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1. INTRODUCTION

CALINES3 is K third generation line source air quality model

" developed by the California Department of Transportat1on,

It is based on the Gaussian diffusion equation and employs a
mixing zone concept to characterize pollutant dispersion. over
the roadway.

R ——

The purpose of the model is to assess air quality impacts

near transportation facilities in what is known as the micro-
scale region. Given source strength, meteorology, site .
geometry, and site characteristics, the model can reliably
predict pollutant concentrations for receptors Tocated within
150 meters of the roadway. At present, the model can handle
only inert pollutants such as carbon monoxide, or particulates,
It is anticipated that nitrogen dioxide predictive capabilities
Will be added to the model within the next year,

Historically, the CALINE series of models required re]at1ve]y
minimal input from the user. Spatial and temporal arrays

of wind direction, wind speed and diffusivity were not used
by the models. While CALINE3 has several added inputs over
its predecessor, CALINE2, it must still be considered an ex-
tremely easy model to implement. More complex models are
unnecessary for most applications because of the uncertain-
ties in estimating emission factors and traffic volumes for
future years. As a predictive tool, CALINE3 is well balanced
in terms® of the accuracy of state-of-the-art emissions and
traffic mode1s;-and represents a significant improvement over
CALINE2 in this respect. The new model also possesses much
greater flexibility than CALINE2 at 1ittle cost to the user
in terms of input complexity.



This report should help the potential user of CALINE3 to
understand and apply the model. Users should become thore
oughly familiar with the workings of the model and, partice
ularly, its limitations. This knowledge will aid them in
deciding when and how to use CALINE3. Also, users should
become familiar with the response of the model to changes
in various input parameters. This information is contained
in the sensitivity analysis portion of this report.

The results of a verification study using three separate
data bases are also contained in this report. Dramatic
improvements over CALINE2 are shown, particularly for
parallel winds and stable atmospheric conditions. User
instructions have been added along with several examples
of CALINE3 applications which illustrate the variety of
situations for which the model can be used.



2. BACKGROUND

In response to the National Environmental Policy Act of
1969, Caltrans published its first Tine source dispersion
model for inert gaseous pollutants in 1972(1). Model
verification using the rudimentary field observations then
available was inconclusive.

In 1975, the original model was replaced by a second genera-
tion model, CALINE2(2). The new model was able to compute
concentrations for depressed sections and for winds parallel
to the highway alignment. The two models were compared

using 1973 CO bag sampling data from Los Angeles with CALINE2
proving superior.

Sometime after the dissemination of CALINE2, users began to
‘report suspiciously high predictions by the model for stable,
parallel wind conditions. As a result, a more complete veri-
fication of the model was undertaken by Caltrans using the
1974-75 Caltrans Los Angeles Data Base(3), and the 1975 GM
Sulfate Experiment Data Base(4). Comparison of predicted and
measured results showed that the predicted CO concentrations
near the roadway were two to five times greater than measured
values for stable, parallel wind conditions. An independent
study by Noll in 1977(5) concluded that CALINEZ overpredicted
for parallel winds by an average of 66% for all stabilities.

,ngrprédiztioﬁs by CALINE2 for the stable, parallel wind case -
were particularly signifiéant.- This configuration was usually
selected as the worst case condition for predicting highway
impact on air quality in the microscale region. Thus, bene-
ficial highway projects might have been delayed or cancelled
on the basis of inaccurate results from CALINE2.



Inadequacies in the model also needed rectification. The
inability to specify line source length and ground roughness
severely Timited the number of situations in which the model
could be properly applied. Also, predicting Impacts from
multiple sources required a series of runs with varying re-
ceptor distances. Such an unwieldy procedure could lead to
erronecus results,

In view of the inaccuracies and inadequacies of CALINEZ2, the
model assumptions and computational methods were reviewed
with the idea of revising the model. Since, in some cases,
the mathematical approach in CALINE2 emphasized convenience
and computational efficiency rather than a rigorous treatment,
it became apparent that revisions would not suffice and a
completely new model was needed. The new model would retain
the Gaussian formulation so that input requirements could be
kept at a minimum. However, the highway would be modeled as
a2 series. of finite line sources positioned perpendicular to
the wind direction, as opposed to the series of virtual point
sources used by CALINE2. Also, it was felt that new vertical
dispersion curves were needed. The curves used by CALINE2
were modified versions of Turner's curves(6). These curves
were derived for averaging times of 10 minutes or less and
extremely smooth terrain. Both of these factors contributed
to the overpredictions for one-hour urban CO concentrations.
Recent research by Caltrans(7) concluded that the amount

of vertical mixing near the roadway increased as wind speed
decreased. These findings were combined with more recently
deveToped%dispersion curves published by Pasquill in 1974(§); 
: Adjustments for averaging time and surface roughness also
were included in the dispersion curve algorithms.



3. CONCLUSIONS:- AND RECOMMENDATIONS

The comparisons of CALINE2 and CALINE3 made in the Verification
Analysis portion of this report clearly demonstrate the im-
proved performance of the new model. It is concluded that the
new algorithms contained in CALINE3 represent the dispersion
process near highways in a more realistic way than did CALINE2,
In addition, the greater flexibility of the new model makes it
adaptable to many modeling applications not appropriate for
CALINE2. Finally, CALINE3 does not require additional compu-
tational time over CALINE2 for equivalent applications. For
these reasoné, it 1s recommended that CALINE3 replace CALINE?2
as the official Tine source air quality model used by Ca]trans,

There are some aspects of CALINE3 on which further research is
recommended:

1. The residence time hypothesis needs to be studied
for vehicle speeds under 30 miles/hour.

2. Verification of the model for intersection analysis
must be carried out.

3. Validation of the deposition and settling velocity
components of the model is needed.

4.  Study of worst case meteorology as a function of
]and use and geography is needed for more accurate
‘evaluation of multi-hour averages.

5. NO, predictive capabilities must be added to the
model and verified,



4, IMPLEMENTATION

The CALINE3 program described in this report is available for
use by state personnel on both the Caltrans statewide time-
share computer system, TENET, and the Teale Data Center IBM
370/168. The TENET version (BASIC Language) can be accessed
through the environmental sub-system: "5;ENV;SYS", Program No.
21. The job control language required to access the IBM ver-
sion (FORTRAN Language) is given in the User Instruction sec-
tion of this report. This version has been modified to conform
with American National Standard FORTRAN. A two day training
course on the use of the model is planned for state personnel:
sometime during 1980. - |

An abbreviated version of the model for use on HP=-67/97 and
TI-59 programmable calculdtors is.provided in this report for
imp]emeﬁtation under circumstances where standard computer
facilities are unavailable.



5. MODEL DESCRIPTION

5.1 Gaussian Element Formulation

CALINE3 divides individual highway links into a series of
elements from which incremental concentrations are computed
and then summed to form a total concentration estimate for

a particular receptor location (see Fig. 1). The receptor
distance is measured along a perpendicular from the receptor
to the highway centerline. The first element is formed at
this point as a square with sides equal to the highway width.
The lengths of subsequent elements are described by the fol-
lowing formula:

EL = wepAsg(NE-T)

Where, EL Element Length

W = Highway Width
NE = Element Number
BASE = Element Growth Factor

PHI<20°, BASE=1.1
1 20°<PHI<50°, BASE=1.5
50°<PHI<70°, BASE=2.0
70°<PHI ., BASE=4.0

(Note: Capitalized variables shown in text and figures are
~ identical to those used in the computer coding., )

Thus, as element resolution becomes less important with distance
from the receptor, elements become larger to permit efficiency

in computation. The choice of the element growth factor as a
function of roadway-wind angle (PHI) range represents a good
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compromise between accuracy and computational efficiency.
Finer initial element resolution is unwarranted because the
vertical dispersion curves used by CALINE3 have been cali-
brated for the 1ink half-width (W2) distance from the element
centerpoint, N -

Each element is modeled as an "equivalent" finite line source
(EFLS) positioned normal to the wind direction and centered

at the element midpoint (see Fig. 2). A local x-y coordinate
system aligned with the wind direction and originating at the
element midpoint is defined for each element. The emissions:
occurring within an element are assumed to be released along
the EFLS representing the element. The emissions are then
assumed to disperse in a Gaussian manner downwind from the
element. The length and orientation of the EFLS are functions
of the element size and the angle (PHI,¢) between the average
wind direction and highway alignment (see Fig. 3). Values of
PHI=0 or PHI=90 degrees are altered within the program an
insignificant amount to avoid division.by zero during the

EFLS trigonometric computations.

In order to distribute emissions in an equitable manner, each
element is divided into five discrete sub-elements represented
by corresponding segments of the EFLS (see Figs. 4 & 5). The
use of five sub-elements yields reasonable continuity to the
discrete element approximation used by the model while not
excessively increasing the computational time. The source
strength for the segmented EFLS is modeled as a step function
‘whose value dependé on the sub-element emissions. The emis-
sion rate/unit area is assumed to be uniform throughout the
element for the purposes of computing this step function.

The size and location of the sub-elements are a function of
element size and wind angle (see Fig. 6).
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Downwind concentrations from the element are modeled using
the crosswind finite line source (FLS) Gaussian formulation.
Consider the recebtor concentration attributable to an FLS
segment of length dy shown in Figure 7:

qdy -y? ~(2=H)? =(z+H)?
dC = ex ex + exp
emudy0, [ p(ZO‘,z AT 20,°

Where, dC = Incremental Concentration
q = Lineal Source Strength
u = Wind Speed
H = Source Height

s 0, = Horizontal and Vertical Dispersion
Y Parameters

Since c, is constant with respect to Y, let:

- Aq =y?
Cs o exp (-“— d
20y oy 202/ %Y

15
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Note that Uy and ¢, are functions of x, not y.
Substituting p=.y/c3.y and dp=dy/cy:.

Y2/0y

Agq -pé

C*zmiga | &P (=) zor

/0y

Backsubstituting for A and removing Uy from the integral
leaves:
Y2/0y

2 2 2

q ~{2=H) ={2+H) -p
C= exXp | | o exp exp { =—=— g
2maLu p[Z@ZJ [zaf} ( 2 )P

¥1/%

Where,
Y2/0y
o1 -p? Normal Probability
. PDV- Vorr f-’Xp.( 2 ) dp Density Function
Y1/0y
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CALINE3 computes receptor concentrations by approximating
the crosswind FLS equation in the following manner (see
Fig. 8):

c &7 »LP (Z+H+ 2k % B | &
’“""1“6*2 . *Z exp(-(zwmz*kz L) >+exp< : ) *Z(WTj% QE; * PD;))
Yew et b T eNT 2% SG6Z; 2+ 86Z; 1
Where, n = Total number of elements

CNT = Mumber of multiple reflections
required for convergence

U = Wind speed
L = Mixing height (MIXH in coding)
SGZi = g, as f(x) for ith element

z
QE_i = Central sub-element 1ineal source
strength for ith element
WT. = Source strength weighting factor for

b jth sub-element (WT{ = 0.25,
NTZ = 0.75, o..)

Yiei
SGYi

2

1 -

PD;;: = =——— exp | == | dp

t] '\EF ( 2 )
s
SGY;

Yj, Yj+] s 0ffset distances for jth sub-element
SGYi = cy as f(x) for ith element

_PDij is calculated by use of a fifth order polynomial
approximation(9). Note the addition of multiple reflection
terms represented by non=zero k indices to account for
restricted mixing height (L).

18
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The source strength weighting factor (WTj) adjusts the
central sub-element lineal source strength measured with
respect to the y-axis (QE) to the mean 1ineal source

strength for éach peripheral sub-element. Because of the
uniform width of the peripheral sub-elements (EN2) and the
assumption of uniform emissions over the element, gq=0 @ y=Y19
q=QE/2 @ y=Y29 q=QE @ y=Y3, etc.

Therefore,
WT]*QE = WTS*QE = (QE/2+0)/2 = 0.25 QE
| WTZ*QE = WT4*QE = (QE+QE/2)/2 = 0.75 QE

The element summation of the FLS equation is actually initi-
ated twice for each highway link specified by the user (see
Fig. 9). The computation takes place first in the upwind
direction, ending when the element limits go beyond the up-
wind length (UWL) for the link. The length of the last ele-
ment is modified to conform with the link endpoint.

The program then proceeds in the downwind direction until the
downwind length (DWL) is exceeded. As soon as a negative
value of fetch (FET) is encountered, the program automatically
concludes the downwind loop computations. If a receptor is
located within an element or downwind from part of an element,
only the upwind portion of the element is used to determine
the source strength.

S

20
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5.2 Mixing Zone Model

/CALINE3 treats the region directly over the highway as a.zone
"~ of uniform emissions and nce., This is designated as
the mixing zone, and is defined as the region over the traveled
way (traffic lanes - not including shoulders) plus three meters
" on either side (see Fig. 10). The additional width accounts
} for the initial horizontal dispersion impaﬁted to pollutants
K\\by the vehicle wake effect.

Within the mixing zone, the mechanical turbulence created by
Dlcad ‘%
moving vehicles and the thermal turbulence created by hot
vehicle exhaust is assumed to predominate near the ground.
Evidence indicates that this is a valid assumption for all but

tnn most unstable atmospheric conditions(7). Since traffic

emissions are released near the ground level and model accuracy-

is most important for neutral and stable atmospher1c cond1t1ons,
.’v'\_\

it is reasonable to model initial vertical d1sper51on (SGZ1)
as a_function of the turbulence within the mixing zone.

—

Analyses by Caltrans of the Stanford Research Institdte(lg)
and General Motors(4) data bases indicate that SGZ1 is in-
sensitive to changes in traffic volume and speed within the
ranges of 4,000 to 8,000 vehicles/hr and 30 to 60 mph(7).

This may be due in part to the offsetting effects of traffic
speed and volume. Higher volumes increase thermal turbulence
but reduce traffic speed, thus reducing mechanical turbulence.
For the range of traff1c conditions cited, m1x1nq zone .
turbu1°nce may be cons1dered a constant. However, pollutant
residence time within the mixing zone, as dictated by the
wind speed, significantly affects the amount of vertical

22
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mixing that takes place within the zone. A distinct linear
relationship between SGZ1 and residence time was exhibited

by the two data bases studied.

CALINE3 arbitrarily defines mixing zone residence time as:

TR = W2/U

Where, W2

Highway half-width
Wind speed

]

This definition is independent of wind angle and element size.
It essentially provides a way of making the EFLS model com-
patible with the actual two-dimensional emissions release
Wwithin an element. For oblique winds and larger elements, -—
the plume is assumed to be sufficiently dispersed after trav-
eling a distance of W2 such that the mixing zone turbulence

no longer predominates.

The equation used by CALINE3 to relate SGZ] to TR is:

SGZ1 = 1.8 + 0.11* TR
(m) (secs.)

This was derived from the General Motors Data Base. It is
adjusted in the model for averaging times other than 30
minutes by the following power law(11):
SGZlp7qy = SGZ1..* (ATIM/30)0°2
ATIM 30
Where, ATIM = Averagihg time (minutes)
The value of SGZ1 is considered by CALINE3 to be independent

of surface roughness and atmospheric stability class. The

24



user should note that SGZ1 accounts for all the enhanced dis-
persion over and immediately downwind of the roadway. Thus,
the stability class used to run the model should be repre-
sentative of the upwind or ambient stability without any
additional modifications for traffic turbulence.

5.3 Vertical Dispersion Curves

The vertical dispersion curves used by CALINE3 are formed by
using the value of SGZ1 from the mixing égne'mode], and the.
value of o, at 10 kilometers (SZ10) a§ defined by Pasquill(8).

In effect, the power curve approximation suggested by

Pasquill is elevated near the highway by the intense mixing

_zone turbulence (see Fig. 11). The significance of this
'agEEE_EE?BETEHEE-EE’;TJHE—EFBwth lessens with increased dis-
tance from the source, though, in theory, it will never
disappear. Extrapolated o, curves measured out to distances

of 150 meters from the highway centerline under stable condi-
tions for both the GM and SRI data bases intersect the PasquiT]
curves at roughly 10 kilometers. Beyond this point the power
curve approximation to the true Pasquill curve, which is
actually concave to the 2nx axis, becomes increasingly in-
accurate. Thus, the model should not be used for distances
greater than 10 kilometers. As will be seen in the?sensitivity
analysis, contributions from elements greater than 10 kilometers
from the receptor are insignificant even under the most stable
~atmospheric conditions.

For a given set of meteorological conditions, surface roughness
(Z0) and averaging time (ATIM), CALINE3 uses :he same vertical

dispersion curve for each element within a highway link. This

is possible since SGZ1 is always defined as occurring at a

25
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distance W2 downwind from the element centerpoint. SZ10 is
adjusted for Z0 and ATIM by the following power law factors(_l):

S210,71y 70 ° sz10j£§T§M/3)°°2*(20/10)0°07

= _ S T
— —_—

Where, ATIM
Z0

Averaging time (minutes)
-Surface roughness (cm)

Table 1 contains recommended values of Z0 for representative
Tand use types(12).

The vertical dispersion of CO predicted by the model can be
confined to a shallow mixed layer by means of the conventional
Gaussian multiple reflection formulation(6). This capability
was included in the model to allow for analysis of low traffic
flow situations occurring during extended nocturnal low Jevel
inversions, Surprisingly high 8 hour CO averages have been
measured under such conditions(13).

It is recommended for these cases that reliable, site specific
field measurements be made. The foliowing mixing height model
proposed by Benkley and Schulman(14) can then be used:

85*U*k
L/ 20)*f

= 0.1

" Where, U = Wind speed (m/s)
Z = Height U measured at (m)
Z9 =.Surface roughness (m)
k = von Karman constant (0.35)
f = Coriolis parameter
= 1.45 x 1074 coso (radians/sec)
© = 90° - site latitude
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TABLE 1

Surface Roughness for Various Land Uses

Type of Surface

Smooth mud flats

Tarmac (pavement)

Dry lake bed

Smooth desert

Grass (5=-6 cm)

(4 em)

Alfalfa (15.2 cm)

Grass (60-70 cm)

Wheat (60 cm)

Corn (220 cm)

Citrus orchard

Fir forest

City land=-use
Single family residential
Apartment residential
Office
Central Business District
Park

28

0.001
0.002
0.003
0.03
0.75
0.14
2.72
11.4
22
74
198
283

108
370
175
321
127



For nocturnal conditions with low mixing heights, wind speeds
are likely to be less than 1 M/S. Extremely sensitive wind
speed and direction instrumentation would be required for
reliable results at such low wind speeds. In order to use
CALINE3 for these conditions, measurements of the horizontal
wind angle standard deviation will be needed. The model can
then be modified to calculate horizontal dispersion parameters
based on the methodology developed by Pasquill(15) or Draxler(16).
The user is cautioned that the model has not been verified for
wind speeds below 1 M/S, and that assumptions of negligible
along-wind dispersion and Steady state cond1b1ons are open to
question at such low wind speeds.

Mixing height computations must be made for each element- B \
receptor combination, and thus add appreciably to program run
time. As will be seen in the sensitivity analysis, the mixing
height must be extremely low to~geneﬁate any significant re-
sponse from the model. Therefore, it is recommended that the
user bypass the mixing height computations for all but special
nocturnal simulations. This is done by assigning a value of
1000 meters or greater to MIXH.

e

ot
e
i eSS b e 5

5.4 Horizontal Dispersion Curves

The horizontal dispersion curves used by CALINE3 are identical
to those used by Turner(6) except for.averaging time and sur-
face roughness power law adjustments similar to those made for. .
~the vertical dispersion curves'(see Fig. 12). The mode] makes
no corrections to the initial horizontal dispersion near the
roadway. The only roadway related alterations to the horizon-
tal dispersion curves occur indirectly by defining the highway
width as the width of the traveled way plus 3 meters on each
side, and assuming uniform emissions throughout the element.
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If field measurements of the horizontal wind angle standard
deviation are available, site specific horizontal dispersion
curves can be generated using the methodology developed by
Pasquill(15) or Draxler(16). CALINE3 can then be easily re-
programmed to incorporate the modified curves. This approach
is recommended whenever manpower and funding are available
for site monitoring.

5.5 Site Geometry

CALINE3 permits the specification of up to 20 links and 20
receptors within an X-Y plane (not to be confused with the
lTocal x-y coordinate system associated with each element).

A link is defined as a straight segment of roadway having a
constant width, height, traffic volume, and vehicle emission
factor. The location of the link is specified by its end
point coordinates (see Fig. 13). The location of a receptor
is specified in terms of X, Y, Z coordinates. Thus, CALINE3
can be used to model multiple sources and receptors, curved
alignments, or roadway segments with varying emission factors,
The wind angle (BRG) is given in terms of an azimuth bearing
(0 to 360°). If the Y-axis is aligned with due north then
wind angle inputs to the model will follow accepted meteoro-
logical convention (i.e. 90° equivalent to a wind directly
from the east).

‘The program automatically sums the contributions from each
link to each receptor. After this has been completed for all
receptors, an ambient or background value (AMB) assigned by
the user is added. Surface roughness is assumed to be rea-
sonably uniform throughout the study area. The meteorological
variables of atmospheric stability, wind speed, and wind
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direction are also taken as constant over the study area. The
user should keep this assumption of horizontal homogeneity in
mind when assigning link lengths. Assigning a 10 kilometer
link over a region with a terrain induced wind shift after the
first 2 kilometers should be avoided. A 2 kilometer link
would be more appropriate. ’

The elements for each link are constructed as a function of
receptor location as described in Section 5.1 (see Fig. 14).
This scheme assures that the finest element resolution within
a link will occur at the point closest to the receptor. An
imaginary displacement of the receptor in the direction of
the wind is used by CALINE3 to determine whether the receptor
is upwind or downwind from the link (see Fig. 15).

For each highway link specified, CALINE3 requires an input
for highway width (W) and height (H). The width is defined
as the width of the traveled way (traffic lanes only) plus

3 meters.on each side. This 3 meter allowance accounts for
the wake-induced horizontal plume dispersion behind a moving
vehicle. The height is defined as the vertical distance above
or below the local ground level or datum. CALINE3 should not
be used in areas where the terrain in the vicinity of the
highway is uneven enough to cause major spatial variability
in the meteorology. Also, the model should not be used for
links with values of H greater than 10 meters or less than
-10 meters.

Elevated highway'sqctions‘may be of either the fill or bridge
type. Fof a bridge, air f1ows'above and below the source in
a relatively undisturbed manner., This sort of uniform flow
with respect to height is an assumption of the Gaussian formu-
lation. For bridge sections, H is specified as the height of
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the roadway above the surrounding terrain. For fill sections,
however, the model automatically sets H to zero. This assumes
that the air flow streamlines follow the terrain in an undis-
turbed manner. Given a 2:1 fill slope (effectively made more
gradual as the air flow strikes the highway at shallower
horizontal wind angles) and stable atmospheric conditions
(suppressing turbulence induced by surface irregularities),
this is a reasonable assumption to make(17).

For depressed sections greater than 1.5 meters deep, CALINE3
increases the residence time within the mixing zone by the
following empirically derived factor based on Los Angeles
“data(3):

DSTR = 0.72% ABS(H)C-83

This leads to a higher initial vertical dispersion parameter
(SGZ1) at the edge of the highway. The increased residence
time, characterized in the model as a lower average wind
speed, yields extremely high concentrations within the mixing
zone. The wind speed is linearly adjusted back to the am-
bient value at a distance of 3*H downwind from the edge of

the mixing zone. By this point the effect of the higher value
for SGZ1 dominates, yielding lower concentrations than an
equivalent at-grade section,

For depressed sections, the model is patterned after the
behavior observed at the Los Angeles depressed section site
studied by Caltrans(3). Compared to equivalent at-grade

and elevated sites;.higher initial vertical dispersion was
occurring simultaneously with higher mixing zone concentra-
tions. It was concluded that channeling and eddying effects

were effectively decreasing the rate of pollutant transport
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out of the depressed section mixing zone. Lower concentrations
downwind of the highway were attributed to the more extensive
vertical mixing occurring within the mixing zone, Consequent]y,.
the model yields higher values for concentrations within or
close to the mixing zone, and somewhat lower values than would
be obtained for an at-grade section for downwind receptors,
Except for these adjustments, CALINE3 treats depressed sections
computationally the same as at-grade sections.
It has been suggested that the model could be used for eva]u;j/Z
ting parking lot impacts. If the user wishes to run the model
to simu1ate dispersion from a parking lot, it is recommended
that SGZ1 be kept constant at 1 meter, and that the mixing
zone width not be increased by 3 meters on each side as in

the normal free flow situation. This is because the slow &
moving vehicles within a parking lot will impart much less .
initial dispersion to their exhaust gases. . \

\ .|

5.6 Deposition and Settling Velocity

Deposition velocity (VD) is a measure of the rate at which a
pollutant can be adsorbed or assimilated by a surface. It
involves a molecular, not turbulent, diffusive process through
the laminar sublayer covering the surface. Settling velocity
(VS) is the rate at which a particle falls with respect to its
immediate surroundings. It is an actual physical velocity of
the particle in the downward direction, For most situations,
~a class of particles with an assigned settling velocity will
also be assigned the same deposition velocity. ‘
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CALINE3 contains a method by which predicted concentrations
may be adjusted for pollutant deposition and settling. This
procedure, developed by Ermak(lg), is fully compatible with
the Gaussian formulation of CALINE3. It allows the model to
include such factors as the settling rate of lead particulates
near roadways(19) or dust transport from unpaved roads. A
recent review paper by McMahon and Denison(20) on deposition
parameters provides an excellent reference. ’

Most studies have indicated that CO deposition is negligible.
In this case, both deposition and settling veldcity adjustments
can be easily bypassed in the model by assignihg values of 0.to
VD and VS. '
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6. SENSITIVITY ANALYSIS

A sensitivfty analysis for CALINE3 is included in this report
for the following reasons:

1. It provides a formalized means for checking the
behavior of the model under a variety of conditions.

2. It allows the user to gauge the sensitivity of the
model to each input parameter, ﬁhereby emphasizing
those input parameters which need to be most accu-
rately estimated. \

3. It provides benchmark values against which users
may check their copies of the mode].

Because virtually all input parameters act independently with-
in the model, interactions between two or more variables were
presumed to be insignificant. Hence, perturbation of one
variable at a time was conéidered sufficient for characterizing
the overall sensitivity of the model.

The main series of sensitivity runs consist of CO concentration-
wind angle (PHI) graphs. Each of these runs involves the
perturbation of a discrete input variable. The runs were made
for a single highway link, and were replicated for three dis-
tances from the highway centerline: 15, 30 and 60 meters.
~The perturbations were made from the fo]?owing’standard run:
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TABLE 2

Standard Sensitivity Run

I. Site Variables

Wind Speed:

Wind Direction:
Atmospheric Stability:
Mixing Height:

Surface Roughness:
Averaging Time:
Settling Velocity:
Deposition Velocity:
Ambient:

II. Link Variables

Traffic Volume:
Emission Factor:
Height:

Width:

Link Coordinates:

I1I. Receptor Locations

u
BRG
CLAS
MIXH
20
ATIM
VS
VD
AMB

VPH
EF
H

W
X1
Y1
X2
Y2

XR
YR
ZR

40

1.0
variable
6

1000

50

60

0

0

0

10,000
10

30

5000

-5000

15,30,60

0
0

(m/s)
(deg)
(F)
(m)

(cm)
(min)

(vehicles/hr)
(gms/mi-vehicle)

(m)
(m)

(m)



The actual computer results are shown as tic marks on the
sensitivity graphs. No attempt was made to smooth the
curves running through these computed values. A number of
insignificant anomalies in the model behavior can be ob-
served in the graphs. It is felt that these anomalies are
due to the discrete nature of the element formulation. To
smooth these out would require an increase in element and
sub-element resolution, resulting in an increased computa=
tional time. This is not warranted by the magnitude of the
anomalies.

6.1 Source Strength

The source strength used for CALINE3 is the product of the
vehicle emission factor and traffic volume. It is directly
proportional to the predicted concentration. Hence, a two-
fold increase in either the vehicle emission factor or the
traffic volume will result in a doubling of the predicted
concentration. Because of this simple relationship, no
sensitivity analysis was run on source strength.

6.2 Wind Speed (see Fig. 16)

Wind speed en CALINE3 computations in two ways. 1In

the Gaussian equation, the predicted concentration_is

inversely proportional to the wind speed. However, the
wind speed also determines the Time oF residence within
the mixing zone. This is related to the value of the verti-
cal dispersion parameter at the edge of the roadway.
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The sensitivity analysis was run for wind speeds of 1 to 5
meters per second., Despite the slightly offsetting effect

of higher initial vertical dispersion at lower wind Speeds,
predicted concentrations are higher for lTow wind speeds in

all cases. The relative sensitivity of the model results to
wind speed does increase at greater distances from the road-
way. Thus, the impact of high initial vertical dispersion
lessens with distance from the roadway. Also, by comparing
concentration ratios it can be seen that crosswind predictions
are much more sensitive to the initial vertical d1spers1on

algorithm than are parallel wind predictions. Both these
observat1ons are compatible with the thesis that at greater
distances the effect of initial traffiec induced vertical mixing
becomes less significant. This leads to the conclusion that

accurate characterization of initial vertical mixing as a
function of residence time, and perhaps also vehicle speed and
traffic volume, is more important for intersection modeling,
where the significant contributing elements are near the re-
ceptor, than for freeway modeling.

For all wind speeds, the maximum concentrations occur for near
parallel wind conditions. These maximums become less pronounced
at higher wind speeds, however. The location of the maximums
appears to be relatively insensitive to wind speed and receptor
distance.

6.3 Atmospheric Stability (see Fig. 17)

The critical wind angle‘at which maximum concentration occurs
is much more sensitive to atmospheric stability class than to
wind speed. In fact, for the most unstable class (A), the
maximum is observed to occur under crosswind conditions.
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At the edge of the highway (D = 15 meters) the predicted

concentration is totally independent of'stability class under

crosswind conditions. This is because the vertical dispersion
S -

at this point is controlled totally by the residence time over
W—-‘—’_\\

Tink under crosswind conditions are independent of horizontal
/—\*’_&vﬁ__ ———— e —
gi§gg£§igﬂ. At greater distances, the effects of atmospheric
stability begin to appear. The shifting of_Eﬁe critical angle

——

from near parallel to crosswind conditions can be attributed

occur under more unstable atmospheric conditions. These in-
—e— —

creases make the contributions from distant elements less and
Tess important as atmospheric instability increases.

6.4 Highway Width (see Fig. 18)

By widening the highway, the residence time over the mixing

zone and the initial horizontal distribution of the source are

both increased. Thus, both vertical and horizontal dispersion
are enhanced. Given a constant source Sstrength, and a receptor

distance referenced from the downwind edge of the roadway, the
model consistently predicts lower concentrations for greater
highway widths. This effect is most apparent for receptors
near the roadway edge; The sensitivity of the model to highway
width is relatively independent of the wind angle. As with
wind speed, the value of the critical angle for maximum con-
centration is relatively insensitive to highway width.

If receptor distances for this analysis were not adjusted for
the varying widths (i.e., D = W/2 + constant), the effects of
enhanced dispersion over the mixing zone would be more than
offset by the increasing closeness of the mixing zone to the
receptor,
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6.5 Highway Length (see Fig. 19)

The pronounced peak concentrations for nearly parallel winds
which are chéracteristic of CALINE3 are the result of the
transport of pollutants from distant highway elements under
stable atmospheric conditions. By reducing the highway length
being modeled, a substantial reduction in the near-parallel

wind peak concentrations occurs. Reduction of the highway
length has virtually no effect on oblique and crosswind pre-
dictions except in very extreme cases. Location of the critical
wind angle for maximum concentration is extremely sensitive to
highway.]ength,.especially at larger receptor distances. Note
that CALINE3 should not be used for highway lengths greater than
10 kilometers. Also note that the highway length being quoted
in the sensitivity analysis is actually equal to one-half the
link length (i.e. L = 5 kilometers is equivalent to Y1 = 5000
meters, Y2 = -5000 meters).

6.6 Surface Roughness (see Fig. 20)

Mechanical turbulence is generated by air movement over surface
roughness elements, An_ inc se in the surface r -
Creases the amount of mechanical turbulence generated. This
enhances both vertical and horizontal dispersion of BETTEEEHEE
in the surface layer, especially for near ground releases.

CALINE3 is relatively sensitive to surface roughness f
parallel wind*conditiohs. For crosswind conditions, predicted
concentrations are dominated by the initial vertical mixing
within the mixing zone which is independent of surface rough-
ness. However, at greater receptor distances, there is a
slight sensitivity in the model to surface roughness even

47



61 3IHNJIS

(7) HLON3T AVMHOIH *3TBVIHVA — SISATYNY ALIAILISNIS €3NITVY

(S33¥930) 1Hd ($334930) IHd {5334930) 1Hd
0L 0% og ol 006 oL 0% ot ol 0 06 0L 0% ot

TP
88

| 4]

03 NOILYYLN3IONOD

(Ndd)

[X%]
<.



(0Z) SSaINHONOY

(S334930) 1Hd
oL 0g of o

:371GVIHVA —

02 3UN9oi4

" ($334930) 1Hd
(471 oG [0

0O

0 06

——— e - ——— e b

SISATYNY ALIALLISN3S €3NITVD

(S334930Q) 1Hd
oz oS ot oo o

- | o .ly.p‘hblmml!@,. s»Eow m;@N- \

b

91

00 NOILVHLN3ONOD

(Wdd)

49



under crosswind conditions. The value of the critical wind
angle for maximum concentration is virtually independent of
surface roughness,

6.7 Averaging Time (see Fig, 21)

The number of statistically independent turbulent fluctuations
occurring at a point in a turbulent medium is directly related
to the averaging time (the time span over which observations
have been made). For short averaging times, a less variable
family of turbulent fluctuations is to be expected, Hence,
pollutant dispersion is lessened. For the range of averaging
times shown, 5 to 120 minutes, CALINE3 is extremely sensitive,
both for parallel and crosswind conditions. The model has been
verified only at 30 minute and 60 minute averaging times. Lo-
cation of the critical wind angle for maximum concentration is
not related to averaginé time.

6.8 Deposition Velocity (see Fig. 22)

A significant deposition velocity tends to lessen the impact

of distant elements on receptor concentration (the longer the
time of travel, the more material deposited). For CALINES3,

an increasing deposition velocity tends to flatten the near
parallel wind concentration peaks. At distant receptors under
certain conditions, maximum concentrations can occur during
“¢crosswind conditions, even under stable atmoSpheric conditions,
'whiTe deposition velocity has its greatest effect on near par-
allel wind predictions, it also significantly effects crosswind
predictions, |
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6.9 Settling Velocity (see Fig. 23)

While deposition velocity controls the amount of material
leaving the air to be deposited on the ground, settliing ve=-
Tocity can actually inhibit the vertical dispersion of a
pollutant. Increased settling velocity decreases the im-
portance of distant elements. Thus, the same type of model
results occur with the settling velocity as with deposition
velocity. However, somewhat higher concentrations are
observed when settling velocities are set equal to the
deposition velocities. This is due to the inhibition of
vertical pollutant dispersion coupled with the fact'that
the sensitivity runs were made for ground level receptors.

Note that the deposition velocity is assumed to be equal to
the settling velocity. Presumably the settling velocity of a
particle will be identical whether in a turbulent regime or
within the laminar sublayer. 1If one were to assign a settling
velocity and set the deposition velocity equal to zero, ex-
tremely high ground concentrations would be predicted. This
would not be a realistic use of the model.

6.10 Wind Angle (see Fig. 24)

CALINE3 can predict pollutant concentrations for receptors
both upwind and downwind of the highway. It can also make
predictions for receptors located within the mixing zone.

- The model has been verified for downwind distances up to ‘
approximately 150 meters. Verification of the model for up-
wind receptdrs was not as successful, however. The probable
reasons for this can be seen in the receptor distance sensi-
tivity run. Predicted concentrations for upwind receptors
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are extremely sensitive to wind angle. In most cases, however,
a poor verification resu1; for an upwind receptor is insigni-
ficant (i.e. the difference between a measured value of .5 ppm
CO and a predicted value of ,1).

Predicted concentrations near and within the mixing zone are
somewhat sensitive to receptor height. However, for distant
receptors there is Tittle noticeable difference as a function
of receptor height. This implies a fairly uniform distribution
of the pollutants within the first 10 meters of the surface
layer for distant receptors (say D = 100 meters).

Note that peak concentrations for pure parallel winds occur
along the centerline of the roadway. The previous graphs show-
ing peak concentrations occurring usually in the 3° to 4° range
were for receptors at the edge of the roadway (D = 15 meters).,
For oblique winds, an expected decrease in predicted concentra-
tions occurs across the roadway. The crossover point for wind
angle curves of 0° and 10° occurs further from the roadway for
greater receptor heights. Therefore, one would expect the
critical wind angle of maximum predicted concentration to shift
inward toward the pure parallel wind condition for increased
receptor heights. This is due to the lowering of contributions
from the closest elements as the receptor height is increased.
These close elements, with still tightly directed plumes, are
the ones that cause peak concentrations to occur at wind angles
of 3 to 4° (under standard run conditions) for ground level
receptors at%the roadway edge.
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6.11 Source Height (see Fig. 25)

The model respdnse to changeé in source height is quite complex,
though based on simple underlying assumptions. If the highway
is elevated as a bridge above a receptor, predicted concentra-
tions generally decrease. This decrease is much more signifi-
cant for crosswind conditions than for parallel wind conditions.
For crosswind conditions, significant contributions for receptor
concentrations come from nearby elements so that the effect of
source elevation is important. Under parailel wind conditions,
this effect is less significant because of the larger distances
over which pollutants must travel. ‘ '

For depressed sections, CALINE3 predicts high concentrations
for receptors located within and near the highway. This area
for depressed sections is defined as the highwéy width plus a
distance equal to three times the absolute value of the source
height. The algorithms used for predicting concentrations
near depressed sections were empirically derived from data
collected at a depressed section site along the Santa Monica
Freeway in Los Angeles. The data showed particularly higher
than normal concentrations within the depressed section and
lower concentrations at receptors outside of the depressed
section, As can be seen in the sensitivity run, this is ex-
actly how CALINE3 responds to negative source height.

The increased concentrations predicted within and near the
depressed section become more pronounced as the wind angle
approaches pafaTTe],wind"conditions. For the distant receptor;.
the crossover between the PHI = 0° and PHI = 10° curves is
simply the result of the trade off between close and distant
contributing elements. For a receptor located 60 meters down-
wind from the roadway centerline, short to medium distance
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elements are strbng contributors and lead to a higher predicted
concentration for the 10° angle than the 0° angle. However,
for deeper depressed sections, longer residence time creates
more initial mixing thereby lessening the impact of these close
to medium distance elements.

6.12 Mixing Height (see Fig. 26)

Model sensitivity to mixing height (MIXH) is significant only
for extremely low values occurring under parallel wind condi-
tions. This is essentially because of the small amount of
vertical dispersion that can take place under stable conditions
within the limits of ﬁhe microscale region., Eﬂ_ﬁﬁﬁiiwiﬂi
model response for MIXH=100 meters was So ¢close to MIXH=1000
meters that no difference.could have been.seen.an.the sensi-
tivity graphs,

Under unstable atmospheric conditions, model sensitivity to

MIXH would increase,  However, low level inversions are not
rea]ly compat1b1e w1thmun§tab1e conditions. It should be
remembered that the m1x1ng height a]gor1thm is primarily meant
for study of special case nocturnal inversions, and may be by-
passed by assigning a value of 1000 meters or greater to MIXH.

6.13 Median Width (see Fig., 27)

Because of the 1ink capabilities of CALINE3, it is no longer
necessary to incorporate medians as part of the mixing zone.,
A divided roadway may be modeled as either two separate links
or a single 1ink with the median incorporated in the highway
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width specification (this assumes identical link specifications
for both directions of flow). For cases where there is a
significant median involved, the two link computation gives
slightly higher predicted concentrations over the single link
model. This holds true for virtually all wind angles, but tends
to be slightly more pronounced for crosswind conditions.

As a guideline to the user, single 1ink computations should
incorporate medians no greater than 10 meters in width. This
figure is justified since verification of the CALINE3 model on
the GM data base (median width = 11.8 meters) was performed as
a8 single link computation. In the GM data base; however, traf-
fic volume and emission factors were identical in both dﬁrec-
tions of flow. Any application in which there is a significant
difference between these parameters should be modeled as two
separate links.
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7. MODEL VERIFICATION

The CALINE3 model was verified using data obtained from three
separate sources: The General Motors Sulfate Experiment(4),
a Stanford Research Institute Monitoring Study(10), and the
Caltrans Los Angeles Study(3). As a standard of comparison,
CALINE2 results were also included in the verification study.

Two methods of comparison between predicted and measured con-

centrations were used in this analysis. The first consisted

of an overall plot of predicted versus measured concentrations .

regardiess of receptor location and wind angle. These overall

plots give a general picture of the accuracy of the model.

The degree to which the results follow a 45° line and the
“amount of scatter around that line are the important descriptors

of model accuracy and precision, respectively.

Normally, for model calibration studies the measured values are
made the dependent (vertical axis) variable so that the resyl-
ting calibration curve can be used to adjust model Predictions
to measured results. For a verification analysis, however, the

- model predictions are made the dependent variable so that the
regression analysis is directed at the model residuals (in this
case, a residual is defined as the difference between the mode]
result and the expected model result).

The second method involved plotting of a comparison factor, F,

against the wind angle, PHI, for stable atmospheric conditions,
This was used to provide a more detailed performance evaluation
of model accuracy under stable, parallel wind conditions. The

comparison factor was computed as follows:

F = 100% (P=M)/(P+M)
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Predicted
Measured

Where, P
1

This factor has the quality of responding similarly for both
positive and negative cases of predicted minus measured, and
has fixed upper and lower limits. For these reasons it was
chosen over the simpler factor of P/M. Conversion to P/M
results can be made using the following formula:

P/M = (100+F)/(100-F)

In studying the model verification results, one must realize
that the variability in the results ié not only a function of
the model's accuracy, but also the errors inherent in field

observations (especially for low concentrations) and, for two
of the data bases, the inaccuracies of emission factor modeling.

7.1 General Motors Data Base

The General Motors (GM) Sulfate Experiment was conducted at the
GM Milford, Michigan proving grounds straightaway track during
the month of October 1975, The track is 5 kilometers long and
is surrounded by lightly wooded, rolling hills. Three hundred
and fifty-three cars, including 8 vehicles emitting tracer gas,
were driven at constant speeds of 80 km/hr around the track.
This simulated a traffic Tlow of 5,462 vehicles per hour along
a four lane freeway with a median width of approximately 12
meters, ' ) ' '

Monitoring probes were stationed at 5 distances up to 100

meters downwind from the edge of the roadway. The closest
three lTocations were equipped with tower mounted sampling
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probes at elevations of .5, 3.5 and 9.5 meters above the ground.
Two additional and more distant probes were located at an ele-
vation of .5 meter.

The use of sulfur hexafluoride (SF ) as a tracer gas in 8 of
the vehicles eliminated 1nterference from background pollutant
levels. Since SF6 is an extremely inert gas, its downwind
concentrations could be predicted by CALINE2 and CALINE3 with-
out violating the steady state assumptions of the Gaussian
formulation,

The following values of input parameters were used to run the
models:

TABLE 3
GM Input Parameters

Surface Roughness: Z0 = 250 (em)

Averaging Time: ATIM = 30 (min)
Width: W= 32 (m)
Link Length: Y1,Y2 = 2500, -2500 (m)
Mixing Height: MIXH = 1000 (m)

VS,VD,AMB,H,X1,X2,YR = 0
Uu(e 4.5m),BRG,CLAS,VPH,EF,XR,ZR = variable

The atmospheric stability classes (CLAS) used were taken from
Chock(21). These were based on Golder's classification scheme(22).

The value of Z0 used for this validation analysis is much greater
than the value of 3 cm given by Chock(21). The lower va]ue was
the result of meteorological observations made within the rela-
tively smooth swath of ground where the sampling probes were
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lTaid out. For crosswind conditions the 3 cm value is the proper
value to use. For CALINE3, however, this is unimportant since
the model is insensitive to Z0 for crosswind conditions. It

was felt that a Z0 more characteristic of the densely wooded
terrain surrounding the track would be more appropriate for
parallel wind conditions(23).

A total of 38 half hour runs were chosen from the GM data base.
Twenty-two of these runs occurred during unstable atmospheric
conditions (B and C stability), while 16 occurred during stable
conditions (E and F stability). Representative cases for near
parallel and crosswind conditions were included for both stable
and unstable conditions. The overall results of Predicted versus
measured values were plotted for the three downwind towers and
two extended ground level probes for a total of 11 probes (except
where measured data were missing). The results for unstable con-
ditions are shown in Figures 28 and 29. A tendency for under-
prediction of higher measured concentrations and a more excessive
scatter in results is exhibited for the CALINE2 model. For each
graph the number of data points (n), the intercept (a), slope (b),
and correlation coefficient (r) for a linear least squares re-
gression are given., The results for stable conditions (see Figs,
30 and 31) are particularly revealing of the problems inherent

in CALINE2., Extreme overpredictions are made by CALINEZ for

over half of the 174 comparisons made. On the other hand,
CALINE3 exhibits a relatively consistent performance with a
slight tendency to overpredict.

_ There are three reasons for the extreme overpredictions calcy-
lated by CALINE2. First, CALINEZ always assumes a 5 mile upwind
length of highway, whereas for the GM study there was only a 2.5
kilometer upwind length. Second, by modeling elements using a
virtual point source, CALINE2 does not realistically simulate
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the initial horizontal dispersion of pollutants across the
highway. Third, the vertical and horizontal dispersion curves
used by CALINE2 have no adjustments for averaging time and sur-
face roughnesé. They are based on ATIM=3 to 10 minutes and
Z0=3 cm, and therefore yield extremely conservative estimates.
A1l these def1c1enc1es are corrected in the CALINE3 program.

The comparison factor analysis shown in Figure 32 gives an
excellent picture of model performance as a function of wind
angle. This analysis was performed solely for ground level]
receptors under- stable atmospheric conditions. Ideal model
performance is indicated by a comparison factor value of Q.

The superior performance of CALINE3 is evident. The plotted
values of F for CALINE3 never exceed 50 (equivalent to P/M=3).
The values for CALINE2 approach, and in one case exceed 80
(equivalent to P/M=9). It should be remembered that large
values of F tend to be less critical for distant receptors
with low concentrations. The tendency of CALINE2 to overpre=
dict parallel wind cases is shown by the right to left upward
trend for values of F at each receptor location. This pattern
is also observed in the CALINE3 results, but is definitely
less significant.

7.2 Stanford Research Institute Data Base

The site chosen for the Stanford Research Inst1tute (SRI)

' field study was’ 1ocated along U.S. H1ghway 101 in Santa Clara,
| California. The highway is a six lane, dat-grade section with
an approximate 10 meter median strip. It carries a relatively
high volume of traffic (around 100,000 ADT) with traffic speed
and directional volume varying considerably throughout the day.
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The area surrounding the sampling location for a radius of

75 kilometer is essentially flat and composed of level fields
containing short grasses. Monitoring was carried out during
selected days in January and February of 1975,

Eight ground level probes (z = 1 meter) were located on each
side of the highway along a line perpendicular to the highway,
Two vertical probe arrays were also located on either side of
the highway with probes situated at elevations of 1, 3, 6.1

and 13.6 meters., Samples were taken using sequential multibag
samplers, thus obtaining integrated hourly air samples. Two
vans were equipped to release two types of tracer gases, sulfur
hexafluoride (SF6) and freon-1381. Concentrations of the two
tracer gases, methane and nonmethane hydrocarbons, and carban
monoxide were measured at each sampling location.

Because of the small number of tracer vehicles and variable
traffic conditions it was felt best to validate CALINE3 using
the CO results rather than the tracer concentrations. Also,
since the traffic speeds and volumes varied with the direction
of flow, the site was modeled as two separate links or sources
by both CALINE2 and CALINE3.

Emission factors given in the SRI data base were based on EPA
Supplement 5 Methodology adjusted by the tracer results. It

was decided to use Mobile Source Emission Factors dated March
1978 rather than those given in the data base because of the
results of a mass balance analysis made for crosswind conditions
at the closest downwind tower. This analysis indicated that the
adjusted CO emission factors contained in the data base were too
low to account for the measured concentrations. It was also
felt that this would give a qualitative appraisal of the vari-
ability added to the final result by an emission factor mode].
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The inputs used to derive the emission factors were as follows:

TABLE 4

SRI Emissions Input Parameters

Calendar Year: 1975
"Cold Starts: 20%
Hot Starts: 27%
Vehicle Mix: LDA = 81.5%

LDT = 12.1%
MDT = 1.,3%
HDG = 4.5%
HDD =  .5%
MC = .1%

Vehicle Speed: variable
Ambient Temperature: variable

The input values used for CALINE2 and CALINE3 were as follows:

TABLE 5

SRI CALINE Input Parameters

Surface Roughness: Z0 = 10
Averaging Time: ATIM = 60
Width: W= 20.6

~ Link Length: Y1,Y2 = 3000, -3000
Mixing Height: MIXH = 1000
VS,VD,AMB,H,X1,X2,YR = 0
U(e 3.8m),BRG,CLAS,VPH,EF,XR,ZR = variable
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The overall analysis was divided into unstable, neutral, and
stable atmospheric stability classes. These classes were
determined using the same Golder classification scheme that

was used for the GM data. The number of hourly runs studied
for each atmospheric stability class were, respectively, 9,

11, and 8. For each of these runs, 5 ground Teve]land 6 ele-
vated probes were modeled (except where data were missing),

The measured CO value at each of these downwind probe locations
was adjusted for upwind ambient CO Tevels, Nearly parallel
winds were not well represented, with only one hourly run have
ing a wind angle with respect to the highway less than 25 '
degreés.

The overall results for unstable conditions are shown in Figures
33 and 34, MWhile both models tend to underpredict at the higher
concentration (probes located closer to the road) this tendency
is less marked for CALINE3. The results for neutral atmospheric
stability conditions, shown in Figures 35 and 36 indicate a
reasonable overall trend by both models, but an excessive amount
of scatter for CALINEZ2. Again, CALINE3 has a tendency to under-
predict for receptors close to the road, but this tendency is
less than for the unstable case. For stable atmospheric condi-
tions, (see Figures 37 and 38), the superiority of CALINE3 is
apparent (note the scale difference between the two graphs),
CALINES3 is slightly conservative, but considerably more accurate
than CALINEZ,

By comparing the overall results for the GM and SRI data bases,
it can be seen*that the use of an emissions model for the SRf
analysis has not added significantly to the variability of the
final model result.
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Inspection of the comparison factor graph for around level re-
ceptors under stable conditions (see Fig. 39), again reveals the
superiority of CALINE3 over CALINE2. With only one true par-
allel wind case it is difficult to assess the performance of

the models as function of wind angle. The overprediction for
that one case could be attributed to significant concentrations
spreading from the highway to the upwind (ambient) sampiihgv
site causing an overestimate of the ambient concentration. At
the distant receptors, the differences between the two models
seem to vanish. This is probably due to the increased error’

of field measurements as a fraction of the measured value for
low concentrations (creating more "noise" in the data), and

the tendency of CALINE2 to disperse pollutants less horizontally
than CALINE3.

7.3 Los Angeles Data Base

During 1974 and 1975 the California Department of Transportation
conducted a detailed monitoring program for pollutants near
freeways in thé Los Angeles area, Detailed meteorological and
aerometric data were collected at several sites and summarized
on the Department's Air Quality Data Handling Svstem (AQDHS).
The amount of data collected was considerably more extensive
than either the GM or SRI data bases, thereby allowing a wider
choice of specific meteorological conditions.

Two sites, a depressed section (Site 1) and an elevated section
(Site 3), were chosen for the verificafion study. The probe
layouts and highway geometry for the two sites are shown in
Figures 40 and 41. CO data from the downwind probes at each
site were used for the overall and comparison factor analyses.
Fifty-three hourly runs from Site 1 and forty hourly runs from
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Site 3 were chosen. Wind angles varied from 20 to 90 degrees
with respect to the roadway. Stability classes B, D and F were
represented for each site.

As with the SRI data base, Mobile Source Emission Factors,
dated March 1978, were used as inputs to both models. The
emission factors were computed assuming the following conditions:

-

TABLE 6
LA Emissions Input Parameters
Calendar Year: 1875

Cold Starts: 6%
Hot Starts: 2%

Vehicle Mix: LDA = 77.0%
LDT = 11.6%

s MDT = 1.4%
HDG = 4.5%

HDD = 4.5%

MC = 1,0%

Vehicle Speed: variable
Ambient Temperature: variable

While traffic volume and speed varied depending on direction
of flow for both sites, a single 1ink computation using a
weighted emission factor was used for both models. This
permitted evajuation of model performance for a single link
approximation.
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The following input values were used to run the models:
TABLE 7
LA CALINE Input Parameters

Surface Roughness: z0 = 100 . : - (m)

Averaging Time: ATIM = 60 (min)
Width: W = 48.8 (m=Site 1)
W= 42,1 (m=Site 3)
Link Length: Y1,Y2 = 2500, -2500 (m)
Height: H= -7.3 (m=Site 1)
H= 6,1 (m=Site 3)
Mixing Height: MIXH = 1000 (m)

VS,VD,AMB,X1,X2,YR = 0
U(e 13.4m),BRG,CLAS,VPH,EF,XR,ZR = variable

The overall analysis was performed for downwind ground level
probes including the 4 ft probe at the downwind edge of the
roadway. This resulted in an analysis of 4 probes for Site

1 and 5 probes for Site 3. The measured CO0 readings at these
probes were adjusted for ambient by using the distant upwind
ground level receptor resuTts. Turner's stability classifica-
tion method was used to determine the hourly values for CLAS(Q).

The overall analysis for Site 1 shown in Figures 42 and 43 in-
dicates significantly greater variability in the CALINEZ2 results
than the CALINE3 results. It should be stated, however, that
the CALINE3 depressed section algorithm was indirectly based on
Site 1 measurements., CALINE2 uses an empirical reduction factor
which is a function of the depth of the depressed section and is
applied equally to all predicted concentrations. The CALINE3
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algorithm, however, generates higher predicted concentrations
within the depressed section and lower values away from the
depressed section. This approach seems to yield better results.

For Site 3 the results shown in Figures 44 and 45 again show
~the tendency of CALINEZ to grossly overpredict (note scale »
difference). The extreme overpredictions occur for the higher
measured concentrations (probes located closer to the roadway).
The underpredictions by CALINE3 for high measured concentrations
occur primarily under crosswind conditions at probe 3 which is
located immediately in the lee of the fill section. These
underpredictions, which can be more clearly seen in the com-
parison factor analysis, apparently result from back eddying
effects created by the crosswind flow of air over the fill
section. The underpredictions were much worse before it was
decided to have the model set H=0 for fill sections.

The comparison factor gfaphs for Site 1 (see Fig., 46) reveal
lTittle concerning model response to wind angle because of the
limited range of wind angles available for F stability condi-
tions. For wind angles around 20°, however, the shift from
overprediction to underprediction as a function of receptor
distance can clearly be seen for CALINE2. CALINE3 yields more
consistent, slightly conservative values for each of the probe
locations. CALINEB may also be exhibiting a slight tendency
towards overprediction for more parallel winds. These over-
predictions are not very large, however, anﬁ could perhaps be
lessened even more if onsite measurements of horizontal wind
angle varijation were used to derive the horizontal dispersion
curves used in the model.

In Figure 47 the comparison factor results for Site 3 are
shown. The tendency for underprediction by both models for
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probe 3 under crosswind conditions can be seen. Again, the

CALINE3 results are more consistent and less conservative than
the CALINE2 results. CALINE3 shows a tendency towards higher
predictions for parallel wind cases, but these values are much
Tower than the CALINE2 results. As in the other verification
analyses, the difference between the two mode?s tends to 1essen
with 1ncreased receptor d'tstancea ’ o o
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8. USER INSTRUCTIOQONS

8.1 Restrictions and Limitations
8.1.1 Core requirements: approximately 60K,

8.1.2 CALINE3 can process a maximum of-20 links per job.
For each 1ink, the following must remain constant:
The section type (TYP$), the source height (HL),
the mixing zone width (WL), the traffic volume
(VPHL), and the emission factor (EFL). If for
any reason one of the variables changes, it must
be accounted for by a different link or an aver-
aged value. In the case in which two links are
parallel and identical, the two links may be
considered as one with mixing zone width equal
to the sum of the two traveled way widths plus
the edge to edge median width plus 6 meters. The
median width may not exceed 10 meters.

8.1.3 CALINE3 can process a maximum of 20 receptors per
jab.

8.1.4 For any job, CALINE3 can pfocess>an unlimited
number of meteorological conditions.

8.1.5 1In setting up link dimensions, the link length
should always be greater than the link width.
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8.1.6

Suggested and

Input variable Timits:

Variable Mandatory Limits Reason

Wind u>1 m/s Gaussian assumption; with U>1 m/s,

Speed - along-wind diffusion can be con=_
sidered negligible relative to U.

Wind 0°<BRG<360° Wind azimuth bearing measured

Direction relative to positive Y-axis.,

Averaging 3 min<ATIM<120 min Reasonable Timits of power law

Time approximation.,

SurTace 3 ¢m<Z0<400 cm. Reasonable 1imits of power law

Roughness approximation.

Mixing W>10 m Minimum of 1 lane plus 3 meters

Zone per side of link.

Link W<LL<10 km Link Tength, as defined by link

Length endpoint coordinates (X1,Y1,X2,Y2),
must be greater than or equal to
link width for correct element
resolution, and less than or equal
to 10 km since vertical dispersion
curve approximations are only valid
for downwind distances of 10 km or
less.,

Stability CLAS=1,2,3,4,5,6 Pasquill stability class scheme.

Class

Source =10 m<H<10 m Not verified outside of given

Height range.

Receptor >0 Gaussian plume reflected at air-

Height surface interface; model assumes

97

plume transport over horizontal
plane.

NOTE: For depressed sections Z>H
(where H is negative) is permitted
for receptors within the section.



8.1.7 The model should not be used in areas where the
terrain in the vicinity of the highway is suffi-
ciently rugged to cause significant spatiaf
variability in the local meteorology.

8.1.8 The model should not be used for streets within
a central business district where the so-called .
street canyon effect is significant.

8.2 Grid Orientation

CALINE3 uses a combination of the X-Y Cartesian coordinate
system and the standard compass system to establish coordinate
locations and 1ink geometry. The standard, 360° compass is
overlaid onto the X-Y coordinate plane such that north corre-
sponds to the +Y direction and east corresponds to the +X
direction., Wind angles (BRG) are measured as the azimuth
bearing of the directien from which the wind is coming (i.e.,
BRG = 270° for a wind from the west). Coordinates, link height
and link width may be assigned in any consistent length units.
The user must input a scale factor (SCAL) to convert the cho=-
sen units to meters (SCAL=1. if coordinates and link height
and width are input in meters).

The X-Y grid and compass systems are combined into a single
system and may be used with north representing true or mag-
netic north or an assumed north. In either case, once north
has been chosen, all angles and X-Y pairs must be consistently
assigned. Negative coordinates are permitted.
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8.3 Input (see Fig. 48)

Card Sequence Variable “ Variable
Number Name , Description*
1 JOB Current job titlex*
ATIM o Averaging timeD in minutes*¥x*
Z0 Surface rowghness, in-ém
VS Settling velocity, in cm/s
VD Deposition velocity, in cm/s;

if the settling velocity is
greater than 0 cm/s, the
deposition velocity should
be set equal to the settling

velocity.

NR Number of receptors; NRnax=20
(Integer) '

SCAL Scale factor to convert re-

ceptor and link coordinates,
and link height and width to

meters.
2 RCP Receptor name
XR X-coordinate of receptor
YR Y-coordinate of receptof
ZR  Z-coordinate of receptor

NOTE: Card seqguence "2"
must appear NR times.

*Real variables, except titles, must contain a decimal
point and integer variables are right justified.

**Data type real unless specified otherwise.

***See restrictions and limitations for additional
information on variable limits,
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‘Card Sequence Variable Variable
Number Name Description
3 RUN Current run title
NL Numbefvof links; NL =20
(Integer) max
NM Number of meteorologita1
conditions; no maximum -
(Integer)
4 LNK Link title
TYP Section type
AG=At-Grade
FL=Fill
BR=Bridge
OP=Depressed
XL1, YLI Coordinates of link endpoint 1
XL2, YLZ Coordinates of link endpoint 2
VPHL Traffic volume in vehicles per
hour |
EFL Emission factor, in grams/mile
HL Source height
WL Mixing zone width
NOTE: Card sequence numbér gt
must appear NL times.
5 ] Wind speed, in m/s
BRG Wind angle with respect to
positive Y-axis in degrees;
may range between 0°-360°,
inclusive.
‘ CLAS Atmospheric stability class,

100
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Card Sequence Variable Variable

Number Name Description
5 (cont.) MIXH Mixing height, in meters
AMB Ambient concentration of pol-

lutant, in ppm

. NOTE: Card sequence number
- fS“ must appear NM times, -

To execute CALINE3 through the statewide Teale Data Center, a
data file of the general form shown in Figure 48 must be pre-
ceded by the Job Control Language (JCL) shown in Figure 49,

To execute the TENET version of CALINE3, the user must supply
the program with a sequential file following the same order cf
input required for the FORTRAN version. Exampies of file input
are shown in Section 8,5.

8.4 Output

Output for CALINE3 consists of printed listings containing a
summary of all input variables and model results. The input
variables are separated into site, 1ink and receptor variables.
Model results of CO concentration are given in parts per million
(ppm) for each receptor-link combination, and are totaled (in-
cluding ambient) for each receptor. A separate page of output
is generated for each meteorological condition (three page
output format is used when NL exceeds 10).

Other inert gaseous pollutants (such as SF6 tracer) may be run
by changing the molecular weight varjable (MOWT) within the
program to the appropriate value, and modifying the output
headings. Similarly, to run the model for particulates, set
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FPPM=1 and again modify the headings. Results will be in
units of ug/m3. For both cases, the fixed point format Tor
the output should be modified to handle the range of results
expected.

Jobs may be run consecutively, with.a new series of pages being
started for each job. A brief data edit is executed for each
‘job run. If an error.is found, a diagndstic is printed ahd'
program execution ends.

8.5 'Examples

Four examples have been prepared to assist the user in under-
standing the model's capabilities. Each example demonstrates
several important characteristics of the model. The user
should note that the emission factors quoted in these examples
are not rigorously derived values.

The program required less than 3 seconds of central processing
unit (CPU) time on an IBM 370/168 to run all four examples.

8.5.17 Example One = Single Link (see Fig. 50)

Example One is a simple illustration of a single Tink with

one receptor located near the downwind edge of the highway.

The purpose of this example is to show how the model handles
links which are identical in every way except for their section
type and source height.

The 1ink runs in a north-south direction and is 10,000 meters

long. The vehicle volume (VPH) is 7500 vehicles/hour, the emis-
sion factor (EF) is 30 grams/mile and the mixing zone width (W)
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EXAMPLE 1: SINGLE LINK (VARIOUS SECTIONS)

NORTH
y
7(0,5000)
TR,
] Scale | _
/LINK : ‘ ' : S
' SITE VARIABLES
Wind direction | -
B U=1m/s
Receptor BRG = 270°
CLAS = 6 (F)
Z0 = 10 cm
X & ATIM = 60 minutes
VS,VD = 0 cm/s
AMB = 3.0 ppm
MIXH = 1000 m
; LINK VARIABLES
VPH = 7500
EF = 30 g/mi
W=30m
CASE TYPE H(m)
, é(O,‘5000) 1 AG 0
2 BR 5
3 DP =5
4 FL 5

NOTE: Coordinates of Link RECEPTOR COORDINATES

Endpoints on Diagram (m) 1 X Y Z
30 0 1.8

FIGURE 50
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is 30 meters. The site variables used are an averaging time
(ATIM) of 60 minutes, an atmospheric stability (CLAS) of 6(F),
deposition and settling velocities (VD,VS, respectively) of

0 cm/second, an ambient CO concentration (AMB) of 3.0 ppm, and
a surface roughness (Z0) of 10 cm. The value for thé surface
roughness of 10 cm was chosen because the link is assumed to
be located in a flat, rura] area composed mainly of open f1e1dse-
The meteorological conditions of wind speed (u) and wind angle
(BRG) are 1 m/s and 270 degrees, respectively. .The 270 degree
wind angle puts the direction of the wind perpendicular to the
link (crosswind) and from the west. The receptor is located
30 meters east of the highway centerline at a "nose height"

of 1.8 meters,

The file input for all four cases is shown in Exhibit 1. This
is in the free format form permitted for the BASIC version. The
sequential input of the data is identical for the FORTRAN ver-
sion, but the field 1imits shown in Figure 48 must be followed.

For case one, the 1ink is defined as an at-grade type (TYP=AG,
H=0). For this configuration, the model calculates & CO con-
centration of 7.6 ppm (see Exhibit 2 = note that this is the
BASIC version output. FORTRAN output is given for Example 4),

This includes the 3.0 ppm ambient value shown under site
variables.

Cases two and four involve elevated 1inks. Each 1ink is
assigned a height of 5 meters above the datum, but for case
two the link is defined as a bridge section (TYP=BR), while
in case four it is considered a fill section (TYP=FL). The
resulting CO concentrations are 6.2 ppm for the "bridge" link
and 7.6 ppm for the "fil1" link (see Exhibits 3 and 5). The

v
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1,00
2.00
3,00
4.00
5,00
6.00
7.00
8,00
9,00
10.00
11.00
12,00
13.00
14.060
15.00
16.00
17.00
18.00
12.00
20.00

Exhibit 1

‘EXAMPLE ONE’ 960910705051 91

‘RECFo 179305021.8 N
‘CASE ONE“ 151

‘LINK A’9sAG»0+~5000+0¢5000-7500730:0+30
127054691000+ 3

"EXAMPLE DONE‘»6071070905r191

RECFs 1’53050+1.8

‘CASE TWO’sisl

"LINK A’»BR»0s=S5000505s5000s7500+s3075+30
1¢270969100053

‘EXAMFLE ONE‘260510+s0+0s151

‘RECPF, 17930+s0s1.8

‘CASE THREE’#1s1

LINK A 9sDPs0»=500050v500097500s305~5530
192709651000, 3

"EXAMPLE ONE’ 7805107050519 1

‘RECP. 17/¢305071.8

‘CASE FOUR’»151

‘LINK A’sFLs07=5000,05500077500+3055530
1270965100053
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Exhibit 2

CALINE3: CALIFORNIA LINE SOURCE DISPERSION MODEL
SEFTEMERER, 1979 VERSION
FPAGE 1

JOBR: EXAMPLE ONE

" FILE: DATA - S
RUNS CASE ONE

I. SITE VARIABLES

U= 1.0 M/S ATIM = 60 MINUTES

ERG = 270 DEGREES 20 = 10 CH -

ClLaS = & (F) Vs = ,0 CM/S

MIXH = 1000 M : v = ,0 CH/S

AME = 3.0 PPM

II. LINK VARIABLES

LINK ¥ LINK COORDINATES (M) % EF H W
DESCRIFTION X% X1 Y1 X2 Y2 % TYPE VUPH (G/MI) (M) (M)
_______________ * - —— - T
A. LINK A X 0 =35000 0 3000 x AG 7500 30.0 o 30

III. RECEFTOR LOCATIONS

X COORDINATES (M)
RECEPTOR X X Y z
______________ 3 = o o o o
t. RECF. 1 % 30 0 1.8

IV, MODEL RESULTS

X CO
RECEFTOR % (PFM)
————————— W o= e e o e
1 X 7.6
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Exhibit 3

Cal.l¥.3: CnLIFORNIA LINE SOURCE DISFERSION MODEL
SEFTEMEERs 1979 VERSION
FAGE 2 -

JOB? EXAMFLE ONE o .

FILE? DATA
RUN: CASE TWoO

I. SITE VARIAERLES

U= 1.0 HM/8 ATIM = &0 MINUTES
BRG = 270 LEGREES ZO = 10 CHM
CLAS = 6 (F) VS = .0 CM/S
MIXH = 1000 M Vb =  ,0 CM/S
AMEB = 3.0 FPHM
II. LINK VARIARLES
LINK ¥ LINK COORDINATES (M) X EF H W
DESCRIFTION % X1 = Y1 X2 Y2 X TYPE VFH (G/MI) (M) (M)
_______________ 3K om0 e e o e o
A. LINK A * 0 -5000 0 5000 X BR 7500 30.0 S 30

ITI. RECEFPTOR LOCATIONS

X COORDINATES (M)
RECEFTOR % X Y oz
______________ x(...___..-._.___——_,..._,__a_
1. RECF, 1 % 30 0 1.8

IV, MODEL RESULTS

¥ €O
RECEFTOR #* (FPFM)
_________ *.—........,_-_._
1 ¥ 6.2
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Exhibit 4

CALINE3Z: CALIFORNIA LINE SOURCE DISFERSION MOLEL
SEFTEMEBER» 1979 VERSION
FAGE 3 |

JOB: EXAMFLE ONE S .
FILES DATA
RUN: CASE THREE

I. SITE VARIABLES
U= 1.0 M/S . ATIM = 60 MINUTES
BRRG = 270 DEGREES Z0 = 10 CM
CLAS = 6 (F) Vs = .0 CM/S
MIXH = 1000 M yp = .0 CM/S
AMB = 3.0 PFM
TI. LINK VARIABLES
L INK * LINK CODRDINATES (M) % EF H oW
DESCRIFTION % X1 Y1 X2 y2 % TYPE VUPH (G/MI) (M) )
_______________ S e e e s e I ——— e e o e v
A. LINK A X 0 -5000 0 5000 x DP 7500 30,0 -5 30

III. RECEFTOR LLOCATIONS

* COORIDINATES (M)
RECEFPTOR X X Y pA
______________ W o e s o 0 o o o 0 > o > e
1. RECF. 1 X 30 ¢ 1.8

1v. MODEL RESULTS

¥ CO
RECEFTOR X% (PFM)
_________ W = o o o o o v
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Exhibit §

CALINES: LALIFORNIA LINE SOURCE DISFERSION MOLEL
SEFTEMEERs 1979 VERSION
FAGE 4
JOE! EXAMFLE ONE - R

FILE: DATA
RUN? CASE FOUR

T. BSITE VARIARBRLES

U= 1.0 M/S ATIM = 60 MINUTES
BRG = 270 DEGREES Z0 = 10 CM '
CLAS = 6 (F) VS = .0 CM/S
MIXH = 1000 M D = ,0 CM/S
AME = 3.0 PPN
IT. LINK VARIAELES
LINK % LINK COORDINATES (M) X EF H W
DESCRIPTION % X1 Y1 X2 Y2 % TYPE VUFH (G/MI) (M) (M)
——————————————— K e o e
A. LINK A X 0 -5000 0 S000 x FL 7500 30.0 S 30

III. RECEFTOR LOCATIONS

X COORDINATES (M)
RECEFTOR X XY Z
______________ *__.a_.__..—____.—_u-,u_
1. RECP, 1 X 30 0 1.8

Iv., HMODEL RESULTS

¥ CO
RECEFTOR % (PFM)
_________ W o omn oo o o e
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difference in concentration is due to the method in which con-
tributions from the "bridge" and "fil1" links are calculated.
For the "bridge"” link in case two, it is assumed that the wind
is not only blowing over the 1ink, but also underneath it.
Thus, the model can use the Gaussian adjustment for source
height which assumes a uniform vertical wind distribution both
above and below the elevated source. For the "Fil11™ 1ink, the
model assumes that the wind streamlines pass over the fill
parallel to the ground. Thus, the model treats case four just
as if it were an at-grade section.

For case three, the Tink is designated a depressed section
(TYP=DP). A1l conditions are identical to the previous cases
except the source height. CALINE3 increases the pollutant
residence time within the mixing zone of a depressed section,
thus enhancing initial vertical dispersion. This accounts for
the low CO concentration of 5.8 ppm predicted for case three
(see Exhibit 4).

8.5.2 Example Two = Rural Curved Alignment (see Fig. 51)

Example two depicts the application of CALINE3 to a rural,
curved alignment. Ten connecting l1inks are uSed to model the
highway. The ten links represent three straijght sections, a
45° curve, and a 90° curve.. The 90° curve is made up of five
links, while the 45° curve is made up of only two links. The
finer resolution for the 90° curve is needed to obtain an
adequate approximation of the highway alignment for the nearby
receptors, For the given wind angle, the 45° curve will not
contribute significantly to any of the receptors, and thus is
only divided up into two links. The input data file is given
as £xhibit 6.
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EXAMPLE 2: RURAL CURVED ALIGNMENT

NOTE: Coordinates of Link
Endpoints on Diagram (m).

RECEPTOR COORDINATES

X Y 2 - i
1. 400 1700 1.8 - 50
2, 100 1500 1.8 ‘ -
2: ?88 ]ggg }Zg ~~(475,1830) To (1650,1850)

87250,1760)
SITE VARIABLES

U=1.0 m/s P 265,1640 :
BRG = 452 ) ) ( ) dWlntd
CLAS = 6 (F irection
Z0 = 50 cm ' g ®(75,1510)
ATIM = 60 minutes
YS,VD = 0 cm/s
AMB = 3.0 ppm g
]
LINK VARIABLES S~_Receptor No.
TYPE = AG
VPH = 8500 |
EF = 30 g/mi
H o= 0 A
W = 28m /4r//
4
B¢(150,350)
(120,175)
3 =
(0,0) X
To (-707,-707) o __500m
Scale
FIGURE 51

113



Exhibit &

1.00 ‘EXAMPLE TWD’»2460+s505090v451 *
2,00 "RECFPos 1794000170091 .8

3.00 'RECFe 279100+1500+1.89

4,00 'RECFP.: 37:200+1300¢1.8

.00 “RECF+ 479100+,350+1.8

6.00 ‘RURAL LOCATION: S=CURVE’»10.1

7.00 ‘LINK A sAGes=7077=70790:058500s32050¢28
8.00 ‘LINK B’»AGs0:07,1205175:8500530+0,28

.00 ‘LINK C’»AGr1205175¢150+s350-,83500:30s0+23
10,00 “LINK I[7sAG»1505350515051350+-8500s30+04+28
11.00 “LINK E’sAGr150+13505175s1510+850053050:28
12,00 “LINK F’sAGe17991510:265+164053500:3050+28
13.00 “LINK G°9sAGr265/7156405350:175078500530-0+28
14.00 “LINK H’'sAG+35051760,4755,1830,8500:30,0:238
15.00 “LINK I5AG5475,1830:650,1850,85005,30+0728
16.00 “LINK J’»AG»&350r185051850,1850+3500,30-0528
17.00 1945+6¢1000+3
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The 1ink conditions placed on this example are a constant ve-
hicle volume of 8500 vehicles per hour and a constant emission
factor of 30 grams/mile. Also constant for all ten links are

the at-grade source height, and mixing zone width of 28 meters.
The two important site variables to note are the ambient
concentration (3.0 ppm) and the surface roughness (50 cm).f The
surface roughness of 50 cm corresponds to assumed rolling, lightly
wooded terrain. The model results, which include the ambient
concentration, are shown in Exhibit 7. The results appear to be
consistent with what would be expected under the wind angle of
45°,

8.5.3 Example Three - Urban Intersection (see Fig. 52)

Example three represents a conventional urban intersection.

The user should note that CALINE3 is not a street canyon model,
and therefore should not be used to model central business
district intersections .(i.e., surrounded by buildings of 4
stories or more).

Each street is divided into three 1inks. The intersection links
are assigned a much higher emission factor (100 grams/mile) than
the approaching links because of the vehicle idling and accelera-
‘tion that occurs at the intersection. In practice, a modal emis-
sions model would be used to predict a composite emission factor
for the driving cycle characteristic of the intersection being
modeled. Since the short intersection links are separate from
the longer approaching links, the width of the short links can

be made wider to include turn lanes. Thus, the multiple link
capability of CALINE3 allows the model to take into account
differences that exist along an arterial roadway.
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Exhibit 7

EF

(G/MI)

H
(H

)

SOOCOSCOOC OO

CALINE3: CALIFORNIA LINE SOURCE DISFERSION MODEL
SEFTEMBERs 1979 VERSION
PAGE 5 .
JOE: EXAMFLE TWO
FILE: DATA
RUNS RURAL LOCATION: S-CURVE
I. SITE VARIABLES
U= 1.0 M/S ATIM = &0 MINUTES .
ERG = 45 DEGREES Z0 = 50 CM
CLAS = 6 (F) Vs = .0 CM/S
MIXH = 1000 M VD = .0 CM/S
AME = 3.0 FFM
IT. LINK VARIABLES
LINK %* LINK COORLINATES (M) %
DESCRIFTION * X1 Y1 X2 Y2 % TYPE UFH
--------------- "
A. LINK A X =707 =707 0 0 %k AG 8S00
E. LINK R % 0 0 120 175 % AG 8500
C. LINK C x 120 175 150 350 ¥ A8 8500
D, LINK D ¥ 150 350 150 1350 x AG 8500
E. LINK E x 150 1350 175 1510 % a6 8500
F. LINK F X 175 1510 245 1640 x A6 8500
G, LINK G X 265 1640 350 1760 * AG 8500
H. LINK H X 350 1740 475 1830 x AG 8500
I. LINK I X 475 1830 650 1850 % AG 8500
J. LINK J X 650 1950 1450 1850 x AG 8500
III. RECEFTOR LOCATIONS
"X CODORDINATES (M)
RECEFTOR % X v Z
—————————————— *«—m-,———,-mm_.--—,-,_—--a-a
1. RECP. 1 % 400 1700 1.8
2, RECF, 2 % 100 1500 1.8
X. RECF. 3 % 200 1300 1.8
4., RECF., 4 % 100 350 1.8
IV. MODEL RESULTS
X CO/LINK
* (REM)
RECEFTOR * A E c I E F G H
_________ S e s e . e 5 s S S i i £ S S £ S e D R i 7 4 e 8 £ D e o e
1 X 0 O « 0 » O . 0 + 0 ) . O « O
2 X .0 .0 .0 .0 .0 1.5 3.7 2.1
3 * o':) .0 .O oo .O &O QO ¢ 0
4 ¥ .O .O 40 408 .O ,O oo o‘.)

* ¥ ¥ % ¢ X # X



EXAMPLE 3: URBAN INTERSECTION

Receptor No»\\
Link D\\ 3
@-

OL ] ] ! 1\ SOJOm
Scale
\\‘-Link c
©
LINK VARIABLES
Xq Y, X, Y, TYPE VPH EF H W

. (m) (m) (m) (m) (g/mi) (m) (m)
LINK A 0 500 0 50 AG 1000 50 0 14

“ B 100 0 500 0 " 5000 60 0 26

"o 0 -50 0 -500 " 1000 50 0 14

“ p -500 0 -100 0 " 5000 60 0 26

" E =100 0 100 0 " 5000 100 0 28

" F 0 50 0 =50 " 1000 100 0 14
RECEPTOR COORDINATES SITE VARIABLES

X Y 2
1. <30 30 T.8 U=1m/s Z0 = 100 cm
2. =30 -30 1.8 BRG = 9Q° ATIM = 60 minutes
3. =100 30 1.8 CLAS = € (F) VS,VD = 0 cm/s
MIXH = 100 m  AMB = 5.0 ppm
FIGURE 52
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The example is set in an urban location so that a surface rough-
ness of 100 cm is used. As in the preceding examples, a worst
case 1 hour stability class of F is assumed. Exhibit 8 shows
the data input file for Example three. The model results, which
include a 5.0 ppm ambient CO concentration, are given in Exhibit
9.

8.5.4 Example Four - Urban.Freeway (seé Fig} 53)

The final example is designed to show CALINE3's versatility.
The example consists of two primary links running east-west,
16 kilometers long. Set in an urban location, the primary
1inks carry traffic volumes of approximately 10,000 vehicles/
hour, with an emission factor of 30 grams/mile. An on=ramp
1ink is also included in the example. Because of the constant
acceleration occurring at the on-ramp, an emission factor of
150 grams/mile is used. As in Example three, this figure would
be based on a modal emissions model. Crossing the primary
1inks are two bridge Tinks with traffic volumes of 4000 and
5000 vehicles/hour,

Twelve receptors are scattered all throughout the study area.
By running the model at wind angle increments around the com-
pass, the user can then identify the most critically affected
receptors. For this example, 90° increments will be used.

In practice, 10° increments are recommended.

With six 1inks, twelve receptors, and four meteorological con-
ditions, CALINE3 is able to handle all situations in a single
run (see Exhibit 10 for data input file). The FORTRAN output
shown in Exhibits 11-14 contains all the values of the input
variables, and model results which include a link by 1ink
breakdown for each receptor concentration.
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1.00
2.00
3.00
4,00
5. Q0
(5 ¢ OO
700
8.00
9,00
10.00
11.00
12.00

Exhibit 8

TEXAMEPLE THREE 9607100709003 91
‘RECFo 179=30s3001.8

‘RECPs 2/9=30¢~3051,8

‘RECF. 37¢=100s30+¢1.8

‘URRAN LOCATION: INTERSECTION »s691
FLINK A2 vAGs0eT00e 0505100050051 4
LINK B eaAlG10090:s3000eB000eH0 D04
LINK C72AGs0s=505s0¢=50001000503s0+:14
LINK LY sAGe~500s0¢e=10070+300060r0s 24
LINK E‘sAGs=10000s10050935000+100,0.28
LINK F oG 0sS0+09=50910005100-0514
1¢2096+100+:3

119



Exhibit S

CALINE3: CALIFORNIA LINE SOURCE DISFERSION MODEL
SEFTEMRERs 1979 VERSION
FAGE 6

JOE: EXAMFLE THREE
FILE: DATA
RUN: URBAN LOCATION: INTERSECTION

I. SITE VARIABLES
U= 1.0 M/S ATIM = 60 MINUTES
BRG = 90 DEGREES Z0 = 100 CH
CLAS = 6 (F) Vs = .0 CM/S
MIXH = 100 M vir = .0 CM/S
AME = 5.0 PFPHM

II. LINK VARIAEBLES

LINK ¥ LINK COORDINATES (M) X EF H W
DESCRIFPTION X% X1 Y1 X2 Y2 % TYPE VUFH (G/MI) (M) (M)
_______________ 3 o e e e e 3K e o e e e
A. LINK A % 0 .50¢ 0 S0 % AG 1000 S50.0 0 14
E. LINK B x 100 0 S00 0 % AG 5000 40.0 0 26
C. LINK C X 0 =50 0 =300 x aAG 1000 S50.0 0 14
D. LINK I % =300 0 =100 0 x &G 5000 60.0 0 26
E. LINK E X =100 0 100 0 % a6 5000 100.0 0 28
Fo. LINK F X ) 50 0 =350 %X AG 1000 100.9 0 14

IIT. FRECEFTOR LOCATIONS

X COORDINATES (M)
RECEFTOR X X Y z
______________ K o e e i 0
1. RECP. 1 % =30 30 1.8
2, RECF, 2 % =30 =30 1.8
Z. RECPF. 3 X =100 30 1.8

IV, MODEL RESULTS

X CO/LINK * TOTAL
X (FFM) % + AME
RECEFTOR X A B c D E F % (FPM)
_________ W, o o e 20 > o e o o v e e e e e 2 e e Y e 0
1 X .0 F.4 e 0 .0 «8 1.9 x 13.1
2 X 2,0 5.4 s O 0 . 8 1.9 X 1301
3 X 0 501 oo 00 2v4 1¢0 ¥ 13.~J
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EXAMPLE 4:

URBAN FREEWAY

Q 0 500 m fOO0m
Yy == ! -
Scale
Link F ’ i -
Sole Link B
Link E\-'\ - Link € 3
C 4 Link A
el o | a2 na
=i ot
| | | | & B B
5 64 7 9|8 9 10
\\ Link D
Receptor No.
LINK VARIABLES
X1 Y1- X2 Y2 TYPE VPH EF H W
(m) (m) (m) (i) (g/mi) (m) (m)
LINK A 500 -0 3000 0 AG 9700 30 0 23
"B 500 0 1000 100 DP 1200 150 -2,0 13
"¢ -3000 0 500 0 AG 10900 30 0 23
"D -3000 -75 3000 =75 AG 9300 30 0 23
" E =500 200 =500 =300 BR 4000 50 6.1 27
" F- <100 200 -100 -200 BR 5000 50 6.1 27
SITE VARIABLES
U=1m/s
BRG = 0°, 90°, 180°, 270°
CLAS = 6 (F)
Z0 = 100 c¢cm
ATIM = 60 minutes
VS,VD = 0 cm/s
AMB = 12.0, 7.0, 5.0, 6.7
MIXH = 1000 m

RECEPTOR COORDINATES

(See Qutput)

FIGURE 53
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Exhibit 10

1.00 ‘EXAMPLE FOUR’s405100505091251
2,00 ‘RECPos 179=350+30+1.8
3.00 ‘RECF. 2720530518
4,00 ‘RECFs 34 ¢750e100¢1.8 -
5.00 ‘RECF. 4/+850:3091,.8
6,00 ‘RECF. 5/¢=8%50s=100¢1.9
.00 ‘RECF. &6 s=S50e=100s1.8
8,00 “RECF. 7/s=350s=100-1,8
2,00 ‘RECF. B8'+s50e=100e1.%
10.00 ‘RECP, 9¢450¢=100s1.58
11.00 ‘RECF., 1075800-100-1.8
12.00 ‘RECF. 11'=-550525¢1.8
13.00 "RECF., 127 ¢=3850s25+6.1
14.00 “URHAN LICATION: HMULTTALE LINNS W/ ON=RAMF apde OQUERFASSES 9b e 4
1500 "LINK A »AG=500¢0s3000s0¢P70030s0923
15,00 ‘LINK B’sDFsS00s01000s 1001200150 e=2,0e13
17.00 “LINK C/sAGs=3000s0:5000¢10PQCe3A0+05»23
18,00 “LINK D7 »AGs=3000r~75+s300Qs=7Ts9300+s300+23
12.00 LINK E’sEBRe¢=5009200¢=35009s=300,400050s6.1-27
20,00 “LINK F’¢BRe=100s200:=100s=200s500050s65:127
21,00 1+0+621000512
22,00 19096210007
23,00 1518096910005
24,00 1¢270:8210006m.7
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APPENDIX A - CALINE3

(BASIC VERSION)






100

110

120

130

140

150
1460
170
180
190

200
210
220
230
240
250
260
270
280
290
300

310
320

330
340
350
340
370
380
390

400
410

REM xx2exzikRg € A L I N E 3 RELXRERRER

SEPTEMBER» 1979 VERSION
DEVELOPER: PAUL BENSON (914) 739-2459
° ATSS 497-2489
REH AGENCY$ CALTRANS
TRANSPORTATION LAB
5900 FOLSOM BLVD.
SACRAHENTO» CA 93819

REM zxxx% PROGRA# DESCRIPTION kxaxs

CALINE3 IS THE 3RD GENERATION GAUSSIAN LINE SOURCE AIR
QUALITY HODEL DEVELOPED BY CALTRANS. ITS PURPOSE IS TO
PREDICT POLLUTANT CONCENTRATIONS NEAR TRANSPORTATION
REM FACILITIES (MICROSCALE REGION)., THE PRESENT VERSIOK
CAN PROCESS UP TD 20 LINKS AND 20 RECEPTORS FOR &N
UNLIMITEDRD NUMBER OF METEOROLOGICAL CONDITIONS.

REM #Zxxxx INITIALIZATION OF CONSTANTS XREx%

HOWT=28 | MOLECULAR WEIGHT CO

FPFH=0,0245/80UT t FACTOR MICRO=-GRAMS/METER™3 TO PPH

DOUBLE A¢BsLo Dy XPRI»YPRISAPRI»BPRILPRIsDPR]

DOUBLE HYPsSIDE»FAC22PDs»XD» YD

DIM C(20520) s XR(20)»YR(20)+ZR(20) s XL L (2029 XL2(20) »YL1(20)>»
YL2(20) s YPHL(20) vEFLL(20) rHLL20) v WL (20)  AZ(S) sAYL () »
AY2(E) 1 Y(6) sHT(S)

DOUBLE LL(20)»INTG(S)

DIM STES(S)»CODS(20) pLNKS(20) sRCPS(20) » TYPS(20)

MAT READ AZ1AY1,AY25WT

DATA 1112 $66 353 219 124 56 ! SIGMA Z (M) AT 10 KM

DATA .46 .29 .18 .11 .087 .037 ! SIGHA Y (M) AT 1 H

DATA 1831 1133 717 438 346 227 | SIGHA Y (M) AT 10 KM
DATA ,28 .75 1 .79 .2 ! SOURCE STRENGTH WEIGHTING MATRIX
DREF=L0G(10000)

HAT READ STB$,CODs$
DATA ArByCrDsESFy
IATA AsBeCrDIEsFrBrHrIoJrKeLoMeNsQrPsQeReS» Ty

REM x%x%%Zz HEADING XRu:Rxx

PRINT ° % X & PROGRAM ‘S3ENVBCALINE3’ 9/1/79°:
‘" VERSION % % %°

PRINT

PRINT IN FORM °// ‘INPUT DATAFILE NANE’°$

INPUT FILS

OPEN FIL%+1,INFUT,OLD

ON ENDFILE(1) GOTO 3640

FRINT

PRINT °ADVANCE PRINT HEAD TO NEXT PERFORATION THEN °3

"CARRIAGE RETURN®:
INFUT IN FORM °285XZ°3JUNK
FGCT=1 I FPAGE COUNTER



430 REN wRE2¥ DATA INPUT AND EDIT =zxwx

430 INPUT FROHM $:JOBS,ATIH»Z0sUS,UDINRSCAL
440 RER ATIM = AVERAGING TIME (MINUTES)

Z0 = ROUGHNESS (CH)
VS = SETTLING VELOCITY (CH/S)
VD = DEPOSITION VELOCITY (CH/S)
NR = NUMBER OF RECEPTORS

450 REH SCal. = COORDINATE SCALE FACTOR

(70 CONVERT TO HETERS)
440 YS=V5/100 ! COMUERT CH/S TG W/S
470 UD=UD/100 .
480 ViayD-US/2
490 FOR I=] TO NR
S00 INPUT FROM 13IRCPSCI)IoXR(IIYR(IIpZRIZ)
S310 REM XReYRsZR = RECEPTOR COORDIMNATES
520 XR(I)=SCALEXR(I)
$30 YR(I)=SCALEYR(I)
540 ZR(I1)=SCALRZR(D)
£50 MEXT I
560 INPUT FROM 1 SRUNS»NL »NM
%70 REM NL = NUMBER OF LINKS
NN = NUMBER OF MET CONDITIONS
$80 FOR I=i TOD NL
€90 INPUT FROM LSLNKS(Z)rTYPSCI)oXLICI) e YLICI) »XL2CT) pYL2CI) sUPHL(I) s
EFLCI) sHLCI) oWl (D)
600 REHM TYP$ = HIGHWAY TYPE
aB: AT=GRADE
DP$ DEPRESSED (CUT)
FL: FILL
BR: BRIDGE
610 REM  XL1¢ETC. = LINK ENDPOINT COORBINATES
UPHL = TRAFFIC VOLUME (VEHICLES/HR)
EFL = EMISSION FACTOR (GMS/HI) .
Hl. = SOURCE HEIGHT (M)
WL = HIXING ZONE BIDTH (M)
620 XL1(¢I)=SCAL®RXL1IC(I)
430 YL1(I)sSCALEYLI(I)
640 XL2(I)=SCALEXLI(TI) e HL(II=SCALIHL(I)
430 YL2(I)=SCALBEYL2(I)» WL(I)=SCALBHL(I) .
660 LL(II=SART((XL1(II=XL2C¢I)I=24C¢YLI(D)=YL2(T))=2) | LINK LENGTH
670 IF LL(ID<WL(I) THEN 680 ELSE 700
480 PRINT ‘LINK LENGTH MUST BE GREATER THAN OR EQUAL TO’:
¢ LINK WIDTH.’
490 END
700 IF ARS(HL(I)>)>10 THEN 710 ELSE 730
710 PRINT ‘SOURCE HUST BE WITHIN 10 METERS OF DaTUR’
720 END
730 NEXT 1

740 REM zx%32 HMET LOOP R3mex
750 FOR IM=1 TO NH
760" INPUT FROM 1:U¢BRGsCLASHIXHrANB
770 REH ¥ = WIND SPEED (H/S)
BRRG e BIND DIRECTION (DEBREES)

CLAS = STABILITY CLASS (A~F)

HIXH = MIXING HEIGHT (H)

AMR » AMBIENT CONCENTRATION (PPR)




780
790
800
810
820
830
840
850
860
870
880
890
900
910

920

9230
940
750
960
970
?80C,

?90

1000
1010
1020
1030
1040
1050
1060
1076
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200

1210
1220
1230
1240

12850

1260

1270

BERG1=ERG

BRG=ERG+180 ! CONVERT WIND VECTOR TO CONVENTIONAL VECTOR
IF BRG>=340 THEN BRGaBRG-3460

XVEC=COS(RAD(450~RRG)) ! VIRTUAL DISPLACEHENT VECTORS

YVEC®=SIN(RAD(450-BRG) )

REM CORRECTIONS FOR AVERAGING TIME AND SURFACE ROUGHNESS
AFACR(ATIN/3) ™, 2 T ) ) - :
S$Y1=LOG(AY1(CLASIR((Z0/3)=.2)RAFAL) ! LOG(SIGHA Y) AT 1 H
SY10=L0G(AYZ(CLASIR((20/3) . 07)RAFALC) ! LOG(SIBNA Y) AT 10 KH
S210=LOG(AZ(CLAS)R((20/10)=.07)RAFAL) I LOG(SIGHA Z) AT 10 Ki
REM SIGMA Y PDWER CURVE

PY1=EXP(8Y1)

FY2m(SY10=-5Y1)/DREF

MAT C=ZER t ZERD CONCENTRATION HATRIX

REH Xx%xxx LINK LOOP 2Zxgxx

FOR IL=1 TO NL

UPH=UPHL (IL)

EF=EFL(IL)

IF TYPS(IL)='DP’ OR TYPS(IL)®=’FL’ THEN W=0 ELSE He=HL (IL)
W=l (IL)

GOSUB 22310 ! 7O LINK COMPUTATIONS

REM xxx%%x RECEPTOR LOOP =BXX®X

FOR IR=1 TO NR

AF(XRIIRI=XL1C(IL))“24(YR(IR)~YL1(IL))=2

Ra (XROIR)=XL2(IL))™24(YR(IR)=YL2(IL))"2
L=(B=A~LL(IL)"2)/7(2%LL(IL)) ! OFFSET LENGTH

IF AML"2 THEN D=SGRT(A=L"2) ELSE D=0 ! RECEPTOR DISTANCE
UbL=lL CIL)+L ! UPWIND LENGTH

DUl =L ! DOWNWIND LENGTH

REM VIRTUAL DISPLACEMENT CALCULATIONS

XFRI=XR(IR)+DRXVEC

YPRI=YR(IR)+DRYVEC

APRI=(XFRI-XLA(IL)I“24+(YPRI=-YL1(IL))"=2
BPRI=(XPRI=XL2(IL) )2+ (YPRI-YL2(IL) "2
LFRI=(BPRI-APRI-LL(IL)™2)/7(2%LL(IL))

IF APRIXLPRI®2 THEN DPRI=SGRT(APRI-LPRI®2) ELSE DPRI=O

IF DFRIZD THEN D=-D

IF LPRI<L THEN TEMP=UWL ELSE 1180

Ul ==Di,

DUl =a-TEMP

IF TYP$(IL)=’AG” OR TYP$(IL)='BR’ THEN 1220

IF AES(D)»=W2+2¥ABS(HL(IL)) THEN 1220 ! 2:1 SLOPE ASSUMED

IF AES(D)<=U2 THEN Z=ZR(IR)>=HL (IL) ELSE
ZaZR(OIR)=HL (ILAX(1=CABS(D)=62) / (2XABS(HL (IL.))))
GOTO 1230
Z=ZR(IR)
GOSUR 2600
NEXT IRvIL

MAT C=(FFPH)&C

REHM =xzsgx OQUTPUT 3328xx%

LINESIZE 80

A-3



1280
1290
1300
1310
1320

1330
1340
1350

1360
1370

1380

1390
1400
1410

1420

1430
1440
1450

1460
1470
1480
1490
1300
1310

1826

1530

1540
1350
1360
1370

1580
1390

1600
1610
14620
1630
1640
1650
14460
1670
1680
1690

LNCT=40+NL+NR+HININR»10) ! LINE COUNT

IF NL>1 THEN LNCTaLNCT+1 .

IF NL-10 THEN LNCTaLNCTHNR$S

IF LNCT>66 THEN LNCTsLNCT-66

IF PGCT=1 THEN PRINT IN FORM °3/°¢ ELSE

PRINT IN FORH °4/°%

PRINT °. CALINE3: CaLIFDRNIA LINE SOURCE DISPERSION HODEL®

PRINT ° SEPTEMBER» 1979 VERSION®

PRINT IN FORM °34B “PAGE ° %Z // 98 “JOB: ° 60Z / 8B.4FILE: °

8% 7/ 9B ‘RUNS ° 602 ///°3PGCT:JOBEFILSsRUNS

PRINT TAB(8):°I., SITE VARIABLES®

PRINT IN FORM °/ 12D °U =° IZ.2 ’ H/S° 7B ‘ATIHM =’ 4%

° MINUTES” 7/ 10P °BRG =’ S% '’ DEGREES® 3B ‘20 e’ 42 ° €M’ /

OB ‘CLAS =% 4B Z ¢ (¢ % *)° 9B ‘VS =’ 2%.% ’' CH/S’ /°¢

UsATINsPRG1 207 CLAS: STRS(CLAS) » 100%VS

PRINT IN FORH °95 “MIXH =’ SX ¢ H’ 11B ‘VD =’ 2Z.%

© CM/S’ / 3B ‘AMB =’ 2%.Z ° PPH’ //°SHIXHs2100ZVUDsAHB

FRINT TAB(?7):°I1, LINK VARIABLES®

PRINT

PRINT TAR(12)$°LINK ®°ITABC24) $°LINK COORDINATES (#) %
TAB(61) S °EF H o de

PRINT TAB(8)S°*DESCRIPTION % Xi ¥i x2 Y2 & TYPE®:
* YPH  (G/MI) (M) (M)°

PRINT IN FORM °SB 15(‘=*) ’‘%‘ 24(’=’) *%% 26(’=*) /°¢

FOR I=1 TO NL

FRINT IN FORH °SB % ‘. * 11Z B ‘% 5% 3(4Z) * ¥’ IB 2% 7% 4%.X%

20(4%) /°iCODSCI) P LNKS(IIoXLICII v YLICI) v XL2CI) » YL2CI) » TYPS(I) v

UPHLI) pEFLCI) sHL CI) oL (T)

NEXT I

PRINT IN FORHM °//°:

FRINT TAB(4):°IlI. RECEPTOR LOCATIONS®

PRINT

PRINT IN FORM °19B ‘® COORDINATES (M)’°¢

IF NR<=10 THEN PRINT IN FORM °/°: ELSE PRINT IN FORH

°’ %’ 1\SB ‘% CODORDINATES (M)°® /°:

IF NR<=10 THEN FRINT TAB(10):°*RECEPTOR =% X Y zZ°

ELSE PRINT TaB(10):°RECEPTOR X X Y Z ®°?

TAB(45) S °RECEPTOR s X Y bdd

IF NR<210 THEN PRINT IN FORHM °%B 14(’<‘) ‘%2’ 18¢’=’) /°3 ELSE

PRINT IN FORM °SB 14(’=’) ‘%’ 18(’=’) ‘8% 15(’=*)

‘g7 38C =’y /0%

FOR I=1 TD NR

IF I>10 THEN 1610

IF NRZ210 OR I+10>NR THEN 1590

PRINT IN FORM °7Z ‘. * 92 ¢ ® * 2¢(%%) 3.2 * =° 32

fe 9% u SR ITeZ /°SIsRCPBUINIeXRCIIPYR(IISZR(I)

I+10sREPS(I+10) pXR(I$+10) s YR(I$+10)»ZR(I+10)

GOTD 1400 :

PRINT IN FORM °7Z ’. * 9% ’ 2 * 2(5%) 3IR.T /°SIsRCPB(IIoXR(I)»

YR(L1)eZR(I)

NEXT I

PRINT IN FORM °//°:

PRINT TAB(7):°IV. HMODEL RESULTS®

FRINT

IF NLM1 THEN 1690

PRINT TAR(1S):°x (D°®

FPRINT TAR(4):°RECEFPTOR 3 (PPH)®

FRINT IN FORM °SB 9(°=°) *R° 7(‘=’) /°%"

G0TD 1810

NLR=MIN(NL210)

A-4



1700
1710

1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1830
1860
1870
18680
1890
1900
1910
1920
1930
1940
1930
1960
1970
1980
1990
2000
2010
2020
2030
2040
20350
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200

PRINT TAR(15):°2° iTARCROUND(I7+(NLRRS=7)/2)) ¢ °CO/LINK"
TAB(I7+NLRXS)S° & TOTAL®

PRINT TAR(15)2°%° $TAR(ROUND (174 (NLRES=5)/2)) 2% (PPH)° 3
TAB(174NLR¥5)5° % ¢ AHB®

PRINT IN FORH °SB ‘RECEPTOR & °°%

FOR I=3 TO NLR . o

PRINT IN FORM °2P 3%°3C0DS(I)

NEXT I : .
PRINT IN FORM °B ‘% (PPH)‘ / SB 9(’=’) ¢geog
FOR I=1 TO SENLR42

FPRINT IN FORH ¢°=¢°3

NEXT I

PRINT IN FORM °’%° &(’=’) s°%

FOR I=1 TO MR

FPRINT JIN FORM °10% 48 °®’°3g

IF NL<2 THEN 1940

CSumH=0

FOR J=1 TO NL '
CSUM=CSUH+ROUND(10%C(Js 1)) /20

NEXT J

CSUMBCSUM+AMR | ADDITION OF AMBIENT

FOR J=1 TO NLR

PRINT IN FORM °3Z.%°:C(JsI)

NEXT J

PRINT IN FORH °’ &° 3%Z.% /°:CSUH

GOTO 1950

FRINT IN FORM °3%Z.X /°:C(1sI)+AMB

NEXT 1

IF NL<=10 THEN 2150

NLR=NL =10

FRINT IN FORH *//°%

PRINT TAB(15):°%°TAB(ROUND(17#(NLRRS=7)/2)) ¢ *CO/LINK®
PRINT TAR(15):°%°3TAB(ROUND( 17+ (NLRRS=S)/2) )5 (PPH)®
PRINT IN FORM °SB ‘RECEPTOR %/°:

FOR I=11 TO NL

FRINT IN FORM °2B 3%°31CODS(I)

NEXT 1

FRINT IN FORM °/ SB 9(‘=*) ‘m’°}

DO 177031790

FRINT IN FORM °/°¢

FOR I=1 TO NR

PRINT IN FORM °310% 4B “%’/°3I

FOR J=11 7O NL '

FRINT IN FORM °3Z.Z°3C(JeI)

NEXT J

PRINT IN FORM °/°:

NEXT 1

FOR LN=1 TO 66-LNCT ! PAGING

PRINT CHAR(10):

NEXT LN

PGCT=PGCT+1

NEXT IM

GOTO 430

REM xzzxx LINK SUBROUTINE xxxzx
ABREXERREXRRKRRARERBRERBLRKERBRAKRL
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2220 W2ew/2

2230 Qim,17262YPHREF I LINEAL SOURCE STRENGTH PARALLEL TO NIGHUAY
IN MICRO-GRAHS/(METERXSEC)

2240 XD=XL2(IL)=XL1CIL)

2350 YDuYL2(IL)=YL1C¢ZIL)

2260 LPR=DEG(ACOS(ARS(XDI/LL(IL) Y)Y t LINK BEARING

2270 IF XD>0 AND YD>=0 THEN LB=90-LB

2280 IF XD>=0 AND YD<O THEN LB=90+LB

2290 IF XD<O AND YD<=0 THEN LB=270-LB , . .

2300 IF XD<=0 AND YDB>0 THEN LBs2704LB . ’

2310 PHI=ABS(BRG-LB) } BWIND ANGLE HITH RESPECT TO LINK

2320 IF PHI<=90 THEN 2340 "

2330 IF PHIM®370 THEN PHIsABS(PHI~360) ELSE PHI=ABS(PHI~180}

2340 IF PHI<20 THEN 2430

2330 IF PHILSO THEN 2410

2360 IF PHI<K70 THEN 2390

2370 BASEx4

2380 GOTO 2440

2390 BASE=2

2400 GOTO 2?40

2410 BRASE=1.95

2420 GOTD 2440

2430 BASE=1,.1

2440 PHI=RAD(PHI) ! DEGREES TO RADIANS

2430 IF PHIN1.57046 THEN PHI=1.5706

2460 IF PHIK.00017 THEN PHI=.00017

2470 REM %x%%x® DEPRESSED SECTION X%%XxX
2880 IF HL(IL)<~=1.5 THEN 2510
2490 DSTRsyHDS=1

2200 GOTD 2540 4
2910 HDS=HL(IL)
2320 DSTR=.72%ABS(HDSY=.83 ! RESIDENCE TIME FACTOR

2330 REM ®3zx® SIGMA Z POUER CURVE 232X

2540 TR=DSTRRU2/U ! RESIDENCE TINME

2250 SGZ1=L0G((1.8+.112TRIR(ATIN/30)".2) ! LOG(SIGHA 2) AT W2
2560 PZ2=(SZ10-5GZ1)/(DREF=LOG(YD))

2570 PZ1=EXP((SZ10+4S6Z21-PZ22(DREF$LOGIW2)))/2)

2580 RETURN ,

2590 REM #xzzx CALINE3 SUBROUTINE 2%%%®
EEXRRFERERARARIXARZAXREEREXRLRBERREER

2600 SIGN=] ! DETERMINES DIRECTION ALONG LINK
+1 ==> UPWIND ELEMENTS
=] ==> DOSNWIND ELEMENTS
2610 NE=Q-STP»FINI=Y ! ELEMENT NUMBERs STEP FACTOR AND
LOOP END INITIALIZATION
2620 IF SIGN=1 AND UHL<=0 AND DUL<O0 THEN SIGN==}1
2630 IF SIGN==1 AND UNL>O AND DUHL>=0 THEN RETURN

2680 REM ®x¥2% ELEMENT LOOP 23332

2630 ED1=0
2660 ED2=SIGNTU ! ELEREMY LINITS
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IF SIGNa=-1 THEN 2750

IF EDi<=Dul. AND ED2<=DUL THEN 3560

IF EDI>DML AND ED2<UML THEN 2810

IF EDi<=DWL THEN ED1=DWL

IF ED2<UWL THEN 2810

ED2=uuL. -

NE,SIGNa={ T .

GOTO 2810 ' ) S

IF EDi-=UUL AND ED2>=UML THEN 3540

IF EDI<UML AND ED2>DWL. THEN 2810

IF ED1>=UWL THEN EDi=myul,

IF ED2>DUL THEN 2810

ED2=Diit.

FINI=0

EL2=ANS(ED2-EDL1) /2 ! ELEHMENT HALF-DISTANCE

ECLD=(ED14EDR2)/2 ! ELEMENT CENTERLINE DISTANCE

ELL2=U2/COS (PHI )+ (EL2=W2XTANC(PHI ) ) RSIN(PHI)

! EQUIVALENT LINE HALF=LENGTH

IF PHIM=ATAN(W2/EL2) THEN CSL2=W2/SIN(PHI) ELSE

CSL2=EL2/COS(PHI) ! CENTRAL SUB~-ELEMENT HALF=LENGTH

EM2=ABS ( (EL2-W2/TANCPHI) )RSINCPHI)) ! CENTRAL SUB-ELEHENT
HALF-=WIDTH

EN2=(ELL2-EN2) /2 ! PERIPHERAL SUB-ELEHENT WIDTH

REM x®xx® RECEPTOR DISTANCE LOOP xxxug
OE=Q1%CSL2/W2 /) CENTRAL SUB-ELEMENT LINEAL SOURCE STRENGTH
FET=(ECLD+DxTAN(PHI) ) XCOS (PHI) I ELEHENT FETCH
HYP=ECLD=24D"2

SIDE=FET~2

IF SIDE>HYP THEN YE=0 ELSE YEsSQGRT(HYP=SIDE)

! Y DISTANCE FROM ELEMENT CENTER TO RECEPTOR

REM wxxxx DETERMINE SIGMA Y AND SIGMA Z  ®x&zx%

IF FET<==-CSL2 THEN 3420 ! ELEMENT DOES NOT CONTRIBUTE
IF FET>=(CSL2 THEN 2990

REM xx RECEPTOR WITHIN ELEMENT =&z

QE=QEX (FET+CSL2)/(2%CSL2)

FET=(CSUL2+FET) /2

SGZ=PZ1¥FET"PZ2 ! SIGMA 2

KZ=SGZ™2xU/ (2%XFET) ! VERTICAL DIFFUSIVITY ESTIMATE
SGY=PY1RFET™PY2 | SIGHMA Y

FAC1=,399/(SGZxU) ! SOURCE STRENGTH - WIND SPEED FACTOR

REM xxx%%x ADJUSTMENT FOR ELEMENT END EFFECT BRURR
(FOLYNOMIAL APPROXIMATION)

Y{L)=YE4ELLD

Y(2)=Y(1)=EN2

Y(3)aY (J)-END

Y{A)=Y(3)=-D%EMD

Y(S)=Y(4)=END2

Y(a)=Y(T)=-EN2

FOR I=1 TO & ! SUB-ELEMENT SOURCE STRENGTH LOOP

LIM=ARS(Y(1)/SGY)

Tal/¢1+.23164%L1IH)

ARGaL IM=2/=2 ’

IF LIN>S THEN INTG(I)=0 ELSE INTG(1)=.3989REXP (ARG) %

(.3194!7-.35663T‘2+&.78151T”3-1c82131T“4+1.33038T“5)

MEXT 1

FAC2=0

FOR I=3 70 §
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3180

3190
3200
3210

3220
3230
3240

323

3260
32706
3280
3290
3300
3310
3320

3330

3340
3330
3360
3370

3380
3390
3400
3410
3420
3430
3440
3430
3440
3470
3480
3490
3500
3310
3520
3330

3540
3330
35460Q
3570
3380
3390
34600
3610
3420
3630
3640

IF SGNIY(1))=S6N(Y(TI+1)) THEN PD=ABS(INTO(I+1)=-INTBLI}) ELSE
PDoi=INTG(I)=INTB(I+1) | NORHal, PROBABILITY DENSITY FUNETION:-
FAC"FAC"+PUXGEEUTCI)

NEXT I

FACT=FAC1BFACS

REH zx%xx DEPRESSED SECTION. - XRZRR

IF HDS<=1.5 aND ABRS(B)<W2-3aHDS THEN 3240 ELSE 3240
IF apS(D)<=H2 THEN FACT=FACTXRSTR ELSE
FACT-FhCTB(ﬁSTRG(DSTﬂci)!(ABS(D)-HZ)/(O3!HDS)) -

! ADJUST FOR DEPRESSED SECTION HIND SPEED

REM- zeexg DEPOSITION CORRECTION 228BR-

FAC3=0

IF vi=0 THEN 3350
ARB=V1RSBZ/(KZESART(2II+CZ+HI/(SBZBSART(2)Y) -

IF ARG>S THEN 3560

T=1/(1+.,47047%AR0G)
ERFCa(,3480242%T=,095879027°24,.747833462773) ZEXP (=1 RARG™2D)
FAC3s(SORT(2XPI)BRVIRSGZREXP (VIB(Z4H)I/KZ+,.58¢(VIBSBZ/KZ)I™2)
2ERFLI/KZ -

IF FAC3I>2 THEN FAC3=2

REM zzxx® SETTLING CORRECTION =223%B

IF vs=0 THEN 3390

FACASEXP (=USE(Z=H)/(2RKZ)=(VSESBZ/KZ}™2/8)
FACTsFACTEFACA

REM mwexx® INCREMENTAL CONCENTRATION 233X
CNT+FACT=20

EXi.$20

ARG1®=, SE((Z+H+2RCNTRRIXH)I /86ZI™2.

IF ARBi<~=44 THEN EXP1=0 ELSE EXP1e2EXP(ARB1)
ARG2mw  TH((Z-HI2ECNFTRHIXHI/SGZI™2

IF ARG2<~44 THEN EXP2w0 ELSE EXP2=EXP(ARG2)
FACS=sFACS+EXPL1+EXPZ

IF MIXH>®1000 THEN 3530 ! BYPASS MIXING .REIGHT CALLS.
IF EXP1+EXP24EXLS=0 AND CNT<=0 THEN 3330

IF CNT>0 THEN 3300 ELSE CNT=ABS(CNTI+1

GOT0 3400 .

CNT=2=CNT

EXLS=EXP1$EXPT

G6OTO 3410

INCsFACTR (FACS=FACIY

! INCREMENTAL CONCENTRATION FROH ELEMENT
CCILsIRI®BC(IL, IR)+INC I SUMMATION OF CONCENTRATIONS
IF FINI=0 THEN RETURN .
NE=ME+L

STP=RASE™NE ! STEP FACTOR

IF NE=0 THEN 2630

ED1=€D2

ED2=EN2+SIGNESTPRY

GOTO 2870

IF SIGNm3y THEN 35460

RETURN

END
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0373
0376
8375
6376

0377

0378

0379
0380

0381
o382

0383
0384
0385

0386
0387

0388
0389
0390
0391
0392
0393

€
4
c

G
c

(e e N 5]

- -

nn NL<2 o ww -

300 FORMAT (//.6X,42HILT. RECEPTOR LOCATIONS AND HODEL RESULTS//)
305 FORMAT (//,7X,64lHIV. HODEL RESULTS (RECEPTOR=LIRK MATRIX)//)
310 FORMAT (29X, 32H# COORDINATES (H) | . ® C3)
320 FORMAT (8X,8HRECEPTOR,13X,

L 39Hn X Y 2 7 (PPM)}
330 FORMAT (6X,25(1H=),1Hu#,31C1H=),1Ha,7(1H=))

we  HMODEL RESULTS ww
360 FORMAT (6X,I12,2H. ,5A6,1%,IH®,6X ,F6.0.,3X,F6.0,3X,F6.1,
# 3X,1H®,F5.1)

LA NL>1 La s

390 FORMAT (29X, 1Hu,31X,7Hs# TOTAL,1X,1Hun)
400 FORMAT (8X,8HRECEPTOR, 13X,
# 41H# X Y Z .o® (PPHM) #,10(3X,4A1,1X))
©20 FORMAT (6X,25(1H=),1HK,31(1H=),1H%,7(1H=),1H})
440 FORMAT (6X,12,2H. ,5A4,1X,1H%n,6X,F6.0,3X,F6.0,3%X,F6.1,
# IX,1M#,FS5.1,2X,1H%,10(1X,F&a.1))
650 FORMAT (29X,1H#,31X,8H% TOTAL)
660 FORMAT (29X,24Hu COORDINATES (H),8X,8H% <+ AMB)
470 FORMAT (8X,8HRECEPTOR,13X,26H» X Y 2,
L] 6X,8H® (PPM})
480 FORMAT (&4X,25(1H=),1Hu,31(1H=),1H®,8(1H=))
©90 FORMAT (6X,I2,2H. ,5A6,1%,1Hu,6X,F6.0,3X,F6.0,)3X,F6.1,
» IX,1M8,F6.1)
500 FORMAT (29X,1H#®)
510 FORMAT (8X.BHRECEPTOR,13X,1lH®,20(3X,AL,1X))
520 FORMAT (6X,25(1H=},]1H¥)
530 FORMAT (&X,12,2H. ,5A6,1X,1H»,2001X,F6.1))
9599 STOP
END
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00597
80698
80699
00760

- 80781

00702
80703
88704
60705
00706
00707
go708
60709
00710
co7il
00712
007:3
00714
00715
60716
00717
co71e
00719
00720
Q0721
gaT22
00723
0072¢
QQ725
8o7es
go727
0g728
gg7e2s
00730
g0731












APPENDIX C - CALINE3

(PROGRAMMABLE CALCULATOR VERSION)






1. Program Description

The programmable calculator version of CALINE3 is designed
for the potential model user with no large-scale computer
facilities available as an alternative to bulky and neces-
sarily incomplete nomographic solutions. Several options
contained in the BASIC and FORTRAN versions of the model
have been deleted to satisfy program size constraints.
However, the core of the CALINE3 computational procedure
has been preserved so that answers obtained from the
abbreviated version will, except under specific circum-
stances, accurately reproduce results frpm the full-scale
versions of the model. The options which are not available
are deposition and settling velocity and mixing height.
For the majority of CALINE3 applications, however, these
options will not be needed.

The programmable calculator version of CALINE3 is divided
into an initialization program, a program for dispersion
curve generation, and a main program. The inifia1ization
program stores the factors used for a third order polynomial
approximation to the normal probability density function.

As long as storage registers S5 through S8 on the HP-67/97
and 25 through 28 on the TI-59 remain uné]tered, the ini-
tialization program does not need to be reexecuted. On the
TI-59, the initialization program is combined with the dis-
persion curve program.

The dispersion curve program computes and stores the parameters
of the power curve approximations to the vertical and horizon-
tal dispersion parameters, g, and o,, with adjustments madé for
mixing zone residence time (TR) and depressed section depth,

It also stores wind speed (U) and an aggregated conversion
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factor (FPPM*0.1726/2w). If the inputs to the dispersion curve
program (U, Z0, ATIM, H, W, CLAS) remain constant, a single
execution may be followed by multiple main program runs.

The main program takes the values stored by the preceding
initialization and dispersion curve programs plus additional
information on wind direction, link-receptor geometry, source
strength and ambient level, and sums pollutant concentrations
at the receptor for each element of the 1ink. To simplify

the geometry involved in this process, the element growth
factor (BASE) is kept equal to one. Computation time is ap-
proximately 40 seconds/element for the HP-67/97, and 60
seconds/element for the TI-59. For elements downwind of the
receptor, computations are bypassed. The latest value of

CSUM is displayed after each element computation so that the
user may interrupt when the desired convergence is obtained.

If the program is interrupted at some other point, the HP-67/97
user should check for proper primary-secondary storage register
alignment before proceeding with another run. For.paraliel
wind runs, extrapolation may be used to avoid eerssive run
time. Figure 19 can be consulted in regards to extrapolations
Tfor parallel wind, F stability cases.

As shown in Figure C-1, the programmable calculator version
treats each receptor-link combination separately. The link
nodal coordinates (L], L2) are specified along the link axis
and relative to the receptor location. Unless PHI=90°, node
2 should always be upwind of node 1. Since no allowance is
made for partial contributions from elements (occurring when
-CSL2<FET<CSL2), receptors within or upwind of the mixing
zone are not permitted in this version of the model. A dis-
crete jump in model results when D=W2 and PHI goes from just
below to just above 45° occurs because of this limitation.
As D increases this discrepancy rapidly becomes insignificant,
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» NODE 2

PHI =10°

U= 1 m/s
ZO0= 50 cm
ATIM = 60 min.
H=0
W=30m
CLAS= 6 (F)
VPH= 10000

EF= 10 gms/mi

RECEPTOR
(Z=0)

L,==40m

EXAMPLE PROBLEM

FIGURE C~-1
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The user is further cautioned when dealing with depressed
sections (H<-1.5m) and fi1l sections. For fill sections,
the user must remember to input a Qa]ue of zero for H.

For depressed sections when D<W2+ABS(3*H), the final result,
CSUM, should be adjusted as follows:

r. {DSTR-1)*(D-W2)
3*ABS(H)

CSUM' = (CSUM=AMB)*(DST ) + AMB

Where, DSTR y0.83

ABS(H)

0.72*ABS(H
Absolute value of H

The calculator version of CALINE3 has been programmed speci-
fically for Hewlett-Packard Models 67 and 97 and Texas
Instruments Model 59 programmable calculators. According

to manufacturer specifications, programs written for the
HP-67/97 are compatible with the new HP=41C. The user
should be aware that the program listed in this report has
not as yet been test run on the HP-41C.

2. Restrictions
In addition to the general restrictions listed under 8.1.6,
the following data input restrictions apply to the program-
mable calculator version of CALINE3:

a) D<W2 (Receptor downwind of mixing zone)

b)  0°<PHI<90° _
c) L2>L1 (Node 2 upwind of node 1 when PHI#90°)
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3. Example Problem

The example problem shown in Figure C-1 is meant to assist
the user in verifying his version of the model. It also
serves as certified output which can be used to check mode]l
performance before and after a series of critical runs. It
is strongly recommended that the user follow this checking
procedure in order to minimize the chance of human or machine
error affecting critical results.

The example problem is essentially the same, except for link
lTength, as the standard run used in the sensitivity analysis
portion of this report. Table C-1 lists the output by ele-
ment displayed by the calculator (CSUM) plus additional para-
meters useful in program troubleshooting.

4, User Instructions and Coding
User instructions and coding for the ihitia]ization, disper-

sion curve and ma1n pPrograms are given in HP and TI format
following Table C- 1
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TABLE C-1

HP-67/97 EXAMPLE PROBLEM OUTPUT
AND INTERNAL PARAMETERS

ECLD  FET YE SGZ SGY  FAC2*v/2w/QE CSUM
(m) (m) (m) (m) - (m) (m-sec/ug) (ppm)
-15 (Bypass Computations) .=
15  17.38 12.17 4.28 2.12 2.051 2.34
45 46,92 6.96 7.14 4,99 2,328 3.93
75  76.47 1.75  9.20 7.60 2.343 5.18
105 106.01 3.46 10.89 10.07 2.076 6.11
135 135.55 8.67 12.36 12.44 1.642 6.76
165 165.10 13.88 13.69 14.74 1.246 7.20
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User Instruetions

{1 CALINE3 = INITIALIZATION

Execute _

INSTRUCTIONS b ‘;"”'g; s KEVS o f&::"rn

EXECUTE OO [ o
Stores_tfactors for 4 [
Aed order pglynomial O
asoroximation to normal _J =
probability density functien, 37
™
8(X) = 2(X)(a, T+a T2ea T )oe(X) 1 ;
) C 1
wherey X = LIM = ABS(Y(1)/SGY) | IL___d
T.= 1/03+0X) b
20X = exp(=X2/2)//27 3
.
80X) = [ZCx0dx Y
i ]
[e(x)]<ix10~° i 3
L3
CJC ]
References O
C 1
Ahramowitz and Stegun, N

m

Handbook of Mathematical Functions,

NES._1964

i
L

LiL

1kl

i1
i

i

N
[T
(]

1
]

~

4
TN
]

]
L

L
1

i

B
!
1l
L

i
.
1

D ;
[_

j
il

i

I
|

C=7




7]
| ON3 & avy
i 1S i avuo
o 0 93a

)iy ¢
£y 0]

[AINY

Q= o~

(AL
330 140

64}

€

us

4510 Oyl

SOV

o]

SALViS 138

SOVid

[44

e

(4]

.. 094
- 051

e”.

ol

— —

SY3I15103L

060,

IR, T

TR
iR
B BIE

———g
——

tg
v e
¢ &2 TE

TTT80LS
- "8

$

T
T8
z

” €
Tt

R ICE

vt

SIINWOD

3003 A%

AULND AN

@319

SININROD

FUSY ] WREFOxj

30002 AN

AUIND A3N

43I1S

SININNOD

3000 A3N

AUELNT A3X

CERL]

SININNOD

3002 A3X

AUIRI AN

00

<¢1s




1

User Instruetions

CALINE3 ~ DISPERSION CURVES

Execute

- 4.

ATIM o

STEPR

INSTRUCTIONS

INPUT
DATAJUNITS

OQUTPUT
DATA/UNITS

Store Ineut

Utlm/s)

20(cm)

ATIM(min)

Hm)

Wim)

CLAS

Exgcusie

Comoytes and storgs parameters of

power curve apnroximations to vertical

and horizomtal discersion parameters.

g and ¢
3 4

H{m)

o=

PZl'XPZZ B

£3

[od

pyaxPY2

b4

wheres X

= Dowrwind

Distance (m)

Alsa stares U, Hy W2 and conversien

factor for

yse in main ero€ram

i
|

il
L

01
L

i
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User Insiruetions

{1 CALINE 3 = MAIN PROGRAM

Execute

Ly L,

gTer

INSTRAUCTIONS

WRPUT
DATA/UNITS

DATA/UNITS
1_| sTORE INPUT Pricdeey | [sTol (Al
L (m) (sl 33
Lo (m) Cstnld i)
D._(m) l’_ST.v [:Ej
Z (m) lsTo.l_2 ]
VPH [N B
greemmid| [x (]
(stoli_ 3|
I I

2 | EXEQUTE apeoom) | L a J0___} | csuMcoom)
Execution will psuse at_aeoroximate [._.__} L._.."
40 second intervals diselaying current Ll }
value of CSUM. User may safely interruet f:] l:]
at this time. Howevers contents of v D[:j
register must he maintained if executicn L__.J [_._J
is to be resumed. [ i J
3 | To perform additional runss r_::] [:‘
a,__Check to_see that input parameters { 1 ]
to dispersien curve orogram have {_—] [——]
not chandged. : Lj
B, _Assure proser alignment of orimary I

and_segondary memories, [reu) 9] PY2

c. Re-initialize L. L, (m Csta] O3
de.. Store ajtered inouts in avorooriate E::‘a ‘:__l
storadge registers. :’ [:_J
e, . Go to Stes 2. C_ 1L .1
[N N D
R
(0]
(i)
C_ a1
C1C 3
13
R
(S
Lo J0
N W
R
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CALINE 3 -

INITIALIZATION

TITLE_AND DISPERSION PROGRAM PAGE_L _OF__4 Tl Progrommob!e ‘[‘%ﬂ
PROGRAMMER._Pau! Benson DATE 2/80 Program Record
Partitioning (Op 17) 1.2,4.9.2,9] Library Moduie Printer

PROGRAM DESCRIPTION

Stores factors for 3rd order polymemial
probability density functions amd computes and stores narameters of

aperoximation to the normal

power curve apsroximations te vertical and horizonta! dispersion
parameterss °z and oy.

USER INSTRUCTIONS

il

STEP PROCEDURE ENTER PRESS DISPLAY
i | Store Inout U (m/s) ST0 o; 1
20 (em) sTo; 0. 2
ATIM (min) | STO| oi 3
H (m) sTol 0 4
W (m) sto; o' s
CLAS sTo, 0' 6
. |
2 | Execute A H (m)
i
i . ':
USER DEFINED KEYS DATA REGISTERS ( v [ ) LABELS (Op 08)
' Execute 10 AFAC 20 o /tnx’?/ 2! ’.‘:— _“.:.
’ 1' sz10 2: - wh_y
¢ 1% SGZ4 2: ' I E_ T .
] 43 23 L '..-?-:....'.7.5.}—.'.: -
. 4 20 lwe (E OED L3 KX EX . |
= H o tm) , ‘M@ @O 3. . |
) 110 W2 (m 2t p WM. m @O m oo |
' 14° PZL 12¢ ag 3 3 mm _ES_KR .3
: 47 pza 2 3, oL
s 1 pyq 2' ay m_tm.n._m_:::_m-i
t 1% pPY? 25 2.4x105,y 3. 3. I
FLAGS nl 2| JI; 4[ 5! '.i | '

L DR TR SRR & vy
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CALINE3 = INITIALIZATION

TITLE __ANTL _DISOERSIAN PRAARAM PAGE_2 <OF _4__ ] Progrommcble | ?"
PROGRAMMER __Paul Benson DATE _2/80 Coding Form

{Loc IcopE;  KEY COMMENTS || LOC ICODE|  KEY COMMENTS || LOC CODE|  KEY COMMENTS
g Ve LB oS  ul |l 110 11 11
TnTA U & N . 056 08 & 11y 0Ly
agE 28 0sy . 42 ST 112 04 1
naz 03 3 082 13 i3S 113 0% §
gos 0% 2 ass 93 . 144 0S5 S
a0s z 2 080 01 115 42 570
oos 06 6 08 g1 1 118 12 1E
o7 o7 7 ) gsa 42 §TO 117 07 7
pos 42 387C pea 14 14 11¢ 921 1
gpz 25 28 ned4 82 11¢ T 7
nia 22 . 085 Q0 0 120 42 STO
DR S K-S NEs w2 8 121 13 13
oLE o oazoo2 g7 o7 7 122 04 4
a1 0 B Deg 42 STO 123 03 3
Qt4 01} nes 1S 18 184 03 &
n1s 22 2 ovo 93 . 135 42 370
o018 0303 7L o0 0 126 14 14
17 e 8 a3 aT2 0T S 137 3 3
o13 4% 370 T2 o7 7 123 D4 4
a19 28 EB a74 42 3270 122 06 B
nay 2T . o7s 18 18 130 4% STO
o2y 01 ! 76 T3 RO 131 1S 1S
g2 02 2 AT7 05 05 |avatcLasii3g 02 2
2% 00 0 nT2 €85 ¥ 122 22 2
a%4 a1 L gra 53« 134 N7 7
in2s 08 & 20 53 135 42 €70
iQae 07 7 131 43 RCL 126 1 18
27 08 B asx 03 02 127 83 o
Q23 P4 wse az 033 &3 + 128 73 RC#
aze 42 873 N3 @3 2 139 Q& .08 | AY2(CLAS]
30 27 2T 235 S4 140 &% b
il B~ D I pgs  £3 WX 141 43 RCL
na 2 027 23 . 142 10 10
oT3 328 2 2 143 £3 ®
oy T 1022 54 0 AFAC 144 3«
gz 2 (230 42 5TD 148 43 RCL
oz 9 091 10 10 148 02 02
82 2 | ay g2z £5 = 147 55 5
4% 37C eI 23 142 03 3 -
23 Z= L D94 43 RCL 143 54
21 1 nas " D2 02 LS00 45 T
oo 0 2% 85 - 181 38 .
44 UM Qa7 22 3 152 90 0
Qe Gé ga2 540 7 153 o7 T
53 . 093 48 ¥ 154 53 '+
04 4 1100 93 155 43 RCL
g & 131 0% 2 156 18 18
a2 570 | Q2 28 = PY41 'LBT -34 - % i
5 WD S 1R3 &3 370 3_153 3 LHY
. : 1104 12 i3 (159 %% =
o2 . lins 0t 1 b MERGED CQUES !
fa 3 ! fepe nmoa | c2gmey 72we g Mew £3
vl l fes% =2 3 BEpry No g SO |
3 379, o7 93 3 | 288 58 mmw |
- 3 1 ) -
i 10 b ero | [ TexasTnsTauMENTS |
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INITIALIZATION

CALINE3
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CALINE3 - INITIALIZATION .
TITLE__AND _DTSOERSTIAN PRAGRAM PAGE _ 4. OF__4 ‘ﬂ Progrommoble {"é.\
%

PROGRAMMER ___Pau! Benson DATE_2/80 Coding Form
LOC ICODEl  KEY | COMMENTS |1 LOC |[CODE] KEY COMMENTS || LOC ICODEl KEY COMMENTS

Sz Bs Pl
22 18 s .
322 2% LHXE
322 &4 2
324 B4 2
388 S4 %
328 235 <
32y Q2 2
22z 54 2
3k 22 INV
220 23 LHHE Pz
31 42 STO
33 % 1=

KA 2

3

[
s fa ®

o
L T ]

P RO A O T BILONS Wl eSOl FUCEER RUL P
n
0.0 §VE T

0y
et KK E
G 0

D o o0 60 e T Een a2 a3 0 00D 03 03 Led G 1 L3 (e o D D

ROV CN NN Fo Ju §a Fau 8 $o g B f2 €0 0D QDL

0 o400 €
R
.
]

|

a2
agt

EpPpM® 472

——

[
ot
Q
o
=
P

4
o
0
k]
A
-3
-
=4
2

1
3 C
4 0
S =_
) =73 27U
% 2% CP
a 43 ROL
R T )
{ 77 GE
T 23 LY
Bl B ] L ”
P i e '
4 TE LEL |
] 23 LMY
2=s 4% TS
ot Y o " )
3 14 141 |
3 21 R% |'End i
i
- |
i
i
t
f
]
!
{
i
1
!
| ! MERGED CODES :
P ’ i REE@Ey R L 8L
o i i SEE P E MO0
: i ; i A3 23 Tasud £ 92 - se .
5 | | [ TEXAS INSTRUMENTS |
BT e, ey vIog, die
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TITLE_CALINE 3 -~ MAIN PROGRAM

PAGE_ 1 OF _4

PROGRAMMER __Pau! Benson

DATE __2(80

Partitioning (Op 17) 17,1.9..2.9] Library Module
PROGRAM DESCRIPTION

Tl Progrommébie
Program Record

Printer

22

Cards

Sums incremental CO concentrations frem a series of uniform elements for
& sindle receptor at height Z and 8t distance D from the .1ine source !inke.
Execytion ends when the link endseint l.2 i3 reached, -
USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
| Stores Input o PHI (deg) | STO; O | 2
Ly (m) ST0| 0 | 2
La (m) ST0; 0 | 3
D (m) STO| O | 4
) 2 (m) S0 1 [ 2 R
B VPH X
EFtam/mi) =-iSTO} 4
3
2 | Execute CLR
AMB (pom) A CSUM (ppm)
3 | Additional Runs
8. Check status of dispersion curve
program inputs
b, Re-initialize L, Ly (m) STO| 0 | 2
€. Store altered imputs
do 6o to Sten 2
USER DEFINED KEYS DATA REGISTERS ('wv; 1EH ) LABELS (Op 08)
4 Exgcute o 1 %M :: z;n .m_'»;_'m;zj_:cg Lo L 3EL Ty
s ' PHI 1o PR a0 P Ehcny @ o w A sa /o,
¢ g, 1t g 227 LD S o
B 3 13 ”*EF 23 EN "-‘-.’ _E_E-_E_@-L}D._
‘ L2 . P 2 W EFN . ER_E3.
D 14 H s EM2 T
. s SGY 15 w2 25 p o-m.moa. -
Used @ DN _yn G ER . BN
* Used ¢ 562 1¢ P73 26 a, 3.0 C3_53__ 09
¢ Used 7 INTE (ie1) 17 pz2 27 3, 0B 0B _F_ES._ | _0m
v 'INTG (1) 19 pyy 2% a, g B-03_EX_ 08 _Cn_om_
3 ’ 1% py? 29 H%LL, Mm@
FLAGS o‘ s zi s s sl cl ? 0 0
47 1977 Tessa msttomonts Incomparging 1516525 1
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TITLE __CALINE3 - MAIN PROGRAM

Pacz_2_of_4 . T] Pogrammable {@
PROGRAMMER ___Pau! Benson DATE _2/80 Cod:ng Form
LOC ICODE!  KEY COMMENTS LOC icoD KEY COMMENTS LOC [cops|  KeY COMMENTS
ooy 75 LEL US54z 570 | EcLD IT0 43 RLL
(VBN B U - 086 02 02 o 111 19 9
ogs 42 370 057 22 INY 112 85 x
002 10 10 : 038 86 STF 113 43 RCL
004 43 RCL 0S¢ 00 00 114 18 18
005 1S5 1S _ l|loso 23 cP T ltis 95 = fegy
00% 32 ¥ 081 77 GE 116 42 sT0O
Q07 42 RCL 082 23 LN¥ 112 0S5 05
o3 01 01! 082 &6 STF 118 43 RCL
gos 37 P/R g4 00 00 - e 1111
010 28 IN¥ ||aes 76 LBL 120 43 vX
nDiy 7V GE 0846 23 LN 121 43 RCL
a2z 53« 08y 32 W2 122 (7 7
013 32 X!T lenz o8 4% RCL 123 £S5 x
di4 76 LBL T |losa 04 04 124 43 RCL
D13 38 « ) 070 22 INY 125 186 18
ais 2 270 Qv1 a2y IFF 1836 25 = $62
LT 23 2% __|jé¥z 00 00 {27 42 sSTO
013 7 - 1973 24 CE 128 05 08
Q1% 32 RIT _THOTe 3z oRrIT 122 00 0
Dz 9s = _HO73  7e LBL 130 42 sTO
J21 S0 Ixl M2 1075 24 CE IR SN B |
322 42 87O Cllor? 22 v 132 43 RCL
023 24 24 C T li9vs 37 PR 135 23 23 |ew
024 29 CP T {love S0 Ix! _ i34 €5 x )
023 43 RCL {980 22 XIT 1835 02 2 )
26 02 092 L1 . 031 42 sTQ 136 85 =+ .
027 Y7 GE Q32 v o 137 22 XiT YE
D22 22 INY 033 43 RCL 132 85 =+ ~
gse 35 = 084 01! o0t 139 43 RCL
J20 83 « 025 7¥ GE 140 24 24
021 2 RCL 1ia3s 29 CLR 141 95 = YeL
032 15 1S 03v &7 IFF ] 183 42 STO
023 &5 x 032 00 Do Byoass 143 20 20
osd gz 2 032 32 AT Element, 144 00 O
035 5S4 ) Q30 7é LBL . 145 22 1MW
03e 42 270 031 25 CLR 146 86 3TF
DT O S U { aeg 75 - 47 00 0o
g38 2§ = Nes 32 X 143 22 IHY
pze T3 - Qad 95 = 129 85 STF
nag 23 . . 035 30 Ixd 150 01 Ot
N4y 03 3 D3 33 XIT 181 71 SEBR
ngs 35 = 0S¥ - 43 RCL 132 16 m°
083 §% INT 032 7 07 €3 42 RCL
g¢& 85 ¥ g9 32 Az 14 23 23
045 43 RCL - 100 37 PYR 153 T SBR
D4e 11 11 101 87 IFF 136 16 A"
Ne? 76 LBL 102 a0 00 157 04 4 1/WTCL
ge3 22 INY 103 33 43 18 F1 2BR
4% 25 4+ i 10¢ 32 R 153 4T R
053 43 RCL 1945 78 LBL MERGED CODES
951 15 15 108 33 3 ao= T2g aa
gsS2 9% = 127 42 ¢70 FET: YE HEEIET Nad 0 Rwr ww
Asa 48 SEL | T TExAS INSTRUMENTS

7 ey 0% TN 000 R0 sy
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TMLE_CALINT - it emosman  eace 3 oF 4 T] Pogrammable {%n
PROGRAMMER _____Paul Benson DATE _2/80 Codlng Form /

LOC jcoosl  KeY COMMENTS [[LOC fcope|  key COMMENTS || LOC JCODEl  KEY COMMENTS
T80 45 FLL T |1 3T ORI —[ETe 35 178

WT(3)

161 23 23 - 216 76 LBL - 43 RCL T
162 71 SER TTTTe1? 34 T i0 10
162 1& A* T i2te 22 Inv Qg g1 R-S End
164 04 4 - 219 4% PRD 9% AD
i65 S5 = i 220 11 11 7é LBL
i6¢ 03 3 T {221 43 RCL 16 A° )
167 Q95 = 1/WT(2) 222 12 {2 22 INY
168 71 ZER 222 8% =+ 44 SUM
169 {7 B° 224 43 RCL 20 20
170 43 RCL 22% 14 14 42 RCL
i1 24 24 226 9% 0= av  av INTE (1)
IFg2 £% = 71 ZER 4z 5T0
7202 2 1g o EXPL 0z Qs

95 = 32 ¥IT 29 CP

71 SER - 3 RCL 42 RCL

16 A* 12 12 20 20 Y1)

a1 1 -

71 SER 42 RCL RCL

v B . i3 4 STF
43 RCL 93 oo
2 23 _ 71 SER LBL
Fl SER- 18 ¢C EXP2 RCL i
16 A* 35 >

Dt 0s 1a bt en pub b b ok b s Bk gk s

G QO S0 G0 O Q) 0D ~F ~d g vy g -
LT O B ol o e A 0 =B 3 LR e

P RN TR RS RS s RN w RV 1 R v}

A0 00 =g T 0 fa DO D

1
&
o4 4 32 83T RCL -
55 « b 05
az o3 ) 85 =
157 3% = 1/WT4 Y 43 RCL ixI LIM
188 71 SER 11 1 270
189 IV B* - o5 21
190 42 RCL 44 3SUM X
191 283 23 10 10 RCL
71 SER e LEL 29
15 A° I +
4 4 1/WT(5) 43 RCL b
1 ZER 0z 0z L2 =
4
1

fet ot bt 40 Dt Dok pt poa s

b Gl 2 o3 600 603 a3 €00 a0 a3 03 6 Ul K03 €03 550 W 03§00 §33 53 o o0 $oit o

0
17 B 38 H: 176 T
43 RCL 43 RCL 3 ST
29 e 15 b2 2 2z
43 PRI £S5 o2 ¥R
o {1 i oz 2 0 203
201 43 RCL 25+ 11 65 =
202 08 05 S62 43 RL 12 43 RCL
202 22 Inv gz 02 13 28 zg
204 49 PRD 95 = 1¢ 8% +
208 11 14 77 GE  JECLDs L, 15 83 ¢
206 42 RCL 25 {04 18 42 RCL
207 313 28T 17 22 2z
208 35 108 42 RCL 33 H2
2 Iz oET 10 10 csuM RS :
RN} 3 ™ 2, = MERGED CODES
YT 32 T cma EnE amo
1312 37 PR 61 GTO | Next S s o
R R, ] = L= =
e 25 Loy |Etement Texas INSTRUMENTS
T§TT Traay VUL L 3IooHec
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TTTLE _CALINED - MAIN PROGRAM PAGE 4 DF_ 4 T Progrommob]e {@
pROGRAMMER __ P3ul Bensen - paTE _2/80 Coding Form
[Loclcooel KEY | COMMENTS |}LOC {CODEl . KEY COMMENTS || LOC |CODE]  KEY COMMENTS

[oeld =3 Pli. VT IR T
lzzt 2 27 HETe 8 +
22 54 ) 377 S3 «
323 B3 + V8 82 ¢
24 22 379 65 x
3z® 43 RCL 223 02 2 i}
22 22 381 354 )
% 382 34 T4
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