeSS 0,3 V.2
W= 120 FEET 5 3e4 1.0 0.7 0.5 Ce3 0.2
MIXING CELL CONCENTRATION = 3.4 PPM

SAMPLE CALINE RUN 2

PREDICTED CO CONCENTRATION (PPM)

VARIABLES RECEPTOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
.= 6000 (2 FEET) O 160 200 4U0 800 10u0
EF = 25 GMS/MI
U= 3 MPH 60 0.3 Oudr L JA 0.3 0.1 0.1
PHI= 45 DEGREES 4q O+4 0.6 De5 0«3 0.1 O.1
H= O FEET 20 la4 C.8 Qeb Ce3 Uel Del
CLAS= 1 (A) 10 3.8 el Qb CGa3 0.2 0.1
W= 120 FEET s 3.8 0.8 Geb Vet Ce2 0.1
MIXING CELL CONCENTRATION = 3.8 PPM

SAMPLE CALINE RUN 3

PREDICTED CO CONCENTRATION (PPM}

VAR TAELES RECEPTOR DISTANCE PERPENDICULAR
HEIGHT - TO HIGHWAY (D FEET) '

VPH= 4000 (Z FEET) Q 100 200 400 800 1000
EF = 25 GMS/M1

U= 3 MPH - 60 Qb 0.5 O.4 Oe2 0.0 Q0

PHI = O DEGREES 40 0.7 0.6 0.4 0.2 Qa0 D.0

H= o FEET - 20 le.8 0.6 0«5 0.2 Ue0 0.0

CLAS= I ta) 10 He2 C.7 Ce5 U2 Oal 0.0

r= 120 FEET 5 402 Ge?7 Ce5 0.2 Ge0 0

MIXING CELL CONCENTRATION = “4e2 PPM
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: CALINEZ2: CALIFORNIA LINE SOURCE DISPERSION MODEL,
- REVISED JANUARY, 1675

SAMPLE CALINE RUN 4

PREDICTED CO CONCENTRATION (PPM)

| VAR TABLES RECEPTOR DISYANCE PERPENDICULAR
| HEIGHT TO HIGHWAY (D FEET)
; VPH= 6000 (Z FEET) (] 100 200 400 UL 1000
EF = 25 GMS/MI
U= 3 MPH 60 0.0 0.3 0.4 Cet (A O3
PHI= Q0 DEGRE&S 40 0.0 0.7 0.7 0.6 0.4 .0.4
H= d FEET 20 1.1 le0 0.9 Qa7 0.5 Oelt
CLAS= 2 (B) 10 3.4 1.1 0.9 G.7 0.5 O
W= 120 FEET 5 34 1.2 0.9 0.7 GCab Qo4
MIXING CELL CONCENTRATION = 3«4 PPM

SAMPLE CALINE RUN 5

PREDICTED CO CONCENTRATION (PPM)

VAR TABLES RECEPTOR . DISTANCE PERPENDICULAR
HEIGHT T0 HIGHWAY (D FEET)
"TH= 6000 (Z FEET) O 100 200 4Q0 8GO 18300
-F= 25 GMS/M1 .
U= 3 MPH 60 05 L1 P9 De6 Ot 0.2 0.2
1 PHI = 45 DEGREES 40 0.7 069 0.8 Ge5 02 02
: H= O FEET 20 - a9 1.2 0.9 Oe5 0.3 Va2
. CLAS = 2 (B) 10 443 1.3 O .6 0.3 0.2
! W= 120 FEET 5 443 1.3 1.0 Ueb Ge3 02
: MIXING CELL CONCENTRATION = 4e3 PPM
|

SAMPLE CALINE RUN 6

PREDICTED CO CONCENTRATION (PPM}

VAR IABLES RECEPTOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
VPH= 6000 {Z FEET) 0 100 200 40Q BCO 1600
EF= 25 GMS/MI
U= 3 MPH 60 lel 1.0 0.7 Ot Oel 0.0
PHI= 0 DEGREES 40 le4 12 G.9 Qeds Cel 0.0
: H= O FEET 20 2.7 1.3 10 Vel 0.1 0.0
: CLAS= 2 !E' lo 543 let 1.0 Oed 0.1 Ol
é W= 120 FEET 5 S5e3 le& 1.0 Ot Cel 0«0
MIXING CELL CONCENTRATION = 53 PPM

c=27
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08726775 ’
ALIFORNIA LINE SOURCE DISPERSION MODEL, .

- REVISED JANUARY, 1975

VARTABLES

. VPH= 6000
. EF= 25
Cus 3
“PHI = Q0
o H= 0
‘CLAS = 3
W= - 120

VAR TABLES
' iE 6000
wfF= 25
_u=s 3
PHI= 45
. H= B ¢ |
CLAS= 3
we 120

YAR TABLES
¥YPH= 600G0
EF= 25
U= 3
PHI = -0
H= o
CLAS= 3
K= 120

SAMPLE CALINE RUN 7
’ PREDICTED CO CONCENTRATION (PPM)

RECEPTOR © DISTANCE PERPENDICULAR

HEIGHT TO HIGHWAY (D FEET)

. (Z FEET) 0 100 200 400 80C 100G
GMS/MI g : . : :
MPH . 60 . 0,0 O3 " Oeér Ot Qe Q.4
DEGREES ~4O 0.0 0.7 Ce7 Ceb Va5 0.5
FEET 29 | l.1 Qa9 Ue8 Ueb D5
(C) 10 3k 1e2 1.0 0.8 Oeb G.b
FEET- ) 5 3&4 1.3 100 0.9 0.6 Ueb

"MIXING CELL CONCENTRATION = 3.4 PPM

SAMPLE ‘CALINE ROUN 8

-

PREDICTED CO CONCENTRATION (PPM)

RECEPTOR DISTANCE PERPENDICULAR

HEIGHT TO HIGHWAY (D FEET)

{2 FEET) 0 100 200 400 800 1000
GMS/MI - : .
MPH 60, ' 0.9 09 Q7 Oe4 Oe2 Oa2
DEGREES 40 1.2 1.3 l.0 Ge5 Ge3 0.2
FEET 20 206 le7 142  ©eb  Ue3  Tu3
(C) 10 . 5e2 le8 1.3 Q7 Geld 0.3
FEET 5 542 1.8 le3 [+ Py g QQB Ue3

. 'MIXING CELL CONCENTRATION = 5.2 PPM

SAMPLE CALINE RUN 9
PREDICTED CO CONCENTRATION (PPM)

RECEPTOR " DISTANCE PERPENDICULAR

HE1IGHT "~ TO HIGHWAY (D FEET}

(Z FEET) 0  1lo¢C 200 403 306G 1000
GMS/MT ) ‘ ' ‘
MPH 60, . l.8 1.5 1.1 L1 PO 0.0 0.0
DEGREES 49 2sh | ) 13 Dot G0 0.0
FEET 20 ) el 262 14 Q5 0.0 0.0
{C) 1g 7.0 2+3 1.5 Qa5 Ge Oeu
FEET 5 7.0 2o 1.5 0.5 Q.0 0.0

MIXING CELL CONCENTRATION = TeQ PPM

¢ C-28



CALINE2:

VARIABLES
VPH= 6000
EF = 25
U= 3
PHI= 9Q
H= o]
CLAS= 4
H= 126
VARIABLES
M™M= 6000
F= 25
U= 3
PHI = 45
H= 0
CLAS = &
W= 120

VAR IABLES
VPH= 60G0
EF = 25
U= 3
PHI= 0
H= o
CLAS = &
W= 120

CALIFORNIA LINE SOURCE DISPERSION MODEL,
REVISED JANUARY, 1975

SAMPLE CALINE RUN 10

PREDICTED CC CONCENTRATION (PPM)

RECEPTOR . DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY {D FEET)
{2 FEET) 0 100 200 430 809 1600
GMS/MI1
MPH 60 0.0 O0s2 O3 Gots O Je4
DEGREES 40 0.0 006 Va7 Ce7 Oubd Qa6
FEET 20 l.1 1.2 lov Oe.9 U8 V7
(D) 19 et leds l.2 1.0 0.8 0e8
FEET 5 34 le4 le2 1.0 0.8 0.8
MIXING CELL CONCENTRATION = 2e4 PPM
SAMPLE CALINE RUN 11
PREDICTED CO CONCENTRATIDN {PPM)
RECEPTOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHKWAY {D FEET)
{Z FEET) 4] 160 240 400 800 10060
GMS/MI :
MPH 6¢ 15 1.2 .8 Qs 0.2 0.2
DEGREES 4G Z2el 1.9 1,2 05 0.3 0.3
FEET 20 4.0 2¢5 1.6 C.7 Oe4 Qe
(D} 10 70 28 1.7 "'Da7 Ve 04
FEET 5 T «0 2.8 1.8 07 Ot Oett
MIXING CELL CONCENTRATION = T«Q PPM
SAMPLE CALINE RUN 12
PREDICTED CO CONCENTRATION (PPM)
RECEPTUR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
{Z FEET) 4] 100 200 400 800 1000
GMS/MI
MPH &0 209 23 la4 Q3 Cel 0.0
DEGREES 40 . 443 3.1 la8 Ly O0 0.0
FEET 20 6 9 3.9 2el Oe4 Das0 0.0
{D) 10 16.5 o2 23 05 O«0 0.0
FEET 5 10.5 . “e2 23 0.5 Cau 0.0
MIXING CELL CONCENTRATION = 10,5 PPM

Cc~29
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CALINE2: CALIFORNIA LINE "SOURCE DISPERSIUN MODEL ,
REVISED JANUARY; 1975 -
| SAMPLE CALINE RUN 13
PREDICTED CO CONCENTRATION (PPM)
“VARIABLES RECEPTOR DISTANCE PERPENDICULAR
P . HEIGHT TO HIGHWAY (D FEET) _
vPH; 6000 (Z FEET) 0 100 200 4LOU 800 1000
EF= - 25 GMS/MI
o UE 3 MPH 60 0.0 0.1 Q.2 Oe3 Qe Ot
PHI= 90 DEGREES 40 0.0 0.6 0.6 0.7 0.7 0.7
" H=- O FEET 20 1.1 l1e2 lel 1.0 0e9 0.9
CLAS= 5 {E) 10; 34 le5 le3 1e2 1.0 1.0
W= 120 FEET 5 3eb leb 1ot 1e2 1.0 1.0
' | MIXING CELL CONCENTRATION = 3.4 PPM
SAMPLE ‘CALINE RUN 14
PREDICTED CO CONCENTRATION (PPM)
VAR TABLES RECEPTOR DISTANCE PERPENDICULAR
R HEIGHT TO HIGHWAY (D FEET)
S VTHE- 6000 (2 FEET) o 100 200 400 800 1000
i 25 GMS/MI
“L UF' 3 MPH 60 2-0 1.5 0.8 0.2 0.2 002
PHI= 45 DEGREES 40 3.5 2.6 A 0.4 03 0.3
~ H= O FEET .20 643 3.7 1.9 Ce7 G5 0.5
CLAS = 5 (E) 10 1G .0 442 2.1 0.7 Oe5 Ge5
5”?; 129 FEET 5 10.0 4a3 2e2 Qa7 0.5 0.5
MIXING CELL CONCENTRATION = 10U PPM
"SAMPLE “CALINE RUN 15
PREDICTED CO CONCENTRATION (PPM)
VAR FABLES RECEPTOR DISTANCE PERPENDICULAR
HEIGHT 70 HIGHWAY (D FEET)
. VPH= 6000 (2 FEET) o 100 200 400 800 1000
T EFE - 25 GMS/M1 _
U= 3 MPH 60 441 29 let Oe2 00 0.0
PHI = 0 OEGREES - 49 B Y bg 6 2.1 0e2 0.0 0.0
. M= 0 FEET 20 1145 63 2.7 0e3 0.0 040
CLAS = 5 (E) 10 16 6 6e8 249 043 Ce0 0.0
W= 120 FEET S 166 TeO 3.0 O3 0.0 Q.0
MIXING CELL CONCENTRATION = 166 PPM
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CALINEZ2: CALIFORNIA LINE SOURCE DISPERSION MODEL,
. REVISED JANUARY, 1975
SAMPLE CALINE RUN 16
PREDICTED CO CONCENTRATION (PPM])
VARIABLES RECEPTOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY {D FEET)
VPH= 6000 (Z FEET} 0 100 200 400 800
EF = 25 GMS/MI
U= 3 MPH 60 0.0 0.1 O.1 Oc2 O3
PHI = 90 DEGREES 4 (a0 Oe5 Oab Cat 07
H= O FEET 20 lal 1.3 1e2 le2 led
CLAS= & {(F) lu 3.4 1.7 1.5 le#4 l.2
W= 120 FEET 5 3.4 1.8 1ae6 l.4 13
MIXING CELL CONCENTRATION = 3e4s PPM
SAMPLE CALINE RUN 17
PREDICTED CO CONCENTRATION (PPM)
VARIABLES RECEPTOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
V.oAds 6000 {(Z FEET) (¢] i00 200 400 BOO
EF = 2% GMS/MI
U= 3 MPH 50 Zeb 15 0.6 O.1 0.1
PHI= 45 DEGREES 40 55 3.3 1.3 Ge3 Va3
H= O FEET 29 10.7 S5ets Zel Qeb Q.5
CLAS= 6 (F) 10 1640 6.2 2eir 0.7 0.6
W= 120 FEET 5 16.0 &e5 245 0.8 Ot
MIXING CELL CONCENTRATION = 160 PPM
SAMPLE CALINE RUN 18
PREDICTED CO CONCENTRATICN (FPPM}
VARIABLES RECEPTOR DISTANCE PERPENDICULAR
HEIGHT TO0 HIGHWAY (D FEET)}
VPH= 6000 (Z FEET) 0 . 100 200 400 500
EF = 2% GMS/MI
U= 3 MPH 60 50l 3.0 1.0 0.0 0.0
PHl1= 0 DEGREES 44 11.0 6a1 2aV Cel 0.0
H= 0 FEET 20 2043 9eb 29 Jel 0.0
CLAS = & (F) 10 2846 1048 3a2 Dl Dev
1= 120 FEET 5 2846 11.2 3.3 Usl V.0
MIXING CELL CONCENTRATION = 28.6 PPM

Cc-31
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CAL INE2:
VARIABLES
VPH= 6000
EF = 25
U= 3
PHI = 90
H= =10
. CLAS= 1
H#- lz20
VARIABLES
 H= 6000
EF= 25
U= 3
PHI = 45
H= «~10
CLAS = 1
N= 120
VAR IABLES
VPH= 6660
EF = 25
U= 3
PHI= 0
H= =10
CLAS= 1
W= 120

08/26/75 | :

GMS/MI
MPH
DEGREES
FEET
(a)
FEET

GMS/MI
MPH
DEGREES
FEET
(A)

FEET

GMS/MI
MPH
DEGREES
FEET
Al
FEET

CALIFORNIA LINE SOURCE DISPERSION MODEL,
REVISED JANUARY, 1975 .

SAMPLE CALINE RUN 19

PREDICTED COD CONCENTRATION (PPM)

‘RECEPTOR DISTANCE PERPENDICULAR

HEIGHT TO HIGHWAY ({0 FEET)
{Z FEET) 0 100 200 400 800 1000
6U ’ 0.0 0.3 0.3 0.3 Vel Qel
4 ¢ 0.0 0.5 04 0.3 02 Gal
20 Q.7 Oed 05 03 0.2 C.l
10 1.7 Qo7 0.5 Ue3 Qe2 Oel
5 243 Qa7 0.5 0.3 0.2 Ual

MIXING CELL CONCENTRATION = 3¢ PPM

SAMPLE CALINE RUN 20

PREDICTED CO CONCENTRATION ({PPM)

RECEPTOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
{Z FEET) o 100 2006 400 800 1000
&0 0.2 0.3 0.3 Va2 0.1 0.1
&9 02 Qe 4t Ce3 Ge2 Vel Oel
20 049 05 0o 0e2 Oel Qel
10 .~ le8 0e5 Qutr Ge2 0ol Vel
5 2 o+ Qa5 Dol Vel del Oel
MIXING CELL CONCENTRATION = 3.8 PPM

SAMPLE CALINE RUN 21

PREDICTED CO CONCENTRATION (PPM}

RECEPTOR DISTANCE PERPENDICULAR

HEIGHT TO HIGHWAY (D FEET)

(Z FEET) 1] 100 200 400 800 1000
60 Ce3 063 6.2 Uel 0.0 . 0.0
40 Cets Ue3 0.3 Oel 0.0 0.0
20 1.0 Qa4 0.3 Gel 0.0 U0
10 1.9 Oedy 03 Oel Geb 0.0

5 2ot Cat 0.3 Uel 0.0 0.0
MIXING CELL CONCENTRATION = G¢2 PPM
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CALINE2: CALIFORNIA LINE SOURCE DISPERSION MODEL,
REVISED JANUARY, 1975

SAMPLE CALINE RUN 22

PREDICTED CO CONCENTRATION (PPM}

VAR TABLES RECEPTOR . DISTANCE PERPENDICULAR
' HEIGHT TO HIGHWAY (D FEET)
VPH= 6000 {Z FEET) 0 100 290 400 840 1000
EF= 25 GMS/MI
u= 3 MPH &0 0.0 CGa2 0.3 C.3 0.2 o2
PHI = 90 DEGREES 40 0.0 Ou4s et Gata 0.3 0.2
H= =20 FEET 20 0.7 0.6 Qa5 04 Je3 0.2
CLAS = 2 (B) 10 le6 Ve7 Tebd Caly Ue3 0q3
W= 120 FEET 5 20l Ce7 Q.6 G5 Oe3 Oe2
MIXING CELL CONCENTRATION = . 34 PPM

SAMPLE CALINE RUN 23

PREDICTED CO CONCENTRATION (PPM)

VAR TABLES : RECEPTOR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
Y= 6000 tZ FEET) o 100 260 400G 800 1000
eF= - 25 GMS/MI '
U= 3 MPH 60 0.4 L1 P S Quts Oe3 el el
PHI= 45 DEGREES 40 0.5 0e6 0e5 0.3 Qa2 Uel
H= -20 FEET 20 1la.3 O 8 O«& Uadt 02 0.1
CLAS= 2 (B) 10 2e3 0.9 Qeb Ce&s Ue2 Qel
W= 120 FEET 5 29 0.9 Q.7 Ve Q0e2 Ool
MIXING CELL CONCENTRATION = “4e3- PPM

SAMPLE CALINE RUN 24

PREDICTED €O CONCENTRATION (PPﬂl

VAR TABLES RECEPTCR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (U FEET)

VPH= 6000 (Z FEET) 0 100 260 400 aou 1000
EF = 25 GMS/M]

= 3 MPH &0 0.8 07 0.5 Oa3 (VI 4) Q.0

PHI= (] DEGREES 40 1.0 0.9 Ceb 0.3 000 0«0

H= =20 FEET 20 20 1«0 Ga7 Oe3 V0 G0

CLAS= 2 (B) 10 3.2 l.0 0.7 0.3 0.0 Y0

W= 120 FEET 5 - 3a9 l.0 0.7 Qe3 Ve 0.0

MIXING CELL CONCENTRATIDN = 53 PPM
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CALIFDRNIA_LINE 5UURCE CISPERSTON MODEL,

REVISED JANUARY, 1975

PAGE &
CAL INE2:
VARIABLES
C VPH= 6000
EF= 25
TE 3
PHI= 9n
H= =30
CLAS= 4
W= 120
VAR IABLES
A= 6800
EF = 25
U= 3
PHI= 45
, H= =30
CLAS = 4
Ws 120
VAR IABLES
VPH= 6000
EF = 25
U= 3
PHI= 0
Hz  «30
© CLAS= 4

W= 120

SAMPLE CALINE RUN 25
' . PREDICTED CO CONCENTRATION (PPM)

RECEP TOR DISTANCE PERPENDICULAR

“HEIGHT TO HIGHWAY (D FEET)

{Z FEET) 0 100 200 400 800 1000
GMS/MI ‘
MPH -60 Q0.0 0.1 el Ge2 de2 Ua2
DEGREES 46 Qo) Qe3 03 Ue3 063 043
FEET 20 1A 0.5 Qo4 Qo4 C.3 V3
(D} . 10 ©1el Ve 0.5 0.4 Ue3 03
FEET 5 . let 0a6 Oe5 LI PRN 03 03

MIXING CELL CONCENTRATION = 34 PPM

SAMPLE CALINE RUN 26

! PREDICTED CO CONCENTRATION (PPM)

RECEPTOR DISTANCE PERFENDICULAR

"HEIGHT ' TO HIGHWAY (D FEET}

{Z FEET) 0 160 200 409 800 1060
GMS/MI : |
MPH 60 0.6 0.5 0o 0ol el 0.1
GEGREES 4v) 0.9 Ge.8 .5 0.2 del 0.l
FEET 20 lo6 lel Y O3 Q.2 0.2
{D) . 10 2eh lel Vel Ue3 0.2 Vel
FEET 5.' 29 le2 Qa7 Oe3 Uel 02

MIXING CELL CONCENTRATION = 7«0 PPM

SAMPLE CALINE RUN 27

" PREDICTED CO CONCENTRATION {PPM]

RECEPTOR DISTANCE PERPENDICULAR

‘HEIGHT TO HIGHWAY (D FEET)
= (2 FEET) 0 100 200 400 800 1000
GMS/MT )
MPH ; 60 1.2 0.9 Qe«b Oul Cas0 0.0
DEGREES 49 1.3 la3 0.8 Qa2 U.0 0.0
FEET : 20 209 leb a9 02 0.0 UeO
(D} 10 3.8 17 Oe9 022 C.0 G0
FeET i 5 4 o lo8 1.0 Oe2 Ol 0«0

MIXING CELL CONCENTRATION = 10.5 pPPM

C-34
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CALINE2: CALIFORNIA LINE SOURCE DISPERSION MODEL,
REVISED JANUARY, 1975

SAMPLE CALINE RUN 28

S S P P - A b1+ 4 4 b s b T | 1 s o P g e s | ettt 4.5 oo e+

-

PREDICTED CO CONCENTRATION (PPM)

VARIABLES RECEPTOR

DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
VPH= 6000 (Z FEET) o 100 200 400 800
EF = 25 GMS/MI
U= 3 MPH 60 0.0 0.3 0.4 (o 0.4
PHI= QO DEGREES &0 0.5 007 0.7 0.7 0.6
H= 20 FEET 20 3.4 1.0 a9 0.8 Oe?
CLAS= 4 (D) 10 ) A lel l.0 Ce9 Oo8
H= 120 FEET 5 !-1 1.2 lou 0'9 Je8B
MIXING CELL CONCENTRATION = 3.4 PPM
SAMPLE CALINE RUN 29
PREDICTED CO CONCENTRATION (PPM)
VAR TABLES RECEPTOR DISTANCE PERPENDICULAR
- MEIGHT TD HIGHWAY (D FEET)
= 60060 (2 FEET) 0 100 2060 400 800
cF= * 25 GMS/MI
U:: 3 MPH &0 1.5 1.3 i 0.9 0 o4 0.2
PHI= 45 DEGREES. 40 2.7 1e9 1.2 UeS Qo3
H= 20 FEET 20 TeC 2e4 1.5 Qeb Uedr
CLAS= 4 (D) 10 Ge3 2e5 16 Uo7 Oest
W= 120 FEET 5 4.0 2.5 lcb 007 Oete
MIXING CELL CONCENTRATION = . 7.0 PPM
SAMPLE CALINE RUN 30
»
PREDICTED CO CONCENTRATION (PPM)
VAR TABLES RECEPTCR DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
VPH= 6000 {2 FEET) [ 100 200 400 800
EF= 25 GMS/MI
U= 3 MPH 60 3.1 203 leé 003 Qe
PHI = O DEGREES 40 469 3e1 1.8 Vets 0ol
H= 20 FEET 20 10,5 3e7 201 ek 0.0
CLAS'—" & lD) 10 7.2 3.9 2.1 0.4 0.0
W= 120G FEET 5 69 349 22 Oot Oel
= 10.5 PPM

MIXING CELL CONCENTRATION

1000

0ol
Oeb
Oe?
Ca?

D7

1000

Go2
Q.3
0‘03
Oetr
Jeoés

1000

0.0
0.0
0.0
O.0
Ge0



© PAGE 11

CAL INEZ2:
VARTABLES
VPH= 6000
EF= 25
U= 3
PHI = 94
= H= 0
- -CLAS= &
g W= 60
" VAR TABLES
d=  60CH
EF= 25
U= 3
PHI = 45
Wl H= e}
- CLAS= 4
; W= - 6Q
VARIABLES
" VPH= 5000
- EF= 25
- U= 3
PHI= B ¢
: H= 0
- CLAS= . 4
W ) &0
£
Cola

C8726/75

CALIFORNIA LINE SOURCE DISPERSIDN MODEL,
REVISED JANUARY, 1975

SAMPLE CALINE RUN 31 _
" PREDICTED CO CONCENTRATION (PPM]

RECEPTOR DISTANCE PERPENDICULAR

"HEIGHT TO HIGHWAY (O F£ET)

{2 FEET) 4] 100 200 460 500 1000
GMS/MI _
AV.PH ‘ 60 0-0 002 903 O.q‘ 0.‘* 0.“‘
DEGREES 40 0.0 Ve b (s P £ GaT 0.6 Veb
FEET 20 1.1 1.2 1.0 0.9 UaB Cu7
(b) 10 ete lot 1.2 la00 0.8 Oub
FEET _ 5 3 1.4 le2 led Ue8 0a8

MIXING CELL CONCENTRATION = 3.4 PPM

SAMPLE CALINE RUN 32
| PREDICTED CD CONCENTRATION (PPM)

RECEPTOR DISTANCE PERPENDICULAR

HEIGHT TO HIGHWAY (D FEET)

(Z FEET) o 100 200 400 800 10006
GMS/MT
MPH ' &0 1.5 ls3 Ce9 0."‘ 0.2 0.2
DEGREES = 40 23 240 1.3 Ceb 0e3 Ge3
FEET 20 443 2.7 1.7 Ce7 Out 0ot
(D) 10 Ted  3e0 1.8 Ue8 Ooé Ooie
FEET 7 5 T ot 3.1 1.9 GCe8 Vel Qo

' MIXING CELL CONCENTRATION = Te4 PPM

SAMPLE CALINE RUN 33 :

| PREDICTED CO CONCENTRATION (PPM)

RECEPTOR .. DISTANCE PERPENDICULAR

HEIGHT TO HIGHWAY (D FEET)

(Z FEET) 0 100 200 400 800 1000
GMS/MI - '
MPH. . 60 ' 3.0 2eb 165 L 4 8 0.0 B P v
DEGREES ° 40 4at a4 2.0 Cel 0.0 0.0
FEET - 20 T e5 Ge3 23 UeS [+ 9] 0«0
(D) -~ 10 113 beb 245 05 0.0 Va0
FEET A 5 '\11.3 b4a T 25 05 Qa0 0.0

MIXING CELL CONCENTRATION = 11«3 PPM
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FAGE 12 08/26/75
CALINE2: CALIFORNIA LINE SOURCE DISPERSION MODEL 4
REVISED JANUARY , 1975 .

- | SAMPLE CALINE RUN 34
” ' - PREDICTED CO CONCENTRATION . (PPM)
«  VARIABLES RECEPTOUR DISTANCE PERPENDICULAR
| HEIGHT . TO HIGHWAY (D FEET)
VPH= 6000 {Z FEET) © 100 2006 400  BOD  1QOU
EF= 25 GMS/MI : | R
U= 3 MPH 60 OG0 0.2 0s:3 Get Oeé - Oets
PHI= 90 DEGREES 40 0.0 0u6 0.7 0e? Qb Geb
H= 0 FEET 20 1.l 1e2  1e0 049 ' 0e8 Qo7
CLAS= 4 D) ) 10 Beb lo4 1.2 1.0 VeB Ga.8
W= 160 FEET 5 364 led 142 10 0.8 0e6
MIXING CELL CONCENTRATION = 3.4 PPM

_ SAMPLE CALINE RUN 35
f PREDICTED CO CONCENTRATION (PPM)

' VARIABLES RECEPTOR DISTANCE PERPENDICULAR
z HEIGHT \ "~ TO HIGHWAY (D FEET)
{ 4= 6000 {2 FEET) 0 100 200 400 800 1600
‘EF= 25 GMS/MI _ '
! U= 3 MPH 60 1o, le2 0.8 Vel 0e2 0.2
PHI= 45 DEGREES 49 2.1 - 1.8 1.2 Ce5 0.3 0.3
H= 0 FEET 20 349 25 16 0.7 Oute O.4
CLAS= 4 (D) . 10 . 6.5 2,7 1.7 0e?7 = Oot  0ub
W= 160 FEET 5 . be5 247 le7 Ge7 Oet et

MIXING CELL CONCENTRATION = 645 PPM

SAMPLE CALINE RUN 36 |
PREDICTED CO CONCENTRATION (PPM)

VARIABLES RECEPTCOR - DISTANCE PERPENDICULAR
HEIGHT TO HIGHWAY (D FEET)
VPH= 6000 {Z FEET) 0 100 200 400 800 1000
. EFE 25 GMS/MI ‘ ' R .
'Y U= 3 MPH - 60 2.9 2e2 le3 U.3 Qe 0.0
PHI= 0 DEGREES 40 42 = 3.0 l.8 04 = 0.0 0.0
H= " O FEET 20 He8 3.7 2el ° Oe& Jel 0e0
¥ CLAS= 4 (D) 10 ' 97 4«0 2e2 Oe5 Qe Ue0
L NS‘ 160 FEET 5 Y4 4e0 2e2 0.5 0.0 0.0
MIXING CELL CONCENTRATICON = 9.7 PPM

C~37
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